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RAMACO Brook Mine 

D6 HYDROLOGY 

Hydrologic sections for RAMACO's Brook Mine were prepared by WWC 

Engineering (WWC) of Sheridan, Wyoming. 

D6.1 Surface Water 

The following sections provide the information gathered to define the 

surface-water baseline for the Brook Mine permit area. 

D6.1.1 Regional Description 

The Brook Mine is located in the upper reaches of the Tongue River drainage 

basin (Hydrologic Unit Code (HUC) 10090102) near its confluence with Goose 

Creek. The Tongue River originates in the Bighorn Mountains in north central 

Wyoming, flows through southeastern Montana where it empties into the 

Yellowstone River at Miles City. The drainage area for the Tongue River 

encompasses approximately 5,397 square miles (United States Geological Survey, 

2013) . Exhibit D6.1-1 shows the Tongue River and Goose Creek drainage basins 

above the Brook Mine permit area. The main tributaries to Tongue River and 

Goose Creek on and near the permit area are Slater Creek and Hidden Water 

Creek. Exhibit D6.1-2 shows the major drainage basin divides in the general area 

of the Brook Mine permit area. 

The Brook Mine is located in the semi-arid west where evaporation exceeds 

annual precipitation. Climatology for the site is discussed in Appendix D4. 

D6.1.2 Drainage Basin Description 

Brook Mine is located in the northeastward flowing Tongue River drainage 

basin as shown on Exhibit D6.1-1. Slater Creek and Hidden Water Creek flow 

from northwest to southeast and the majority of the runoff from areas within the 

Brook Mine permit boundary will flow into one of these streams with the remaining 

runoff flowing into either Tongue River or Goose Creek via a minor tributary as 

shown on Exhibit D6.1-2. Drainage basin geomorphology for the Brook Mine area 

is presented in Table D6.1-1. 
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The permit area is typical of the Tongue River Basin with rugged terrain in 

steep-sided, irregular gullies and washes. These types of features continue in each 

direction from the permit area. The permit area contains portions of valleys for the 

drainages of Tongue River, Goose Creek, Slater Creek and Hidden Water Creek. 

These valleys range in width from 200 feet for Hidden Water Creek to 3,500 feet 

for Tongue River. 

The Tongue River drainage system cuts into the Fort Union Formation. 

Structural and bedrock controls on stream channel orientation are reflected in the 

sub-dendritic drainage pattern. Tributaries are often oriented parallel to the 

northwest-to-southeast structural trends, and abrupt changes in channel 

direction may follow major joint or fault trends. Elevations in the Tongue River 

drainage basin range from approximately 11 ,800 feet msl in the headwaters area 

to approximately 3,600 feet msl at the confluence with Goose Creek. Hidden Water 

Creek, its minor contributing tributaries and Slater Creek's minor contributing 

streams are all ephemeral streams. Flows in ephemeral streams are in response 

to precipitation and snowmelt. These flows are dependent on precipitation 

frequency-duration relationships and on the characteristics of the contributing 

drainage areas. Slater Creek is identified as an intermittent stream. Intermittent 

streams are streams that are below the local water table for some part of the year, 

but are not perennial streams. In addition to direct runoff due to precipitation, 

Slater Creek may also have some discharge that comes from infiltration of 

precipitation into high perched scoria burn above the channel areas that seep into 

the colluvial/ alluvial areas as described in Appendix D 11. The water is then stored 

and slowly released into the surface flow downstream. Based on upstream and 

downstream flows presented in Addendum D6-4, Slater Creek is likely a losing 

stream through the permit area. This loss of flow is likely due to the infiltration of 

flow into the colluvial alluvial material that comprise the channel bottom. Basin 

characteristics, which control precipitation-runoff characteristics are: area, relief, 

soil type , vegetative cover and stream length. These parameters are critical in 

determining the hydrologic and geomorphic characteristics of the drainage basin. 
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D6.1.3 

D6.1.3.1 

Surface Runoff Estimates 

Regional USGS 

Brook Mine 

There are no long-term streamflow records available for the streams inside 

of the permit boundary. However, two United States Geological Survey (USGS) 

gaging stations are located on Tongue River, two USGS gaging stations are located 

on Goose Creek, and one on Slater Creek near Monarch, WY. One Tongue River 

gaging station is approximately 2.9 miles upstream from the Goose Creek 

confluence. The second Tongue River gaging station is approximately 27. 9 miles 

below the Goose Creek confluence. One Goose Creek gaging station is 

approximately 11. 5 miles above the Tongue River confluence and the other Goose 

Creek gaging station is approximately 3.3 miles above the Tongue River 

confluence. The Slater Creek gaging station is approximately 0.2 miles above its 

confluence with Tongue River. Although the gaging stations are not located on the 

permit area, the data collected by the gaging stations is useful for observing and 

verifying trends that cannot be obtained with the limited records from the Brook 

Mine gaging stations alone. Locations of the USGS gaging stations are shown on 

Exhibit D6.1-1. Information for these gaging stations is presented in Table D6.1-2. 

Figure D6.1-1 displays the mean monthly discharge rate at four of the 

USGS gaging stations. The discharge is typically lowest from August to April and 

highest from May to June. Table D6. l-3 presents the observed peak annual flows 

at the USGS gaging stations. During the period of record for the Tongue River 

gaging station at Monarch WY the peak flow was in June 2007 at 3,910 cfs. The 

peak flow for the Tongue River gaging station at State Line near Decker MT was 

in May 1978 at 17,500 cfs. The peak flow for the Goose Creek gaging station below 

Sheridan WY was in June 1963 at 5,450 cfs. The peak flow for the Goose Creek 

gaging station near Acme WY was in June 2007 at 3,430 cfs. The peak flow for 

the Slater Creek gaging station was in June 196 7 at 1,700 cfs. The timing of these 

peak flows indicates that snow melt and spring run-off typically result in the 

highest flows. 
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D6.1.3.2 Flood Studies 

Due to the relatively small drainage areas within the Brook Mine Permit, no 

USGS stream gages are located on any of the channels within the permit area. 

Therefore, flood studies were conducted to calculate the peak flow and runoff 

volumes for the drainage within the permit. 

The rainfall-runoff computer program, HEC-HMS (U.S. Army Corps of 

Engineers, 2009) was used to predict peak discharge and runoff volumes for 

various recurrence intervals within the permit area. The program was selected due 

to the range of sizes of the drainage areas, the watershed routing functions 

available in the program, and the universal acceptance of the program within the 

hydrologic sciences community. The HEC-HMS model uses a form of the NRCS 

(formerly SCS) Triangular Hydrograph Method, and is a parametric method of 

estimating flood peaks and runoff volumes from site-specific data, in addition to 

providing watershed routing parameters. The NRCS method was utilized for the 

evaluation of individual watershed hydrology, while the Muskingum-Cunge 

method was used for routing procedures. Existing impoundments (such as stock 

reservoirs) were not considered in routing of the precipitation events. 

Impoundments would attenuate peak flows during runoff events. By not 

considering attenuation of flows through impoundments, the peak flow estimates 

from HEC-HMS should be conservatively high. 

Procedures followed in applying these methods may be found in the 

HEC-HMS Users Manual (U.S. Army Corps of Engineers, August 2009), HEC-HMS 

Technical Reference Manual (U.S. Army Corps of Engineers, 2000) and the Design 

of Small Dams (U.S. Bureau of Reclamation, 1987). 

The precipitation values used for surface runoff estimates were determined 

from the NOAA Atlas No. 2 for Wyoming (National Oceanic and Atmospheric 

Adminstration, 1973) and are presented in Table D6.l-4. Soil types, land 

condition and vegetation cover were used to develop a runoff curve number (CN) 

for each drainage basin. Soil types were obtained from the NRCS Web Soil Survey 

Program (NRCS Web Soil Survey, 2013). The hydrologic soil groups were used in 
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conjunction with rangeland in fair condition to determine the curve number for 

each soil type. The curve number for each drainage was determined by area 

weighting the values for each soil type. Curve numbers utilized are presented in 

Table D6.1-1. 

The HEC-HMS analyses input parameters and results are presented in 

Addendum D6-1. The surface runoff estimates for the 6-hour and 24-hour storm 

events are summarized in Table D6.1-5 and Table D6.1-6, respectively. 

Runoff calculations for Hidden Water Creek and Slater Creek were also 

performed using regression equations developed by Miller's equations which were 

developed through the use of refined analytical techniques to interpret data from 

364 selected continuous and partial-records streamflow gaging stations that were 

minimally affected by anthropogenic activities and had at least ten years of annual 

peak data (Miller, 2003). Instantaneous peak flow data through the year 2000 

were also utilized in the analysis. The data were used to provide a correlation 

between flow characteristics and basin characteristics. The resulting information 

was transformed into regression equations that provide an analytical tool for 

estimating peak flow events where no gaging data is available. The regression 

calculations are provided in Addendum D6-2. A comparison of the runoff 

estimates using the Miller (2003) and HEC-HMS methods 1s shown in 

Table D6 .1-7. The HEC-HMS runoff estimates are higher than the estimates using 

Miller's method due in part to existing reservoirs. The Miller method is based on 

empirical measurements of Wyoming streams, most of which are affected by 

existing reservoirs. Aforementioned, the HEC-HMS model did not consider 

attenuation by existing reservoirs. A report released by the U.S.G.S. examined the 

floods of May 1978 in southeastern Montana and northeastern Wyoming. This 

report stated that during the May 1978 flood event, peak flows in the Tongue River 

basin were measured at approximately the 1-percent-chance (100-year) flood 

estimates. The flow reported for Slater Creek during this event was approximately 

1,100 cfs (United States Geological Survey, 1984). For the 100-year flood , this is 

more comparable to the Miller method as shown in Table D6.1-7. However, 

channel hydraulics were calculated using the higher runoff estimates from the 
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HEC-HMS method because of its broad acceptance in the hydrologic community; 

the flowrates provide for conservative design; and comparable results to the 

postmining hydrology can be obtained through using HEC-HMS. HEC-HMS will 

calculate the same storm in the same area repeatedly, as opposed to 

measurements that only represent a specific period in time under specific 

drainage basin conditions. The ability to change drainage basin parameters is 

useful in companng the change in the postmining hydrologic environment. 

Channel hydraulics based on the HEC-HMS results are provided in 

Addendum D6-3. 

D6.1.3.3 Channel Geometry 

Premining longitudinal profiles of the streams were determined from flight 

topography. The topography was generated from LiDAR data collected by Fugro 

EarthData, Inc. on October 16, 2013. The LiDAR data accuracy meets the National 

Map Accuracy Standards (U.S. Bureau of the Budget, 1947) for 1"=100' scale, 2' 

contour interval mapping. The profiles are shown on Exhibit D6.1-3. Some of the 

minor tributaries exhibit more deeply incised channels and show evidence of 

localized headcutting. Numerous stock ponds are located along the lengths of 

some of these tributaries, and they may factor in the presence ofheadcutting along 

the tributaries by reducing instream sediment loads. 

Hydraulic properties of the Slater Creek and Hidden Water Creek channels 

were determined using the U.S. Army Corps of Engineer's HEC-RAS© River 

Analysis System. The primary input parameters for the steady flow analysis were 

as follows: peak discharge for the 2-year, 24-hour and 100-year, 24-hour 

precipitation events (as determined by HEC-HMS watershed model); Manning's 

roughness value "n" for the channel and overbank areas (inferred based on site 

conditions including vegetation type, vegetation height and soil conditions); and 

station/elevation data for stream cross sections within the study area. Based on 

experience with other HEC-RAS modeling analyses in the Powder River Basin and 

to adequately represent the entire stream length, the cross section interval utilized 

in the model was selected at 500 feet. Cross sections were developed using cross 
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section routines in the Carlson® software packages using the 2 ' contour interval 

flight topography described earlier in this section. Cross sections were evaluated 

and removed/revised individually prior to modeling to adequately capture channel 

geometry and prevent overlapping. Each cross section was reviewed individually 

and adjusted as necessary to determinate the channel thalweg and overbanks. 

Channel hydraulic values for flow depth, water surface width, flow area, 

manning's "n", hydraulic radius and mean channel velocity can be found in Table 

D6. l-8. Results of HEC-RAS modeling can be found in Addendum D6-3. 

Discussion of channel vegetation, soils and sediment deposits may be found 

m Appendices D7, D8 and D 11; respectively. Table D6 .1-1 provides channel 

geometry information such as sinuosity and channel slope. 

D6.1.4 Surface Water Use 

A surface water rights search was completed within the permit area and 

adjacent to the permit area using the Wyoming State Engineer's Office database. 

The search of the database found 4 5 reservoir surface water rights and 4 7 

diversion ditch water rights exist within the search area. A summary of the surface 

water features is included in Tables 06.1-9 (Stockponds and Impoundments) and 

D6.l-10 (Diversions) and are shown on Exhibit D6.1-2. In addition to the 

permitted surface water rights, 14 additional unpermitted reserv01rs were 

identified. Unpermitted reservoirs have been included in the table and are denoted 

as such. Refer to Adjudication for a complete list of water rights within and 

adjacent to the permit area. 

Surface water use within the permit area and surrounding area are 

primarily for livestock watering, with lesser amounts of irrigation, fishing, 

wetlands and industrial uses. The diversions within the permit area and 

surrounding area are primarily used for irrigation, with lesser amounts used for 

domestic, municipal and temporary uses. The number and age of surface water 

rights provide insight into the historical water and land use in the area. Stock 

reservoirs account for about 75% of the total reservoir water rights in the search 

area, but if stock reservoirs not listed in the Wyoming State Engineer's Office 
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database are included, the proportion climbs to about 80% of the total reservoir 

water rights. Most of the stock reservoirs were constructed before 1970 with the 

majority still in use today. Irrigation water rights account for approximately 70% 

of the diversion surface water rights. Approximately 80% of the irrigation rights 

were permitted between 50 and 100 years ago with recent permits primarily being 

for diversion enlargements or domestic use. 

D6.1.5 

D6.1.5.1 

Surface Water Monitoring 

Monitoring Stations 

The Brook Mine established four surface water monitoring stations in 

September 2013, two sites on Slater Creek and two sites on Hidden Water Creek. 

The locations of the monitoring sites are shown on Exhibit D6. l-2. Details on the 

monitoring stations are summarized in Table D6. l-1 l. The sites were identified 

during a preliminary field investigation and discussions with the Wyoming 

Department of Environmental Quality Land Quality Division. Criteria for each 

station location included: 1) a straight reach of the channel, 2) the channel should 

be close to an elevated bank that has a fairly steep grade to ensure the 

instruments will not be flooded, 3) the distance from the center of the channel to 

the instruments is less than 50 feet (length of sensor cable) , and 4) avoid being 

located in submerged channel reaches (pools). 

In September 2013, continuous stage recorders were installed at all four of 

the sites and an integrated pump sampler at the lower Slater Creek site 

(SM578418-SW-l). The stage recorders are designed to continuously measure 

flow. During installation of each station, the cross section and profile of the stream 

channel at each station was surveyed. The survey data were then used to develop 

a rating curve, which was programmed into the continuous stage recorder to 

calculate flow. The pump sampler installed on lower Slater Creek was used to 

collect water quality samples during runoff events. The pump sampler was 

initiated by a specific flow stage for flows greater than one foot based on stream 

geomorphology. The water sample will automatically be collected in a single 

container located in the instrument. Following the runoff event the water was 
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manually transferred from the container to sample bottles and submitted to the 

laboratory for analysis. 

Surface water monitoring sites were monitored monthly during baseline 

sampling for structural, mechanical, and electrical integrity of equipment; during 

site visits by field personnel. These inspections are denoted on the field sheets 

included in Addendum D6-6. During these site investigations personnel also 

checked for signs of erosion or debris preventing the proper function of any 

equipment. If problems were discovered during the site visit they were corrected 

and denoted in the field sheets. Site visits were also conducted after 2-year, 

24-hour or greater storm events. The surface water monitoring stations were 

removed from the site during the winter to prevent damage to the equipment. The 

timeframes that the monitoring stations were onsite are as follows: the monitoring 

stations were installed on September 17 & 30, 2013 and removed for the winter 

on October 31, 2013; the monitoring stations were reinstalled on April 22 & 24, 

2014 and remained for the summer of 2014. 

In addition to the surface water monitoring stations, RAMACO established 

two grab sample sites on the Tongue River (578420-TR-1 and 578524-TR-1), one 

grab sample site on an irrigation ditch adjacent to the Tongue River (578513-IRR

DITCH), and one grab sample site on Goose Creek (578434-GC-1). The sites were 

established to collect baseline data and details on the monitoring stations are 

summarized in Table D6. l-1 l. Sampling at the grab sample site on Goose Creek 

commenced in 2015, while sampling on all the other sites commenced in 2018. 

Wyoming Department of Environmental Quality classifies the Tongue River 

and Goose Creek as 2AB streams and Earley Creek, Slater Creek, and Hidden 

Water Creek as 3B. Waters classified as 2AB are suitable for use as drinking water, 

game fish, non-game fish, fish consumption, other aquatic life, recreation, wildlife, 

agriculture, industry and scenic value. Waters classified 3B streams are suitable 

for use of other aquatic life, recreation, wildlife, agriculture, industry, and scenic 

value. 
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In addition to the monitoring performed by RAMACO, monitoring of the 

Tongue River watershed has been conducted by the Sheridan County 

Conservation District (SCCD), the Big Horn Mine, USGS, and WDEQ/WQD. The 

SCCD prepared a report outlining water quality of the Tongue River watershed 

from the confluence with Goose Creek to the Bighorn National Forest boundary 

(Sheridan County Conservation District, 201 7, which 1s included as 

Addendum D6-11). Data for this report was collected from 1996 through 2016 

and included the parameters: water temperature, pH, conductivity, dissolved 

oxygen, discharge, turbidity and E.Coli. The water quality data obtained for the 

report was generally within expected ranges for several parameters including pH, 

dissolved oxygen and specific conductivity. Several of the sites experienced an 

increase in E.Coli bacteria compared to samples collected in 2006. However, the 

increase may be attributed to higher run-off and streamflows experienced during 

May-June 2016. Generally, turbidity values for the 2016 report were normal; 

however, during the spring and early summer runoff period values were 

occasionally high. 

The Tongue River watershed report from the SCCD contains water flow and 

quality data collected from monitoring station TR03. This site is located on the 

Tongue River, approximately 20 meters downstream of Hwy 339 bridge crossing, 

as shown on Exhibit D6.1-1. Water flow data from the site can be found in Table 

D6. l-14. 

The Big Horn Mine operated monitoring station TR2B80 and HWC 1-79 as 

part of their monitoring program. TR2B80 is located downstream of the mining at 

Big Horn Mine on the Tongue River and HWCl-79 is located on Hidden Water 

Creek. The monitoring station locations are presented on Exhibit D6. 1-2. Mean 

daily flow at TR2B80 for 2016 and 2017 can be found in Table D6. l-15. When 

rating curve data at TR2B80 appeared to be inaccurate at the measured stages, 

the flow data in Table D6 .1-15 were estimated by adding reported flows from the 

Goose Creek (GC00) and upper Tongue River (Tr0l) (or corresponding USGS) 

stations. Table D6.1-16 provides a summary of flow days for the HWCl-79 

monitoring site from 1982 to 1998. As shown by the table, Hidden Water Creek 
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flows in response to snow melt or precipitation events. Water quality samples were 

collected from Tongue River water stations TR03, TR2B80, and HWCl-79 in 2016, 

2016-2018, and 1979-1989, respectively. A summary of the water quality data 

can be found in Table D6. l-1 7. Conductivity and discharge levels at the 

monitoring station TR03 for 2013 and 2016 are displayed in Figures D6.1-2 and 

D6.1-3, respectively. Figure D6. l-4 presents conductivity and discharge levels for 

monitoring station TR2B80.Sections of the Tongue River near the proposed mine 

are currently on the Wyoming Department of Environmental Quality's 303(d) list 

due to impaired water quality. Also, Goose Creek has been on the 303(d) list in 

the past and a Total Maximum Daily Load (TDML) has been set. The 303(d) list is 

a list compiled by a state that includes impaired and threatened waters for which 

the effluent limits are not effective in attaining designated uses. 

D6.1.5.2 Surface Water Quantity 

The general area surrounding the Brook Mine is characterized by mostly 

ephemeral streams. The drainage basins convert little precipitation to runoff 

because of generally dry soil conditions, high evapotranspiration rates, high initial 

abstractions, stock ponds, and reservoirs. These factors, in addition to low

frequency, low-magnitude precipitation events result in low average annual 

volume of runoff. A summary of discharge data for the USGS gaging stations on 

the Tongue River is contained in Section D6. l .3. l. 

Hydrographs generated from the data collected from the monitoring stations 

located on Hidden Water Creek (SM578415-SW-1 and SM578409-SW-1) within 

the permit area are shown in Addendum D6-4. As shown on these hydrographs, 

no measurable flows were detected on Hidden Water Creek. Minimum measurable 

flow rates are listed on the rating curves included in Addendum D6-5 as less than 

0.15 cfs for monitoring station SM578415-SW-1 and less than 0.22 cfs for 

monitoring station SM578409-SW-l. Flow on Hidden Water Creek is influenced 

by: the existing mine pits in the upper portions of the Hidden Water Creek 

drainage, several reservoirs existing in the drainage as shown on Exhibit D6. l-2, 

and the lack of a significant precipitation event during the monitoring period. The 
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collected data indicates that Hidden Water Creek is an ephemeral stream with 

flow responses primarily due to large storm events. Flow data from former Big 

Horn Mine surface monitoring station HWCl-79 supports Hidden Water Creek 

being a primarily ephemeral stream with the majority of the flows occurring in late 

winter and early spring. The summarized flow data is in Table D6 .1-16 depicted 

by the number of flow days at HWCl-79. The approximate location for surface 

monitoring station HWCl-79 appears on Exhibit D6.1-2. 

Hydrographs generated from the data collected from the monitoring stations 

located on Slater Creek (SM578418-SW-l and SM578512-SW-1) within the permit 

area are also shown in Addendum D6-4. As shown on these hydrographs, no 

measurable flows were collected in during baseline monitoring. Minimum 

measurable flow rates are listed on the rating curves included in Addendum D6-

5 as less than 0.29 cfs for monitoring station SM578418-SW-1 and less than 0.09 

cfs for monitoring station SM578512-SW-1. The Slater Creek gages were removed 

for winter conditions from October 31 , 2013 through April 22, 2014. The gages 

were reinstalled on April 22 and had measurable flows every day through late 

June as shown in Addendum D6-4. The collected flow rates show typical event 

durations of three to six days. Slater Creek is above the upper zone of saturation 

of the adjacent unconfined overburden, which is dry and incapable of producing 

greater than 0.5 gpm of water. This data indicates that Slater Creek is an 

intermittent stream with flow responses due to snowmelt, rainfall/runoff events 

and discharge from infiltration of precipitation from high perched scoria burn 

areas seeping into colluvial and alluvial areas. The data also shows that the 

recorded peak runoff events for the baseline monitoring occurred on May 8 

(SM578418-SW-1) and May 10 (SM578512-SW-1). The peak runoff dates correlate 

with the typical peak runoff events for Goose Creek and Tongue River as shown 

in Table D6.1-3. 

D6.1.5.3 Surface Water Quality 

Water quality data for the general area are available from the USGS gaging 

stations on Tongue River and Goose Creek. These data are available online from 
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the USGS National Water Information System Web Interface (USGS, 2013). Field 

samples from USGS station 06299980 Tongue River at Monarch, WY near the 

permit area were analyzed for multiple parameters. Average water quality from the 

USGS station indicates a water type of calcium-bicarbonate. Water quality data 

for the general area can also be found in the aforementioned SCCD report for the 

Tongue River (Sheridan County Conservation District, 2017). 

Water quality samples were collected from two surface water monitoring 

stations located on Slater Creek. Samples were collected during flow events via an 

ISCO automatic sampler. In addition, grab samples were also collected at 

monitoring stations on a quarterly basis if flow was occurring during the quarterly 

site visit. Samples were obtained in accordance with criteria established in 

WDEQ/LQD Guideline 8. Due to the low flow nature of the Slater and Hidden 

Water Creeks only five grab samples from Slater Creek were obtained for the 

baseline water quality. Hidden Water Creek sites were checked but were found 

dry. A total of five quarterly grab samples (2nd quarter 2015 through 2nd quarter 

2016) were obtained from the site on Goose Creek. Quarterly sampling on the 

Tongue River sites and irrigation ditch adjacent to the Tongue River commenced 

in the 2n d quarter 2018. All samples were analyzed for the constituents listed in 

Table D6. 1-12. Table D6. 1-12 also includes the analytical method used for the 

samples. The samples from Slater and Hidden Water Creeks indicate a water type 

of magnesium-calcium sulfate, with moderately high total dissolved solid (TDS) 

concentrations. The five samples from Slater Creek indicate no exceedances of 

Class 3B criteria. All other parameters exhibited low to non-detect values. The 

samples from Goose Creek indicate a water type of magnesium-calcium 

bicarbonate, with low TDS. The Tongue River and the irrigation ditch results 

indicate a calcium bicarbonate water type with low TDS. The samples from Goose 

Creek indicate no exceedances of Class 2AB criteria. At least one sample from the 

Tongue River sites and the irrigation ditch site exceeded the Class 2AB 

temperature criterion of 20°C. All other parameters exhibited low to non-detect 

values. Summary of the water quality sampling results are listed in Table D6. l-13. 
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Addendum D6-6 provides the laboratory results and field sheets for the 

surface water stations. In addition, nine samples were collected from the former 

Big Horn Mine surface water station, HWCl-79, on Hidden Water Creek. The 

samples indicate a water type of magnesium sulfate. Some concentrations of 

aluminum and copper exceed WDEQ standards for aquatic life. A summary of 

HWC 1-79 can be found in Table D6.1-17 and the location can be found on Exhibit 

D6.1-2. 

Field parameters were measured during grab sample events and from 

events activating the automatic sampler including; pH, electrical conductivity 

(EC) , temperature, turbidity, dissolved oxygen, oxygen reduction potential (ORP), 

and discharge or water level where appropriate. The results of the field 

measurements are shown in Table D6.1-13. Field observations have been 

recorded on the water quality sampling field forms (Addendum D6-6). 

The laboratory analysis of collected grab and flow event water samples was 

conducted by a contracted laboratory. A quality assurance and quality control 

program was adhered to which included comparison of field EC to laboratory EC, 

comparison of field turbidity to laboratory turbidity, comparison of measured TDS 

to calculated TDS, ion balance analysis and holding time/preservation 

evaluations. The laboratory reports , field sheets, and chain of custodies (COCs) 

for the surface water monitoring are also included in Addendum D6-6. 

D6.1.5.4 Sediment Transport 

A water quality sample was taken for the downstream Slater Creek gaging 

station (SM578418-SW-l). This station reported a total suspended solids (TSS) of 

9 mg/Lin 2014. Two additional water quality samples in 2015 from this station 

reported a TSS of 10 mg/Land 4800 mg/L. The 4800 mg/LTSS value is thought 

to be from high flow conditions occurring at the time of sampling. A summary of 

the collected TSS data is shown in Table D6.1-13 and included in Addendum D6-

6. No discharges occurred for Hidden Water Creek during the baseline monitoring 

period. Only a single downstream water quality sample was collected during the 

baseline monitoring program. 
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D6.2 Groundwater 

The following is a brief description of the geologic setting at the Brook Mine 

as it relates to groundwater hydrology. Appendix D5 contains a more detailed 

description of the geologic setting. 

D6.2.1 Regional Hydrogeology 

The Brook Mine permit area is located in the Tongue River Member of the 

Fort Union Formation and is underlain by the Lebo Shale Member of the Fort 

Union Formation as discussed in Appendix D5. The Ground-Water Resources of 

Sheridan County, Wyoming (USGS, 1966) identified the Fort Union formation as 

continental deposits of light-colored sandstone, dark-colored shale, and coal. Coal 

is the only regional shallow (less than 1000') aquifer that has sufficient quantities 

of water for domestic and stock use, and which is continuous enough to be 

considered a regional aquifer. The Tongue River Member and the Lebo Shale 

Member are interbedded sandstones and claystones and not continuous enough 

to be considered a regional aquifer. 

The structure of the basin and local topography are the main factors 

controlling groundwater movement within the Powder River Basin. On a regional 

basis, flow moves from peripheral recharge areas (Clinker outcrops) toward the 

center of the basin. Locally, shallow groundwater movement is affected by 

topography. Infiltrating water falling on topographically high areas generally 

moves downward and laterally in the overburden. Depending on the local geology, 

this results in water in the overburden system recharging the coal or discharging 

to nearby valleys. The water reaching the coal through the overburden system also 

generally moves downward and laterally to discharge areas in nearby valleys. 

D6.2.1.1 Local Hydrogeology 

There are three potential hydrogeologic units at the Brook Mine: the Carney 

seam, the Masters seam; and the underburden. Of these three units, only the 

Carney seam and the Masters seam appear to be significant units. The overburden 

is comprised of sand lenses, clinker and alluvial that has the potential of being 
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water bearing bodies. The topography in this area the valley cut and faulting 

through these deposits provide enough discontinuity to preclude holding large 

quantities of water. Addendum DS-2 contains electric logs with resistivity data 

that demonstrates the overburden is dry. In review of those lithologic logs it is 

noted that the overburden is mostly dry except for a few boreholes where the 

alluvium/ colluvium and burn materials indicated the presence of water. These 

areas of saturation are generally shallow, less than 30 feet below the ground 

surface, and generally occur near streams within the permit area. The alluvial 

system is discussed in D 11. Detailed cross sections of the permit area geology are 

shown in Appendix DS. These sections show the geologic units, geologic features 

and existing surface. Exhibit D6.2-1 shows the monitor well sites while Exhibits 

D6.2-2 and D6.2-3 show potentiometric surfaces, recharge/discharge areas and 

approximate coal outcrop and edge of saturation boundaries for the Masters and 

Carney coal seams. Appendix Dl 1 contains an exhibit showing the potentiometric 

surface and recharge/discharge areas of the alluvial materials. Supporting data 

used in developing the geologic cross sections including geophysical logs and/ or 

lithologic logs can be found in Appendix DS. 

The Big Horn Coal (BHC) Mine operated under Permit 213. Brook Mine is 

including portions of Permit 213 groundwater material as Addendum D6-12 and 

the Ground Water Restoration Demonstration as Addendum D6-13. These 

materials are being provided to supplement the data that Brook Mine has collected 

and compiled. These materials are being included to respond to issues brought 

forth by the Environmental Quality Council. The findings from the council implied 

that Brook Mine did not sufficiently describe the groundwater hydrology for the 

region. These materials will increase the baseline data information for the Brook 

Mine and also demonstrate that the findings in the BHC permit documents are 

not dissimilar to the conclusions that were made by the Brook Mine. It is 

important to keep in mind that portions of the Big Horn Mine were mined prior to 

the requirement of collecting baseline information. Surface coal mining operation 

at the Big Horn Mine started in approximately 1965. The Surface Mine and 

Reclamation Act (SMACRA)was not passed until 1977. As discussed in Brook Mine 
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Appendix D2, underground mining has occurred throughout this area dating back 

to the early 1900's. Several decades of mining occurred in the vicinity of the Big 

Hom Mine before SMACRA was enforced, during which, portions of the Tongue 

River and Goose Creek were relocated to their current configurations. Figure D6.2-

1 shows the approximate location of the different mine pits for the Big Hom Mine. 

The areas closest to Brook Mine are Pit 1, Pit 4, and Pit 5. The following provides 

a brief summary of the groundwater baseline for Big Horn Coal. 

The BHC permit identifies six potential aquifers: 

1. Consolidated sediments overlying and underlying the coal seams, 
2 . Dietz 2 coal, 
3 . Dietz 3 coal, 
4. Monarch coal, 
5. Carney coal, and 
6. Reclaimed mine spoils. 

The BHC permit states "Due to the fine-grained nature of the consolidated 

sediments of the Fort Union Formation, they characteristically serve as aquicludes 

or confining beds between the more permeable coal aquifers." This is consistent 

to the findings from the drilling and testing that was conducted by Brook Mine. 

The Brook mine described these sediments as the overburden or inter-burden. 

The BHC Permit 213 and Brook Mine determined that these fine-grained 

sediments yield very little to no quantities of water, therefore by definition are not 

aquifers. This is reiterated in the Ground Water Restoration Demonstration for 

BHC. As stated in the Groundwater Restoration Demonstration "Very little, if any, 

groundwater resaturation was predicted at Pits 4 and 5 because the coals mined 

in these areas naturally existed as remnants isolated from recharge sources of the 

Tongue River and Goose valley floors. No groundwater aquifers were identified 

before or during mining in Pits 4 and 5 and none has been projected to develop 

after mining in either area." 

The BHC permit indicates that two perennial channels, the Tongue River 

and Goose Creek, flow through the mine area. The BHC permit indicates that 

where the coal subcrops in the alluvium, the alluvium is a direct recharge for the 

coal. Permit 213 further indicates that the testing that they conducted indicates 
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permeabilities sufficient to allow for recharge to the coal. However, it appears that 

in the area where the coal subcroped in the alluvium is the location where coal 

was removed and the Tongue River relocated. The findings by the Brook Mine are 

similar in that the Tongue River alluvium has sufficient permeability to be 

considered an aquifer, but in the areas adjacent to the Brook Mine the only area 

where it appears there is an area where the coal subcrops in the alluvium is at 

the western portion of the permit where Early Creek confluences with the Tongue 

River. It should be noted that unlike the Big Horn Mine, Brook Mine will not be 

mining in the Tongue River alluvium. 

The BHC permit discusses the importance of the connection of the Tongue 

River and Goose Creek to the coal and spoils for recharge to the aquifer systems. 

BHC permit indicates that the coal seams (Dietz 2, Dietz 3 , Monarch, and Carney) , 

cannot be classified as aquifers where they lie stratigraphically higher in elevation 

than that of the Tongue River. The BHC permit indicates that for coals that are 

above the Tongue River have either been burned or do not have significant 

quantities of water to be considered an aquifer. The permit text goes on to further 

clarify this statement in that there are areas where the coal does have sufficient 

water to be considered and aquifer. Similar to the discussions in the Brook Mine, 

depending on the locations in relation to topography, the coal may or may not 

have sufficient quantities of water to be considered an aquifer. The coal that Brook 

Mine is targeting is typically higher in elevation than the Tongue River. The 

Groundwater Restoration Demonstration discusses the importance of the alluvial 

system on the recharge of the coals and spoils after mining. 

Specific aquifer properties for the different aquifers discussed in the Big 

Horn Permit are presented in Table D6.2-2A. Testing data for the parameters are 

included as Addendum D6-14. 

D6.2. 1.2 Tongue River Alluvium 

The Tongue River alluvium yields enough water that it classifies as an 

aquifer. The Tongue River and its major tributary, Goose Creek, are large 

perennial streams having broad, actively degrading channels and well-defined 
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terraces. As the Groundwater Restoration Demonstration states, the most 

significant source of groundwater recharge within the vicinity of the Big Horn Coal 

Mine is the Tongue River. Permeable strata such as coal seams that subcrop 

beneath saturated Tongue River alluvium are subject to recharge. Hydrostatic 

pressure in the coal seams rapidly increases downdip from their subcrops, which 

is indicative of direct recharge at the point of intersection between coals and 

alluvium (Big Horn Coal Company 2002). However, extensive exploratory drilling 

has shown that where coal seams are stratigraphically higher in elevation than 

the Tongue River alluvium, that they cannot classify as aquifers. Much of the 

Brook Mine activities are north of the Tongue River, which is updip of the alluvial 

subcrops. Near the eastern portion of the Brook Mine permit area, the Carney 

seam potentiometric surface is 100 to 150 feet below the Tongue River alluvium. 

This indicates that the strata between the Tongue River alluvium and the Carney 

coal seam serve as an aquiclude that prevent communication between the two 

aquifers in this area. 

The approximate gradient of the premme Tongue River alluvium 

potentiometric surface is depicted on Exhibit D6.2-9. The potentiometric surface 

of the Tongue River alluvium closely resembles the elevation of water in the 

Tongue River. Being that the Tongue River is a perennial stream, it is the primary 

recharge source of the Tongue River alluvium. Exhibit D6.2-3 depicts the 

potentiometric surface of the Carney coal seam. As these Exhibits show, in Section 

20 of Township 57 North, Range 84 West and Section 24 of Township 57 North, 

Range 85 West, the potentiometric surfaces of the Carney seam and Tongue River 

alluvium are very similar. This indicates that these are locations where the Carney 

seam subcrops in the Tongue River alluvium. However, these locations are limited 

and much of the Carney seam's potentiometry within the Brook Mine permit area 

is 50 to 150 feet higher than the Tongue River. These are areas where the Carney 

seam is updip of the alluvial subcrops. Baseline groundwater quality is discussed 

in Section D6.2 .3. In comparing the water quality of Tongue River alluvium to the 

Carney coal seam, they are of different water quality type, as demonstrated by 

Figure D6.2-3. 
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As the Groundwater Restoration Demonstration states, alluvial aquifer tests 

conducted in Tongue River alluvium have shown that alluvial materials are 

sufficiently permeable to allow unimpeded recharge. Big Horn Coal monitored the 

water quality of Tongue River alluvium downgradient of the mine in a single well. 

The water quality consistently met limits for livestock use over twenty years of 

monitoring. 

D6.2.1.3 Big Horn Coal Spoils 

Discussed in Section D6.2.1.1, reclaimed mine spoils are a potential aquifer 

according to the studies performed by Big Horn Coal. This is not inclusive of all 

spoils. The areas of Big Horn Coal Pits 1, 2, and 3 are in direct hydraulic 

connection with Tongue River and Goose Creek alluvium. Big Horn Coal Pits 1 

and 2 lie within the Brook Mine permit area south of the Tongue River. Big Horn 

Coal Pit 3 lies north of the Tongue River but is mostly outside of the Brook Mine 

permit area. Evidence from the Big Horn Coal Groundwater Restoration 

Demonstration (Big Horn Coal Company 2002) demonstrates the direct hydraulic 

connection of spoils to the Tongue River alluvium with both groundwater flow 

characteristics and groundwater quality. As stated on page 13 of the Groundwater 

Restoration Demonstration: 

"In Pit 2 and between Pits 2 and 3, the Tongue River has a profound effect 

on the water table configuration. This is particularly evident with the 3580-

foot water table contour traversing nearly parallel to the river between Pits 

2 and 3, indicating flow directly into the spoils and thence into Pit 3 

Reservoir. The 3580-foot contour in the spoils of Pits 1 and 3 join the same 

water table contour in Tongue River alluvium south of South French Drain. 

Overall, the salient feature of Exhibit 1 is that the spoils of Pits 1, 2 and 3 

are in direct hydraulic continuity with the alluvium of Goose Creek and 

Tongue River." (Big Horn Coal Company 2002) 

The groundwater gradients of the spoils adjacent to the Tongue River in Pits 

1, 2 , and 3 are closely related to the groundwater gradients of Goose Creek and 

Tongue River alluvium. Goose Creek recharges the Pit 1 and Pit 2 spoils 
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upgradient. Pit 1 and Pit 2 spoils discharge into Tongue River alluvium. Tongue 

River alluvium recharges Pit 3 spoils and the Pit 3 reservoir. Pit 3 discharges into 

Tongue River alluvium downgradient. This is supported by Big Horn Coal's 

mapped potentiometric contours and the groundwater quality comparison 

between the spoils wells and alluvial water quality. As stated by the Groundwater 

Restoration Demonstration when analyzing the water quality of Pit 1 and Pit 2 

spoils, "The water quality at wells 656-81 and 819-84 reflects the major influence 

to the backfill materials from the high quality waters of Goose Creek and its 

alluvium" (Big Horn Coal Company 2002). The water quality of Pit 3 spoils was 

not as good as the quality of Pit 1 and Pit 2 spoils. A few exceedances of livestock 

quality water were detected, but water quality continued to improve as installation 

of the Pit 3 reservoir influenced groundwater. In summary, the water quantity and 

quality of groundwater in Pit 1, 2, and 3 spoils is suitable for livestock use. 

The Big Horn Coal Pits 4 and 5 spoils are representative of the spoils that 

will be impacted by Brook Mine activities. Brook will mine through Pit 4. Pit 5 is 

also near Brook Mine activities, though out of the permit area. Refer to the Mine 

Plan for discussions regarding Brook Mine activities. As discussed in the 

Groundwater Restoration Demonstration, there is insufficient water in the Pit 4 

and Pit 5 spoils to develop for livestock use. Big Horn Coal could only sample wells 

in the Pit 4 and Pit 5 spoils by bailing very slowly. The Pit 4 and Pit 5 spoils have 

relatively limited infiltration and wells are slow to recharge. Therefore, Pit 4 and 

Pit 5 spoils cannot serve as viable aquifers. As shown in the Groundwater 

Restoration Demonstration, Big Horn Coal Company could not develop 

potentiometric surfaces for the Pit 4 and Pit 5 spoils. Subsequently, there are not 

groundwater gradients or groundwater velocities available for the Pit 4 and Pit 5 

spoils. The Pit 4 and Pit 5 spoils are above and disconnected from the Tongue 

River alluvium. 

Because saturated spoils have a large range in hydraulics, it is difficult to 

calculate recharge and recharge rates (Big Horn Coal Company 2002). The wells 

in Big Horn Coal's Pits 1, 2, and 3 spoils showed relatively rapid recovery (or 

recharge) due to the direct continuity with Tongue River and Goose Creek 
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alluvium. In contrast, Big Horn Coal's Pits 4 and 5 spoils demonstrated very slow 

recharge rates contributing to the fact that the Pits 4 and 5 spoils do not and will 

not constitute as an aquifer. Spoil monitor wells are very difficult to install because 

of the highly variable characteristics of spoils. Brook discovered this during the 

installation of two spoil monitor wells during 2018, and this fact is supported by 

Big Horn Coal's Groundwater Restoration Demonstration. During drilling of spoils 

monitor wells, the spoils tend to cave into the borehole at a rate that makes 

installation of casing very difficult. The problem is exacerbated when boreholes 

produce large groundwater flows. Brook encountered this problem when installing 

monitoring wells in Big Horn Coal's Pit 1 and Pit 2 area. 

Brook Mine activities will not occur in the spoils that are a potential aquifer 

(Pits 1, 2, and 3). These are the areas where if activities impacted spoils, Tongue 

River alluvium could subsequently be impacted. However, Big Horn Coal mining 

only mined to the Monarch coal seam. Brook Mine activities will focus on the 

Carney coal seam. As shown by Cross Section K-K' in Appendix DS, The Big Horn 

Coal spoils are separated from the Carney coal seam by approximately 100 feet. 

Many of the strata between the Monarch coal seam and the Carney coal seam are 

low permeability claystone and siltstone. This has been supported by permeability 

testing. Results of permeability testing are provided in Addendum D6-16. This is 

also supported by Big Horn Coal's Groundwater Restoration Demonstration. As 

stated in the Groundwater Restoration Demonstration, the Carney coal seam was 

not physically or hydraulically affected by Big Horn Coal Company mining since 

it lies approximately 100 feet below the Monarch coal (Big Horn Coal Company 

2002). The hydrograph for the Carney well 465-79 clearly shows no effect from 

mining. Just as mining to the Monarch coal seam where current spoils are present 

had no impact on the Carney seam, mining of the Carney seam will have no impact 

on the Big Horn Coal Pits 1, 2, and 3 spoils due to approximately 100 feet of 

separation with low permeability claystone and siltstone serving as aquicludes. 
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D6.2.2 Baseline Monitoring Plan 

Groundwater monitoring began in October of 2013 and was conducted on 

a quarterly basis. The baseline groundwater quality samples and static water 

levels were obtained for four consecutive quarters and the monthly water level 

data was obtained from alluvial monitor wells for a duration of one year. The 

locations of the monitor wells used to characterize baseline are shown on Exhibit 

D6.2-1. Monitor well completion information is submitted in Addendum D6-7. 

In June 2018, it was determined that the Masters seam would no longer be 

targeted for mining, making the Carney seam the lowest targeted coal seam. Based 

on this, the stratum between the Carney and Masters seams is now the 

underburden and the Masters seam will be the underlying aquifer monitored 

during mining. Underburden is defined as the strata underlying the lowest mined 

coal seam (the Carney seam). Underburden in the permit area is generally made 

up of shale with low hydraulic conductivity. Underburden is not a water-bearing 

interval that can be defined as an aquifer. The Masters seam is predominantly the 

existing underlying aquifer throughout the proposed permit area. An underlying 

aquifer is defined as a water-bearing interval located beneath the lowest mined 

coal or strata of interest. The areas where the Masters seam has been eroded or 

moved due to faulting are minor in size and do not occur in ears where surface or 

highwall mining is planned since the majority of these areas have no coal. As such, 

these minor areas have not been evaluated. 

D6.2.2.1 Monitor Well Construction, Completion and Development 

Construction of the baseline groundwater monitoring network began in the 

third quarter of 2013 and was completed early in the fourth quarter 2013. In 

accordance with SEO Policy memo dated March 12, 2013 "Permitting 

Requirements for Groundwater Monitoring Well" (SEO, 2013) the monitor wells 

were not permitted with the State Engineer's Office. The groundwater monitoring 

network consists of 9 Carney coal wells, 10 Masters coal wells, 8 alluvium wells, 

1 underburden well and 1 well perforated in both the Masters and Carney coal 

seams. No monitoring wells were completed in the overburden or interburden as 

December 2019 D6-23 

TF N6 2 /025 
Rf~D DEG 13,2019 DEQ Ex. 3-031



RAMACO Brook Mine 

no water was found in these units during drilling operations. Addendum D5-2 

contains drilling logs and resistivity logs that demonstrate the overburden and 

interburden are dry, the locations of the drill holes can be found on 

Addendum D5-3 Exhibit 1. Also, one well 578409-MST-UB showed the presence 

of water in the under burden. An aquifer for this application is defined as a drilled 

hole capable of producing 0.5 gpm or greater. Locations and depths of monitoring 

well/piezometer installations are provided in Table D6.2-1 and the locations are 

depicted on Exhibit D6.2-1. 

The Groundwater monitor wells/piezometers were completed usmg air 

rotary methods in accordance with WDEQ/LQD guidelines. Construction of the 

monitoring wells consisted of the following. A pilot hole was drilled and logged as 

it progresses through each stratigraphic layer. When the geologic formation was 

determined to be an aquifer a monitor well/piezometer was completed in that 

aquifer as follows: the pilot hole was reamed to the appropriate diameter, and 

casing and factory slotted screen was installed. Coal wells did not require filter 

pack, and were constructed with a cement basket at the top of the screened 

interval to hold the annular sealant, which consisted of hydrated bentonite chips. 

Centralizers were installed at the top and approximately every 20 feet within 

screened intervals. 

In a July 15, 2013 meeting between RAMACO and WDEQ/LQD to discuss 

acquisition of baseline at RAMACO's Brook Mine property, it was the consensus 

of the group, based on recent and historical drilling, that areas of the RAMACO 

Brook Mine Property contain limited groundwater resources and could be dry. The 

group agreed that installation of 2-inch diameter piezometers in core holes 

following core retrieval could be used to demonstrate the absence or presence of 

groundwater in the various coal seams and overlying intervals. This was 

performed on wells 578417-MST, 578417-CRN, 578408-MST and 578408-CRN. 

See Table D6.2-1 for an explanation of which cores holes were utilized for this. 

The procedure for this was as follows. 
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Coring operations consisted of a pilot hole that was drilled, geophysically 

logged, and plugged with bentonite chips. Core intervals were selected from 

geophysical logs, and a core hole was drilled approximately 20 feet from the pilot 

hole. Following coring, the core hole was plugged with bentonite chips except when 

a coring location was selected for piezometer installation. The piezometer screened 

interval was selected from the geophysical log. The core hole was completed and, 

depending upon the interval to be screened, the lower portion of the hole was 

plugged. As an example, if the core hole extended to the base of the Masters coal 

bed, and the piezometer was to be completed in the overlying Carney coal bed, the 

interval from the base of the Master coal to the base of the Carney was plugged 

with bentonite chips to hydraulically isolate the two coal beds. During plugging 

operations, the volume of the hole to be plugged was measured against the volume 

of bentonite chips placed to ensure that the bentonite chip seal was intact and 

bridging had not occurred. A weighted measuring line was also used to tag the top 

of the bentonite plug to verify proper placement. Following plugging, two-inch 

diameter threaded, flush casing and screen was installed. The screened interval 

contained one centralizer every 20 feet , and in smaller intervals, at least one 

centralizer was used. The screen was placed opposite the entire target interval 

with a screen slot size of 0.020-inch. Filter pack consisted of 8-12 silica sand 

across and slightly above the screened interval. The remaining portion of the 

piezometer was sealed with bentonite chips, hydrated in 5-foot lifts. The 

piezometer was completed with a lockable metal protective casing set in cement. 

The monitor well inspection and maintenance program was conducted 

throughout baseline monitoring. Site visits were conducted quarterly and if 

problems were discovered during site visits they were immediately fixed and 

denoted on the field sheets. The monitoring program consisted of the following 

inspection items 1) measurement of total depth compared with original completion 

depth to determine whether the well has silted up or the casing has failed, 2) 

checking surface seal and casing integrity which includes shaking the well to 

check for seal integrity, inspecting the seal for cracks and animal burrows, and 

checking ventilation/drain holes for plugging, 3) listening for trickling, bubbling 
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or gas venting sounds, 4) checking historic data for abnormal water level trends, 

and 5) conducting well efficiency tests on wells suspected of blocked perforations 

or screens. 

During the summer of 2018, seven additional monitor wells were installed. 

Two monitor wells were installed in the Big Horn Mine spoils (578415-SPL-1 and 

578415-SPL-2), one well was installed m the overburden material 

(578513-OVB-1), two wells were installed in the Tongue River alluvium (578420-

AL-1 and 578524-AL-1), and two wells were installed in the Carney Coal adjacent 

to the wells installed into the Tongue River alluvium (578420-CRN-PUMP and 

578524-CRN-PUMP). The completion data for these wells is included in 

Addendum D6-7 and hydrographs for the wells are included in Addendum D6-9. 

All the wells installed in 2018 were in responses to issues raised by the EQC. The 

spoil wells were installed to address the geohydrologic concerns raised by not 

having data in this area. The logs indicate that the spoils are a mixed rubble. The 

hydrographs show that water is present in the spoils. The overburden well was 

installed to demonstrate that for the most part the overburden in the vicinity of 

the Brook Mine is dry. Well 578513-OVB-1 consisted of claystone and found that 

it produced no water. The other four wells were installed in the Tongue River 

alluvium or in the Carney Coal adjacent to the alluvial wells. These wells were 

used to demonstrate that there is no connectivity between the Tongue River 

alluvium and the Carney Coal. They will be discussed further in Section D6.2.2.2 

Aquifer Tests. 

In the summer of 2019, Brook Mine installed a third alluvial well (578415-

AL-1) down gradient of 578524-AL-1 and 578420-AL-1. The first and second 

quarters of data have been collected in July of 2019 and December 2019 

respectively, and Brook Mine commits to collecting the two remaining consecutive 

quarters of baseline data to characterize the Tongue River alluvial water quantity 

and quality. Brook Mine will provide the CARF data for the additional quarters to 

DEQ as soon as possible following sample collection and lab analysis. It is 

expected this data will be submitted at the latest in July of 2020. Water quality 

from two nearby Big Horn Coal alluvial wells (BH 371 and BH 508) were compared 
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to the water quality in wells 578424-AL-1 , 578420-AL-1 , and 578415-AL-1. The 

piper diagram in Figure D6.2-9 shows that well BH508 had similar water quality 

to the Brook alluvial wells 578424-AL-1 and 578420-AL-1 (calcium-magnesium 

bicarbonate water type), while well 578415-AL-1 was more magnesium-sulfate 

type water and BH37 l was more of magnesium-sodium-sulfate water type. 

Groundwater level data was not collected in 2018-2019 for four wells. The 

four wells are: 578510-CRN, 578510-MST, 578512-CRN, and 578415-CRN-MST. 

Wells 578510-CRN and 578510-MST were not accessible to be sampled because 

of lack of land owner permission. Well 578512-CRN was found to be dry during 

the 2018 slug tests. Well 578515-CRN-MST was not able to be sampled because 

of gas coming out of the well. Groundwater levels for the 578409 wells were 

collected both in the 2013-2014 and 2018-2019 time period and showed no 

significant differences in the ground water levels. 

D6.2.2.2 Aquifer Tests 

Two types of aquifer tests have been conducted to collect baseline data for 

the permit, constant rate discharge aquifer pumping tests with one or more wells 

monitored for the duration of the test and single well slug tests. To complete a 

slug test a substantial volume of water is removed from the well rapidly and the 

speed of the water level recovery in the well is monitored. Slug tests are a 

scientifically accepted method for characterizing the hydraulic conductivity. 

Multiple sources including the ones listed below indicate that slug tests are 

adequate to characterize the hydraulic conductivity of aquifers, which would 

include coal seams, overburden, spoils, and alluvium that are saturated with 

water. Freeze and Cherry ( 1979) state that "it is possible to determine in situ 

hydraulic conductivity by means of tests carried out in a single piezometer." They 

further note in detail the methods of analyzing slug tests. Fitts (2002) states that 

slug tests yield estimates of the average in situ horizontal hydraulic conductivity 

of the region near the well. Cunningham and Schalk (2011) in association with 

the USGS in Groundwater Technical Procedures Documents (GWPD) 1 7 state that 
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from the data collected with a slug test an estimate of hydraulic conductivity can 

be calculated. 

Aquifer pumping tests were conducted on the section 9 cluster wells located 

in the SESE quarter of section 9, Township 57 north, Range 84 west. Selection of 

this cluster of wells was primarily in response to discussion with WDEQ and 

analysis of historic well data surrounding the permit area. Historic data 

characterized the coals seam within the western portion of the permit area as 

being dry; therefore, an eastern cluster of wells were selected for the tests. The 

section 9 cluster wells consist of two wells in the Carney seam, two wells in the 

Masters seam and one well in the underburden. As previously discussed, no wells 

were completed in the overburden or inter burden since water was not encountered 

in these strata during drilling operations. Three alluvial wells were completed in 

Slater Creek and water levels were monitored quarterly. The slug tests that were 

conducted in the same wells as the pumping tests show comparable results to the 

aquifer test results. 

During the aquifer tests, water levels in the alluvial aquifer were not 

observed. This was due to no alluvial material being present in the vicinity of the 

aquifer tests. The nearest potentially alluvial material to the tested well cluster 

was Hidden Water Creek to the east; however, as noted in Appendix D11, the fill 

material in the Hidden Water Creek channel is more colluvial than alluvial. As 

displayed by the absence of alluvial pump test in the Big Horn Coal Permit No. 

213, alluvial pump tests were only conducted on the Tongue River and Goose 

Creek. Additional reasoning for not monitoring the alluvial wells is the presence 

of multiple claystone intervals between the Carney coal and the surface. The top 

of the Carney coal is approximately 90 feet below ground surface, which makes it 

approximately 50 feet below the level of any colluvial/ alluvial deposits in Hidden 

Water Creek. Similarly, the potentiometric head in the Carney coal is 

approximately 50 feet below the level of colluvial/alluvial deposits in Hidden Water 

Creek and if there were a direct hydraulic connection, there would be no water in 

the Hidden Water Creek colluvium/ alluvium. Given the confining intervals and 

the significant difference in potentiometric head between the Carney coal in the 
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Hidden Water Creek colluvium/alluvium, additional shallow monitoring above the 

Carney coal was not necessary. Due to the confining intervals and the difference 

in potentiometric heads, aquifer tests were not conducted in the alluvial wells . The 

confining claystone intervals provide a barrier from mining activities impacting 

the alluvial aquifer; therefore, the presence of the confining intervals preclude the 

need for aquifer tests in the alluvial aquifer. 

Two aquifer pumping tests were conducted in June 2018 to evaluate the 

potential communication between the Tongue River alluvium and the Carney 

Coal. No impacts from pumping in 578420-CRN was shown because of the low 

transmissivity of the Carney coal in the vicinity and the short duration of the 

aquifer test. The hydrograph from 578420-AL-1 confirms that the alluvial water 

level was not affected during the test. Memos of the test procedures and detailed 

results are provided in Addendum D6-15. The aquifer test data confirmed that the 

confining claystone intervals are a hydrologic barrier between the coal seam and 

the Tongue River alluvium. In addition to the aquifer tests and Tongue River 

alluvium being located outside and down dip of the permit boundary, the confining 

claystone intervals provide a barrier that prevents mining activities impacting the 

alluvial aquifer. 

In addition to the aquifer test that was conducted by Brook Mine, the Big 

Horn Coal Mine also conducted aquifer testing. The Big Horn Coal data is included 

as Addendum D6-14, and the test results are provided in Table D6.2-2A. The Big 

Horn Coal Appendix D6 states that the "pumping test results indicate that the 

Tongue River and Goose Creek alluvium is a very significant aquifer with 

transmissivity values ranging from about 9,000 to 60,000 gpd/ft. Storage 

coefficients are in the order of 10-1 to 10-2 indicative of an unconfined to "semi" 

confined aquifer." The Big Horn Coal aquifer tests conducted in the alluvium 

resulted in higher hydraulic conductivities than the Brook Mine alluvial aquifer 

tests and the Big Horn Coal aquifer tests in other formations. Section D6.2.1.1 

contains more discussion of the Big Horn Coal alluvial aquifer tests. DEQ also 

provided a summary of all the aquifer tests conducted in Wyoming. This list 

termed "Wyoming coal mines" includes observations from the coal mines located 

December 2019 D6-29 

TF N6 2/025 
RECD DEC 13 ,2019 DEQ Ex. 3-037



RAMACO Brook Mine 

on the eastern side of the Powder River basin. A comparative analysis of the 

hydraulic conductivity values obtained from the aquifer tests conducted by Brook 

Mine, Big Hom Coal Mine, and Wyoming coal mines was completed. The results 

are shown in Table 06.2-22, and Figures 06.2-4 through 06.2-8. A comparative 

analysis of the aquifer tests to the slug tests was also completed and the results 

are in Table 06.2-28. Brook mine conducted slug tests at the Big Horn Coal 

Spoils, both tests failed due to the high hydraulic conductivities encounter. 

Representative hydraulic conductivities can be found in Addendum 06-13 that 

were completed by Big Horn Coal. 

Based on a review of the statistics presented in Table 06.2-22 and Figures 

06.2-4 through 06.2-8 the hydraulic conductivity values m easured at Brooke 

mine generally compare well with those of the other mines. The one notable 

exception was that the average alluvial well hydraulic conductivity observations 

at Big Hom Coal are an order of magnitude larger than the observations at Brook 

Mine and the Wyoming coal mines. The higher values observed at Big Hom Coal 

are attributed to the fact they are from alluvial wells completed in the Tongue River 

alluvium and most of the observations from Brook Mine and the Wyoming coal 

mines are generally from smaller drainages. Due to its location at the foot of the 

mountain, the Tongue River has a lot of course sand and gravel deposits within 

the vicinity which can result in high hydraulic conductivities. Given the fact that 

the Brook Mine hydraulic conductivities mainly originated from Slater Creek and 

Goose Creek alluvium and only one sample came from the Tongue River, it is 

reasonable to expect that the hydraulic conductivities measured by Brooke Mine 

would be lower simply because the drainages in which the hydraulic 

conductivities were measured in were smaller with less potential for course sand 

and gravel deposits. Note that the alluvial well tested by Brook Mine along the 

Tongue River was located along a bend in the Tongue River. The well is located 

on the side of the river where the water is eroding into the bank with a high hill 

immediately adjacent. As such, the alluvial material is expected to be thinner and 

smaller in areal extent than on the other side of the River where more deposition 
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of sorted sands and gravels are occumng. Therefore, a lower hydraulic 

conductivity is not surprising in this well. 

The coal hydraulic conductivities as presented in Table D6.2-22 for the 

Wyoming mines are similar to the hydraulic conductivities in Brooke Mine and 

Big Horn Coal. However, it is important to disclose that the entire dataset provided 

by DEQ was not used in the statistical analysis. The vast majority of observations 

(87%) had a hydraulic conductivity less than 10 feet per day and were used for 

the analysis. The rest of the observations had very high hydraulic conductivities, 

up to 55,000 ft/day. The small number of very high hydraulic conductivities, 

several orders of magnitude larger than the bulk of the observations, significantly 

skewed the statistics. It is likely that these high hydraulic conductivity values 

were measured in a highly fractured coal, and while they skew the statistics, they 

are not typical of values measured in the Powder River Basin coals. The 87 percent 

of the observations used for the analysis are considered to be more representative 

of typical coal conditions in the Powder River basin. 

As noted in Addendum MP-3, coal bed natural gas (CBNG) dewatering 

efforts have resulted in decreased water levels in the coals. However, all CBNG 

dewatering efforts have occurred approximately 2 miles away from the wells 

utilized for aquifer testing. Given the relatively low transmissivity of the coal it is 

unlikely that the CBNG dewatering efforts have significantly affected water levels 

in the wells utilized for the aquifer tests. The water levels measured in the Carney 

coal during the aquifer test demonstrate that the Carney coal is confined (see 

Addendum D6-8). If the drawdowns from CBNG dewatering were significant it is 

unlikely that the coal aquifer would still be confined. 

Only one underburden well was evaluated during the testing since the other 

wells drilled into the underburden were dry during drilling. Separate multi-well 

pumping tests were conducted in the wells completed in the Masters and Carney 

seams. A report of these tests can be found in Addendum D6-8 and a summary 

tabulation of the aquifer test results is included in Table D6.2-2. 
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The results as stated in Table D6.2-1 are comparable with measured coal 

aquifer properties at other mines in the vicinity. Big Horn Coal Company reported 

transmissivities ranging from 0.13-100 ft2 / day and a storage coefficient of 

1.4xl0-4 for the Monarch coal in their DEQ permit (no. 213). Similarly, in the Dietz 

3 seam Big Horn Coal Company reported transmissivities ranging from 

0.26-93 ft2 /day and a storage coefficient of 1.4xl0-4 . The aquifer test results from 

the Youngs Creek Mine DEQ permit (no. 406) in Sheridan County indicate average 

transmissivity (with an outlier thrown out) of about 24 gpd/ft. 

Core from three drill holes within the permit area was submitted to 

analytical laboratories for measurement of permeability. Results are provided in 

Addendum D6-16. The results from the testing indicate that the materials above 

and below the coal (confining intervals) is comprised of clay and have low 

permeabilities. A summary of statistical data is presented in Addendum D6-16. 

The hydraulic conductivities of these intervals are much lower than those found 

in the coal seams and would suggest that vertical movement of groundwater in 

these layers would be extremely low and is typical for unweathered marine clay. 

Hydraulic conductivity is the ratio of velocity to hydraulic gradient. Due to the 

nature of the confining layers and the available head (hydraulic gradient) it is 

difficult to estimate the time it would take water to travel vertically through these 

layers but estimates lower than 0.5 feet/year would not be unreasonable. 

D6.2.2.3 Water Levels 

Potentiometric surfaces may be found on Exhibits D6.2-2 and D6.2-3. 

Water level measurements made quarterly during baseline monitoring may also 

be found in Addendum D6-9. As is shown by the data the Masters and Carney 

coal seams have varying water levels (typically 20'-60' difference). This difference 

suggests that the claystone interburden between the coal seams can be assumed 

to be a confining interval. 

The Tongue River Alluvial aquifer is recharged by water from the Tongue 

River and infiltration of precipitation and snowmelt. During the months of May 

and June, the Tongue River is typically a losing stream in which stream water 
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moves into the alluvial aquifer, recharging the local groundwater systems. This is 

indicated by the elevation of the river being above the alluvial ground water table. 

When water levels rise in the late spring and early summer due to snowmelt in 

the Bighorn mountains, water levels in the alluvial aquifer will rise to match the 

level of the river. For much of the year, the Tongue River is a gaining stream and 

ground water from the alluvial aquifer moves toward and into the stream. Starting 

in the summer around July and continuing through April when water levels in the 

river are at their lowest, the water level in the alluvial aquifer will drop. This trend 

can be seen in the water elevation levels presented in Addendum D6-9, Figure 

D6. 2- 10 and Figure D6. 2-11. Figure D6. 2-10 shows the comparison of alluvial 

well 578420-AL-1 with the surface water elevations from the former USGS gaging 

station USGS 0629980 and Figure D6.2-11 depicts the water levels of the Tongue 

River alluvial wells 578420-AL-1 , 578524-AL-1 , and 578415-AL-1 compared on a 

quarterly cycle. 

D6.2.2.4 Premining Potentiometric Surface 

Premining potentiometric surface exhibits for the Masters Coal and Carney Coal 

seams are shown on Exhibit D6.2-2 and Exhibit D6.2-3, respectively. Premining 

potentiometric surface exhibits for Tongue River, Goose Creek and Slater Creek are 

shown on Exhibit D6.2-9. Water elevation differences of alluvial well 578415-AL-1 

compared to the nearby alluvial wells could be attributed to the french drain system 

that diverts water from the Tongue River into the Big Hom Coal Pit 3 Reservoir. The 

approximate location of the french drain system and the Pit 3 Reservoir is depicted on 

Exhibit D6.2-9. These exhibits characterize computed average water levels prepared 

from water level measurements obtained during baseline monitoring (Fall 2013 though 

Fall 2014) and applicable data from nearby domestic and stock wells as provided by the 

Wyoming SEO website. Research was also conducted utilizing the Wyoming Oil and Gas 

Conservation Commission (WOGCC) database and other nearby coal mines; however, 

the additional information was difficult to utilize in development of the potentiometric 

surfaces due to distance, completion intervals, extraneous impacts such as CBNG 

development, etc. Aquifer properties for the non-coal portion of the minable sequence 

are generally very poor. Sandstone intervals within the permit area, as desirable for 

January 2020 D6-33 

TFNS 2/025 
R .. vO JAN 27, 2020 DEQ Ex. 3-041



RAMACO Brook Mine 

development of groundwater resources, are typically trun and discontinuous. 

Additionally, where these strata lie stratigraphically higher than the Tongue River or 

Slater Creek valley floors, they generally lack any significant water content. Therefore, 

potentiometric surfaces were not prepared for the overburden, interburden or 

underburden. Refer to Appendix D 11 for the discussion of alluvial valley floors. 

Groundwater movement in both the Carney and Masters coal seams is generally 

northwest to southeast with local movement in the permit area north to south resulting 

from faulting. The direction of flow witrun the coal seams generally follows the geologic 

dip. Measured values of transmissivity from the Brook Mine area can be found in the 

aquifer testing data included in Section D6.2.2.2. Zones of high permeability are 

reflected by wide spacing of potentiometric surface contours, while zones of low 

permeability are reflected by closely spaced potentiometric surface contours. The 

groundwater gradient witrun the Masters and Carney seams ranges from approximately 

0.016 ft/ft to 0.008 ft/ft and 0.017 ft/ft to 0.07 ft/ft, respectively witrun the Brook Mine 

area. Using K values of 1.4 ft/day and 0.097 ft/day for the Masters and Carney coals 

respectively, and a porosity of 0 .10 groundwater velocities are low ranging from 

approximately 40 to 80 ft/year in the Masters Coal and 6 to 25 feet per year in the 

Carney Coal. The groundwater velocities as calculated above represent the velocity that 

a particle would travel through the tortuous pathway presented by each individual 

particle in the coal matrix. Because the pathway that the water molecule follows is 

tortuous, the actual distance that a water molecule travels in the aquifer on a macro 

scale would be much less. For example, a particle that may travel 40 feet in a year 

through the soil matrix may only move 4 feet from its original starting point due to the 

fact that the particle travels through the interspatial pores in the aquifer matrix along a 

tortuous pathway rather than in a straight line. The Darcy flux velocity would be more 

representative of the macro scale velocity in the aquifer. The Darcy Flux velocities are 

calculated at 4 to 8 ft/year in the Masters Coal and 0.6 to 2.5 ft/year in the Carney Coal. 

The Masters seam is generally confined in the permit area, although some areas of the 

mine are unconfined near surface outcrops, in stratigraphic highs, and near recent 

CBNG development. The Carney seam; however, is generally unconfined in the permit 

area due to substantial outcropping, faulting, limited recharge sources, and CBNG 
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development. Available information indicates both the Carney and Masters coal 

seams are in a semi-confined state and are not single continuous aquifers within 

the permit area. 

CBNG production has affected the potentiometric surface prior to baseline 

monitoring on the eastern edge of the permit area. CBNG development and 

production largely occurred from 2000 thru 2012. Based on a comparison of 

pre- and post-CBNG water levels from Big Horn Coal monitor wells, the 

potentiometric surface in the eastern portion of the permit area has been lowered 

by approximately 40-80 feet since CBNG development began. Since it has been 

several years since Big Horn Coal has been active and the CBNG development has 

occurred since Big Horn Coal activities ceased, any water level drawdowns that 

may have been induced from mining operations have been superseded by CBNG 

drawdowns. 

D6.2.2.5 Recharge and Discharge Areas 

Premining potentiometric surface exhibits for the Masters Coal and Carney 

Coal seams are shown on Exhibit D6.2-2 and Exhibit D6.2-3, respectively. The 

approximate outcrop line for the Carney coal seam is shown on Exhibit D6.2-3. 

Water in the Brook Mine hydrologic system generally recharges in the northwest 

and then flows down the geologic dip to the southeast although interrupted 

frequently from a series of normal faults perpendicular to the direction of 

groundwater flow. From a regional hydrogeologic perspective the Carney and 

Master's coal seams deepen in to the Powder River basin to the east. The 

groundwater migrates down the coal seam deeper into the basin. Groundwater 

within the Powder River Basin eventually migrates north into Montana although 

the flow is very slow, and the water is thousands of years old near the center of 

the Powder River Basin. As is shown by the outcrop line in Exhibit D6.2-3, 

additional areas of recharge and discharge exist on the Carney coal seam on the 

western portion of the Brook Mine permit area. Generally, the Carney coal is dry 

or only has a minimal amount of water in it along the western portion of the Brook 

Mine permit area. Therefore, there is only a minimal amount of discharge from the 
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Carney coal within the permit area. No other areas of discharge for either the 

Carney or the Masters coal exist within the permit area. Sources of recharge for 

the Carney seam include clinker, locally known as scoria, that is in 

communication with the coal seam; historic surface mine pits (where the Carney 

Seam was mined) north of the permit area; regions where the Carney seam 

subcrops into either Slater Creek or Tongue River alluvial material; and infiltration 

from precipitation on the Monarch burn stratigraphically higher than the Carney 

seam. Recharge within the permit area is described in more detail within Section 

2.6.1 of Addendum MP-3. As shown on Exhibit D6.2-2 the Masters seam does not 

outcrop in the permit area; however, it may subcrop into Slater Creek 

alluvial/ colluvial materials. Sources of recharge for the Masters seam can then be 

assumed to include infiltration from overlying strata, communication with river 

alluvium and seam outcrops west of the Permit area. Both the Masters and Carney 

coal seams trend downward in a generally southeast direction. Surface and 

groundwater interactions are discussed in the groundwater model in the mine 

plan. 

While different soil types are expected to have variable infiltration rates, the 

only infiltration rate that is significant for the coal aquifers is the infiltration rate 

assigned to the strata near the outcrop of the coal seams. Throughout the permit 

area, the strata overlying the coal aquifer are generally dry. Therefore, the primary 

source of recharge occurs at the outcrops. Scoria, in particular, plays a significant 

role in recharge of the coal seams because it usually occurs near the coal outcrop. 

Because of its highly permeable characteristics, most of the precipitation that falls 

on the scoria infiltrates into the scoria where it either infiltrates into the coal or 

discharges along a seep line at the base of the scoria. Ash material between the 

base of the scoria and the coal seams sometimes limits how much of the water in 

the scoria actually comes into direct contact with the coal. Nevertheless, because 

a large percentage of precipitation falling on the scoria infiltrates into it, the scoria 

does provide a consistent water source for recharge into the coal outcrops. Within 

the permit area, there are several locations where the coal seams outcrop as well. 

Since the strata overlying the coal seams to be mined are generally dry, the 
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recharge component from the overburden to the coal is very low away from the 

outcrop areas. Because of the limited hydrologic interaction between the recharge 

at the surface and the coal in areas away from the outcrop, site specific changes 

in the recharge rates based on soil type will not impact the coal aquifers. For this 

reason, additional analysis of the infiltration properties of the soils within the 

permit area represents a level of detail that is not necessary to describe the 

hydrologic impacts to the coal aquifers from the proposed mining operations. 

Detailed descriptions of soil properties within the permit area are provided in 

Appendix D7. 

Seeps and springs have been observed on the property, specifically in T57N 

R85W section 12. The springs are primarily the result of water seeping out from 

the contact of discontinuous saturated clinker knobs and the vuggy low permeable 

clay below the clinker. 

D6.2.2.6 Regional Vertical Leakage and Infiltration 

As indicated from the pumping test in Addendum D6-8 and as discussed 

earlier, the overburden and interburden are largely dry and the underburden is 

predominantly dry in and near the permit area where it lies stratigraphically 

higher than the Tongue River. Based on this information, vertical leakage through 

the minable sequence in the permit area is minimal. Large regions of Monarch 

clinker likely provide substantial infiltration zones; however, due to their perched 

nature, the majority of the infiltration likely escapes into the surface water system 

and only a small percentage is assumed to provide recharge to underlying coals. 

Hydrographs of wells completed in the Carney coal seam and Masters coal 

seam do not show any distinct seasonal recharge-discharge effects. No general 

recharge or discharge trends are noticeable and all data seem to support the 

conclusion that the Carney coal seam and Masters coal seam are of limited extent 

and little hydraulic connection. Collected groundwater elevations and 

hydrographs of the groundwater wells are found in Addendum D6-9. 
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D6.2.2. 7 Saturation Zones 

Maps showing the saturated, partially saturated, and dry zones of the 

overburden, Carney seam, under burden (Masters seam), spoil, and Slater Creek 

alluvium are included as Exhibits D6.2-4 through D6.2-8, respectively. These 

maps were developed using Tables D6.2-23 through D6.2-27, the potentiometric 

surfaces, Strata drill hole data and completion data, piezometer data, and 

Wyoming SEO data. Areas are considered dry when there is no water present in 

the layer, partially saturated when the water level is higher than the bottom of the 

layer but lower than the top of the layer, and fully saturated when the water level 

is equal to or higher than the top of the layer. These maps were prepared to help 

demonstrate the areas where no water is present within the permit. 

Exhibit D6.2-4 shows that for the most part, the overburden within the 

permit area is dry. There are small areas of partially saturated sand lenses that 

do have water. The other area where water is present in the reclaimed area of the 

Big Horn Mine. These mine spoils are connected to both the adjacent mined coal 

and the Tongue River alluvium. 

Exhibit D6.2-5 shows the areas where water is present in the Carney seam. 

As shown by the drawing, the eastern portion of the permit tends to have more 

water present in this seam. The western portions are mostly dry. 

Exhibit D6.2-6 shows the underburden and Masters seam areas with water. 

As shown on the map, there are several areas within the permit where no water is 

present. 

Exhibit D6.2-7 depicts the Big Horn Mine spoils. Since the spoils go the 

ground surface, the spoils were determined to be partially saturated. The area 

north of the Tongue River, as stated in the Big Horn Mine Groundwater 

Restoration Demonstration, is not considered an aquifer, therefore, is shown dry 

on this map. 

Exhibit D6.2-8 shows that the Slater Creek alluvium is partially saturated. 

The well completion indicates that the alluvial materials in Slater Creek are a mix 
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of scoria (clinker) chips and clay. The hydrograph shows the water depth ranges 

from about 5 feet (578418-AL) to almost 20 feet (578512-AL). 

D6.2.3 Baseline Groundwater Quality 

Numerous groundwater samples have been collected from wells within and 

adjacent to the permit area and have been analyzed for the constituents and 

methods shown in Table D6 .1-12. Groundwater samples were collected on a 

quarterly basis as shown in Addendum D6-10. The Brook Mine adhered to the 

following procedures and protocols for groundwater quality and quantity 

monitoring: 

• A water level, total depth measurement and well head inspection was 
completed at each monitoring event for each well monitored. 

• All wells were pumped at the rate required to evacuate the casing of 
stagnant water and draw in at least three casing volumes of formation 
water. 

• In low yield wells (those that produce 0.5 gpm or less during well 
development), it was not practical to purge three casing volumes prior to 
sampling. In low yielding wells, low flow sampling methods were employed. 

• Field observations were recorded on the water quality sampling field forms. 

• Field parameters such as pH, EC, temperature, dissolved oxygen and 
turbidity were measured throughout purging to determine geochemical 
stability. Three values with less than 10% difference indicated that the 
water was a stable representation of the aquifer, and samples were 
collected. 

• Field filtered and preserved samples were collected in clean, unused 
plastic and or glass containers provided by the contract laboratory. 

• Samples were kept on ice until arrival a t the laboratory (no more than two 
days following sample collection). The laboratory analytical procedures 
used and constituents analyzed by the lab are presented in Table 
D6.1-12. Lab COCs are included in Addendum D6-10. 

• A quality assurance and quality control program was adhered to which 
included comparison of field EC to laboratory EC, comparison of field 
turbidity to laboratory turbidity, comparison of measured TDS to 
calculated TDS, ion balance analysis and holding time/preservation 
evaluations. 

The groundwater quality analyses results are tabulated and presented in 

Tables D6.2-3 through D6.2-7 and Table D6.2-19. In general, groundwater quality 
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varies with respect to each of the geologic units and the location within any given 

unit in the mine permit area. Groundwater quality data recorded during the 

baseline monitoring period indicate that all groundwater in the permit area is 

suitable only for livestock watering according to WDEQ/WQD Rules and 

Regulations Chapter 8 underground water class standards and also generally 

meets EPA Primary maximum contaminant levels (MCLs) but not EPA secondary 

MCLs. This is shown in Tables D6.2-8 through D6.2-17 and Tables D6.2-20 

through D6.2-21. The constituents that most frequently exceed the standard 

concentration limitations are ammonia, total dissolved solids (TDS), sulfate, and 

manganese. Other constituents that exceed standards at one or more sites include 

sodium absorption ratio (SAR) and iron. A piper diagram of the groundwater wells 

with measured values is presented in Figure D6.2-2. As can be seen in the tabular 

results and the figure, the water quality in the coal aquifers is variable. This is 

attributed to the strike and dip of the coal, the presence of several faults, the 

location of coal recharge areas next to outcrops and the transitioning of the coal 

aquifers from confined to unconfined within the permit area. 

The water quality data was also reviewed to determine if any surface water 

and groundwater interactions exist. During baseline monitoring, a single water 

quality sample was taken from surface water flows for the two gaging stations 

located along Slater Creek. No samples were taken for Hidden Water Creek due to 

a no-flow condition. Therefore, only the wells in the Slater Creek drainage may be 

used as comparison for surface water groundwater interaction. Also, as discussed 

previously the Masters coal seam underlies the Carney coal seam and the 

interburden is dry, which indicates that if surface water groundwater interaction 

were to occur it would only occur in the Carney coal seam. As shown by Tables 

D6.2-3 through D6.2-7 all Carney coal wells in the Slater Creek drainage were dry 

during baseline monitoring except well 578511-CRN. The water type of this well 

was sodium sulfate. Comparing the water quality data for this well and the surface 

water quality samples for Slater Creek (magnesium-calcium sulfate water type) 

indicates no discernible patterns. Based on this information, a significant surface 

water groundwater interaction in the Permit area does not exist. 
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The water quality data was also used to review interactions and connectivity 

between the Tongue River alluvium and the Tongue River. The water quality from three 

wells completed in the Tongue River alluvium (5784 20-AL- l, 578524-AL- l, and 578415-

AL-1} were compared to two surlace water sites on the Tongue River (578420-TR-1 and 

578524-TR-l}. The general chemistry of the Tongue River alluvium and Tongue River 

were similar, although concentrations in the Tongue River alluvium were at least double 

those in the Tongue River. The water type of the Tongue River was calcium bicarbonate, 

while the Tongue River alluvium was dominated by bicarbonate and sulfate anions and 

the cations were incomplete (55-65% magnesium, 35-55% calcium, and 20% sodium} for 

578420-AL-1 and 578524-AL-1 and dominated by magnesium for 578415-AL-1. 

Differences in water quality of 578415-AL-1 from the upgradient alluvial wells 578420-

AL-1 and 578524-AL- l could be attributed to completion material and/ or the french 

drain installed near 578415-AL-1. Well 578415-AL-1 is located in a reclaimed area, 

previously mined by Big Hom Coal. The well construction logs of the three alluvium wells 

indicate that the 578524-AL-1 and 578420-AL-1 are installed in native alluvium, while 

578415-AL-1 is installed in backfill. Based on these completions, it is expected that the 

TDS and major ion chemistry of the 578415-AL-1 well would be different than the 

578524-AL-1 and 578420-AL-1. The difference in water quality of backfill wells is well 

documented in various cumulative hydrologic impact assessment (CHIAs). The 2014 

Spring Creek CHIA states that spoil water quality is poorer than the aquifers removed 

from mining and marked by increases in TDS, bicarbonate, sodium, and sulfate. The 

2014 Spring Creek CHIA also states that depending on the location and the rate of 

groundwater flow through the spoil, it will likely take decades after the completion of 

reclamation to restore water quality. In addition, the 578415-AL-1 well is located near a 

french drain installed by Big Hom Coal, as depicted on Exhibit D6.2-9. The french drain 

was installed to divert water from the Tongue River alluvium away from Pit 3. Currently, 

the french drain diverts water from the Tongue River into the Pit 3 Reservoir located less 

than half-mile west of monitor well. The proximity to the drain may also be contributing 

to increased TDS in the 578415-AL-1 well. Metals concentrations were generally non

detect in both the Tongue River alluvium and Tongue River, iron and manganese 

(dissolved and total) concentrations were higher in the Tongue River alluvium. 
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A comparison of alluvial wells to Carney wells was conducted to demonstrate 

different water quality. The three alluvial wells (578420-AL-1, 578542-AL-1, and 578415-

AL-l) at the Brook Mine and eight alluvial wells at Big Horn Coal exhibited calcium (30 to 

55 percent) and magnesium (45 to 70 percent) cation dominance with anions dominated 

by bicarbonate (45 to 80 percent) and sulfate (20 to 50 percent). The two Carney pump 

wells (578420-CRN-PUMP and 578542-CRN-PUMP) at the Brook Mine and one Carney 

well at Big Horn Coal demonstrated a sodium-bicarbonate type water. A piper diagram is 

provided in Figure D6.2-3 that depicts the difference in water quality between the Tongue 

River alluvium and Carney coal seam. 

D6.2.4 Groundwater Rights 

Adjacent and on-site groundwater rights are listed in Appendix B in the 

Adjudication Volume in detail. Table D6.2-18 provides a summary of the number of 

groundwater wells within the permit boundary and the adjacent three-mile buffer. The 

table shows the total number of wells and splits the wells into categories according to 

usage. Additionally, Table D6.2-18 provides the groundwater well use by percentage. As 

shown in the table, the water uses of groundwater wells in the vicinity include irrigation, 

coal bed methane, stock watering, domestic, industrial and miscellaneous uses. The 

predominant water use (24%) is for domestic use. Monitoring wells were excluded from 

the table due to their lack of consumptive use. In addition, not all wells included in the 

list are actively used. Wells identified as potentially located in the target coal seams and 

that could be possibly impacted by mining activities are discussed further in the Mine 

Plan Addendum MP-3. 

D6.2.5 Groundwater Models 

A groundwater model was conducted in 2014 by WWC. The purpose of the model 

was to prec;lict drawdown in the coal aquifer due to mining the Brook Mine Area. Due to 

concerns made by the EQC, WWC conducted updates to the groundwater model in 

2018. The 2018 model is constructed significantly different, and therefore the 2018 

model supersedes the 2014 groundwater model. The 2018 model predicts drawdown 

due to mining. The 2018 model is included in the Mine Plan. 
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Ta ble D6. l- l. Drainage Basin Cha racteristics 

Drainage Watershed Basin Valley Channel Basin Valley Channel 
Total Basin 

Valley Channel 
Basin Area Length Length Length Relief Relief Relief 

Stream Relief 
Slope Slope 

Channel 

Designation2 (ac) (mi) (mi) (mi) (ft) (ft) (ft) 
Length Ratio 

(ft/mi) (ft/mi) 
Sinuosity 

(mi) (ft/ft) 

TR I 154.6 0 .76 0 .71 0.73 300 160 160 0.73 0 .07 226 221 1.02 

TR2 334.5 1.41 1.48 1.59 460 270 270 1.59 0.06 183 169 1.08 

TRD l 25.1 0.38 0.31 0 .31 260 210 210 0 .31 0.13 675 672 1.01 

TRD2 328.2 1.50 1.34 1.44 435 275 275 1.44 0.05 206 191 1.08 

TRD3 378.6 1.61 1.65 1.77 445 375 375 2 .27 0.05 227 212 1.07 

TRD4 172.8 0 .91 0.46 0 .50 230 80 80 0.50 0.05 173 160 1.08 

TRD5 593.1 1.73 1.56 1.64 300 200 200 2 .86 0.03 128 122 1.05 

SLATER 
10532.6 10.60 10.63 14.20 1600 

CREEK 
1100 1100 54.72 0.03 103 77 1.34 

SCSUB l 270.6 1.20 1.20 1.23 375 265 265 1.74 0.06 222 215 1.03 

SCSUB2 259.2 0.95 0 .83 0.86 405 185 185 1.35 0.08 223 215 1.04 

SCSUB3 198.8 0 .98 0 .91 0 .95 300 230 230 0 .95 0.06 252 242 1.04 

SCSUB4 2 19.5 0.85 0 .86 0.92 205 115 115 1.60 0 .05 134 125 1.07 

SCSUB5 81.3 0 .62 0 .62 0 .62 290 180 180 0 .62 0 .09 289 289 1.00 

EFEC 1178.1 3.63 3.40 3 .82 520 310 310 4.81 0 .03 91 81 1.12 

HIDDEN 
WATER 51 13.2 6 .27 7.04 7.82 885 805 805 25 .05 0.03 114 103 1.11 
CREEK 

HWCSUB l 120.6 0.68 0 .51 0 .52 220 130 130 0.52 0.06 257 251 1.02 

HWCSUB2 91 0.58 0 .31 0 .33 190 115 115 0 .33 0.06 368 352 1.04 

HWCSUB3 46.4 0.71 0 .54 0.56 260 200 200 0 .56 0 .07 373 360 1.03 

HWCSUB4 112 0.95 0 .71 0. 72 380 250 250 0.72 0.08 353 345 1.02 

HWCSUB5 76.2 0.62 0.59 0.60 340 230 230 0.60 0.10 391 382 1.02 

GCl 219.3 1.17 0 .83 1.07 220 120 120 1.07 0 .04 144 112 1.28 

Notes: 1Drainage basin characteristics are based on USGS Quads except for drainage GCl. Drainage GCl is based on flight topogra phy. 
2Refer to Exhibit D6. l -2 for d rainage basin designation. 

Drainage 
Density Curve 

(mi/mi2) 
No. 

3.00 74 

3 .05 72 

7 .97 72 

2.81 73 

3.84 71 

1.85 83 

3 .08 84 

3.30 79 

4.11 77 

3 .34 75 

3.06 76 

4.65 84 

4.91 75 

2 .61 87 

3.14 76 

2 .75 76 

2.30 77 

7 .66 76 

4 .14 75 

5 .06 76 

3 . 12 81 

TFH 6 2/02 5 
RECD 10- 25 - 13 DEQ Ex. 3-053



RAMACO Brook Mine 

Table 06.1-2. USGS Gaging Station Data 

USGS Gaging Station 
06299980 06306300 06305500 06305700 

Tongue 
Tongue Goose 

Goose Parameter River at Creek 
River at 

State Line Below 
Creek 

Monarch 
nr Decker Sheridan, 

Near 
WY 

MT WY 
Acme, WY 

Drainage Area 
478 1,453 392 413 

(mi2
) 

Mean Annual Discharge 
249 441 184 171 

(cfs) 

Mean Annual Flow 
180,300 319,300 133,200 123,800 

(a c-ft) 

Period of Record 2004-2013 1960-2013 1941 -1984 1984-2017 

La titude 44 .90028 45.00914 44.82250 44 .88639 

Longitude 107.02028 106.83594 106.96194 106 .98833 

Source : USGS National Water Information System: Web Interface 

April 2019 
TFN6 2/fJ25 
R r C O r J .~ Y 2 3 , 2 0 1 S 

D6-T2 
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RAMACO Brook Mine 

Table 06 .1-3. Annual Peak Streamflow for the Tongue River a nd Goose Creek 

Tongue River at Monarch Tongue River at State 

Water Year 
WY Line near Decker MT 

Date 
StreamOow 

Date 
StreamOow 

(cfsl fcfsl 
1942 ND ND ND ND 
1943 ND ND ND ND 
1944 ND ND ND ND 
1945 ND ND ND ND 
1946 ND ND ND ND 
1947 ND ND ND ND 
1948 ND ND ND ND 
1949 ND ND ND ND 
1950 ND ND ND ND 
1951 ND ND ND ND 
1952 ND ND ND ND 
1953 NO ND ND ND 
1954 ND ND ND ND 
1955 ND ND ND ND 
1956 ND ND ND ND 
1957 ND ND ND ND 
1958 ND ND ND ND 
1959 ND ND ND ND 
1960 ND ND ND ND 
1961 NO ND 30-May-61 1,720 

1962 ND ND 17-Jun-62 4 ,560 

1963 ND ND 16-Jun-63 6,080 

1964 ND ND 10-Jun-64 5,990 

1965 ND ND 14-Jun-65 3 ,510 

1966 ND ND 8-May-66 1,920 

1967 ND ND 15-Jun-67 7,480 

1968 ND ND 10-Jun-68 5,710 

1969 ND ND 19-Mar-69 4,500(e) 

1970 ND ND 14-Jun-70 4 ,190 

1971 ND ND 31-May-71 3,110 

1972 ND ND 22-May-72 2 ,590 

1973 ND ND 21-May-73 3,810 

1974 ND ND 29-May-74 2 ,900 

1975 ND ND 22-Jun-75 5 ,350 

1976 ND ND 6-Jun-76 2 ,140 

1977 ND ND 11 -May-77 3,230 

1978 ND NO 19-May-78 17,500 

March 2019 

Goose Creek below Goose Creek near 
Sheridan, WY Acme, WY 

Date 
StreamOow 

Date 
StreamOow 

27-May-42 

13-Jun-43 

4-Jun-44 

24-Jun-45 

25-Jun-46 

22-Jun-47 

23-Jun-48 

8-Jun-49 

15-Jun-50 

11-Jun-51 

7-Jun-52 

15-Jun-53 

23-May-54 

26-Jun-55 

29-May-56 

17-Jun-57 

24-May-58 

8-Jun-59 

19-Mar-60 

30-May-61 

16-Jun-62 

16-Jun-63 

9-Jun-64 

14-Jun-65 

8 -May-66 

14-Jun-67 

9-Jun-68 

27-May-69 

15-Jun-70 

14-Jun-71 

10-Jun-72 

10-Jun-73 

17-Jun-74 

21-Jun-75 

7-Jun-76 

5-Jun-77 

18-May-78 

lcfsl 
1,650 ND 
1,380 ND 
4,040 ND 
2 ,270 ND 
2 ,780 ND 
1,440 ND 
2,340 ND 
1,680 ND 
1, 120 ND 
1,120 ND 
1,690 ND 
2,370 ND 
591 ND 

1,300 ND 
3,360 ND 
1,830 ND 
1,080 ND 
1,130 ND 
600(e) ND 
939 ND 

2,960 ND 
5 ,450 ND 

3 ,630(ud) ND 
l,450(ud) ND 
436(ud) ND 

4,050(ud) ND 
2,300(d) ND 
886(d) ND 

1,670(d) ND 
l,460(d) ND 
1,070(d) ND 
2 ,180(d) ND 
l ,330(d) ND 
2 ,560(d) ND 
986(d) ND 
806(d) ND 

5,430(d) ND 

Tftlo ~ /025 
RECDM~R 04,2019 

lcfsl 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

D6-T3 DEQ Ex. 3-055



RAMACO 

Table D6 .1-3. Annual Peak Streamflow for th e Tongue River and Goose Creek 
(Continued) 

Tongue River at Monarch Tongue River at State 

Water Year 
WY Line nr Decker MT 

Date 
Streamflow 

Date 
Streamflow 

lcfsl lcfsl 
1979 ND ND 29 -May-79 2 ,050 

1980 ND ND 25-May-80 2,290 

1981 ND ND 23-May-81 4,400 

1982 ND ND 18-Jun-82 2,570 

1983 ND ND 13-Jun-83 3,880 

1984 ND ND 16-Jun-84 4,460 

1985 ND ND 4-May-85 932 

1986 ND ND 5-Jun-86 3,670 

1987 ND ND 28-Apr-87 1,190 

1988 ND ND 18-May-88 3 ,130 

1989 ND ND l l -May-89 714 

1990 ND ND 11 -Jun-90 2 ,710 

1991 ND ND 22-May-91 3 ,930 

1992 ND ND 16-Jun-92 3,160 

1993 ND ND 8-Jun-93 3,210 

1994 ND ND 13-May-94 2,340 

1995 ND ND 18-Jun-95 5,470 

1996 ND ND l l -Jun-96 2,720 

1997 ND ND 16-Jun-97 3,910 

1998 ND ND 15-Jun-98 1,360 

1999 ND ND 7-Jun-99 3,350 

2000 ND ND 18-May-00 3,890 

2001 ND ND 15-May-0l 645 

2002 ND ND 2-Jun-02 1,050 

2003 ND ND 31 -May-03 2 ,820 

2004 7 -May-04 293 6-Jun-04 326 

2005 l l -May-05 3,350 12-May-05 5,440 

2006 24-May-06 1, 170 24-May-06 1,840 

2007 7 -Jun-07 3,910 8-Jun-07 6,450 

2008 23-May-08 2 ,460 25-May-08 4,310 

2009 31 -May-09 1,280 8-Jun-09 2,200 

2010 29-May-10 1,930 12-Jun- 10 3 ,550 

2011 22-May-l l 3 ,880 22 -May- ll 6,220 

201 2 6 -Jun-12 886 6-Jun- 12 1,890 

2013 20-May- 13 1,3201d) 12-Jun- 13 1,940 

2014 30-May-14 3 ,180(d) 31 -May -14 4,710 

2015 4 -Jun- 15 2 ,810(d) 26-May - 15 4,730 

2016 24-Sep-16 722(d) 12-Jun- 16 1,200 

2017 14-May-17 l,990(d) 19-May -17 3,860 

Source : USGS Nat10nal Water Information System: Web Interface 

Id) Discharge affected by Regulation or Diversion 
(c) Discharge is an estimate 

Goose Creek Below 
Sheridan, WY 

Date 
Streamflow 

lcfs) 
30-May-79 880(d) 

25-May-80 l ,280(d) 

22-May-81 2 ,390(d) 

23-Jun-82 1,0901d) 

25-Jun-83 l ,510(d) 

17-Jun-84 1,8801d) 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

(ud) Discharge affected to unknown degree by Regulation or Diversion 

ND No Data 

Brook Mine 

Goose Creek near 
Acme, WY 

Date 
Streamflow 

lcfsl 
ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

17-Jun-84 2 ,15o1dl 

26-May-85 282(d) 

25-Feb-86 1, 770(d) 

10-Jun-87 664(d) 

18-May-88 1,0701d) 

10-Mar-89 356(d) 

11 -Jun-90 1,220(d) 

22-May-91 1,900(d) 

16-Jun-92 l,470id) 

8-Jun-93 1,3201d) 

5-Mar-94 l,490(d)lc) 

17-Jun-95 3 ,330(d) 

16-Jun-96 l ,330(d) 

16-Jun-97 1,9201d) 

23-Jun-98 722(d) 

9-Jun-99 l ,770(d) 

18-May-00 2 ,060(d) 

16-May-0l 15l(d) 

l -Jun-02 545(d) 

30-May-03 1,390(d) 

5-Jul-04 210(d) 

l l -May-05 2 ,930(d) 

24-May-06 744(d) 

8-Jun-07 3,430(d) 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

18-Jun-15 1,0301d) 

ll -Jun- 16 816(d) 

7-Jun-17 1,9201d) 

TFN6 ct /025 
March 2019 RECD MAR 04, 2019 D6-T4 DEQ Ex. 3-056



RAMACO 

Table D6.1-4. Precipitation-Frequency Values 

RETURN PERIOD 

DURATION 2-YR 5-YR 10-YR 25-YR 50-YR 

HOURS MIN. PRECIPITATION IN INCHES 

0.08 5 0.19 0.28 0.34 0.41 0.47 

0.17 10 0.30 0.43 0.52 0 .64 0 .74 

0.25 15 0.37 0.55 0.66 0 .81 0 .93 

0.5 30 0.52 0.76 0.91 1.13 1.29 

1 60 0 .66 0.96 1.16 1.43 1.64 

2 120 0.75 1.06 1.27 1.56 1.78 

3 180 0.83 1.16 1.37 1.67 1.91 

6 360 1.03 1.38 1.62 1.95 2 .21 

12 720 1.26 1.69 1.98 2 .39 2.71 

24 1440 1.50 2.00 2.35 2.83 3.20 

October 2018 

Brook Mine 

100-YR 500-YR 

0.53 0.67 

0.83 1.05 

1.05 1.33 

1.46 1.84 

1.84 2.33 

2.00 2.51 

2.14 2.67 

2.47 3.06 

3.02 3.74 

3.57 4.42 

Trl 6 2/G 15 
RECD 10- ~-1 3 
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Table D6. l-5. HEC-HMS Peak Flow and Runoff Volume for the 6-Hour Precipitation Event 

Storm Event Recurrence Interval (yr) 1 

Stream 2 5 
Designation2 

Peak Vol. Peak Vol. Peak 
(cfs) (Ac-ft) (cfs) (Ac-ft) (cfs) 

GCl 21.1 4 .6 39 .2 8.7 52.9 

Hidden Water 
Creek 229.5 85.2 442.3 165.0 606.2 

(HWC Out) 

HWCSUBl 15.1 2.0 28.9 4.0 40.2 

HWCSUB2 13.4 1.6 25.4 3.0 34.9 

HWCSUB3 5 .7 0 .8 11.0 1.5 15 .0 

HWCSUB4 11.8 1.9 22.6 3.6 31.0 

HWCSUBS 11.5 1.3 21.9 2.5 30.0 

TRI 31.5 5.1 60.7 10.0 83.4 

TR2 8.7 2 .2 17.0 4.3 23.5 

Slater Creek 
497.6 197.7 947.4 378.5 1296.4 

(SC Out) 

SCSUBl 23.8 4 .5 45.6 8.8 65.8 

SCSUB2 29.0 4.2 55.6 8 .2 75 .9 

SCSUB3 19 .3 3.3 36.9 6.5 50.5 

SCSUB4 29 .7 5.3 54.2 9.8 72 .2 

SCSUBS 10.4 1.4 20.0 2.8 25 .5 

EFEC 95.7 33 .3 171.0 60.7 225 .6 

TRDl 2.8 0.3 5.4 0.5 10.1 

TRD2 20.3 5.0 39.2 9 .8 51.6 

TRD3 19.9 5.2 38.9 10.2 54.2 

TRD4 24.5 4.0 45 .1 7.5 60.3 

TRDS 58.8 13.7 108.0 25.7 153.3 
j 

Note: Storm events are SCS Type II , 6-hr General Storms. 
2 See Exhibit D6. 1-2 for Drainage Basin Locations. 

10 25 50 
Vol. Peak Vol. Peak 

(Ac-ft) (cfs) (Ac-ft) (cfs) 
11.8 71.1 16.0 85.4 

227.7 830.3 313.8 1010.2 

5.5 54.8 7.5 66.5 

4 .2 47.4 5.7 57.4 

2 .0 20.4 2 .8 24.8 

5.0 42.4 6.9 51.6 

3 .5 40.8 4.8 49.5 

13.9 114.4 19 .3 139.3 

6.0 32.4 8.3 39.6 

521.8 1761.4 713.8 2131.6 

12 .5 89 .5 17.2 108.5 

11.4 103.9 15.7 126.3 

8.9 68.8 12 .3 83.5 

13.3 95 .8 17 .9 114.2 

3.6 34.9 5.0 42.4 

80.9 296.5 107.6 351.3 

1.0 13.9 1.4 17.0 

13.2 71.0 18.3 86.7 

14 .2 75.0 19 .8 91.8 

10.1 80.4 13.7 96.0 

36.2 203.5 48.8 242.7 

100 
Vol. Peak Vol. 

(Ac-ft) (cfs) (Ac-ft) 
19.4 100.1 22.9 

383.6 1197.9 457. 1 

9.2 78.6 11.0 

7.0 67.8 8.3 

3.4 29.3 4.0 

8.5 61.1 10. 1 

5.8 58.6 6 .9 

23.6 165.4 28.2 

10.2 47.2 12 .3 

868.1 2516.3 1029.7 

21.0 128.1 25 .0 

19.2 149.6 23.0 

15.0 98.8 17.9 

21.5 132.9 25.3 

6 .1 50.3 7 .3 

128.6 407.1 150.1 

1.7 20.2 2.0 

22.4 103.2 26.8 

24.4 109.6 29 .2 

16.5 112. 1 19.4 

58.7 282.8 68.9 

0

! • :? ~ 21 J 2 5 
'"C D 1 - 25 -1 ~ DEQ Ex. 3-058
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Table D6.1-6. HEC-HMS Peak Flow and Runoff Volume for the 24-Hour Precipitation Event 

Storm Event Recurrence Interval (yr) 1 

Stream 2 5 
Designation2 

Peak Vol. Peak Vol. Peak 
(cfs) (Ac-ft) (cfs) (Ac-ft) (cfs) 

GCl 48 11 77 17 99 
Hidden Water 

Creek 474 206 772 331 1005 
(HWC Out) 
HWCSUBl 37 5 60 8 78 
HWCSUB2 33 4 53 6 69 
HWCSUB3 14 2 23 3 29 
HWCSUB4 28 5 46 7 60 
HWCSUB5 28 3 46 5 60 

TRI 75 12 123 20 161 
TR2 20 5 33 9 43 

Slater Creek 
1022 473 1638 751 2115 

(SC Out) 
SCSUBl 60 11 96 18 125 
SCSUB2 69 10 113 16 148 
SCSUB3 46 8 74 13 97 
SCSUB4 69 12 108 19 138 
SCSUB5 23 3 38 5 50 

EFEC 194 74 298 112 376 
TRDl 10 1 16 1 21 
TRD2 44 12 72 19 94 
TRD3 46 13 75 21 99 
TRD4 58 9 91 14 116 
TRD5 143 33 224 51 286 

Note: 1 Storm events are SCS Type II , 24-hr General Storms. 
2 See Exhibit 06. 1-2 for Drainage Basin Locations. 

10 25 
Vol. Peak Vol. Peak 

(Ac-ft) (cfs) (Ac-ft) (cfs) 
21 131 28 157 

427 1351 570 1635 

10 105 14 127 
8 93 10 112 
4 39 5 48 
9 80 13 98 
6 80 9 97 

26 217 35 264 
11 58 15 71 

965 2813 1277 3382 

23 168 31 203 
21 199 28 241 
17 130 22 157 
24 181 31 215 
7 67 9 81 

141 486 182 574 
2 28 3 34 

25 128 33 155 
27 134 36 163 
18 152 24 182 
64 374 84 445 

50 100 
Vol. Peak Vol. 

(Ac-ft) (cfs) (Ac-ft) 
34 184 39 

686 1930 807 

16 151 19 
12 132 15 
6 56 7 
15 115 18 
10 115 12 
42 312 50 
19 84 22 

1530 3970 1791 

37 239 44 
34 285 40 
27 186 31 
36 250 42 
11 96 13 

214 663 247 
3 40 4 

40 184 48 
44 194 52 
28 212 33 
100 517 116 

TF S 21 • 2 
CD 1 - 25 - 1a 
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Table D6.1-7. Peak Flow Estimates Comparison 

Basin Method Parameter (unit) 

HEC-HMS Peak Flow (cfs) 
Hidden Water Creek 

Miller (2003) Peak Flow (cfs) 

HEC-HMS Peak Flow (cfs) 
Slater Creek 

Miller (2003) Peak Flow (cfs) 

2 

474 

80 

1022 

113 

mzmZ/SZ/Zm ~peuu~~s 

Recurrence Interval (yr) 

5 10 25 

772 1005 1351 

208 339 560 

1638 2115 2813 

289 469 769 

50 100 

1635 1930 

766 1014 

3382 3970 

1049 1384 

Tr ll G 21 G '5 
ECD 1 - 25 -1 D 

DEQ Ex. 3-060
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Table D6. l-8. HEC-RAS Modeling Results 

Channel Storm Event Flow 
Depth 

(ft) 

2-Year, 24-Hour 2.19 
Hidden Water 

Creek 
100-Year, 24-Hour 3.83 

2-Year, 24-Hour 2.19 

Slater Creek 

100-Year, 24-Hour 3.83 

mzmZ/SZ/Zm ~peuu~~s 

Average Channel Hydraulic Properties 

Channel Top Flow Area Manning's 
Width 

(ft2
) "n" 

(ft) 

191.6 206.4 0 .027 

297.6 562 .2 0 .026 

191.6 206.4 0.027 

297.6 562.2 0.026 

Hydraulic Channel 
Radius Velocity 

(ft) (ft/s) 

1.21 5.44 

2.13 8.04 

1.21 5.44 

2.13 8.04 

n=~i s 21 ~ 2 5 
ft'=C 10- 2~ - 13 DEQ Ex. 3-061
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RAMA~- Brook Mine 

Table D6.1-9. Surface Features within 1 Mile of Project Area (Stockponds and Impoundments} 

Facility Name 

Baldwin Reservoir 

DeLapp No. 3 Stock Reservoir 

Hart Bros Reservoir 

DAN SCOTT NO. 3 STOCK 
RESERVOIR 

Perre Reservoir 

MOCK-SMITH #1 STOCK 
RESERVOIR 

Soltis State No. 1 Stock 
Reservoir 

TSCHIRGI #2 STOCK 
RESERVOIR 

SCOTT NO 1 STOCK 
RESERVOIR 

Upper 10 Stock Reservoir 

Hall Reservoir 

Legerski Bros # 1 Stock 
Reservoir 

En! of the PIT 3 Reservoir 

LEGERSKI # 1 STOCK 
RESERVOIR 

Welch #4 Stock Reservoir 

Black Mountain No. 1 Stock 
Reservoir 

BIG HORN NO 14 
RESERVOIR 

September 2019 

Location 
Stream Source Permit# 

(Tns-Rng-Sec-¼ ¼) 

North Fork Hidden 
P3397.0R NENE- Sec. 01- T57- R85 

Water Creek 

Smokey Draw P6960.0s NESW- Sec. 03- T57- R84 

Slater Creek P60.0R NENW- Sec. 03- T57- R85 

East Fork Earley 
P5504.0S NESW- Sec. 04- T57- R85 

Creek 

Fork of Hidden Water 
P2671.0R NESE- Sec. 06- T57- R84 

creek 

Hidden Water Creek P3695.0S SWNE- Sec. 08- T57- R84 

East Fork Earley 
P7404.0S SENE- Sec. 09- T57- R85 

Creek 

East Fork Earley 
P2350.0S NENE- Sec. 09- T57- R85 

Creek 

Dan Draw Pl392.0S NWNE- Sec. 10- T57- R85 

Riverside Mine Draw P8206.0S NWSE- Sec . 10- T57- R85 

Spring Draw P363 .0R NWSE- Sec. 11- T57- R85 

White Shale Draw P7439 .0S SENE- Sec. 12-T57- R85 

Tongue River Pl 1595.0R NENW- Sec. 14-T57- R84 

Roman Draw P2290.0S SENE- Sec. 14- T57- R85 

Riverside Mine Draw P8133 .0S NWNW- Sec. 14- T57- R85 

Riverside Mine Draw P10306.0S SENW- Sec. 14- T57- R85 

Tongue River P9257 .0R SESE- Sec. 15- T57- R84 

TFN S 2/025 
RECD 09-20-19 

Priority 
Size of 

Applicant Reservoir Uses 
Date 

(acre-ft) 

8/8/1916 Mooty Baldwin 21.15 IRR_SW 

4/22/1971 Chevron USA, Inc. 2.47 STO 

06/18/1896 MALCOLM G. SWAN 26.1 IRR_SW 

12/10/1965 PADLOCK RANCH CO 3.99 STO 

DOM_SW; 

5/29 /1914 CARMALLA PERRE 15 
FIS; 

IRR_SW; 
STO 

03/13/1961 GLENN MOCK 5.41 STO 

11/2/1972 Rudolph Soltis 2.71 STO 

08/11/1958 
WY STATE LANDS & 

10.84 STO 
INVESTMENTS 

3/5/1956 PADLOCK RANCH CO 1.1 STO 

09 / 03/1976 WILLIAM F. WELCH 16.85 STO 

11/28/1902 John R. Bocek 42 STO 

2/16/1973 
John and Nina Mae 

1.35 STO 
Legerski 

BIG HORN COAL CO. C/O 
CMU; FIS; 

2/26/2001 3297.12 STO;WET; 
DECKER COAL CO. 

WL 

5/15/1958 
TAYLOR INVESTMENTS 

3.8 STO 
LLC 

07/06/1976 WILLIAM WELCH 9.52 STO 

09/16/1987 WYOMING FUEL COMPANY 6. 15 STO 

3/18/1987 BIG HORN COAL CO. 17.77 IND_SW 

D6-Tl0 
DEQ Ex. 3-062
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Table D6.1-9. Surface Features within 1 Mile of Project Area (Stockponds and Impoundments) (Continued) 

Facility Name 

BIG HORN NO 2 RESERVOIR 

FIRST ENL OF BIG HORN NO 
14 RESERVOIR 

SANITARY TRATMENT 
FACILITIES NO. 1 

PERMANENTIMPOUNDMENT 
NO 1 RESERVOIR 

Monarch Slough Reservoir 

LONG'S STOCK RESERVOIR 

BIG HORN NO 8 RESERVOIR 

BIG HORN NO. 9 1 
RESERVOIR 

BIG HORN SCALE HOUSE 
RESERVOIR 

Sediment Stock Reservoir 

13-2374 (POND #10) 
RESERVOIR 

14-2374 (POND #11) STOCK 
RESERVOIR 

KOOi POND RESERVOIR 

DeLapp No. 2 Stock Reservoir 

DELAPP NO. 4 

SEAN CARROL NO . 2 STOCK 
RESERVOIR 

September 2019 

Stream Source Permit# 

Tongue River P7949.0R 

Tongue River Pl0952 .0R 

Tongue River P8477.0R 

Slater Creek Pl2986.0R 

Tongue River P6321.0R 

Monarch Slough Pl350.0S 

Big Goose Creek P8158 .0R 

Tongue River P8676.0R 

Tongue River P8677.0R 

Sediment Draw P7236.0S 

BH 12 Draw Pl3317.0R 

Heart Draw Pl9138 .0S 

Tongue River Pl3791.0R 

Dry Draw (23-57-84) P6851.0S 

West Fork Dry Draw P7536.0S 

Sean Creek Pl2856.0S 

TFH G 2/025 
~ECD 09-20 -1 9 

Location 
(Tns-Rng-Sec- ¼ ¼) 

SESE- Sec. 15- T57- R84 

SESE- Sec. 15- T57- R84 

NESE- Sec. 15- T57- R84 

NWSW- Sec. 18- T57- R84 

SWNE- Sec. 19- T57- R84 

NESE- Sec. 19- T57- R84 

NENE- Sec. 21 - T57- R84 

NENW- Sec. 21-T57- R84 

NWNW- Sec. 21 - T57- R84 

SENW- Sec. 22- T57- R85 

NWSW- Sec. 23- T57- R84 

SWSW- Sec. 23-T57- R84 

NENW- Sec. 23- T57- R85 

SENE- Sec. 23- T57- R84 

NWSE- Sec. 23- T57- R84 

NWSE- Sec. 24- T57- R85 

Priority 
Size of 

Applicant Reservoir 
Date 

(acre-ft) 

6/21/1978 BIG HORN COAL CO. 0.17 

12/20/1999 BIG HORN COAL CO. 19.3 

7/6/1982 BIG HORN COAL CO. 0.97 

7/6/2007 
TAYLOR INVESTMENTS 

0.32 
LLC 

4/17/1956 WILLIAM AND OLGA LONG 15.45 

1/4/1956 WILLIAM AND OLGA LONG 0 .29 

10/1/1979 BIG HORN COAL CO. 0 

10/27/1983 BIG HORN COAL CO. 0 

10/27/1983 BIG HORN COAL CO. 0 

05/15/1972 WILLIAM F . WELCH 1.04 

FIDELITY EXPLORATION & 
10/9/2008 

PRODUCTION COMPANY 
0 

10/9/2008 
FIDELITY EXPLORATION & 

0 
PRODUCTION COMPANY 

6/4/2010 HUGH WEAVER 2 

11 /4/ 1970 NEIL DELAPP 4.98 

3/12/1973 NEIL DELAPP 6.72 

3/19/1997 Sean Carroll 3.6 

BrooK Mine 

Uses 

IND_SW 

STO 

IND_SW 

IND_SW 

IRR_SW 

STO 

IND_SW 

IND_SW 

IND_SW 

STO 

CNG_SW; 
IND_SW; 
STO; WL 

STO 

Fis; STO; 
WL 

STO 

STO 

STO 

D6-Tl 1 
DEQ Ex. 3-063
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Table D6 . l -9 . Surface Features with in 1 Mile of Project Area (Stockponds and Impoun dments) (Cont inued) 

Facility Name 

Sean Carrol No. 3 Stock 
Reservoir 

Sean Carrol No . 1 Stock 
Reservoir 

ENLARGEMENT OF DELAPP 
NO . 1 STOCK RESERVOIR 

DeLapp No. 1 Stock Reservoir 

14-2674 STOCK RESERVOIR 

23-2674 STOCK RESERVOIR 

34-2674 STOCK RESERVOIR 

44-2674 STOCK RESERVOIR 

Last Prospect Reservoi r 

Strip Mine Stock Reservoir 

Jen sik #2 Stock Reservoir 

J OHN JENSIK # 1 STOCK 
RESERVOIR 

57-84- 19-SWSW 

57-85-22-NWSW 

57-85-23-NWSW 

September 2019 

Stream Source Permit# 

Sean Creek Pl2857 .0S 

Sean Creek Pl2855 .0S 

Neil's Draw Pl8796 .0S 

Neil's Draw P6850 .0S 

Contact Draw P l8569 .0S 

Neil's Draw PI8566.0S 

Neil's Draw Pl8567 .0S 

Deep Draw Pl9072 .0S 

Big Goose Creek P684 .0R 

Kuzara Gulch P7838 .0S 

Jensik Dry Draw P7371.0S 

Jens ik Dry Draw P2322 .0S 

Trib to Tongue River Unpermitted 

Trib to North Dry 
Un permitted 

Creek 

Trib to Tongue River Un permitted 

'!FN r; 21025 
~ECD 0~- 20- 19 

Location 
(Tns-Rng-Sec- 1/ .. ¼) 

NENW- Sec. 25- T57- R85 

SWSE- Sec. 24- T57- R85 

SWNW- Sec. 26- T57- R84 

SWNW- Sec. 26- T57- R84 

SWSW- Sec. 26- T57- R84 

NESW- Sec. 26- T57- R84 

SWSE- Sec. 26- T57- R84 

SESE- Sec. 26- T57- R84 

SESW- Sec . 27- T57- R84 

SWSE- Sec. 28- T57- R84 

SWNW- Sec. 28- T57- R84 

SENW- Sec. 28- T57- R84 

SWSW - Sec. 19 - T57 - R84 

NWSW - Sec. 22 - T57 - R8 5 

NWSW - Sec. 23 - T57 - R85 

Priority 
Size of 

Applicant Reservoir 
Date 

(acre-ft I 

3/19 / 1997 Sean Carroll 5 .5 

3/20/1997 Sean Carroll 4 .4 

1/3/2008 
FIDELITY EXPLORATION & 

PRODUCTION COMPANY 
6 .92 

11/4/1 970 NEI L DELAPP 3 .85 

8 / 28/2007 
NORTH SHERIDAN LAND 

8 .55 
CO LLC 

8 / 28/2007 
NORTH SHERIDAN LAND 

14. 13 
CO LLC 

8 / 28/2007 
NORTH SHERIDAN LAND 

5 .67 
CO LLC 

12/24/2008 
LA WREN CE G GILL III 
REVOCABLE TRUST 

4.4 

5 / 15/ 1905 IDA HECHT 4 .67 

9 / 16/1974 Flyi ng V Ca ttle Co 3 .96 

9/ 15/ 1972 Gen e Lee 0. 37 

7 / 18 / 1958 John Jensik 7 .6 

N/A N/A N/A 

N/ A N/ A N/ A 

N/A N/ A N/ A 

Brook Min e 

Uses 

STO 

STO 

STO 

STO 

STO 

STO 

STO 

STO 

IRR_SW 

STO 

STO 

STO 

N/A 

N/ A 

N/ A 

D6-T 12 
DEQ Ex. 3-064
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Table D6.1-9 . Surface Features within 1 Mile of Project Area (Stockponds and Impoun dments) (Continued) 

Facility Name Stream Source 

57-84-20-SWSW Trib to Tongue River 

57-84-28-NESW Trib to Goose Creek 

57-84-22-SESW Trib to Goose Creek 

57-85-14-NESE Sediment Draw 

57-85-15-NWNE 
Trib to East Fork 

Early Creek 

57-85-2-SWSW Trib to Slater Creek 

57-85-11-NWNE Trib to Slater Creek 

5 7-85-1 -SESE Hidden Water Creek 

57-84-7-NWNW Hidden Water Creek 

57-84-7-NENE Hidden Water Creek 

57-84-5-SWNE 
Trib to Hidden Water 

Creek 

l ftl S 2/ 125 
REC D 09-20 - 19 

September 2019 

Permit# 

Un permitted 

Un permitted 

Un permitted 

Un permitted 

Un perm itted 

Un permitted 

Un permitted 

Un permitted 

Un permitted 

Un permitted 

Un permitted 

Location Priority 
Size of 

Applicant Reservoir 
(Tns-Rng-Sec- ¼ ¼ ) Date 

(acre-ft) 

SWSW - Sec. 20 - T57 - R84 N/A N/A N/A 

NESW - Sec. 28 - T57 - R84 N/A N/A N/A 

SESW - Sec. 28 - T57 - R84 N/A N/A N/A 

NESE - Sec. 14 - T57 - R85 N/ A N/A N/A 

NWNE - Sec. 15 - T57 - R85 N/A N/A N/A 

SWSW - Sec. 2 - T57 - R85 N/A N/A N/A 

NWNE - Sec. 11 - T57 - R85 N/A N/A N/A 

SESE - Sec. 1 - T57 - R85 N/A N/A N/A 

NWNW - Sec. 7 - T57 - R84 N/A N/A N/A 

NENE - Sec. 7 - T57 - R84 N/A N/A N/A 

SWNE - Sec. 5 - T57 - R84 N/A N/A N/A 

BrooK Mine 

Uses 

N/A 

N/A 

N/A 

N/A 

N/ A 

N/A 

N/A 

N/ A 

N/A 

N/A 

N/ A 

D6-T13 
DEQ Ex. 3-065
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Ta ble D6. l- 10. Surface Water Rights with in 1 Mile of Project Area Diversions 

Facility Name Stream Source Permit# 
Location 

Priority Date (Tns-Rng-Sec- ¼ ¼ ) 

Baldwin Ditch North Fork P l4570.0D NENE - Sec. 1 - T57 - R85 08/08/1916 
Hidden Water 

Creek 

East Side Ditch No. 2 Slater Creek P4077.0D NENW - Sec. 3 - T57 - R85 07/31/1902 

Hart Brothers Ditches Slater Creek P l31 7 .0D NWNE - Sec. 3 - T57 - R85 06/15/1896 
(CHANG EDI N PART TO 
WILLIAMS 

Perre Ditch Fork of Hidden P l2438.0D NESE - Sec. 6 - T57 - R84 05/29/1914 
Water Creek 

Earley Creek Ditch No. 1 East Fork Earley P3456.0D NWSW - Sec. 10-T57- 10/07/1901 
Creek R85 

Badger Ditch Badger Draw P5864.0D SWNW - Sec. 11 - T57 - 03/02/1904 
R84 

Hall Ditch Draw P5195.0D NWSE - Sec. 11 - T57 - 11/28/1902 
R85 

Landen Ditch Slater Creek P ll695.0D NENW - Sec. 11 - T57 - 0 1/29/1913 
R85 

Power Ditch Tongue River P8321.0D NESW - Sec. 11 - T57 - 04/20 /1908 
R84 

Wagner No. 3 Ditch Tongue River P7820.0D NESW - Sec. 11 - T57 - 04/25/1907 
R84 

Earley Cr. Ditch No. 2 East Fork Earley P3459.0D NWSW - Sec. 15-T57- 09/27/1901 
Creek R8 5 

Monroe & Williams Tongue River P l 107.0D NWSW - Sec. 15 - T57 - 12/26/1895 
R84 

Padlock Sprinkler System Big Goose Creek P22447.0D SWSW - Sec. 15-T57- 05/14/1962 
#5-G R84 

Pa dlock Sprinkler System Tongue River P22445.0D NWSE - Sec. 15 - T57 - 05/11/1962 
#9-T R84 

Sheridan Coun ty Electric Tongue River P ll 181.0D NWSW - Sec. 15- T57- 03/23/ 1912 
Compa ny Tunnel R84 

ril Z ril Z/SZ/Z ril 

Applicant 
Appropriation 

(cfs) 
Mooty Baldwin 0 .64 

ELIAS A. HART 0 . 1 

HART BROTHERS 1.87 

CARMALLA PERRE 

LUELLA MORROW 1.2 

ANNA SCHRIEBEIS 0.23 

John R. Bocek 

JAMES LANDEN 0.57 

W.E. Wagner 

W.E. Wagner 1 

LUELLA MORROW 0.54 

JAMES MONROE 2 

Big Horn Coal Co. 0 .11 

Big Horn Coa l Co. 0.1 5 

Lee A. Bartel 5 

T~l 6 2/025 
RECD 1 - 25 -1 8 

~ peuue.os 

Uses 

IRR_SW 

IRR_SW 

IRR_SW 

DOM_SW; 
IRR_SW; 

STO 

IRR_SW 

IRR_SW 

IRR_SW 

IRR_SW 

POW 

IRR_SW 

IRR_SW 

IRR_SW 

IRR_SW 

IRR_SW 

POW 

DEQ Ex. 3-066
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Table D6.1 -10. Surface Water Rights within 1 Mile of Project Area Diversions (Continued) 

Facility Name Stream Source Permit# 
Location 

(Tns-Rng-Sec-¼ ¼) 

Sheridan County Electric Tongue River P5059.0E NWSW - Sec. 15-T57 -
Tunnel,, 1st Enl. R84 

McKinley Ditch Tongue River Pl335.0D SWSE - Sec. 16-T57-
R84 

Padlock Sprinkler System Tongue River P22443.0D SESW - Sec. 16 - T57 -
#6-T, #7-T and #8-T R84 

Addleman Sprinkler Tongue River P30385.0D SWNW - Sec. 19 - T57 -
R84 

Buyok Irrigation System Tongue River P28382 .0D SENW - Sec. 19 - T57 -
R84 

JANE BUYOK DOMESTIC Tongue River P34669 .0 D SENW - Sec. 19 - T57 -
PUMP R84 

Long's Ditch #1 Tongue River P21719.0D SWNE - Sec. 19 - T57 -
R84 

Long's Ditch #2 Monarch Slough P21720.0D SWNE - Sec. 19 - T57 -
R84 

Longs Ditch No. 1,, -- P5856.0E SWNE - Sec. 19-T57-
Enlargement R84 

VANESSA DOMESTIC PUMP Tongue River P34570.0D SWNE - Sec. 19 - T57 -
R84 

Birchby Ditch Tongue River Pl585 .0D NESW - Sec. 20 - T57 -
R84 

Birchly Ditch {Enl. of} Tongue River P l073 .0E NWNE - Sec. 20 - T57 -
R84 

DR41299 WATER HAUL Tongue River P34741.0D NWSE - Sec. 20 - T57 -
R84 

Monarch Pipe Line Tongue River Pl8765.0D SWNW - Sec. 20 - T57 -
R84 

Padlock Sprinkler System Tongue River P22444.0D NWNW - Sec. 20 - T57 -
#1-T and #2-T R84 

Wyoming Coal Mining Co.s Tongue River P8297.0D SWNW - Sec. 20 - T57 -
Water Supply Ditch R84 

Priority Date 

03/10/1937 

09/28/1896 

10/17/1961 

08/24/1989 

06/11/1982 

01/31/2011 

01/04/1956 

01/04/1956 

04 / 17/1956 

03/14/2011 

09/21/1897 

06/11/1903 

07/18/2012 

09/03/1935 

05/11/1962 

03/16/1908 

Applicant 
Appropriation 

(cfs) 
Sheridan County 

Electric Co. 

MINNIE STONER 1.64 

Big Horn Coal Co. 1.98 

Larry E. & Anna Lee 0 .24 
Pilch 

Buyok Ranch 0.34 

JANE BUYOK 0 .06 

WILLIAM & OLGA 0.34 
LONG 

WILLIAM & OLGA 0 
LONG 

William Long 0 

JOHN AND VANESSA 0 .06 
BUYOK 

J a mes Birchby 1.71 

James Birchly 0 

WYDOT 1 

SHERIDAN WY COAL 0 .26 
CO. 

Big Horn Coal Co. 0.21 

Wyoming Coal Mining 2.5 
Co. 

TFl62/ 25 
RECD 10- 25 -1 8 

'peuue.os 

Uses 

MAN 

IRR_SW 

IRR_SW 

IRR_SW 

IRR_SW 

DOM_SW 

IRR_SW; 
STO 

IRR_SW; 
STO 

RES 

DOM_SW 

IRR_SW 

DOM_SW; 
IRR_SW 

TEM 

IRR_SW 

IRR_SW 

MIN; 
MUN_SW; 

POW 

DEQ Ex. 3-067



0 
(') ,... 
0 
o' 
('l) 
"1 
I:\.) 

0 ...... 
(X) 

ril Z ril Z/SZ/Z ril 

Table D6. l-10. Surface Water Rights within 1 Mile of Project Area Diversions (Continued) 

Facility Name Stream Source Permit# 
Location 

(Tns-Rng-Sec- ¼ ¼) 

Howd Ditch Big Goose Creek P945.0D SWSW - Sec. 22 - T57 -
R84 

Padlock Sprinkler System Big Goose Creek P22446 .0D SWSW - Sec. 22 - T57 -
#3-G and #4-G R84 

York Ditch {Enl. of} Tongue River Pl 128.0E SWNE - Sec. 22 - T57 -
R85 

BLEVINS DOMESTIC PUMP Tongue River P33816.0D NENE - Sec. 23 - T57 - R85 
DIVERSION 

JOHNSON DOMESTIC Tongue River P33569.0D NENE - Sec. 23 - T57 - R85 
PUMP 

Kooi Coal Mining Co.s Water Tongue River P8298 .0D NWNE - Sec. 23 - T57 -
Supply Ditch R85 

McPhillamey Ditch Tongue River P5016.0D NWNW - Sec. 23 - T57 -
R85 

McPhilloney (McPhillonay) Tongue River Pl 133.0E NWNW - Sec. 23 - T57 -
Ditch {Enl. of} R85 

Smith Domestic Pump Tongue River P33570.0D NENE - Sec. 23 - T57 - R85 

Vannoy Pipeline Riverside Mine P24730.0D NENE - Sec. 23 - T57 - R85 
Draw 

Bl34035 & Bl34036 CB Big Goose Creek P34862.0D NWSW - Sec. 27 - T57 -
WATER HAUL R84 

Kuzara Sprinkler System Big Goose Creek P25555.0D SWSW - Sec. 27 - T57 -
No. 5 R84 

Last Prospect Ditch Big Goose Creek P6746 .0D SWSW - Sec. 27 - T57 -
R84 

Kuzara Sprinkler System Big Goose Creek P25553 .0D SESE - Sec. 28 - T57 - R84 
No. 3 

Kuzara Sprinkler System Big Goose Creek P25554 .0D SESE - Sec. 28 - T57 - R84 
No.4 

Padlock Sprinkler System Big Goose Creek P22442 .0D NESE - Sec. 28 - T57 - R84 
#1 -G and #2-G 

Priority Date 

02/11/1895 

05/14/1962 

11/09/1903 

08/17/2007 

08/11/2006 

03/16/1908 

08/25/1902 

11/02/1903 

08/14/2006 

03/31/1975 

01/04/2013 

10/29/1974 

05/15/1905 

10/29/1974 

10/29/1974 

10/17/1961 

Applicant 
Appropriation 

(cfs) 
THOMAS T. HOWD 1.07 

Big Horn Coal Co. 0.47 

Rosa Masters 0.79 

STEPHANIE BLEVINS 0.056 
AND 

CLINTON KRUMM 

JOHN AND GAYLENE 0 .056 
JOHNSON 

KOOi COAL MINING 
co. 

SARAH E. 0.74 
MCPHILLAMEY 

Jesse McPhillamey 

Earl & Robin Smith 

LANAINE VANNOY 0.08 

WYDOT 1 

BETTY KUZARA 0 .04 

IDA M. HECHT 

BETTY KUZARA 0.34 

BETTY KUZARA 0.05 

Big Horn Coal Co. 0 .31 

Tf t 6 2 / 0 2 5 
RE CD 10- 25- 1S 

~ peuue.os 

Uses 

DOM_SW; 
IRR SW 

IRR_SW 

IRR_SW 

DSP 

DOM_SW 

MIN; 
MUN_SW 

IRR_SW 

IRR_SW 

DOM_SW 

IRR_SW 

TEM 

IRR_SW 

IRR_SW 

IRR_SW 

IRR_SW 

IRR_SW 

DEQ Ex. 3-068
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Table 06.1-11. Surface Water Monitoring Locations 

Location 
Date Monitoring 

Site ID Stream Northing Easting Established Device1
'
2 

Qtr-Qtr SEC T(N) R(W) 
(WY83ECF) (WY83ECF) 

SM578512-SW-1 Slater Creek SE-SW 12 57 85 1,940,409 1,381,960 9/30/2013 Flowmeter 

Flowmeter and 
SM578418-SW-1 Slater Creek SE-SW 18 57 84 1,935,703 1,386,326 9/30/2013 

Pump Sampler 

SM578409-SW-1 
Hidden 

SW-NW 9 57 84 1,942,831 1,395,621 9/30/2013 Flowmeter 
Water Creek 

SM578415-SW-1 
Hidden 

SE-NW 15 57 84 1,938,209 1,402 ,426 9/30/2013 Flowmeter 
Water Creek 

USGS Gaging 
578420-TR-1 Tongue River NW-SE 20 57 84 1,931,780 1,393 ,144 6/20/2018 Station 

06299980 

578524-TR-l Tongue River NE-NW 24 57 85 1,933,896 1,381,493 6/6/2018 None 

578513-IRR-
Tongue River SE-SW 13 57 85 1,935,863 1,381 ,427 6/6/2018 None 

DITCH 

578434-GC-1 Goose Creek NE-SW 34 57 84 1,921,527 1,403,315 4/14/2015 None 

Notes : 1Flow meter is a Teledyne lsco Signature Flow Meter with integral bubbler level sensor (330 Bubbler Module). 
2Pump sampler is a Teledyne Isco 6712 Full-Size Portable Sampler. 
3Flow meters and pump samplers were inactive during the winter to avoid damage to the equipment. 

TfH E 21025 
RECD 09- 20- 19 

September 2019 

BrooK Mine 

Type and Frequency of 
Measurement3 

Continuous Recorder 

Continuous Recorder, Pump 
sampler water quality sampler 
based on precipitation event, 

Monthly grab sample if water is 
present 

Continuous Recorder 

Continuous Recorder 

Continuous Recorder, Quarterly 
grab water quality sample site 

Quarterly grab water quality sample 
site 

Quarterly grab water quality sample 
site 

Quarterly grab water quality sample 
site 

D6-Tl 7 
DEQ Ex. 3-069



RAMACO Brook Mine 

Table D6.1-12. Water Quality Constituents 

Constituent Source 1
'
2 Holding Time Analytical Method 

pH GW,SW At time of Sample SM 4500 H B 

Electrical Conductivity GW,SW 28 Days SM 25108 

Total Dissolved Solids ( 180) GW,SW 7 Days SM 2540 

Sodium Adsorption Ratio (SAR) GW, SW NA Calculation 

Alkalinity, Total (as CACO3) GW,SW 14 Days SM 23208 

Alkalinity, carbonate (as CO3) GW,SW 14 Days SM 23208 

Alkalinity, Hydroxide (as OH) GW,SW 14 Days SM 23208 

Ammonia Nitrogen (as N) GW,SW 28 Days EPA 350.1 

Total Suspended Solids SW 7 Days SM 2540 

Turbidity SW 48 Hours SM 2130 

Nitrate+Nitrite as N GW,SW 28 Days EPA 353.2 

Alkalinity, bicarbonate as HCO3 GW,SW 14 Days SM 23208 

Boron GW,SW 180 Days EPA 200.7 

Barium GW,SW 180 Days EPA 200.8 

Copper GW,SW 180 Days EPA 200.8 

Fluoride GW,SW 28 Days SM 4500FC 

Sulfate GW,SW 28 Days EPA 300.0 

Aluminum GW,SW 180 Days EPA 200.7 

Arsenic GW,SW 180 Days EPA 200.8 

Cadmium GW,SW 180 Days EPA 200.8 

Calcium GW,SW 180 Days EPA 200.7 

Chloride GW,SW 28 Days EPA 300.0 

Chromium GW,SW 180 Days EPA 200.7 

Iron GW,SW 180 Days EPA 200.7 

Total Iron GW,SW 180 Days EPA 200.7 

Lead GW,SW 180 Days EPA 200 .8 

Magnesium GW,SW 180 Days EPA 200.7 

Manganese GW,SW 180 Days EPA 200 .7 

Total Manganese GW,SW 180 Days EPA 200.7 

Molybdenum GW,SW 180 Days EPA 200.8 

Nickel GW,SW 180 Days EPA 200 .7 

Potassium GW,SW 180 Days EPA 200.7 

Selenium GW,SW 180 Days EPA 200.8 

Sodium GW,SW 180 Days EPA 200.7 

Mercury GW,SW 28 Days EPA 245.1 

Total Mercury GW,SW 28 Days EPA 245.1 

Zinc GW,SW 180 Days EPA 200.7 

Notes: 1SW = Surface Wa ter Monitoring, GW = Groundwater Monitoring 
2Surface and groundwater monitoring was conducted in accordance with WDEQ/LQD Guideline 8 

Tr- r1 21G25 
r.-·c o 1c- ~-1 ° 

October 2018 D6-T18 DEQ Ex. 3-070
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Ta ble D6. 1- 13. Surface Wate r Qu ali1y Monitoring Results 

Parameter 

Sample Type 
Field 
Field Conductivity 
Field pH 
Field turbiditv 
Temperature 
General 
Alkalinitv las CaC03l 
Ammonia 
Fluoride 
Hardness las CaC0 3I 
Hydroxide 
Laboratorv conductivitv 
Dissolved oYVaen 
Laboratory PH 
Laboratory turbidity 
Nitra te/Nitrite 
Total Dissolved Solids 
Total Suspended Solids 
Sodium Adsorption Ratio (SARI 
11.ior Ion• 
Calcium 
Ma~esium 
Potassium 
Sodiu m 
Bicarbonate 
Carbonate 
Chloride 
Sulfate 
Metal• 
Aluminum dissolved 
Arsenic d issolved 
Barium dissolved 
Boron dissolved 
Cadmium dissolved 
Ch romium d issolved 
Cooner dissolved 
Iron dissolved 
Iron total 
Lead d issolved 
Mane:anese dissolved 
Mane:anese total 
Mercurv. dissolved 
Molvbdenum dissolved 
Nickel d issolved 
Selenium dissolved 
Zinc d issolved 
IQAln<' 
Anion Sum 
Cation Sum 
Total Anion I Cation Balance 
Total Dissolved Solids lcalcl 

TFH 6 2/ 025 
EC O 09- 20- 19 

September 2019 

Unit• 
578409-SW 

Sep-13 Oct-13 Apr-14 May-14 Jul-14 Sep- 14 Apr-15 

DRY DRY DRY DRY DRY DRY DRY 

umhos/cm 
s .u. 

NTUs 
De•C 

m • L 
mo L 
mo L 
mo L 
m o L 

umhos/ cm 
m o/L 
s .u. 

NTUs 
m •/L 
m•/L 
m • / L 

u nit]ess 

m" / L 
ml'/L 
mo / L 
m•/L 
m o/ L 
m2/L 
mo / L 
m • / L 

m2 / L 
m• / L 
m•/ L 
m•/L 
m•/ L 
m"/L 
m"/L 
m" / L 
m• / L 
m • / L 
m2 / L 
mo / L 
m• / L 
me:/L 
m•/ L 
me: / L 
m2 / L 

men / L 
mea/L 

% 
m•/L 

Note: GS = Grab Sample Collected 
LF = Low flow recorded by sampler . Flow level wa sn't enough to sample. 
NP = No landown er a ccess permission 
FD= Field duplicate sample . 
OL = Over limit 

ril Z ril Z/SZ/Z ril 'peuue.os 

BrooK Mine 

Jun-15 Sep-15 Oct-15 

DRY DRY DRY 

D6-T19 
DEQ Ex. 3-071
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Ta ble D6. 1-13. Surface Water Qu ality Monitoring Results (Continued) 

Parameter 

Sample Type 
Field 
Field Conductivitv 
Field oH 
Field turbiditv 
Temoerature 
General 
Alkalini tv las CaC03l 
Ammonia 
Fluoride 
Hard ness (as CaC03} 
Hydroxide 
Labora torv conduct ivitv 
Dissolved a~ men 
Laborat ory oH 
Laboratorv turbiditv 
Nitrate/ Nitrite 
Total Dissolved Solids 
Total Susoended Solids 
Sodium Adsorotion Ratio ISARl 
Malor Iona 
Calciu m 
Maroesium 
Potassium 
Sodiu m 
Bicarbonate 
Carbonate 
Chloride 
Sulfate 
Metals 
Alu minum d is solved 
Arsenic dissolved 
Barium dissolved 
Boron dissolved 
Cadm ium dissolved 
Chromium dissolved 
Conru-r d issolved 
Iron d issolved 
Iron total 
Lead d issolved 
ManPanese dissolved 
Mane-anese total 
Mercurv. dissolved 
Molvbdenum dissolved 
Nickel dissolved 
Seleniu m dissolved 
Zinc d issolved 
OAHX 
Anion Sum 
Cation Sum 
Total Anion / Ca tion Balance 
Total Dissolved Solids lcalcl 

TFN 6 2/ 025 
~ECD 09-20- 19 

September 2019 

Unit s 
578415-SW 

Sep-13 Oct-13 Apr-14 May-14 Jul-14 Sep-14 Apr-15 
DRY DRY DRY DRY DRY DRY NP 

umhos /cm 
s.u . 

NTUs 
De2C 

m 2 L 
mt< L 
m2 L 
m 2/ L 
m g/ L 

um hos / cm 
m" / L 
s.u. 

NTUs 
m1' / L 
m 1? / L 
m l? L 

uni tless 

m 2 L 
m 2 L 
m2/ L 
m g/ L 
m2/ L 
m 1? / L 
m" / L 
m l? / L 

me L 
ml?. L 
me L 
m l?. L 
ml?. L 
ml? L 
m 2 L 
mg / L 
m g/ L 
m£/ L 
m1? / L 
m" / L 
m e L 
m" L 
me. L 
ml?. L 
me. L 

mea L 
m ea L 

% 
m v/L 

Note: GS = Grab Sample Collected 
LF = Low flow recorded by sampler. Flow level wa sn't enough to sa mple . 
NP = No landowner access permission 
FD= Field duplicate sample . 
OL = Over limit 

ril Z ril Z/SZ/Z ril ~ peuue.os 

BrooK Mine 

Sep-1 5 
NP 

D6-T19a 
DEQ Ex. 3-072
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Table D6.1-13. Surface Water Quahty Monitoring Results (Continued) 

Parameter 

Sample Type 
Field 
Field Conductivity 
Field oH 
Field turbiditv 
Temperature 
General 
Alkalinitv las CaCO3l 
Ammonia 
Fluoride 
Hardness las CaCO3l 
Hydroxide 
Laboratorv conductivitv 
Dissolved oYVaen 
Laboratory oH 
Laboratory turbidity 
Nitrate/Nitrite 
Total Dissolved Solids 
Total Susoended Solids 
Sodium Adsorntion Ratio (SARI 
llalor Iona 
Calcium 
Maenesium 
Potassium 
Sod ium 
Bicarbonate 
Carbonate 
Chloride 
Sulfate 
lletala 
Aluminum dissolved 
Arsenic dissolved 
Barium dissolved 
Boron d issolved 
Cadmium dissolved 
Chromium dissolved 
Conner dissolved 
Iron dissolved 
Iron total 
Lead dissolved 
Mane:anese dissolved 
Mane:anese total 
Mercurv. dissolved 
Molvbd enum dissolved 
Nickel dissolved 
Selenium dissolved 
Zinc dissolved 
OAl<>r 

Anion Sum 
Cation Sum 
Total Anion/Cation Balance 
Total Dissolved Solids lcalcl 

TFN 2/ 025 
~EC D 09- 20-19 

September 2019 

Units 
578418-SW 

Sep-13 Oct-13 Apr-14 May-14 Jul-14 Sep-14 Apr-15 

DRY DRY GS DRY LF LF GS 

umhos/cm 1851 4200 
s .u . 8.48 8.04 

NTUs 16.92 9 . 14 
DegC 12. 1 13.9 

mP i L 340 558 
mP i L <0. 1 0 .2 
m1< / L 0 .6 1 
mP / L 816 1940 
m1< / L <5 <5 

umhos /cm 1890 4170 
m1</ L 10 
s .u . 8.4 8 .3 

NTUs 13.9 4.9 
m 11. / L <0.1 <. l 
mg / L 1560 3990 
m11. / L 9 10 

unitless 2.2 3.5 

mP i L 104 234 
mP / L 136 329 
m1< / L 16 30 
me / L 147 353 
me / L 395 663 
mg/ L 10 9 
m11. / L 8 23 
mg/ L 732 2230 

mg / L 0 .6 <. I 
mg / L <0.005 <.005 
mg / L <0 .1 <. 1 
mg / L 0 .2 0.3 
m11./L <0.001 <.001 
mP / L <0 .01 <.01 
m1< / L <0. 0 1 <.01 
m1</L 0.35 <. 05 
m1< / L 0 .39 <.02 
me / L <0 .02 0.49 
m1</L 0. 12 0.31 
m1< / L 0 .13 0 .33 
mg / L <0 .00 1 <. 001 
m1</L <0.02 <.02 
mg / L <0 .01 <. 01 
mg / L <0.005 <.005 
mg / L <0.01 <.0 1 

meq / L 22 .27 58.32 
meo/L 23. 11 54.87 

% 1.84 3 .02 
me / L 1350 3530 

Note: GS = Grab Sample Collected 
LF = Low flow recorded by sampler. Flow level wasn 't enough to sample. 
NP = No landowner access permiss ion 
FD= Field duplicate sample . 
OL = Over limit 

ril Z ril Z/SZ/Z ril ~ peuue.os 

Brook Mine 

Jun-15 Sep-15 Oct-1 5 

GS LF DRY 

3310 
8 .23 
OL 

24 .2 

412 
0 .3 
0 .8 

1490 
<5 

2860 

8.5 
3070 
0.2 

3160 
4800 
3.4 

147 
272 
26 

298 
459 
22 
13 

1790 

<. l 
<.005 

<. l 
0.3 

<.001 
<. 01 
<.0 1 
<. 05 
49.4 
<.02 
<.02 
3 .32 

<. 001 
<.02 
<.01 

<.005 
<. 0 1 

46 
43.36 
2 .95 
2800 

D6-T20 DEQ Ex. 3-073
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Table 0 6.1- 13. Surface Wate r Qu ality Monitoring Results (Con t inu ed) 

Parameter 

Sample Type 
Field 
Field Condu ctivitv 
Field oH 
Field turbiditv 
Tcmoerature 
General 
Alkalini tv las CaCO3l 
Ammonia 
Fluoride 
Hardness las CaCO3l 
Hydroxide 
Labor atorv conductivity 
Dissolved ov,.men 
Labora tory oH 
Laboratorv turbiditv 
Nitrate/Nit.rite 
Total Dissolved Solids 
Total Susoended Solids 
Sodium Adsorotion Ratio ISARl 
llalor Iona 
Calciu m 
Ma2nesium 
Potassium 
Sodiu m 
Bicarbonate 
Carbonate 
Chloride 
Sulfate 
lletala 
Aluminum dissolved 
Arsenic dissolved 
Barium dissolved 
Boron dissolved 
Cadmium dissolved 
Chromium dissolved 
Cooner d issolved 
Iron dissolved 
Iron total 
Lead d issolved 
Maneanese dissolved 
Man~ancsc total 
Mercurv. dissolved 
Molvbden u m dissolved 
Nickel d issolved 
Seleniu m dissolved 
Zinc dissolved 
IOAt ex. 

An.ion Sum 
Cation Su m 
Total Anion/ Cation Balance 
Total Dissolved Solids lcalcl 

TF N S 2/ 025 
~E CD 09 -20 - 19 

September 2019 

Units 
578512-SW 

Sep-13 Oct-13 Apr-14 May-14 Jul-14 Sep-14 Apr-15 
DRY DRY GS DRY DRY LF GS 

umhos/cm 1504 5070 
s. u. 8.58 8.04 

NTUs 17.84 11.3 
De2C 13.8 12.9 

m2 / L 303 658 
me/L <0. 1 0 .3 
me / L 0 .5 I 
m2 / L 653 2320 
msz / L <5 <5 

~mhos /cm 1540 5060 
mg / L IO 
s.u. 8.4 8 .3 

NTUs 13.4 8.3 
me / L <0. 1 <. l 
m e / L 1220 5200 
me/L 8 IO 

unitless 1.9 4. 1 

m2 / L 87 238 
me / L 106 421 
me / L I I 22 
m2 / L I 12 4 55 
msz / L 347 793 
m2 / L II <5 
mg / L 5 29 
me / L 550 2790 

me L <0. 1 <. I 
me L <0.005 <.005 
me L <0 . 1 <. l 
me L 0.1 0.5 
me L <0. 001 <.00 1 
me L <0.01 <.0 1 
me L <0.01 <.01 
me / L <0 .05 0 .06 
m 2/L 0.35 0 .89 
m2/L <0.02 <.02 
m2 / L 0.08 0 .94 
mg / L 0 .09 1.2 
me/L <0. 001 <.001 
m e / L <0.02 <.02 
me / L <0 .01 <. 01 
me / L <0.005 <.005 
me / L <0 .01 <.01 

mea/ L 17.68 72. 14 
mea /L 18.23 66.84 

% 1.53 3 .81 
mo / L 1050 4350 

Note: GS = Grab Sample Collected 
LF = Low flow recorded by sampler. Flow level wasn't enough to sa mple. 
NP = No landowne r access permission 
FD = Field duplicate sample. 
OL = Over limit 

ril Z ril Z/SZ/Z ril ~ peuue.os 

BrooK Mine 

Apr-15 Jun-15 Sep-15 Oct-15 
FD LF LF DRY 

5070 
8.04 
11.3 
12.9 

641 
0.3 
0 .9 

2360 
<5 

5090 

8 .3 
8.2 
<. I 

5060 
IO 
I 

241 
427 
20 

4 53 
774 
<5 
28 

2790 

<. I 
<.005 

<. 1 
0 .4 

<.00 1 
<.01 
<.01 
<.05 
0.94 
<.02 
0.96 
1.31 

<.00 1 
<.02 
<.01 

<.005 
<.0 1 

71.74 
67.39 
3.12 
4340 

D6-T20a 
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Table D6.1-13. Surface Water Qualitv Monitoring Results (Continued) 

Parameter 

Sample Type 
Field 
Field Conductivity 
Field oH 
Field turbiditv 
Temoerature 
General 
Alkalinitv las CaCO3l 
Ammonia 
Fluoride 
Hardness las CaCO31 
Hvdroxide 
Laboratorv conductivitv 
Disso1ved QYVuen 

Laboratory oH 
Laboratory turbidity 
Nitrate/Nitrite 
Total Dissolved Solids 
Total Susoended Solids 
Sodium Adsorption Ratio (SARI 
llalor Iona 
Calcium 
Maimesium 
Potassium 
Sodium 
Bicarbonate 
Carbonate 
Chloride 
Sulfate 
lletllla 
Aluminum dissolved 
Arsenic dissolved 
Barium dissolved 
Boron dissolved 
Cadmium dissolved 
Chromium dissolved 
Cooner dissolved 
Iron dissolved 
Iron total 
Lead dissolved 
Mane:anese dissolved 
Mane:anese total 
Mercury. dissolved 
Molybdenum dissolved 
Nickel dissolved 
Selenium dissolved 
Zinc dissolved 

IOAICX, 
Anion Sum 
Cation Sum 
Total Anion I Cation Balance 
Total Dissolved Sol ids lcalcl 

TF 6 2/ 02 
~ECD 09- 20-19 

September 2019 

Unita 
578420-TR-l 578513-IRR-DITCH-1 

Jun-18 Jul-18 Nov-18 Jan-19 Jun-18 Jul-18 Nov-18 

GS GS GS GS GS GS DRY 

umhos/cm 292 329 533 500 241 326 
s.u . 8.16 8.45 8.6 8.14 8 .89 8.69 

NTUs 11.6 9.09 2. 14 1.9 27.5 33.2 
DegC 15.5 20.7 3.6 1.4 23.7 22 .6 

m" / L 128 157 207 196 107 148 
m"/L <0 . 1 <0.1 <0.1 <0 .1 <0.1 <0 .1 
m"/L 0.1 0.1 0 .1 0.1 0.1 0.1 
m"/L 136 163 229 213 116 156 
me: / L <5 <5 <5 <5 <5 <5 

umhos/cm 292 356 458 434 248 335 
m" L 
s.u. 8.4 8.6 8 .5 8.3 8 .8 8.6 

NTUs 9.9 7.7 1.7 1.2 22.8 24.1 
m" L <0 .1 <0.1 <0.1 0.2 <0.1 <0. 1 
m" L 170 210 290 280 150 210 
m" L 18 13 <5 <5 38 103 

unitless 0.25 0.31 0.46 0.35 0.26 0.28 

m"/L 34 40 55 52 29 38 
m"/L 12 16 23 20 10 15 
m" L 1 I 2 I I 1 
me: L 7 9 16 12 7 8 
me: L 152 179 24 1 237 I 18 171 
me: L <5 6 5 <5 6 <5 
me: L 1 I 3 2 I I 
m" L 26 28 58 51 22 27 

mg/L <0.1 <0. 1 <0. 1 <0.1 <0.1 <0. 1 
m"/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
m"/L <0.1 <0.1 <0 . 1 <0.1 <0.1 <0. 1 
m"/L <0. 1 <0.1 <0.1 <0. 1 <0.1 <0 .1 
m"/L <0.001 <0.001 <0. 001 <0.001 <0.001 <0.001 
m"/L <0.0 1 <0.01 <0.01 <0.0 1 <0.01 <0.01 
m"/L <0 .01 <0.01 <0.01 <0.01 <0.01 <0.01 
me:/L <0.05 <0.05 <0 .05 <0. 05 <0.05 <0.05 
me:/L 0.35 0.25 0.08 0 .05 0.7 0.7 
me: / L <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
m"/L <0. 02 <0.02 <0.02 <0.02 <0.02 <0.02 
me:/L 0 .02 <0.02 <0.02 <0.02 0.03 0 .03 
m"/L <0.001 <0.001 <0.00 1 <0.001 <0 .001 <0 .001 
m2/L <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
m"/ L <0.01 <0.01 <0.01 <0.0 1 <0.01 <0. 01 
m"/L <0. 005 <0.005 <0.005 <0.005 <0. 005 <0.005 
m"/ L <0. 01 <0.01 <0.0 1 <0. 01 <0.01 <0. 01 

meo/L 3. 13 3.76 5.43 5.04 2.63 3.55 
meo /L 3.03 3.7 5.33 4.8 2.63 3.5 

% 1.48 0.76 0.92 2.43 0.04 0.73 
m"/L 160 190 280 260 140 180 

Note : GS = Grab Sample Collected 
LF = Low flow recorded by sampler. Flow level wasn 't enough to sample. 
NP = No landowner access per mission 
FD = Field duplicate sample. 
OL = Over limit 

ril Z ril Z/SZ/Z ril 'peuue.os 

Brooi<: Mine 

578524-TR-l 

Jan-19 Apr-18 Jun-18 Jul-18 Nov-18 Jan-19 
FROZEN GS GS GS GS GS 

588 232 335 526 474 
8.69 7.97 8.64 8.63 8.15 
10.7 19.2 6.17 3.44 1.93 
9.4 18.8 21.8 3.4 1.4 

204 109 156 203 190 
<0 . 1 <0.1 <0.1 <0.1 <0. 1 
0 .2 <0.1 0 .1 0 .2 0 .1 
257 113 160 217 205 
<5 <5 <5 <5 <5 

598 242 343 446 396 

8.6 8.4 8.6 8.4 8.4 
8.8 15.1 6 .9 1.7 1.2 
<0.1 <0.1 <0.1 <0.1 0.2 
380 140 190 280 270 
12 29 8 <5 <5 

0.76 0.2 0.28 0.45 0.33 

58 30 39 52 50 
28 10 15 22 19 
3 2 I 2 I 

28 5 8 16 II 
232 130 179 236 227 

8 <5 6 6 <5 
4 <1 I 3 2 

11 5 15 24 54 47 

<0.1 <0.1 <0.1 <0.1 <0. 1 
<0.005 <0 .005 <0.005 <0.005 <0.005 

<0 .1 <0.1 <0. 1 <0.1 <0. 1 
<0.1 <0.1 <0.1 <0.1 <0. 1 

<0. 001 <0. 001 <0.001 <0.001 <0.001 
<0.01 <0 .01 <0. 01 <0.0 1 <0.01 
<0.01 <0.01 <0.01 <0 .01 <0.01 
<0.05 <0.05 <0.05 <0 .05 <0.05 
0.22 0.64 0.2 0 .09 0.07 
<0.02 <0.02 <0.02 <0.02 <0.02 
0.03 <0.02 <0. 02 <0.02 <0.02 
0.04 0.03 <0 .02 <0.02 <0.02 

<0.001 <0.001 <0.00 1 <0.001 <0.001 
<0.02 <0.02 <0.02 <0.02 <0.02 
<0 .01 <0.01 <0.01 <0.0 1 <0.01 

<0.005 <0.005 <0.005 <0.005 <0.005 
<0.01 <0.01 <0.01 <0.0 1 <0.0 1 

6.59 2.5 3.66 5.26 4.84 
6.43 2.52 3.59 5.06 4.61 
1.19 0.49 0.92 1.91 2.41 
360 130 180 270 250 

D6-T21 
DEQ Ex. 3-075



RAMA'--''J 

Table D6.1-13. Surface Water Qualit, Monitoring Results (Continued) 

Parameter 

Sample Type 
Field 
Field Conductivitv 
Field oH 
Field turbiditv 
Temoerature 
General 
Alkalinitv las CaCO3l 
Ammonia 
Fluoride 
Hardness las CaCO3l 
Hydroxide 
Laboratorv conductivitv 
Dissolved oxvuen 
Laboratory pH 
Laboratorv turbiditv 
Nitrate/Nitrite 
Total Dissolved Solids 
Total Susoended Solids 
Sodiu m Adsorotion Ratio ISARl 
llalor Iona 
Calcium 
Ma~esium 
Potassium 
Sodium 
Bicarbonate 
Carbonate 
Chloride 
Sulfate 
lletala 
Aluminum dissolved 
Arsenic dissolved 
Barium dissolved 
Boron dissolved 
Cadmium dissolved 
Chromium dissolved 
Cooner dissolved 
Iron dissolved 
Iron total 
Lead dissolved 
Mane:anese dissolved 
ManR:anese total 
Mercurv. dissolved 
Molybdenum dissolved 
Nickel dissolved 
Selenium dissolved 
Zinc dissolved 
IOA/OC 
Anion Sum 
Cation Sum 
Total Anion/ Cation Balance 
Total Dissolved Solids lcalcl 

TFN 6 21 025 
-E CO 09- 20-1 9 

September 2019 

Units 
Big Goo1e Creek 

Apr-15 Sep-15 Dec-15 Mar-16 May-16 

GS GS GS GS GS 

µmhos/cm 502 712 662 665 336 
s.u. 8 .97 8.45 8 .67 8.89 8.73 

NTUs 5 .83 3.93 4 .07 6 .57 28 
DeoC 14.I 15.1 2.2 7 .1 17.9 

mo/L 185 289 246 236 129 
m1Z/L <0.1 <0.1 <0.1 0.1 <0.1 
m2/L 0.2 0.4 0 .2 0 .2 0.1 
m2/L 238 351 306 298 147 
m2/L <5 <5 <5 <5 <5 

µmhos/cm 517 759 628 628 349 
m11:/L 
s .u . 9 8.6 8.4 8 .6 8.5 

NTUs 3.4 2.9 2.2 1.6 14.3 
mo/L <0 .1 0.5 0 .5 0.4 <0.1 
mo/L 320 480 390 410 210 
mo/ L 11 <5 5 <5 30 

unitless 0.4 0.6 0.5 0 .5 0.4 

mo L 46 64 60 57 31 
mo L 30 46 38 38 17 
mo L 2 4 3 3 2 
mo L 16 28 20 21 12 
m2 L 183 314 294 260 150 
m2/L 21 19 <5 14 <5 
m11:/L 7 9 6 7 3 
mg/L 83 117 95 98 43 

mg/L <0.1 <0.1 <0. 1 <0.1 <0.1 
mo/L <0 .005 <0.005 <0 .005 <0 .005 <0.005 
mg/L <0.1 <0.1 <0 .1 <0.1 <0.1 
mo/L <0.1 <0.1 <0.1 <0.1 <0.1 
mo/L <0 .001 <0.001 <0 .001 <0.001 <0.001 
mo L <0 .01 <0.01 <0.01 <0.01 <0.01 
m2 L <0.01 <0.01 <0.0 1 <0.01 <0.01 
mo L <0 .05 <0.05 <0.05 <0 .05 <0 .05 
mo L 0 .27 0.15 0 .18 0 . 14 0 .67 
m2 L <0.02 <0.02 <0 .02 <0 .02 <0.02 
m2 L 0 .02 0.02 0 .02 0.04 <0 .02 
m11:/L 0 .04 0.03 0 .03 0 .04 0 .05 
mg/L <0 .001 <0.001 <0.001 <0.001 <0.001 
m11:/L <0.02 <0.02 <0 .02 <0.02 <0 .02 
mg/L <0 .01 <0.01 <0.01 <0 .01 <0.01 
mo/L <0.005 <0.005 <0.005 <0 .005 <0.005 
mg/L <0.01 <0.01 <0.01 <0.01 <0.0 1 

mea / L 5.61 8.51 7 .11 6 .99 3 .55 
mea/L 5.5 8.33 7 .04 6.94 3.48 

% 1.06 1.07 0.43 0.38 0.96 
mo/L 290 440 370 370 180 

Note: GS = Grab Sample Collected 
LF = Low flow recorded by sampler. Flow leve l wasn't enou gh to sample. 
NP = No landowner access permission 
FD = Field duplicate sample. 
OL = Over limit 

fil Z fil Z/SZ/Z fil ~ peuue.os 

BrooK Mine 

D6-T21a 
DEQ Ex. 3-076



RAMACO Brook Mine 

Table 06.1-14. Tongue River Watershed Monitoring Station TR03 Flow Data1 

Site Date Discharge ( cfs) 
TR03 5/1/2013 179.335 
TR03 5/9/2013 194.97 
TR03 5/15/2013 686 .51 

TR03 5/21/2013 ND2 

TR03 5/29/2013 ND2 

TR03 8/1/2013 67.67 
TR03 8/6/2013 82.12 
TR03 8/15/2013 78.78 
TR03 8/21/2013 56.06 
TR03 8/28/2013 50.69 
TR03 5/18/2016 366.78 
TR03 5/31/2016 508.88 
TR03 6/13/2016 549.76 
TR03 6/27/2016 172.6 
TR03 7/13/2016 76.08 
TR03 7/28/2016 36.01 
TR03 8/10/2016 59.43 
TR03 8/22/2016 106.32 
TR03 9/7/2016 113.99 
TR03 9/20/2016 98.69 

Note: 1 Da ta from Sherida n County Conserva tion Distric t 201 6 Tongue River Wate rshed Interim 
Monitoring Report 
2 Data could not be collected because the gau ge was subme rged 

October 2018 D6-T22 DEQ Ex. 3-077
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Table D6.l-15. Big Hom Mine Monitoring Station TR2B80 Flow Data 
STATION TR2B80 Discharge in CFS, May 2016 Through April 2017, Mean Values 

DAY Mav Jun Jul Auit Sen Oct Nov Dec Jan Feb Mar Anr 
1 360 674 192 E 71 E 61 E 234 E 257 E 104 E 141 E 139 E 203 E 1,164 
2 356 659 186 E 70 E 60 E 208 E 232 E 115 E 141 E 137 E 194 E 684 
3 368 669 171 E 63 E 61 E 209 E 224 E 120 E 137 E 139 E 186 E 595 
4 405 756 168 E 57 E 68 E 289 E 215 E 122 E 142 E 127 E 197 E 534 
5 466 825 175 E 53 E 109 E 280 E 216 E 124 E 150 E 152 E 91 E 488 
6 520 885 144 E 53 E 149 E 236 E 211 E 115 E 148 E 173 E 223 E 461 
7 566 930 119 E 51 E 126 E 232 E 207 E 110 E 153 E 169 E 186 E 453 
8 600 935 106 E 64 E 109 E 216 E 202 E 115 E 162 E 163 E 189 E 470 
9 669 975 95 E 70 E 103 E 206 E 202 E 131 E 167 E 163 E 213 E 543 
10 714 1,033 93 E 66 E 106 E 203 E 197 E 155 E 171 E 190 E 197 E 585 
11 614 1,068 103 E 59 E 105 E 210 E 195 E 166 E 174 E 252 E 196 E 614 
12 548 941 104 E 59 E 118 E 213 E 192 E 152 E 171 E 328 E 200 E 543 
13 600 874 96 E 64 E 139 E 205 E 186 E 145 E 164 E 388 E 211 E 524 
14 543 772 81 E 64 E 146 E 206 E 195 E 141 E 152 E 439 E 211 E 576 
15 524 639 73 E 63 E 142 E 203 E 193 E 145 E 147 E 493 E 223 E 590 
16 562 552 74 E 58 E 142 E 199 E 191 E 145 E 146 E 579 E 243 E 576 
17 529 492 72 E 55 E 136 E 202 E 202 E 129 E 141 E 668 E 261 E 617 E 
18 538 435 72 E 67 E 122 E 215 E ICE 138 E 134 E 613 E 240 E 658 E 
19 557 435 64 E 130 E 112 E 203 E ICE 150 E 131 E 489 E 251 E 668 E 
20 610 414 60 E 167 E 112 E 196 E 148 E 148 E 130 E 384 E 273 E 610 
21 694 376 62 E 127 E 106 E 192 E 150 E 137 E 126 E 337 E 300 E 600 
22 782 352 58 E 100 E 115 E 198 E 143 E 135 E 122 E 283 E 285 E 644 
23 720 274 E 55 E 82 E 146 E 193 E 133 E 140 E 126 E 247 E 354 E 619 
24 644 241 E 59 E 72 E 614 E 192 E 133 E 149 E 127 E 223 E 493 E 624 
25 674 220 E 62 E 69 E 711 E 192 E 136 E 151 E 128 E 214 E 390 E 913 
26 704 198 E 63 E 73 E 341 E 192 E 137 E 139 E 125 E 202 E 498 E 1,116 
27 679 175 E 57 E 83 E 294 E 191 E 133 E 135 E 125 E 191 E 414 E 1,623 
28 649 160 E 65 E 79 E 265 E 193 E 125 E 130 E 124 E 206 E 424 E 2,156 
29 669 152 E 69 E 73 E 252 E 266 E 114 E 130 E 122 E 466 E 1,475 
30 709 146 E 74 E 71 E 246 E 315 E 105 E 130 E 128 E 396 E 1,449 
31 756 77 64 E 272 E 129 E 133 E 858 E 

WtrYr 
Mean 591 575 95 74 177 218 178 135 142 289 292 772 295 
Max 782 1,068 192 167 711 315 257 166 174 668 858 2,156 2,156 
Min 356 146 55 51 60 191 105 104 122 127 91 453 51 

Ac-ft 36,356 34,229 5,849 4,556 10,544 13,410 10,923 8 ,281 8 ,704 17,761 17,982 45,962 214,558 
ICE "" Measurement invalidated due to ice . 

E - Estimated value derived from adding reported flows from Goose Creek (GC00) and upper Tongue River (TrOl) (or corresponding USGS) stations when rating curve appeared to be inaccurate at the measured stages. 

Data from Big Horn Coal Mine Annual Reports 

T-: :i G 21 2 5 
rt:CD 1~- 5-18 

DEQ Ex. 3-078
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Table D6.1-15. Big Horn Mine Monitoring Station TR2B80 Flow Data (Continued) 
STATION TR2B80 Discharge in CFS, May 2017 Through April 2018, Mean Values 

DAY Mav Jun Jul Aue: Seo Oct Nov Dec Jan Feb Mar Aor 
1 1,653 2,086 652 161 104 270 261 190 ICE ICE ICE 227 
2 1,384 2,292 618 146 110 254 256 209 ICE ICE ICE 289 
3 1,085 2,420 570 165 110 248 230 209 ICE ICE ICE 213 
4 1,048 2,620 505 168 106 240 236 200 ICE ICE ICE 223 
5 1,225 2,870 475 180 107 229 224 199 ICE ICE ICE 337 
6 1,467 3,110 451 176 117 231 193 216 ICE ICE ICE 322 
7 1, 930 3,070 422 178 123 223 154 257 ICE ICE ICE 262 
8 2 ,410 3,030 415 150 116 220 154 216 ICE ICE ICE 279 
9 2 ,320 2,980 375 137 116 228 192 208 ICE ICE ICE 410 
10 2 ,270 2,750 396 141 116 216 203 216 ICE ICE ICE 449 
11 2,220 2,240 370 157 118 226 194 206 ICE ICE ICE 408 
12 2,340 2,090 344 160 116 226 173 213 ICE ICE ICE 433 
13 2 ,680 2,184 331 154 113 221 184 197 ICE ICE ICE 378 
14 3,070 1,839 301 173 124 212 207 180 ICE ICE ICE 294 
15 2,760 1,534 281 209 251 213 203 ICE ICE ICE ICE 260 
16 2,700 1,421 286 244 361 208 195 ICE ICE ICE ICE 257 
17 2 ,660 1,584 273 209 278 212 230 ICE ICE ICE 658 285 
18 3,490 1,573 241 189 249 208 212 ICE ICE ICE 491 290 
19 2,620 1,340 212 171 239 207 185 ICE ICE ICE 287 260 
20 2,160 1,275 201 159 266 206 196 ICE ICE ICE 317 241 
21 2, 101 1,325 201 163 251 203 210 ICE ICE ICE ICE 241 
22 1,963 1,271 191 143 266 196 205 ICE ICE ICE ICE 271 
23 1,936 1,1 32 180 146 293 195 211 ICE ICE ICE ICE 331 
24 1,862 1,012 161 137 320 197 224 ICE ICE ICE 383 330 
25 2,280 909 147 132 327 196 210 ICE ICE ICE 330 310 
26 2,147 789 173 125 336 209 199 ICE ICE ICE 290 299 
27 2,041 705 206 116 322 201 209 ICE ICE ICE 256 313 
28 1,897 739 221 113 316 202 206 ICE ICE ICE 257 384 
29 1,921 716 192 108 294 220 191 ICE ICE 277 535 
30 1 914 724 211 102 288 211 188 ICE ICE 263 619 
31 1,911 180 106 178 ICE ICE 273 

WtrYr 
Mean 2,112 1,788 316 155 209 216 205 208 --- --- 340 325 587 
Max 3,490 3,110 652 244 361 270 261 257 --- --- 658 619 3 ,490 
Min 1,048 705 147 102 104 178 154 180 -- - --- 256 213 102 

Ac-ft 129,850 106 375 19,403 9 ,551 12,407 13,302 12 ,577 12,812 --- --- 20,916 19,339 356 ,531 
ICE "' Measurement invalidated due to ice . 

E - Estimated value derived from addin g reported flows from Goose Creek (GC00) and upper Tongue River (TrOl ) (or corresponding USGS) sta tions when rating c urve appeared to be inaccurate a t the measured s tages. 

Data from Big Hom Coal Mine An nual Reports 
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T bl D6 1 16 N b a e - um er o f Fl D ow ays at t h B" H e 1g orn M. H "dd W 1ne 1 en ater ree -C k (HWCl 79) G age 

Year 
HWCl-79 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1982 0 0 0 
1983 2 (5.88) 0 0 0 0 0 0 0 0 0 0 0 
1984 0 0 0 0 0 0 0 0 0 0 0 0 
1985 0 2 (0.56) 1 (0.01) 0 0 0 0 0 0 0 0 0 
1986 0 2 (4.3) 0 0 1 ( 1.17) 0 0 0 0 0 0 0 
1987 0 0 0 0 0 0 0 0 0 0 0 0 
1988 0 4 (0.53) 0 0 0 0 0 0 0 0 0 0 
1989 0 0 1(0.02) 0 0 0 0 0 0 0 0 0 
1990 0 2 (0 .67\ 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 
1992 0 0 0 0 0 0 0 0 0 0 0 0 
1993 0 0 3 (2.48) 0 0 0 0 0 0 0 0 0 
1994 0 0 3 (2 .16) 0 0 0 0 0 0 0 0 0 
1995 5 (0 .51) 3 (3 .17) 1 (1.5) 0 0 0 0 0 0 0 0 0 
1996 0 0 0 3 (0.77) 0 0 0 0 0 0 0 0 
1997 0 6 (1.79\ 0 0 0 0 1(0.13) 0 0 0 0 0 
1998 0 1(0.05) 0 0 0 

Notes: "( )" Maxunum average daily flow (cfs) m given month. 
Monitoring location depicted on Exhibit D6 .1-2. 
Data from Wyoming Department of Environmental Quality/Land Quality Division Database. 

-
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Table D6.1- 17. Big Horn Mine and Sheridan Consevation District Surface Water Quality Monitoring Results 
HWCl-79 .~ 

Parameter Units 
3 / 22/79 4/9/79 4/16/79 3/11/80 2/24/86 

1ne1a 
1F1eld Con ductlVlty µmhos/ cm 4000 J:>UU 3283 IJ'lU 
l~'leld pH s.u . 8 .b 7 .b b .b2 
Wield turb1d1ty " !'Us 
!Temperature Ueg C ts .:, :w U.:l :, 

1uenera.1 
IAfkallillty {as caCU3) mg/L :l:lts .},!0 33U lbU :lU 
11"\.llJmonia mg11., <U .Ul l. 't.J U.u J U.U'l <U .U l 

w1uonae mg/L 0 .85 0 .63 0 .61 0 .28 0 . 11 
I Hardness (as Ca1.;uJ) mg/L loor 1-J:>U 1-JJU b37 42 
IHydroX1de mg/L 
ILaooratory conduct1V1ty µmhos/ cm JJ'tU J'tUU 3220 J,<'JU :,·, 

1u1sso1vea oxygen mg/ L 
ILaooratory p H s .u . 0 .:l ts .4 ts .:, ts . I 1 .:, 1 
ILaDOratory turoia.1ty "fUS L .J L .'l 3 .2 so IOU 
INltrate/ Nltnte mg/L 0 . 15 0 .01 <0 .01 0 . 11 3 . 1 
!Total Dissolved Solids mg/L 31-JU 3300 JLLU 1130 9b 
!Total Suspend ed Solid s mg/L 5 11 9 "/2 488 
1::>oarnm Adsorption Ratio (SAR) unitless 0 . 12 
!Total Phosphorus mg/L 0 .02 0 .0 3 U.02 0 .3:, U. 19 
1aa1or Iona 
1ca1c1um mg L ,!'t,! ,!OU :.1:,1 tsY ts .b 
IMagnesrnm mg L .JUI 31b 3l/ lUl :l .1 

11-'0taSSIUm mg L :l :lb "'"' lb 1 .:l 

1.:,ou1Um mg L 100 I'll 100 /U l.b 
1ts1carbon ate mg/L LIO 379 373 195 24.4 
!Carbonate mg/L 10 15 
1.,;nionde mg/L 28 28 29 II :, 
Sullate mg/L 1-J..<..< I-JIU l'l'tU bU9 lb . I 
aetala 
Aluminum , a1sso1vea m g/L U.Y U.:l U.:l U. l UH/ 
Arsenic, a1sso1vea mg/ L <U.u ue> <U.uue> <U.uue> <U .u ue> <U.UU,< 
tsanum, a1sso1vea m g/L <u .:, <u .:, <u. :, <u .:, <u .:, 
tsoron, mssolved m g/L 0 .6 0.4 0 .5 0 . 1 0 .0 3 
Cadmrnm, d i ssolved mg, L <0.uu:, <0 .u u :, <0 .uu:, <0 .uu :, <0 .UUL 
1.,;nr omrnm, d i ssolved mg L <0 .02 <0 .02 U.0 2 <0 .0 2 <0 .0 2 
Copper, d issolved mg L U.U:l U.U3 U.U:l <U.U l <U.UI 
Iron, a1sso1vea mg L U. 13 U.Ub <u .u:, U. l U.3:l 
Iron, total mg L U. l/ U. l U. l:l 1.11 l.b4 
Leaa , russo1vea mg/L <0.02 <0.02 <0 .02 <0.02 <0.01 
Manganese, dissolved mg/L 0 .03 0 .02 0.02 0.09 <0 .01 
Mercury, d i ssolved mg L <0 .001 <0.001 <0.001 <0.001 <0.001 
M oly bdenum, dissolved mg L <0 .02 
mckel , d issolved mg L U.U:l u.u:, U.04 U.U l U.Ul 
Selenium, d issolved mg L <U .uue> <U .uue> <u.u u :, <U.uue> <U.uu..< 
L,!nC , mssoivea m g I., U.UJ u .u :, u .u:, U.U l U.Ul 

Note: Monitonng location depicted on Exhibit 06 . 1-2 . 

' Data from Big Hom Coal Mine Appendix 06 and Annual Reports 

"Monitoring location depicted on Exhibit D6.1 - 1. 

2/25/86 6/5/86 

4:, 4:, 
U.U l <u .U l 

0 . 13 o. 14 
118 91.5 

21"/ 12b 

/ _:, :, / .13 
88 1000 

2 .83 0 .62 
117 15b 
,! ,j't 3b 30 
0 .b 0 . 1:, 
U.3 

:l l.:l lY .b 
13./ b.1 
Y.b L . l 
14.:> 3 
54 .9 54.9 

8 14 
Y4 1:.1 .:, 

<U. l :l 

<U.UU,< <U.UUL 
<u .:, <0 .5 
0 .72 0. 26 

<0.uu..< <0 .UUL 
<0 .0 :l <U.02 
U.Ul U.U:l 
U.Ub U.b:l 
U.4:l u . /,j 
<0 .01 <0.0 1 
<0.01 <0.01 

<0 .UUl <0.001 
<U .02 <U.02 
U.Ul U.U2 

<U.UU,< <U.UU--' 
U.U l <u .u 1 

3/2/88 

3:l ,:, 
U. lf 

<0 .1 
47 

123 

b .:,, 
48 

4.47 
154 
(> "/ 

0 . 11 

b .b 
3 .ts 
1:,.:.1 
1.4 

39.7 

II 
<I 

1.63 

4 Data from Sheridan County Conservation District 2016 Tongue River Watershed Interim Monitoring Report 

March 2019 

3 / 13/89 

4/ .:, 
U.13 

<0.1 
Sb 

13(> 

/ .Jb 
170 
I. ff 
Ibo 
234 
0 .12 
U.b4 

lU .b 
4 . 1 
14.0 
1.8 
58 

4 
1:.1 .:, 

0 . 17 
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Table D6.1-17. Big Hom Mine and Sheridan Consevation District Surface Water Quality Monitoring Results (Continued) 

Parameter Units 
6/21/2016 9/19/2016 

TR2B80'•• 

12/13/2016 3/16/2017 
il'leld 
.Field ConduCtlVlty µmhos/cm 295 ::,ui,s 513 b89 
1''1eld pH s.u . 8 .2 8 .3 8.4 8 .b 
. }')eld turbidity NJ°US 
Temperature ueg c :l:l . l H:S .I I <J .b 
1uenen.J 
IAlkallmty (as CaCU,j) mg/L l:ll .<V.> !<JI :l:l:> 

1n..uJmorua mg11., <. l <. l < . I < . I 

irmonae mg/L 0 . 1 0 .2 0 .2 0 .2 
!Hardness (as CaCU,jJ mg/L 133 :l,j'+ 22b 31b 
I Hy droxide mg/L <5 <5 <!> <!> 
11..aooratory conductlVlty µmhos/cm :lll't '+YO 49:, /V't 
1uisso1ved oxygen mg/L 
I Laboratory pH s .u . ts.:, ll.1 ll.b ts . I 

I Lauoratory turo,aity 1' 1 us I .Y :l .8 1.9 8 .3 
I Nitrate/ Nitnte mg/L < .05 < .05 0 .29 <.05 
!Total Dissolved Sol.ids mg/L 170 ,jUU 300 450 
!Total Suspended Sol.ids mg/L lb <5 <!> 12 
1::,oaium Adsorption Ratio (SAR) umtless U.29 0.4 0.4!> U.'/3 
!Total Phosphorus mg/L < . I <. I <. I <. I 
l .. torlona 
!Calcium mg/L ,j I 48 :,1 b:l 
I Magnesium mg/L l't :lll :.!4 ,j<J 

ll'Otassium mg/L I :l :l 3 
1::,oaium mg/L 8 14 lb 30 
1mcarbonate mg L 140 ,<,!,j 221 243 
!Carbonate mg L <!> 12 lU I!> 
1cnionde mg L 2 4 4 ·r 
1suuate mg L 29 b!> ov 14,j 

1aeta1a 
IAJummum , dissolved mg/L <. I < . I < . I < . I 
IAfsemc, ctissolvect mg/L < .uu:, < .vu:, <.uu:, <.uu:, 

11:1anum, dlSSOIVect mg/L <.:, < .:, <.5 < .5 
!Boron, dissolved mg/L <.03 0.05 0 .0b U.07 
!Cadmium , dissolved mg L < .vu:, < .vu:, <.vu:, < .vu:, 
1cnromium, dissolved mg L < .01 < .01 < .01 <.01 
!Copper, ct1ssolvect mg L <.Ul <.Ul < .Ul <.Ul 
llron, dlSSOlvect mg L < .U!> < .U!> < .u:, < .u:, 

11ron, total mg L U.4 U. l U.UY U.:lll 
ILeaO, OlSSOlvect mg/L < .02 < .02 <.02 < .02 
!Manganese, dissolved mg/L 0 .02 < .02 <.02 U.03 
!Mercury, dissolved mg/L < .001 < .OU! <.OU! <.OU! 
!Molybdenum, dissolved mg L < .02 < .02 <.02 <.02 
Nickel , dissolved mg L <.01 < .01 <.01 <.01 
Selenium , ct1ssolvect mg L < .OU!> < .OU!> <.vv::, <.vv::, 

1z-mc, 01sso1vea mg L <.Ul < .Ul <.Ul <.Ul 

Note: Momtormg location depicted on Exh1b1t 06.1 -2 . 

' Data from Big Hom Coal Mine Appendix 06 and Annual Reports 

"Monitoring location depicted on Exhibit 06 . 1- 1. 

6/2/17 9/18/17 12/11/2017 

21U ::,:,y !>4'/ 
I .<J 8 .4 8 . I 

14. 1 14.b ,j , I 

lib :lUll :.!17 
<. I <. I < . I 

0.1 0.2 0 .2 
<J l ,<,jy 2:,·r 

<!> <!> <!> 
:.<VO :,2:, ::,4y 

lS .:l ts.:> lS .6 
22.4 5 .5 2 
<.05 0 . 1 U.24 
120 ,j,jU 3!>0 
44 ·r <!> 
0.2 u.:, u .:, 
< . I < . I < . I 

:l:l :,u :,:, 
y :lll :lY 
<I 3 2 
5 17 17 

104 23b :,44 

<!> 8 JU 
I :, :, 

l<J I:l 14 

< . I <. I < . I 
< .vv.:, <.005 < .005 

< .5 <.5 < .5 
<.03 U.05 U.05 

< .vu:, <.vu:, < .vu:, 
< .01 <.01 < .Ul 
< .Ul <.Ul < .Ul 
< .u:, <.u:, < .u:, 
0 .68 0 . 17 0 .08 
< .02 <.02 <.02 
< .02 <.02 < .02 

<.001 <.001 <.001 
< .02 <.02 < .02 
<.01 < .Ul < .Ul 

<.uu:, <.uu:, <.vu:, 
<.Ul <.Ul <.UJ 

• oata from Sheridan County Conservation District 2016 Tongue River Watershed Interim Monitoring Report 

March 2019 

ril Z ril Z/SZ/Z ril 'peuue.os 
kMine 

3/27/2018 

225 
< . I 

0 .2 
31U 
<!> 
/O,> 

8 .5 
17.9 
U.38 
::,vu 

l<J 
U.<J 
< . I 

b:l 
38 
4 

3'/ 
2!>8 

8 
l:l 

l!>ll 

< . I 
< .005 

<.5 
u .u·r 

<.vu:, 
< .Ul 
< .Ul 
<.u:, 
0.48 
<.02 
U.Ub 

<.001 
<.02 
<.Ul 

<.vu:, 
< .Ul 
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Table D6.1-17. Big Horn Mine and Sheridan Consevation District Surface Water Quality Monitoring Results (Continued) 

Parameter 

March 2019 

-uata trom tltg Hom coal Mme Appenmx Ub ana Annual t-<epons 
· Morutonng 1ocat1on aep1ctea on l!;Xh101t Ub . 1- 1. 
uata 1rom ::;nenaan county conservauon u1stnct :.!U I b Tongue Klver w atersnea mtenm Morutonng t-<epon 
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RAMA Br Mine 

Table D6.2- 1. Summary of Groundwater Monitoring We11s1 

Location Ground Measuring Depths (ftl 
Casing Drill Bit 

Well Number Ground Surface Point Height Geologic 
Diameter Diameter 

Date 

SEC T(NI RIWJ Coordinates Elevation Elevation (ft) Total" Casing 
Perforation Formation Completed 

(ft) (ft) Interval (in) (in) 
Northing Easting 

578409-CRN 9 57 84 1,940,097 1,399,549 3,710.1 3 ,712.7 2.6 109 88 88-108 Carney Coal 5 9 .875 1-Oct-13 

578409-CRN-OB 9 57 84 1,940,108 1,399,538 3 ,710.3 3,713.0 2 .7 110 89 89-109 
Carney Coal 

5 9 .875 1-Oct-13 
Observ 

578409-MST 9 57 84 1,940,088 1,399,559 3,709.8 3,712.4 2.6 122 115 I 15- 120 Masters Coal 5 9.875 1-Oct-13 

578409-MST-OB 9 57 84 1,940,085 1,399 ,547 3,710.3 3,713.3 3 122 116 116-121 
Masters Coal 

5 9 .875 
Observ 

2-Oct-13 

578409-UBN 9 57 84 1,940,077 1,399 ,568 3 ,709.7 3,712.1 2.4 142 130 130-140 
Masters Coal 

5 9.875 
Underburden 1-Oct-13 

578415-CRN-MST 15 57 84 1,936,078 1,404 ,292 3,611.4 3,614.3 2.9 182 121 121-141 
Camey and 

5 9.875 9-Oct-13 Masters Coal 

578418-AL 18 57 84 1,935,962 1,386,058 3 ,687.5 3,690.2 2.7 27 5 5-25 Alluvium 5 9.875 30-Sep-13 

578418-CRN 18 57 84 1,936,928 1,387,102 3,882.4 3,884.5 2.1 153 132 132-152 Camey Coal 5 9.875 l 9-Sep-13 

578418-MST 18 57 84 1,936,923 1,387,131 3 ,883 .6 3,885 .8 2.2 183 176 I 76-183 Masters Coal 5 9 .875 16-Sep-13 

578510-CRN 10 57 85 1,941,542 1,371 ,807 3,962.4 3,965.4 3 91 78 78-90 Carney Coal 5 9 .875 24-Sep-13 

578510-MST JO 57 85 1,941,558 1,371,823 3,962.4 3,964.4 2 146 14 1 141-146 Masters Coal 5 9.875 24-Sep-13 

578511-CRN 11 57 85 1,940,246 1,377,926 3,893.8 3 ,896.1 2 .3 128 119 119-127 Camey Coal 5 9.875 23-Sep-13 

578511-MST 11 57 85 1,940,244 1,377,945 3 ,894 .0 3 ,896.4 2.4 157 152 152-157 Masters Coal 5 9.875 23-Sep-13 

578512-AL 12 57 85 1,940,880 1,381 ,530 3 ,758.0 3,760.5 2 .5 22 5 5-20 Alluvium 5 9.875 25-Sep-13 

578512-CRN 12 57 85 1,943, 160 1,382,758 3,931.0 3,932.5 1.5 62 35 35-55 Carney Bum 5 9.875 20-Sep-13 

578512-MST 12 57 85 1,943,172 1,382 ,743 3,930.9 3 ,932.7 1.8 115 109 109-114 Masters Coal 5 9.875 20-Sep-13 

578513-AL 13 57 85 1,938,634 1,383,970 3 ,721.9 3,724.0 2.1 22 5 5-20 Alluvium 5 9.875 30-Sep-13 

578513-CRN 13 57 85 1,938,329 1,381,665 3,847. 7 3 ,850.0 2.3 116 107 107-115 Carney Coal 5 9 .875 25-Sep-13 

578513-MST 13 57 85 1,938,341 1,381 ,680 3 ,848.4 3 ,850.6 2.2 142 137 137-142 Masters Coal 5 9.875 25-Sep-13 

578417-MST4 17 57 84 1,939 ,175 1,391 ,382 3 ,925.9 3 ,928.7 2 .8 163 156 156-161 Masters Coal 2 5.125 21-Aug-13 

578417-CRN4 17 57 84 1,939,152 1,391 ,364 3,926.4 3,929.1 2.7 14 1 118 118-140 Carney Coal 2 5.625 21-Aug-13 
::c, ~ ,..., ..., 578408-MS'f" 8 57 84 1,941,802 1,394,423 3,887.9 3 ,890.5 2.6 118 113 113-118 Masters Coal 2 5.125 3-Sep-13 

:z: 
c:, 

Cf) 
578408-CRN5 8 57 84 1,941 ,810 1,394,4 16 3,887.7 3,890.0 2.3 98 86 86-96 Carney Coal 2 5.125 3-Sep-13 

..._ 
:,-.. "> 

578524-AL-l 24 57 85 1,934,069 1,38 1,927 3 ,671.6 3,673.9 2.3 40 20 20-40 Alluvium 5 8.75 8-Jan-18 

~ -..... 
c::, 

578415-SPL- 1 22 57 84 1,934,127 1,404,656 3 ,601.9 3,603.7 1.8 62 31 31-41 Spoil 2 5.125 24-May-18 

.-...:, "-' 578415-SPL-2 15 57 84 1,935,619 1,404,636 3,609.6 3,611.5 1.9 120 JOO 100-110 Spoil 2 5.125 25-May-18 -. ~ 
578420-AL-I 20 57 84 1,931,385 1,392,945 3,632 .7 3,634.4 1.7 20 5.6 5.6-15 .6 Alluvium 2 5 .5 18-Jun-18 

.-...:, 
c:::, 578524-CRN-PUMP6 24 57 85 1,934,182 1,381,899 3,671.6 3 ,672 .9 1.3 80 53 53-68 Carney Coal 5 8 .75 5-Jun- 18 
t-..> 
c:::a 
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Table D6.2-1. Summary of Groundwater Monitoring Wells1 (Continued) 
Location Ground Measuring 

Well Number 
Ground Surface 

Elevation SEC T(NI R(WJ Coordinates 
(ftl Northing Easting 

578420-CRN-PUMP 20 57 84 1,931,289 1,393,062 3 ,631.7 

578513-OVB-l 13 57 85 1,936,206 1,384,801 3 ,753.2 

578433-AL- l 33 57 84 1,922,703 1,402,206 3 ,643.0 

578434-AL- l 34 57 84 1,9 2 1,551 1,403,229 3 ,648.0 

578434-AL-2 34 57 84 1,919,747 1,404,529 3 ,652 .5 

57842 1-3-MAS 21 5 7 84 1,934,005 1,399,293 3 ,643.0 

578415-AL-I 15 57 84 1,404,303 1,936 ,458 3 ,573. 1 

Notes: ' Exhibit D6 .2-1 presents the loca tion of the monitor wells. 

2Reflects field mea sured depth from drilling log. 

--f 

::z 
C-') 

r- ...:, 

.--:, 
r- -~ 
C.TI 

January 2020 

3Formation packer was not installed in any of the groundwater wells. 

42-inch diameter piezometers installed in core hole cluster Rl3-012 . 

52-inch diameter piezomete rs installed in core hole cluste r R 13-0 I 8. 

°well has been abandoned following pu mp testing. 

Point 
Elevation 

(ftl 

3 ,633 .5 

3 ,755.2 

3 ,645.0 

3 ,650.0 

3,654.5 

3,645.0 

3,576.0 

Height 
(ftl Total2 

1.8 30 

2 .0 75 

2.0 16 

2.0 13 

2.0 16 

2.0 135 

2.9 34 

Br Mine 

Depths (ftl 
Casin& Drill Bit 

Geologic 
Diameter Diameter 

Date 
Perforation Formation Completed Casing (inl (inl Interval 

17.5 17.5-28.5 Carney Coal 5 8.75 19-Jun-18 

60 6 0-70 Overburden 2 5 .5 6-Jun-18 

6 6-16 Alluvium 2 3.5 14-Aug-15 

3 3-13 Alluvium 2 3 .5 14-Aug- 15 

6 6-16 Alluviu m 2 3.5 14-Aug-15 

118 118- 124 Masters Coal 5 8.75 5-Dec-14 

24 24-34 Alluvium 2 4.25 I 9-Jul-19 
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Table D6.2-2. Summary of Aquifer Test Data 

Observation Length 
Aquifer Parameters 

Test Date Observation Production 
Well 

Geologic 
of 

Type of 
Type of Analysis Well 

Well of 
Rate Spec. Aquif Hyd 

Formation Test Distance Test Trans. Storage 
Number Test Number Cap. Thick Cond 

{ft) {min) 
{gpm) {ft2 /day) Coefficient 

{gpm/ft) {ft) {ft/day) 

Theis Drawdown, 
578409 Masters 

11/12/ 2013 Pump 
Cooper Jacob Straight 578409 

12.8 644 0.33 0.030 3.2 5 0. 54 0.000249 
MST- 1 Coal Line Drawdown, Theis MST-OB 

Recovery 

Theis Drawdown, 
578409 Carney 

11 / 14 / 2013 Pump 
Cooper Jacob Straight 578409 

15.4 646 0.33 0.046 5.6 18 0 .31 0 .000364 
CRN- 1 Coal Line Drawdown, Theis CRN-O8 

Recovery 

578409 Masters 
3/27/2019 Slug Bouwer & Rice, 1976 None NA 1066 NA NA 2 .55 5 0 .51 NA 

MST-1 Coal 

578409 Carney 
3 / 27 / 2019 Slug Bouwer & Rice, 1976 None NA 1335 NA NA 5.63 18 0.31 NA 

CRN- 1 Coal 

578408-CRN- Carney 
3 / 9/2018 Slug Bouwer & Rice , 1976 None NA 214 NA NA 1.1 11 0 . 10 NA 

1 Coal 

578408-MST- Masters 
3 /9/2018 Slug Hvorslev, 1951 None NA 254 NA NA 7.1 5 1.42 NA 

1 Coal 

578417-CRN- Carney 
3/7/2018 Slug Bouwer & Rice, 1976 None NA 1338 NA NA 0.3 16 0.02 NA 

1 Coal 

578417-MST- Masters 
3 / 8/2018 Slug Bouwer & Rice, 1976 None NA 1600 NA NA 0.12 6 0.02 

1 Coal 
NA 

., ..... ,.,., ..,, 
c-, :z: 
11::, 0, 

578418-CRN- Carney 
3 / 9/20 18 Slug Bouwer & Rice, 1976 None NA 1588 NA NA 19.4 20 0 .97 NA 

1 Coal 

a:-
"-> ::S:. 578418-AL-l Alluvium 3 / 14/2018 Slug Bouwer & Rice , 1976 None NA 1343 NA NA 5.52 24 0.23 NA 

'C -... 
~ 

N N 
~~ c.n 578433-AL- 1 Allu vium 3 / 15/2018 Slug Bouwer & Rice, 1976 None NA 96 NA NA 80.6 12 6 .72 NA 
......, 
c:::, -cs, 

April 2019 D6-T31 
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Table D6.2-2. Summary of Aquifer Test Data (Continued) 

Observation Length 
Aquifer Parameters 

Test Date Observation Production 
Well 

Geologic 
of 

Type of 
Type of Analysis Well 

Well of 
Rate Spec. Aquil Hyd 

Formation Test Distance Test Trans. Storage 
Number Test Number (gpm) Cap. 

(ft2 /day) 
Thick Cond 

Coefficient (ft) (min) (gpm/ft) (ft) (ft/day) 

578434-AL-1 Alluvium 3/15/2018 Slug Bouwer & Rice, 1976 None NA 49 NA NA 164.25 9 18.25 NA 

578511 -CRN- Carney 
3/14/2018 Slug Bouwer & Rice, 1976 None NA 1333 NA NA 3 8 0.38 NA 

1 Coal 

578511-MST- Masters 
3/14/2018 Slug Hvorslev, 1951 None NA 1123 NA NA 0 .5 4 0 .13 NA 

1 Coal 

578512-AL-1 Alluvium 3/12/2018 Slug Bouwer & Rice, 1976 None NA 139 NA NA 426.2 18.5 23.04 NA 

578512 -MST- Masters 
3/12/2018 Slug Bouwer & Rice , 1976 None NA 281 NA NA 6 5 1.20 NA 

1 Coal 

578513-AL-l Alluvium 3/13/2018 Slug Bouwer & Rice, 1976 None NA 90 NA NA 747.5 19 39.34 NA 

578513-MST- Masters 
3/12/2018 Slug Hvorslev, 1951 None NA 38 NA NA 278.4 5 55.68 NA 

1 Coal 

578421-3- Masters 
6/6/2018 Slug Hvorslev, 1951 None NA 1338 NA NA 0.7 3 0.23 NA 

MAS Coal 

578420-AL-1 Alluvium 7/3/2018 Slug Bouwer & Rice , 1976 None NA 14 NA NA 189.8 10 18.98 NA 

578420-CRN- Carney 
6 / 21/2018 Pump Theis Recovery ( 1935) 578420-AL- 1 155 38 0.5 NA 0 .07 5 0.01 NA 

PUMP- 1 Coal 

Theis Drawdown, 
578524-CRN- Carney 

6/7/2018 Pump 
Cooper Jacob Straight 

578524-AL- 1 100 1440 4 NA 15.4 15 1.50 NA 
PUMP-1 Coal Line Drawdown, Theis 

Recovery 

April 2019 D6-T32 
DEQ Ex. 3-087
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Table D6.2-2A. Sum mary of Big Hom Coal Mine Aquifer Test Data 

Length 
Test Date Production 
Well Township Range Section 

Geologic 
of Type of Analysis 

of 
Rate 

Formation Test 
Number Test (gpm) 

(hours) 

Pit 4 

WW 390-79 57 N 84W 15 Sandstone 11 /14/ 1979 BAILER TEST 1.44 

WW 391 -79 57 N 84W 15 Sandstone 11/15/1979 BAILER TEST 1.86 
Jacob Drawdown , Theis 

WW 392-79 57 N 84W 9 Sandstone 2/26 / 1979 Drawdown 11 38.49 

WW 393 57 N 84W 9 Sandstone 2/26/1979 Theis drawdown 11 38.5 

ww394 57 N 84W 9 Sandstone 2/26/1979 Theis drawdown 11 38.5 
Jacob lJrawdown, Theis 

WW 395-79 57 N 84W 15 Sandstone 4 / 20/1979 Drawdown 3 15.76 

Pit 5 

WW 409-79 57 N 84W 10 Monarch 12/19/1979 BAILER TEST 0.21 

WW 555-80 57 N 84W 9 Monarch 3/4/1980 BAILER TEST, Jacobs 1.08 

WW 562-80 57 N 84W 10 Monarch 3/5/1980 BAILER TEST 0.43 

DIETZ · 1 
Jacob time drawdown and 

57 N 84W 
463 

25 Dietz 1 6/9/1980 recovery 6.58 2.45 

Jacob time drawdown and 

57 N 84W 25 Dietz 1 6/9/1980 recovery 6.58 2.45 
Jacob time drawdown and 

464 57 N 84W 26 Dietz 1 6/11/1980 recovery 5.5 0.71 
Jacoo wne arawaown ana 

BH 688 57 N 84W 24 Dietz 1 11/13/1981 recovery 5.55 6.43 

DIETZ - 2 
Jacob time drawdown and 

469 57 N 84W 24 Dietz 2 7 /3/ 1980 recovery 5.39 3.38 

596 57 N 84W 14 Dietz 2 6/19 /1 981 Jacob time drawdown 5.42 16.21 

Jacob time drawdown and 
recovery . Theis Non-

57 N 84W 24 Dietz 2 1/ 2/1981 Equilibrium 8.92 3.72 
BH 647 

Jacob time drawdown and 
recovery. Theis Non-

57 N 84W 24 Dietz 2 1/ 2/1981 Equilibrium 8.92 3.72 

Spec. Drawdown Recovery 
Cap. Trans. Trans. 

(gpm/ft) (ft2 /day) (ft 2 /day) 

0.04 0.3 

0.06 0.26 

2.02 

2.02 2267 

2.02 7373 

0.32 58.55 

0.04 0.14 

0.13 1.59 

0.05 0.11 

0.03 5.09 1.24 

9.4 7.29 

0.01 1.4 1.6 

0.14 21.6 I 24.14 

0.06 2.64 2.67 

0.27 33.9 33.1 

0.1 6.63 32.82 

0.1 38.84 32.99 

mzmZ/SZ/Zm ~peuu~~s 

Aquifer Parameters 

Aquif 
Perforation 

Thick 
(ft) 

(ft) 

35 

56 

23 

18.5 

20 

18 

20 

20 

20 

20 

30 

17 

20 

17 

13 

20 

15 

Drawdown Recovery 
Storage 

Hyd Cond 
(ft/day) 

0.01 

0.00 

122.54 

368.65 

3.25 

0.01 

0.08 

0.01 

0.25 

0.31 

0.08 

1.08 

0.16 

2.61 

0.33 

2.59 

Hyd Cond 
(ft/day) 

Coefficient 

0.06 l.40E-04 

0.24 

0 .09 

1.21 

0.16 

2.55 

1.64 5.00E-05 

2.20 

TH1 6 21 2 5 
RECD 1 - 2~ -18 DEQ Ex. 3-088
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Table 06. 2-.<:A. Summary of Big Hom Coal Mine Aquifer Test Data (Contn1ued) 

Length 
Tes t Date Production 
Well Township Range Section 

Geologic 
of Type of Analysis 

of 
Rate 

Formation Test 
Number Test (gpm) 

(hours) 

SPOIL WELLS 

Jacob time drawdown and 
recovery. Theis non-
equilibrium. Time-

obs. 655 57 N 84W 22 Spoils 7 /21/1 981 calculated recovery 26 36.99 

656 57 N 84W 22 Spoils 7/14/1981 Jacob time recovery 5.83 1.29 

BH 657-81 57 N 84W 15 Spoils 10/ 6/1981 Slug 1.58 0.65 

BH 658-81 57 N 84 W 15 Spoils 10/6/1981 Slug 1.92 
Jacob time drawdown and 

BH 745-82 57 N 84 W 15 Spoils 7/9/ 1982 recovery 4.73 1.67 

Jacob time drawdown and 
recovery. Theis non-
equilibrium. Time-

BH 746-81 57 N 84 W 15 Spoils 7 / 9 / 1982 calculated recovery 6.36 1.67 

DIETZ- 3 

Jacob time drawdown and 

582 57 N 84W 14 Dietz 3 3 / 27 / 1980 recovery 4.75 7.03 
Jacob time drawdown and 

468 57 N 84W 14 Dietz 3 2 / 22/1980 recovery 5.67 7.75 

576 57 N 84W 14 Dietz 3 5 /8/1 980 Jacob time drawdown 6.25 1.72 

575-80 57 N 84W 14 Dietz 3 3 / 26 / 1980 Jacob time recovery 5 0.743 
u1etz :_,, ; 

BH 462 A 57 N 84 W 27 Monarch 5 / 9 / 1980 Theis non-equilibrium. 6 .88 19.46 

MONARCH COAL 

231 57 N 84W 14 Monarch 4/21/1 977 Jacob time recovery 1.93 6.8 
Jacob time drawdown and 

232 57 N 84W 14 Monarch 4 /2 1/1977 recovery 1.1 4.6 
Jacob time drawdown and 

BH 467 57 N 84W 24 Monarch 2 / 26/1980 recovery 5.5 7.70 
Jacob time drawdown and 

496 57 N 84W 14 Monarch 4/3/1980 recovery 4.75 3.66 
Jacob ume drawdown and 

584 57 N 84W 14 Monarch 4 / 9 / 1980 recovery 5.67 8.11 

mzmZ/SZ/Zm ~peuu~~s 

Aquifer Parameters 

Spec. Drawdown Recovery Aquif Drawdown Recovery 
Perforation Storage Cap. Trans. Trans. Thick Hyd Cond Hyd Cond 

(gpm/ft) (ft2 /day) (ft2 /day) 
(ft) 

(ft) (ft/day) (ft/day) 
Coefficient 

NA 2902 2665.1 40 72 .55 66.63 6.00E-03 

0.05 11 gpd/ft 1.49 40 0.04 

0.12 8.82 6.75 40 0.22 0.17 

3.46 40 0.09 

0.6 1965 20 98.25 

0.6 2267.65 2947 20 113.38 147.35 

0.1 127.2 60.5 20 6.36 3.03 

0.16 54.71 49.73 40 1.37 1.24 

0.04 3.25 1.55 20 0.16 0.08 

0.02 0 .3 0.13 20 0.02 0.01 

708.12 144.7 40 17.703 3.6175 4.60E-04 

0.25 1.03 20 0.00 0.05 

0.17 6.38 7.97 20 0.32 0.40 

0.27 118.16 108.71 21 5.63 5.18 

0 .09 31.5 36.9 25 1.26 1.48 

0. 18 102.2 106.01 24 4.26 4.42 

DEQ Ex. 3-089



Table D6.L-LA. Summary of Big Hom Coal Mine Aquifer Test Data (Conti,rned) 

Length 
Test Date Production 
Well Township Range Section 

Geologic 
of Type of Analysis 

of 
Rate 

Number 
Formation 

Test 
Test 

(gpml 
(hoursl 

Alluvium 

230 Alluvium 4 / 22 / 1977 Jacob time recovery 0.68 15 

Jacob time drawdown and 

207A 57 N 84W 14 Alluvium 4 / 24 / 1980 recovery 4 .5 14. 1 

198 57 N 84W 14 Alluvium 2/19/1979 Jacob time drawdown 12.47 69 
Jacob time drawdown and 

627 57 N 84W 13 Alluvium 8 / 3 / 1981 recovery 24.5 39.1 

Jacob time drawdown and 

640 57 N 84W 13 Alluvium 7/24/1981 recovery 6 39 .57 

Jacob time drawdown a n d 
7 / 30/ 1981 recovery. Theis non-

623 57 N 84W 13 Alluvium 7 / 29 / 1981 equilibrium. 47.63 39.65 

Jacob time drawdown and 
7 / 30/ 1981 recovery. Theis non-

624 58 N 85W 13 Alluvium 7 / 29 / 1981 equilibrium. 45.63 39.65 

Jacob time drawdown and 
7 / 30/ 1981 recovery. Theis non-

625 58 N 85W 13 Alluvium 7 / 29 / 1981 equilibrium. 47.63 39 .65 

Jacob time drawdown and 
7 / 30/1981 recovery. Theis non-

626 58 N 85W 13 Alluvium 7 / 29 / 1981 equilibrium. 45.63 39.65 

7 / 30/ 198 1 Jacob time drawdown and 

645 57 N 84W 13 Alluvium 7 / 29/1981 recovery 29.63 39.65 

Jacob time 
drawdown.Theis non-

634 57 N 84W Alluvium 8 / 6 / 1981 equilibrium. 22 .5 38.39 

Jacob time drawdown and 
recovery . Theis non-

639 57 N 84W 11 Alluvium 86 / 6 /1981 equilibrium. 21.28 37.82 

Jacob time drawdown and 

635 57 N 84W 11 Alluvium 8 / 6/1981 recovery 27.67 38.39 

Jacob time drawdown and 
recovery. Theis non-

636 57 N 84W 11 Alluviu m 8/4/ 1981 equilibrium. 41.75 37.82 

Jacob time drawdown and 
recovery. Theis non-

637 57 N 84W 11 Alluvium 8 / 4 / 1981 equilibrium. 41.75 37.82 

Jacob time drawdown and 
recovery. Theis non-

638 57 N 84W 11 Alluvium 8 / 4/1981 equilibrium. 39.75 37.82 
I Jacob tune drawdown and 

644 57 N 84W 11 Alluvium 8 / 4/1981 recovery 22.5 37.82 

Spec. Drawdown Recovery 
Cap. Trans. Trans. 

(gpm/ftl (ft2 /dayl (ft2 /dayl 

25 3506 

8.76 8294.1 9952.9 

10.42 2062.9 7162 

16.29 3811.2 13265.8 

8.72 3491.5 9975.6 

3195 6006. 1 

3144.8 4279.5 

4373 7951 

6332 .2 26912 

10.54 3107 3998.3 

5507.9 2985.6 

4889.5 6208.5 

18.11 2759.6 4169.1 

6775 .8 4305.9 

3824.7 4767.2 

5296.7 4224.1 

7.34 4171.3 4683.6 

mzmZ/SZ/Zm ~peuu~~s 

Aquifer Parameters 

Aquif Drawdown 
Perforation 

Thick Hyd Cond 
(ftl 

(ftl (ft/dayl 

38 

20 414.71 

20 103.15 

20 190.56 

15 232.77 

20 159.75 

29.5 106.60 

20 21 8 .65 

20 316 .61 

10 310.70 

20 275.40 

20 244.48 

20 137.98 

18 376.43 

18 212.48 

20 264.84 

20 208.57 

Recovery 
Hyd Cond 

(ft/dayl 

92.26 

497.65 

358. 10 

663.29 

665.04 

300.31 

145.07 

397.55 

1345.60 

399.83 

149.28 

310.43 

208.46 

239.22 

264.84 

211.21 

234. 18 

. ,, r 
t; .: u 

~CD 

Storage 
Coefficient 

0.14 

0 .6 

0.62 

0.14 

0.12 

0.08 

0. 19 

0.47 

0.1 

0.1 

"'"'E: l - ;J 

1~- 2~ -1 8 DEQ Ex. 3-090
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Table D6.2-3. Groundwater Quality Monitoring Results For Alluvium 

Parameter Unita 578418-AL 578512-AL 578513-AL 
3013 4013 1014 2014 3013 4013 1014 2014 3013 4013 1014 2014 

Field 
Field Conductivity µmhos/cm I 179 3050 5 180 5460 5370 5530 4870 5130 4900 4686 

Field pH s.u. 8.72 7.67 8.02 7.22 7.59 7.33 7.95 7.18 7.57 7.26 

Field turbidity NTUs 257 38.2 3.51 20 173 21.6 2.05 0.57 0.93 0.17 

Depth to Water ft 20 .65 20.78 Dry Dry 4.03 3.81 3.67 3 .61 9.51 9.36 7 .66 6.18 

Tempera ture Deg C 12.3 9 .6 13.4 10.5 9.6 16.3 12.3 10.2 9.9 17.5 

General 
Alkalinity (as CaCO3) mg/ L 205 411 638 662 652 655 636 674 651 661 

Ammonia mg/L <0. 1 <0. 1 <0. 1 <0.1 0.2 0 .2 <0.1 <0. 1 <0. 1 <0.1 

Fluoride mg/L 1.1 1.2 1 1 0 .9 0.8 0 .9 0 .8 0.8 0.7 

Hardness (as CaCO3) mg/L 254 909 2840 2560 2920 2640 2340 2240 2350 2030 

Hydroxide mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Laboratory conductivity µm hos/cm 1160 2800 5650 5370 5340 51 90 4800 4980 4670 4380 

Laboratory pH s.u . 8.4 8 .3 8 8 7.9 8 . 1 8 8 7 .9 8 . 1 

Nitrate/Nitrite mg/ L 1.4 0.2 <0. 1 <0.1 <0 . 1 <0 .1 <0.1 <0.1 <0. 1 <0 .1 

Total Dissolved Solids mg/ L 760 2220 5210 5 150 4590 5300 4530 4790 4610 3730 

Sodium Adsorption Ratio (SAR) unitless 4.3 4 .8 4 4 3.9 3.6 4 .3 4.1 3.9 4 . 1 

llltjorlon• 
Calcium mg/L 26 114 369 322 360 324 275 267 272 235 

Magnesium mg/L 46 152 466 427 490 444 40 1 383 406 352 

Potassium mg/L 13 22 26 23 23 20 33 26 25 29 
Sodium mg/L 159 332 490 465 488 431 474 448 435 426 

Bicarbona te mg/L 242 501 778 807 795 799 776 823 794 806 

Carbonate mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Chloride mg/L 9 14 17 17 22 16 22 22 24 17 

Sulfate mg/ L 393 1200 2990 3130 2990 3050 2910 2740 2790 2460 

Metals 
Aluminum, dissolved mg/ L <0. 1 <0.1 <0.1 <0.1 0.1 <0.1 <0. 1 <0.1 0.1 <0.1 

Arsenic, dissolved mg/ L <0. 005 <0.005 <0.005 <0.005 <0.005 <0. 005 <0.005 <0.005 <0.005 <0.005 

Barium, dissolved mg/ L <0. 1 <0 .1 <0. 1 <0.1 <0.1 <0.1 <0. 1 <0.1 <0. 1 <0.1 

Boron, dissolved mg/L 0.2 0.3 0 .4 0.4 0.3 0.4 0.4 0.4 0 .5 0.3 

Cadmium, dissolved mg/L <0.001 <0.001 <0.00 1 <0. 001 <0.00 1 <0 .001 <0.001 <0.001 <0.001 <0.001 

Chromium , dissolved mg/ L <0. 01 <0.01 <0. 01 <0.01 <0 .01 <0.01 <0.0 1 <0.01 <0.01 <0.01 

Copper , dissolved mg/ L <0.01 <0 .01 <0.01 <0.01 <0.01 <0 .01 <0.01 <0.01 <0.01 <0.01 

Iron , dissolved mg/L <0.05 <0 .05 0.9 1 0 .92 1.04 0 .86 <0.05 <0.05 0 .09 <0 .05 

Iron, total mg/ L 2 .24 0 .8 0 .96 5.29 25.4 5 . 17 0 .1 0 .08 0 .11 0 .06 

:::c, -f ,.,., 
'"T'I 

c;, = 
Lead , dissolved m g/L <0.02 <0 .02 <0. 02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Manganese, dissolved mg/ L <0 .02 0 .03 2.28 1.92 2.13 1.72 0 .37 0 .35 0 .31 0 .23 

Manganese, total mg/ L 0 . 16 0.07 2.2 2 .69 2 .71 2.34 0.62 0.47 0.39 0.29 
c:, c::n Mercury, dissolved mg/ L <0. 001 <0 .001 <0. 001 <0.001 <0.00 1 <0. 001 <0.00 1 <0. 001 <0. 001 <0.001 

Cl N ,..., Molybdenum, dissolved mg/L <0.02 <0.02 <0 .02 <0.02 <0.02 <0.02 <0.02 <0. 02 <0. 02 <0.02 

Nickel , dissolved mg/ L <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.0 1 <0.01 

C-:» 
....... 
c::, 
t-..) 

(...:, (.11 

Selenium, dissolved mg/L 0 .006 <0 .005 <0.005 <0.005 <0.005 <0.005 <0.005 <0. 005 <0.005 <0.005 

Zinc, dissolved mg/ L <0.01 <0.0 1 <0. 01 <0.01 <0.01 <0 .01 <0 .01 <0.01 <0.01 <0 .01 

QA/QC 
Anion Sum meq/L 12.67 33.73 75.49 78.95 75.89 77.06 73.93 71.21 7 1.79 64 .97 

"-> Cation Sum meq/L 12.32 33.2 78.72 71.99 80. 14 71.97 68 .24 65 .04 66.52 59.95 
c:::> Total Anion/Cation Balance % 1.43 0.79 2.09 4 .6 2.72 3.41 4 4.52 3.8 4.02 -CD 

Total Dissolved Solids (calc) mg/L 780 2080 4740 4780 4760 4680 4500 4290 4340 3920 

December 2019 D6-T36 
DEQ Ex. 3-091
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Table D6.2-3. Groundwater Quality Monitoring Results For Alluvium (Continued) 

Parameter Vnita 
578420-AL-l 578524-AL-l 

6/20/2018 7/11/2018 11/13/2018 1/10/2019 1/8/2018 4/19/2018 6/6/2018 7/12/2018 11/14/2018 
l!'ield 
Field Conductivity µmhos/cm 704 770 934 852 1083 1106 1061 1130 1194 

Field pH s .u . 7.55 7.61 7.52 7.44 7 .43 7.42 7.44 7.47 7.44 

Field turbidity NTUs 346 1 13 161 Ill 36.2 8 .38 8.45 15.8 54.3 

Depth to Water ft 7.53 8.24 9 .95 10.11 12.58 12.2 10.97 12.65 12.73 

Temperature DegC 11.3 21 15.8 8.5 9 8.5 JO.I 20.4 13 .1 

General 
Alkalinity (as CaCO3} mg/ L 328 316 360 328 421 424 419 450 464 

Ammonia mg/ L 0.1 <0.1 <0.1 <0 . 1 0.1 0.1 0.1 0.1 0.2 

Fluoride mg/L 0.6 0.3 0 .3 0.3 0.3 0.2 0 .3 0.3 0.3 

Hardness (as CaCO3) mg/L 313 360 415 377 499 538 518 532 554 

Hydroxide mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 

Laboratory conductivity µmhos/cm 847 845 861 760 1190 1200 1200 1200 1060 
Laboratory pH s.u . 8.2 8 .3 8.3 8 .2 8.2 8.1 8.2 8 .3 8 . 1 

Nitrate/Nitrite mg/ L 0 . 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0. 1 <0.1 <0. 1 

Total Dissolved Solids mg/ L 530 540 600 540 800 800 770 820 790 

Sodium Adsorption Ratio (SAR) unitless 1.7 0.9 0 .84 0.83 1.6 I. I 1.2 I.I 1.15 

llaJorlo11.• 
Calcium mg/ L 73 88 99 90 93 100 94 100 105 

Magnesium mg/L 32 34 41 37 65 70 69 69 71 

Potass ium mg/L I 2 3 3 7 4 4 4 5 
Sodium mg/L 70 38 40 37 83 61 65 60 62 

Bicarbonate mg/ L 400 386 435 401 513 517 51 1 534 566 

Carbona te mg/L <5 <5 <5 <5 <5 <5 <5 7 <5 

Chloride mg/L 5 3 5 3 4 4 4 4 5 

Sulfate mg/ L 127 135 152 128 245 253 256 243 230 

lleW. 

Aluminum , dissolved mg/L <0.1 <0 .1 <0.1 <0.1 <0 .1 <0.1 <0 . 1 <0.1 <0. 1 

Arsenic, dissolved mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0 .005 

Barium, dissolved mg/L <0.1 <0.1 0.1 0.2 <0 . 1 <0.1 <0.1 <0.1 <0 . 1 

Boron, dissolved mg/ L <0 . 1 <0.1 <0.1 <0.1 0.1 0.1 0.1 0.1 0.1 

Cadmium, dissolved mg/ L <0.001 <0.001 <0.001 <0.001 <0. 001 <0.001 <0 .001 <0.001 <0.001 

Chromium, dissolved mg/L <0.01 <0 .01 <0 .01 <0.01 <0.01 <0 .01 <0. 01 <0.01 <0.01 

Copper, dissolved mg/ L <0.01 <0 .01 <0.01 <0.01 <0.01 <0 .01 <0. 01 <0.01 <0 .01 

Iron, dissolved mg/ L <0.05 <0 .05 <0.05 <0 .05 3.17 4 .81 5.04 2.85 3.62 

Iron, total mg/L 6.38 2.18 6.23 2.29 4 .86 4 .8 1 5.78 4 .06 6.98 

:::0 -f Lead , dissolved mg/L <0 .02 <0 .02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

"'1 ..., Manganese, dissolved mg/L 0.02 0.21 0.11 0. 17 0.2 0.23 0.22 0.29 0.24 
C":) = Manganese, total mg/L 0 .24 0.26 1.92 0.58 0.21 0 .22 0 .23 0.29 0.24 
c:, C') Mercury, dissolved mg/L <0. 001 <0.001 <0.001 <0. 001 <0.001 <0. 001 <0.001 <0.001 <0.001 

c::, 
"-> .,... 

c-, ........ 
c::, 
1-J 

Molybdenum, dissolved mg/L <0.02 <0.02 <0.02 <0.02 <0 .02 <0.02 <0.02 <0.02 <0.02 

Nickel, dissolved mg/ L <0.01 <0.0 1 <0.01 <0.0 1 <0.01 <0.01 <0.01 <0.01 <0 .01 

Selenium, dissolved mg/ L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0 .005 <0.005 

Zinc, dissolved mg/L <0.01 <0.01 <0 .01 <0 .01 <0. 01 <0 .01 <0.01 <0.01 <0.0 1 

C...:, C..,1 QA/QC 
Anion Sum meq/L 9.39 9.26 10.5 9.33 13.65 13.87 13.83 14.18 14.21 

"-> 
c:::, 
-... 

Cation Sum meq/L 9 .33 8.92 10.09 9.23 13.77 13 .53 13.3 13.38 13.94 

Total Anion/Cation Balance % 0 .28 1.86 2 0.54 0.43 1.22 1.94 2.92 0 .97 

C,0 Total Dissolved Solids (calc} mg/L 510 490 550 500 750 750 740 750 760 

December 2019 D6-T36a 
DEQ Ex. 3-092
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Table D6.2-3. Groundwater Quality Monitoring Results For Alluvium (Continued) 

Parameter Units 578433-Al.·1 578434-AL-1 578434-AL-2 
9/11 /2015 9/11/2015 12/1/2015 3/1 /2016 5/20/2016 9/11/2015 12/1/2015 3/1/2016 5/2012016 9111/2015 12/112015 12/112015 31112016 5120/2016 

Field 
Field Conductivity µmhos /cm 1301 1301 1515 1776 1764 1431 1624 1513 1692 663 692 692 684 409 
Field pH s. u . 7.41 7.41 8 7.69 7.56 7.34 7.63 7.72 7.56 7.74 7.96 7.96 8 .19 7.93 
Field turbidity NTUs 623 623 210 86.1 254 Over limit 175 111 131 513 43.2 43 .2 39.8 34 .4 
Depth to Water ft 7.2 7.2 6.89 7.15 6 .29 5.36 5.04 5.2 4 .59 5.84 5.63 5.63 5.69 4.76 
Temperature Deg C 13.1 13.1 10.8 13.3 19.7 16.7 10.2 10.5 18.7 19.2 8.8 8.8 7.2 16.5 
General 
Alkalinity (as CaCO3) mg/ L 547 547 586 671 669 784 735 683 601 271 270 269 245 169 

Ammonia mg/ L 0.1 0.3 0.2 0.3 0.2 0.5 0.3 0 .3 0.2 <.1 <.l <.1 <.1 <.1 

Fluoride mg/ L 0.6 0.6 0.6 0.6 0.5 0 .9 0.8 0 .7 0.7 0.3 0.2 0.2 0.2 0.3 
Hardness (as CaCO3) mg/ L 641 625 713 803 776 831 867 735 815 338 337 334 309 187 
Hydroxide mg /L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <S <S <S <S 
Laboratory conductivity µmhos /cm 1440 1450 1590 1690 1970 1650 1730 1420 1880 689 690 698 647 432 
Laboratory pH s .u . 8.2 8.1 8 8.1 8 8 8 8.2 8 8.3 8.2 8.2 8.3 8.3 
Nitrate/Nitrite mg/ L <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 0.3 0.5 0.6 0.6 <.1 

Total Dissolved Solids mg/ L 1020 1020 1170 1330 1180 1110 1260 1030 1240 440 440 440 430 250 
Sodium Adsorption Ra tio (SAR) unitless 1.7 1.7 1.8 2.0 1.9 1.5 1.5 1.3 1.4 0.6 0 .6 0 .6 0.6 0.4 
lla,jorlona 
Calcium mg/ L 103 95 111 122 115 91 91 78 83 64 63 63 60 38 
Magnesium mg/ L 94 95 106 121 119 147 156 131 148 4 43 43 39 22 
Potassium mg/ L 5 6 5 5 6 4 3 3 3 4 3 3 3 3 
Sodium mg/L 97 100 114 130 124 102 101 83 90 24 23 23 22 13 
Bicarbonate mg/ L 667 667 715 819 817 956 897 833 733 331 330 328 292 203 
Carbona te mg/ L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <S <5 <5 <5 

Chloride mg/ L 12 12 16 17 18 11 9 9 11 9 8 8 8 3 
Sulfate mg/ L 291 294 348 402 422 246 345 219 456 108 102 102 98 41 
lletala 
Aluminum , dissolved mg/ L 0.5 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 

Arsenic, dissolved mg/ L <.005 0.009 <.005 0.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 
Barium, dissolved mg/ L <.1 <.1 <.1 <.1 <.1 0.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 
Boron , dissolved mg/ L 0.3 0.3 0.2 0.2 0 .2 0.3 0.3 0 .2 0.2 0.4 <.1 <. 1 <. 1 <.1 

Cadmium, dissolved mg/ L <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 
Chromium, dissolved mg/ L <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 
Copper , dissolved mg/ L <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 
Iron , dissolved mg/ L 1.97 0.74 0 .9 0.78 0 .78 0 .7 6.28 5.99 6 .65 2.24 <.05 <.OS <.OS <.05 

Iron , total mg/ L 17.8 11 .9 11 .7 4 .86 12.6 94 .3 19.3 13.8 16.8 9.19 2.51 4.03 1.72 1.76 
Lead , dissolved mg/ L <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 

:::0 --f 
n, ..., 

Manganese, dissolved mg/ L 1.19 1.09 1.3 1.53 1.43 1.06 0.57 0.37 0.37 <.02 0 .03 0 .03 <.02 0.07 
Manganese, total mg/ L 1.37 1.32 1.45 1.6 1.7 3.68 0 .66 0.43 0.5 0 .32 0 .32 0 .36 0.46 0.44 

~ = Mercury, dissolved mg/ L <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.00 1 <.001 <.001 <.001 <.001 <.001 <.001 
c::, Q") Molybdenum , dissolved mg/L <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 <.02 

C:J ......, .,, Nickel, dissolved mg/ L <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 

Selenium, dissolved mg/ L <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 <.005 

~ 
......... 
c::, - 'l"-J 

Zinc, dissolved mg/ L <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 <.01 

QA/QC 
(...:, C.,1 Anion Sum meq/ L 17.36 17.44 19.44 22.31 22 .7 21 .14 22 .16 18.5 21 .87 7.95 7.79 7.79 7.22 4.35 

Cation Sum meq/ L 17.17 17.01 19.35 21 .86 21.06 21 .23 21 .83 18.42 20 .33 7.88 7.82 7.76 7.21 4 .36 

"" Total Anion / Cation Balance % 0.54 1.23 0.23 1.02 3.72 0.2 0.75 0.22 3.65 0.41 0.2 0 .19 0 .04 0.2 
c::, Total Dissolved Solids (calc) mg/ L 930 930 1050 1200 1200 1070 1150 930 1150 420 410 410 380 250 -(0 

December 2019 D6-T37 
DEQ Ex. 3-093
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Table D6.2-3. Groundwa ter Quality Monitoring Results For Alluvium (Continued ) 

Parameter Unita LAYA#1 LAYA#2 LAYA#3 TDAW-01 578415-AL-1 
4/9/2019 7/26/2019 7/26/2019 7/11/2019 7/26/2019 11/8/2019 

Field 
Field Conductivity µmhos/cm 1954 3670 1071 1093 2270 2430 
Field pH s.u. 7.95 7.28 7.57 7.47 7.1 7.0 
Field turbidity NTUs 3.02 47 .8 1.71 0.65 Over Limit Overlimrt 
Depth to Water ft No Data No Data No Data No Data 30.21 31 .12 
Temperature Deg C 7.2 10.7 11 11 .5 12.6 10.7 
General 
Alkalini ty (as CaCO3) mg/ L 1140 537 418 431 734 768 

Ammonia mg/L 4.7 0 .3 <.1 <.1 0.2 0.2 
Fluoride mg/L 2 0 .8 0.7 0.3 0.3 0.3 
Hardness (as CaCO3) mg/ L 90 1800 516 524 1350 1560 
Hydrmode mg/ L <5 <5 <5 <5 <5 <5 
Labora tory conductivity µrnhos/cm 1840 3530 1070 1140 2430 2500 
Laboratory pH s .u . 8.4 7.9 8.2 8.2 7.9 8.0 
Nitra te/Nitrite mg/L <.1 <.1 0.3 <.1 <.1 <.1 
Total Dissolved Solids mg/ L 1270 3480 720 730 2030 2190 
Sodium Adsorption Ra tio (SAR) unitless 22 .5 2.7 0.6 0.9 0.8 0.98 

~•Iona 
Ca lcium mg/L 13 248 92 98 224 245 
Magnesium mg/ L 14 288 70 68 192 230 
Potassium mg/ L 19 14 2 4 16 15 
Sodiu m mg/ L 491 267 31 45 68 89 
Bicarbona te mg/ L 1350 655 510 526 895 937 
Ca rbonate mg/ L 24 <5 <5 <5 <5 <5 
Chloride mg/ L 36 18 4 5 10 10 
Sulfa te mg/ L <1 1870 203 178 845 900 
Metala 
Aluminum, dissolved mg/ L <.1 <.1 <.1 <.1 <.1 <.1 
Arsenic, dissolved mg/ L <.005 <.005 <.005 <.005 <.005 <.005 
Ba rium , dissolved mg/ L 0.4 <.1 <.1 <.1 <.1 <.1 
Boron , dissolved mg/L 0.1 0 .5 0.2 0.1 0.3 0.4 
Cadmium, dis solved mg/ L <.001 <.001 <.001 <.001 <.001 <.001 
Chromium, dissolved mg/ L <.01 <.01 <.01 <.01 <.01 <.01 
Copper , d issolved mg/ L <.01 <.01 <.01 <.01 <.01 <.01 
Iron , dissolved mg/ L <.05 <.05 <.05 <.05 <.05 0 .13 
Iron , to tal mg/L 0.15 1.65 <.05 O.Q7 111 114 
Lead , dissolved mg/ L <.02 <.02 <.02 <.02 <.02 <.02 

:::0 -4 Manganese, dissolved mg/L 0.03 0.34 <.02 0.41 1.51 1.20 ..., 
Manganese, total mg/L 0.03 0.49 <.02 0 .41 3.95 3.07 = CJ c::n 

c:, 
~ 

Mercury, dissolved mg/L <.001 <.001 <.001 <.001 <.001 <.001 
Molybdenum, dissolved mg/ L <.02 <.02 <.02 <.02 <.02 <.02 
Nickel, dissolved mg/ L <.01 <.01 <.01 <.01 0.01 0.01 

c:-:, -- ... Selenium, dissolved mg/ L <.005 <.005 <.005 <.005 <.005 <.005 
c::, Zinc, dissolved mg/L <.01 <.01 <.01 0.04 <.01 <.01 
~ 

(...:, (.11 
QA/QC 
Anion Sum meq/ L 23 .96 50.17 12.76 12.47 32.54 34.39 

,-.-:, Cation Sum meq/ L 23 .94 48.03 11 .72 12 .54 30.31 35.37 

c::, Total Anion / Cation Balance % 0.04 2.17 4.26 0.27 3.55 1.40 -- Total Dissolved Solids (calc) mg/ L 1260 3020 650 660 1790 1950 
c.c 

December 2019 D6-T37a 
DEQ Ex. 3-094
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Table D6.2-4. Groundwater Quality Monitoring Results For Carney 

Parameter Units 578408-CRN 578409-CRN 578409-CRN-0B 
3013 4013 1014 2014 3013 4nl3 1014 2014 3013 4013 1Ql4 2Ql4 

Field 
Field Conductivity µmhos/cm 2440 2650 2600 2700 1977 2390 1960 1944 

Field pH s .u . 7.79 6 .88 7.22 6 .91 8 .04 7 .25 7 .62 7 .38 

Field turbidity NTUs 370 355 6 5.9 64.7 91.9 15. 13 4 .36 3.9 

Depth to Wa ter ft 87.66 87 .7 87.7 87 .71 Well 578409-CRN-OB Sampled 85.99 90.76 90.78 89.87 

Temperature DegC 13.3 10.4 9 . 1 13.7 10.3 10.2 11.9 14.6 

General 
Alkalinity (as Ca CO3) mg/L 577 584 605 613 42 1 509 473 5 10 

Ammonia mg/L <0.1 0 .2 0.4 0.6 1.5 4 .2 5 . 1 5.2 

Fluoride mg/L 0 .7 0 .7 0 .7 0.7 0 .5 0 .6 0 .6 0 .6 

Hardness (as CaCO3) mg/L 1300 1380 1430 1420 879 730 665 588 

Hydroxide mg/L <5 <5 <5 <5 <5 <5 <5 <5 

Laboratory conductivity µmhos/ cm 2290 2470 2480 2440 2020 2200 2100 1950 

Laboratory pH s .u . 7 .9 7 .9 7 .9 7 .6 8 . 1 8 .2 8 .1 7 .9 

Nitrate/Nitrite mg/L <0.1 <0 .1 <0.1 <0 . 1 <0 . 1 <0.1 <0 .1 <0.1 

Total Dissolved Solids mg/L 1870 2000 2040 2190 1510 1560 1450 1410 

Sodium Adsorption Ratio (SAR) unitless 1 0 .9 0 .9 0 .9 2 .3 3.6 4.3 4 .2 

~or Iona 
Calcium mg/L 165 173 177 175 127 110 101 91 

Magnesium mg/L 214 232 240 238 136 111 100 88 

Potassium mg/L 27 30 29 29 18 22 21 20 

Sodium mg/L 82 79 82 79 156 226 253 235 

Bicarbona te mg/L 705 712 738 748 513 621 577 622 

Carbonate mg/ L <5 <5 <5 <5 <5 <5 <5 <5 

Chloride mg/ L 8 9 8 9 12 II 12 10 

Sulfate mg/L 918 963 973 969 778 753 655 637 

Metals 
Aluminum, dissolved mg/ L <0 .1 <0 .1 0. 2 <0 . 1 <0 . 1 <0 .1 <0 . 1 <0.1 

Arsenic, dissolved mg/L <0 .005 <0.005 <0 .005 <0.005 <0 .005 <0 .005 <0 .005 <0 .005 

Barium, dissolved mg/L <0 . 1 <0 .1 <0 . 1 <0 . 1 <0 . 1 <0 .1 <0 .1 <0 .1 

Boron, dissolved mg/ L 0 .5 0 .5 0 .5 0 .5 0 .2 0 .2 0 .2 0 .2 

Cadmium, dissolved mg/ L <0 .001 <0 .001 <0 .001 <0 .001 <0 .001 <0 .001 <0 .001 <0 .001 

Chromium, dissolved mg/L <0 .01 <0 .01 <0 .01 <0.01 <0.01 <0 .01 <0.01 <0 .01 

Copper, dissolved mg/ L <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 

Iron, dissolved mg/ L <0 .05 0 .05 0 .14 0 . 13 <0 .05 <0 .05 <0 .05 <0 .05 

Iron, total mg/L 4 .57 2.85 1.05 0 .96 1.36 0 .19 0 .12 0 .33 

Lead , dissolved mg/ L <0.02 <0.02 <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 

Manganese, dissolved mg/L 0 .44 0 .64 0 .5 1 0 .4 0 .09 0 . 19 0 . 14 0 . 11 

Manganese, total mg/L 0 .54 0 .81 0.5 0.43 0.17 0 .23 0 . 15 0 .12 

Mercury, dissolved mg/L <0 .001 <0.001 <0 .001 <0 .001 <0.001 <0 .001 <0 .001 <0 .001 

Molybdenum, dissolved mg/L <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 

Nickel, dissolved mg/ L <0 .01 <0 .01 <0 .01 <0.01 <0.01 <0 .01 <0 .01 <0.01 

Selenium, dissolved mg/L <0.005 <0.005 <0.005 <0.005 <0 .005 <0.005 <0.005 <0 .005 

Zinc, dissolved mg/ L <0 .01 <0 .01 <0 .01 <0.01 <0 .01 0 .01 <0.01 <0 .01 

QA/QC 

:-o ..... 
"'1 
~ 

..., 
Q -= 0, 
?- fZ.) ::x.:a 
~ ........ Anion Sum meq/L 30.94 31.99 32.63 32 .71 24.97 26.19 23.47 23.75 

Cation Sum meq/L 30. 16 31.87 32 .9 32 .52 24.94 24.97 25 .19 22.83 

Total Anion/ Cation Balance % 1.27 0 . 19 0 .4 0 .28 0 .05 2 .38 3.53 1.98 

Total Dissolved Solids (calc) mg/L 1760 1830 1870 1870 1480 1540 1430 1390 

c::, 
c::, 
N .r--. c.n 

...., 
c::> -C,o 

March 2019 D6-T38 DEQ Ex. 3-095
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Table 06.2-4. Groun dwater Quality Monitoring Results For Camey (Continu ed ) 

Parameter Units 578417-CRN 578418-CRN 578510-CRN 
3Ql3 4013 1Ql4 2Ql4 3Ql3 4013 1Ql4 2Ql4 3013 4013 1014 2014 

Field 
Field Conductivity µmhos/cm 1421 1483 1347 1375 
Field pH s.u. 8.16 7.39 7.76 7 .56 
Field turbidity NTUs 302 615 971 998 
Depth to Water ft 133.05 133.31 133. 13 133.55 DRY DRY DRY DRY DRY DRY DRY DRY 
Temperature DegC 14.6 9 .9 9 .5 18 
General 
Alkalinity (as CaCO3) mg/L 465 508 449 430 

Ammonia mg/L 2.7 3.6 1.7 0 .5 
Fluoride mg/L 1.9 1.9 1.9 1.8 
Hardness (as CaCO3) mg/L 147 150 151 143 
Hydroxide mg/L <5 <5 <5 <5 
Laboratory conductivity µmhos/cm 1420 1450 1400 1370 
Laboratory pH s.u. 8.3 8.3 8 .2 8.3 
Nitrate/Nitrite mg/L <0.1 <0.1 2 .3 4.6 
Total Dissolved Solids mg/L 880 880 890 870 
Sodium Adsorption Ratio (SAR) urutless 9.8 9.2 10 8.9 
Ml\jor Iona 

Calcium mg/L 19 19 18 17 
Magnesium mg/L 24 25 26 24 
Potassium mg/L 15 17 16 15 
Sodjum mg/L 272 258 282 245 
Bicarbonate mg/L 563 607 548 513 
Carbonate mg/L <5 6 <5 6 
Chloride mg/L 7 8 8 7 

Sulfate mg/L 242 255 250 258 
lletala 

Alummum, ctissolved mg/L 0 .9 0.4 0.3 <0.1 
Arsertic, ctissolved mg/L <0.005 <0.005 <0.005 <0.005 
Barium, dissolved mg/L <0 .1 <0 .1 <0. 1 <0.1 
Boron, dissolved mg/L 0 .1 0 .1 0.1 <0 . 1 
Cadmfom, ctissolved mg/L <0 .001 <0.001 <0 .001 <0.001 
Chromium, dissolved mg/L <0.01 <0 .01 <0.01 <0.01 
Copper, ctissolved mg/L <0 .01 <0.01 <0.01 <0.01 
Iron, dissolved mg/L 0 .21 0.22 0.08 <0.05 

Iron, total mg/L 3 .56 12.7 11.3 12.9 
Lead, ctissolved mg/L <0 .02 <0.02 <0.02 <0.02 

Manganese, dissolved mg/L 0.07 0.06 0 .02 <0.02 

Manganese, total mg/L 0.19 0.18 0 . 11 0. 1 
Mercury, dissolved mg/L <0 .001 <0.001 <0.001 <0.001 

. ·.;a 
-f 

"" ..., 
C'j :z: 
t:::11 0, 

Molybdenum, dissolved mg/L <0.02 <0 .02 <0.02 <0 .02 
Nickel, dissolved mg/L <0.01 <0.01 <0.01 <0.01 
Seleruum, dissolved mg/L <0.005 <0.005 <0.005 <0.005 

3: f<J :La 

Zinc, ctissolved mg/L <0.01 <0 .01 <0.01 <0.01 

QA/QC 
::::0 ' Amon Sum meq/L 14.64 15.76 14.67 14.61 

c:::, 
c:::, I'-..) 
.t .. c.n 

Cation Sum meq/L 15.37 14.66 15.81 13.95 
Total Amon/Cation Balance % 2.42 3.6 3.74 2 .29 
Total Dissolved Solids (calc) mg/L 860 890 880 850 

r-..:, 
c::, -co 

March 2019 D6-T39 DEQ Ex. 3-096
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Table D6.2-4. Groundwater Quality Monitoring Resu lts For Camey (Continu ed) 

Parameter Units 578511-CRN 
3013 4013 1014 2014 3013 

l'telcl 
Field Conductivity µmhos/cm 3280 3800 3690 4050 
Field pH s.u. 8 .33 7 .41 7 .66 7.42 
Field turbidity NTUs 86.7 72.6 28.3 88.5 
Depth to Water ft 119.53 119.63 119.59 119 .58 DRY 
Temperature DegC 16.8 10 12.3 18.2 
General 
Alkalinity (as CaCO3) mg/L 525 678 737 823 
Ammonia mg/L 6.8 6.7 7.6 6.4 
Fluoride mg/L I.I I. I I 0.9 
Hardness (as CaCO3) mg/L 565 552 542 581 
Hydroxide mg/L <5 <5 <5 <5 
Laboratory cond uctivity µmhos/cm 3400 3570 3660 3810 
Laboratory pH s.u. 8.2 8.2 8 8.2 
Nitrate/Nitrite mg/L 7.9 1.7 <0 .1 <0.1 
Total Dissolved Solids mg/L 2400 2910 3150 2650 
Sodium Adsorption Ratio (SAR) unitless 9.8 11.6 12.6 12.4 
Major Jona 
Calcium mg/L 85 79 76 78 
Magnesium mg/L 86 86 86 94 
Potassium mg/L 26 28 24 25 
Sodium mg/L 535 625 675 690 
Bicarbonate mg/L 641 827 899 1000 
Carbonate mg/L <5 <5 <5 <5 
Chloride mg/L 24 26 27 27 
Sulfate mg/L lll0 1270 1230 1340 
Ketala 
Aluminum, dissolved mg/L <0.1 <0 .1 <0.1 <0 .1 
Arsenic, dissolved mg/L <0.005 <0.005 <0.005 <0.005 
Barium, dissolved mg/L <0.1 <0 .1 <0.1 <0.1 
Boron, dissolved mg/L 0.3 0 .2 0.2 0 .2 
Cadmium, dissolved mg/L <0.001 <0 .001 <0.001 <0.001 
Chromium, dissolved mg/L <0.01 <0 .01 <0.01 <0.01 
Copper, dissolved mg/L <0.01 <0.01 0.02 <0.01 
Iron, dissolved mg/L <0.05 <0.05 0.07 0.18 
Iron, total mg/L 0 . 18 1.03 0 .38 1.63 
Lead, dissolved mg/L <0.02 <0.02 <0.02 <0.02 
Manganese, dissolved mg/L 0 .19 0.48 0 .53 0.47 
Manganese , total mg/L 0.24 0.66 0.7 0 .51 
Mercury, dissolved mg/L <0.001 <0.001 <0 .001 <0.00 1 
Molybdenum, dissolved mg/L <0.02 <0.02 <0.02 <0.02 
Nickel, dissolved mg/L <0.01 <0.01 <0.01 <0.01 
Selenium, dissolved mg/L 0.005 <0.005 <0.005 <0 .005 
Zinc, dissolved mg/L <0.01 <0.0 1 <0. 0 1 <0.01 

QA/QC 
Anion Sum meq/L 34.94 40.99 41.22 45.05 
Cation Sum meq/L 35.74 38.92 41.37 42.72 
Total Anion/Cation Balance % 1.12 2.58 0 .18 2.65 
Total Dissolved Solids (calc) mg/L 2220 2530 2560 2740 

March 2019 

ril Z ril Z/SZ/Z ril ~ peuue.os 
Mine 

578512-CRN 578513-CRN 
.., 13 1014 2014 3013 ...- 13 1014 2014 

DRY DRY DRY DRY DRY DRY DRY 
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Table D6 2-4 Groundwater Quality Monitoring Results For Camey (Continued) 

Parameter 

Field 
Field Conductivity 

Field pH 

Field turb idi ty 

Depth to Water 

Temperature 

General 
Alkalinity (as CaCO3) 

Ammonia 
Fluoride 

Hardness (as CaCO3) 

Hydroxide 

Laboratory conductivity 

Laboratory pH 

Nitrate/Nitrite 

Total Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

~or Iona 
Calcium 

Magnesium 
Potas sium 
Sod ium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

lleWa 
Aluminum, d issolved 

Arsenic, dissolved 

Barium , dissolved 
Boron , dissolved 

Cadmium, dissolved 
Chromium, dissolved 

Copper, dissolved 

Iron , dissolved 

Iron , total 

Lea d , dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, d issolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc , dissolved 

QA/QC 
Anion Sum 

Cation Sum 

Total Anion/Cation Balance 
Total Dissolved Solids (calc) 

September 2019 

Unit.a 578420-CRN-PUMP- l 
7/3/2018 7/11/2018 11/13/2018 1/10/2019 

µmhos/ cm 980 999 
s.u . 7 .85 7 .71 

NTUs 148 6.61 

ft 7 .81 
Deg C 16.6 21.4 

mg/ L 363 379 

mg/ L 2 .6 1.9 

mg/ L 0.6 0 .7 

mg/L 252 279 

mg/ L <5 <5 

µmhos/cm 1030 1090 
s .u . 8.3 8.3 

m g/ L <0.1 <0 . 1 

mg/ L 640 680 
unitless 3 .13 2 .89 

m g/ L 48 54 

mg/ L 32 35 
m g/ L 14 12 
mg/L 114 111 

mg/ L 440 450 

mg/ L <5 6 

mg/L 4 4 

mg/ L 182 186 

m g/ L <0. 1 <0. 1 

mg/ L <0 .005 <0 .005 

mg/ L <0.1 <0. 1 

mg/L <0.1 <0. 1 

mg/ L <0 .001 <0.001 

mg/ L <0.01 <0.01 

m g/ L <0.01 <0 .01 

mg/ L <0 .05 <0 .05 

mg/ L 1.21 0 . 18 

mg/ L <0 .02 <0.02 

mg/ L 0 .21 0 .26 

mg/ L 0 .24 0 .27 

mg/ L <0.001 <0.001 

mg/ L <0.02 <0.0 2 

mg/L <0.01 <0.01 

m g/ L <0.005 <0.005 

m g/ L 0 .07 <0 .01 

meq/L 11.19 11.59 

m eq/ L 10.55 10.86 
% 2 .94 3.24 

mg/L 610 630 

TF 
lE 

6 2/ 025 
09 -20- 19 

1098 1099 

7 .69 7.76 

4 .62 3.95 

9 .2 9 .39 

14 .2 9 . 1 

424 424 

2 .7 2 .5 

0 .8 0.9 
249 234 

<5 <5 

1040 996 

8.4 8.4 

<0 . 1 <0. I 

700 700 

4 .28 4 . 11 

45 43 

33 3 1 
14 13 

155 145 

506 490 

6 13 

4 4 

162 166 

<0.1 <0.1 

<0 .005 <0.005 

0 .2 0. 1 

<0.1 <0.1 

<0 .001 <0.001 

<0 .01 <0 .01 

<0 .01 <0 .01 

0 . 13 <0 .05 

0 .53 0.35 

<0.02 <0 .02 

0 .28 0.49 

0 .28 0 .5 

<0 .001 <0.001 

<0 .02 <0 .02 

<0.0 1 <0 .01 

<0.005 <0.005 

<0 .01 <0 .01 

12.01 12 .08 

12.28 11.49 

1.13 2.49 

670 660 

ril Z ril Z/SZ/Z ril 'peuue.os 

Brooi<: Mine 

578524-CRN-PUMP-l 
4/9/2019 6/7/2018 

1098 1033 

7.81 7 .68 

20 .7 22 .5 

8 .94 

12.8 14.5 

42 1 588 

2 .9 4 .1 

I.I 1.9 

220 53 
<5 <5 

1040 1150 

8.3 8.4 

<. I <0 .1 

690 700 

4.94 16 .5 

38 8 

30 8 
14 9 

169 276 

510 685 

<6 16 

4 5 

168 33 

<. I <0 . 1 

<.005 <0 .005 

<. I 0.1 

<. I <0. 1 

<.001 <0 .00 1 

<.OJ <0.01 

<.OJ <0.01 

<.05 <0 .05 

I.I 0 .41 

<.02 <0 .02 

0 .37 0 .02 

0 .36 0.02 
<. 001 <0.001 

<.02 <0.02 

<.OJ <0.0 1 

<. 005 0 .038 

<.OJ <0 .01 

12 . 10 12.67 

12 .29 13.58 
0 .79 3.46 

680 690 

D6-T41 
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Table D6.2-5 . Groundwater Quality Monitoring Results For Masters 

Parameter Units 
578408-MST 578409-MST 578409-MST-OB 

3Q13 4Q13 1Q14 2Q14 3Q13 4Q13 1Q14 2Q14 3Q13 4Q13 1Q14 2Q14 
Field 
Field Conductivitv umhos/cm 2380 2430 1984 1982 2450 2470 2310 2390 
Field oH s.u. 7.38 6.53 6.87 6.62 8.49 7.7 8.05 7.82 
Field turbiditv NTUs 552 518 53.7 20.3 78.1 1.45 1.86 0.36 
Depth to Water ft 104.49 105.89 102.93 99.82 101 .18 101 .1 101 .21 100.95 Well 578409-MST Samoled 
Water Elevation ftAMSL 3786.01 3784.61 3787.57 3790.68 3611 .22 3611.3 3611.19 3611.45 
Temperature DegC 13.7 10.3 9.4 14.5 13.9 10.7 12.8 17.2 
General 
Alkalinity (as CaCO3) mg/L 464 472 496 462 577 655 658 655 
Ammonia mg/L 3.1 4.2 5.4 5 2 4 3.3 3.1 
Fluoride mg/L 0.5 0.5 0.5 0.5 1.4 1.5 1.5 1.4 
Hardness (as CaCO3) mg/L 1040 1040 1020 950 171 91 89 86 
Hydroxide mg/L <5 <5 <5 <5 <5 <5 <5 <5 
Laboratory conductivity umhos/cm 2230 2230 2120 1980 2300 2260 2230 2150 
Laboratory pH s.u. 7.6 7.8 7.6 7.8 8.4 8.4 8.4 8.2 
Nitrate/Nitrite mg/L <0.1 <0.1 <0.1 <0.1 0.4 <0.1 <0.1 0.5 
Total Dissolved Solids mg/L 1720 1690 1650 1570 1500 1510 1430 1520 
Sodium Adsorption Ratio (SAR) unitless 1.9 1.7 1.6 1.4 16.1 22 24.2 24.2 
Major Ions 
Calcium mg/L 129 124 120 112 29 16 16 15 
Magnesium mg/L 174 177 175 163 24 12 12 12 
Potassium mg/L 29 30 28 27 15 16 15 14 
Sodium mg/L 140 129 114 101 484 484 525 516 
Bicarbonate mg/L 566 576 605 563 685 773 775 799 
Carbonate mg/L <5 <5 <5 <5 9 12 13 <5 
Chloride mg/L 8 7 7 7 10 9 9 9 
Sulfate mg/L 891 858 767 742 560 497 449 477 
Metals 

• Aluminum, dissolved mo/L 0.8 <0.1 <0.1 <0.1 0.3 <0.1 <0.1 <0.1 
Arsenic, dissolved mo/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

r Barium, dissolved mo/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
t:Soron, dissolved mo/L 0.4 0.4 0.4 0.4 0.2 0.1 0.1 0.1 
Cadmium, dissolved mo/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Chromium, dissolved mo/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Copper, dissolved mo/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Iron, dissolved mo/L 0.68 0.61 0.59 0.37 0.12 <0.05 <0.05 <0.05 
Iron, total mo/L 5.95 3.53 1.41 0.77 1.13 0.06 <0.05 <0.05 
Lead, dissolved mo/L <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Manoanese, dissolved mo/L 0.92 0.29 0.15 0.07 0.08 0.21 0.23 0.2 

;-q ..... 
"'1 ..., 
-:-:, :z: 

Manoanese, total mo/L 0.94 0.36 0.16 0.07 0.11 0.22 0.24 0.23 
Mercury, dissolved mo/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Molybdenum, dissolved mo/L <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

0) Nickel, dissolved mo/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

::ur R.> 
::io " 

Selenium, dissolved mo/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Zinc, dissolved mo/L 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

-::::, Q 
N 

-t~ c.J'1 

QA/QC 
Anion Sum mea/L 28.07 27.54 26.09 24.9 23.58 23.78 22.83 23.37 
Cation Sum mea/L 27.86 27.07 26.43 24.45 25.01 23 .29 25.21 24.74 

"-> Total Anion/Cation Balance % 0.36 0.85 0.64 0.91 2.94 1.04 4.94 2.83 
:::::, Total Dissolved Solids (calc) mg/L 1650 1610 1510 1430 1470 1430 1420 1440 -~ 

March 2019 D6-T42 DEQ Ex. 3-099
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Table 06 .2-5 . Groundwater Quality Monitoring Results For Masters (Con tinued) 

Parameter Units 
578417-MST 578418-MST 578510-MST 

3Q13 4Q13 1Q14 2Q14 3Q13 4Q13 1Q14 2Q14 3Q13 4Q13 1Q14 2Q14 
Field 
Field Conductivity µmhos/cm 
Field pH S.U. 

Field turbid ity NTUs 
Depth to Water fl DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY DRY 
Water Elevation fl AMSL 
Temperature DeQ C 
General 
Alkalinity (as CaC03) mQ/L 
Ammonia mQ/L 
Fluoride mQ/L 
Hardness (as CaC03) mQ/L 
Hydroxide mQ/L 
Laboratory conductivity µmhos/cm 
Laboratory pH s.u. 
Nitrate/Nitrite mQ/L 
Total Dissolved Solids mQ/L 
Sodium Adsorption Ratio (SAR) unitless 
Maiorlons 
Calcium mQ/L 
MaQnesium mQ/L 
Potassium mQ/L 
Sodium mQ/L 
Bicarbonate mQ/L 
Carbonate mQ/L 
Chloride mQ/L 
Sulfate mQ/L 
Metals 
Aluminum, dissolved mci/L 
Arsenic, dissolved mci/L 
Barium, dissolved mci/L 
Boron, dissolved mci/L 
t;admium, dissolved mQ/L 
8 hromium, dissolved mQ/L 
Copper, dissolved mQ/L 
Iron, dissolved mQ/L 
Iron, total mQ/L 
Lead , dissolved mo/L 

::-o --f ,.,., ..... 
~ :z: 
C1 0, 

Manoanese, dissolved mci/L 
Manoanese, total mci/L 
Mercurv, dissolved mci/L 
Molybdenum, dissolved mci/L 

3: 
~ ;..:a 

:::0 --..... 
c::, 

c:) r-J 

Nickel, dissolved mci/L 
Selenium, dissolved mo/L 
Zinc, dissolved mo/L 
QA/QC ., .. c.n Anion Sum meci/L 

~ 
Q 

Cation Sum meci/L 
Total Anion/Cation Balance % - Total Dissolved Solids (calc) mg/L 

C'.Q 
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Table D6 .2-5 . Groundwater Quality Monitoring Results For Masters (Continued) 

Parameter Units 
578511-MST 578512-MST 578513-MST 

3Q13 4Q13 1Q14 2Q14 3Q13 4Q13 1Q14 2Q14 3Q13 4Q13 1Q14 2Q14 
Field 
Field Conductivity umhos/cm 2300 4180 4110 4230 3920 4130 
Field pH s.u. 8.57 7.52 7.51 6.77 7.12 6.87 
Field turbidity NTUs 35 171 9.82 2.96 2.06 2.22 
Depth to Water ft 150.1 150.12 DRY DRY DRY DRY DRY DRY 108.2 108.54 108.82 107.94 
Water Elevation ft AMSL 3746.30 3746.28 3742.40 3742 .06 3741 .78 3742 .66 
Temperature DeQ C 17.6 9.9 14.6 10.6 10.7 17.2 
General 
Alkalinity (as CaCO3) mQ/L 443 1230 604 611 605 607 
Ammonia mQ/L 4.5 6.9 10.6 9.1 10.4 9.4 
Fluoride mQ/L 0.9 1.1 0.6 0.7 0.6 0.6 
Hardness (as CaCO3) mQ/L 382 506 1040 1030 1080 974 
Hydroxide mQ/L <5 <5 <5 <5 <5 <5 
Laboratory conductivity umhos/cm 2280 3970 4290 4010 3900 3820 
Laboratory pH s.u. 8.3 8.3 7.8 7.8 7.6 8 
Nitrate/Nitrite mQIL 8 <0.1 <0.1 <0.1 <0.1 0.3 
Total Dissolved Solids mQIL 1500 2740 3370 3120 3090 2970 
Sodium Adsorption Ratio (SAR) unitless 7.9 15.3 8.3 7.9 8.2 7.4 
Maiorlons 
Calcium mQIL 59 74 128 124 129 117 
MaQnesium mQIL 57 78 175 175 184 166 
Potassium mQIL 19 29 32 34 32 30 
Sodium mQIL 353 793 613 586 622 533 
Bicarbonate mQIL 540 1470 736 745 738 740 
Carbonate mQIL <5 11 <5 <5 <5 <5 
Chloride mQIL 16 30 15 16 18 15 
Sulfate mgl l 624 1050 1740 1780 1700 1690 
Metals 
Aluminum, dissolved mgll <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Arsenic, dissolved mgll <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Barium, dissolved mgll <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Boron , dissolved mall 0.3 0.2 0.3 0.3 0.3 0.3 
Cadmium, dissolved mQIL <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Chromium, dissolved mQIL <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Copper, dissolved mQIL <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Iron, dissolved mQIL <0.05 0.47 0.19 0.4 0.55 0.05 
Iron, total mQIL 0.29 25.6 0.34 0.51 0.74 0.18 
Lead , dissolved mQIL <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

:::.Q -t rr, 
'"'Pl c-:, :z:: 

ManQanese, dissolved mall 0.09 0.23 0.09 0.08 0.07 0.05 
ManQanese, total mall 0.11 0.68 0.13 0.09 0.08 0.05 
Mercurv, dissolved mQIL <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

0, Molvbdenum, dissolved mall <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
? cµ ::.a 
:::0 ........ 

c::, 

Nickel, dissolved mall <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Selenium, dissolved mQIL <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Zinc, dissolved mQ/L <0.01 <0.01 0.01 <0.01 <0.01 <0.01 

"l QA/QC 
.&--. c.n Anion Sum meQIL 22.91 47.25 48.85 49 .79 47.95 47.84 

"'-> 
Q 

Cation Sum meQ/L 23.8 45.33 48.99 46.96 50 .1 8 44.11 
Total Anion/Cation Balance % 1.9 2.06 0.15 2.92 2.27 4.05 - Total Dissolved Solids (calc) mgl l 1430 2790 3070 3080 3040 2920 

CQ 
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Table 06.2-6. Groundwater Quality Monitoring Results For Masters/Carney Commingled 

Parameter Units 
578415-MST/CRN 

3Q13 4Q13 1Q14 2Q14 

Field 
Field Conductivity µmhos/cm 2590 1952 1930 1778 

Field pH s .u . 8.56 7.68 8.11 7.91 

Field turbidity NTUs 330 225 8 .38 3 .55 

Depth to Wa ter ft 122.85 12 2 .68 122 .01 121.23 

Temperature DegC 12.8 10.5 10.5 15.1 

General 
Alkalinity (a s CaCO3) mg/L 958 707 679 710 

Ammonia mg/L 1 1.6 2.1 2 .3 

Fluoride mg/L 1.7 1.9 2 2 

Ha rdness (as CaCO3) mg/L 72 56 48 43 

Hydroxide mg/L <5 <5 <5 <5 

Laboratory conductivity µmhos/cm 2720 1950 1850 1750 

Laboratory pH s.u . 8.4 8.4 8.4 8.3 

Nitrate/Nitrite mg/L 1.2 <0.1 <0. 1 <0 .1 

Total Dissolved Solids mg/L 1640 1180 1140 1210 

Sodium Adsorption Ratio (SAR) unitless 29 25. 1 28.1 29 

Major Ions 
Calcium mg/L 15 12 10 9 

Magnesium mg/L 8 6 6 5 

Potassium mg/L 9 10 9 9 

Sodium mg/L 567 431 449 434 

Bicarbonate mg/L 1110 831 805 859 

Carbonate mg/L 27 16 12 <5 

Chloride mg/L 24 13 14 11 

Sulfate mg/L 374 280 249 263 

Metals 
Aluminum, dissolved mg/L <0.1 0 .7 <0.1 <0. 1 

Arsenic, dissolved mg/L 0.007 <0.005 <0.005 <0.005 

Barium, dissolved mg/L <0.1 <0. 1 <0.1 <0. 1 

Boron, dissolved mg/L 0.1 0 . 1 <0.1 <0 .1 

Cadmium, dissolved mg/L 0.001 <0.001 <0.001 <0.001 

Chromium, dissolved mg/L <0.01 <0.01 <0.01 <0.01 

Copper, dissolved mg/L <0 .01 <0.01 <0.01 <0.01 

Iron, dissolved mg/L <0.05 0.21 0 .06 0 .15 

Iron, total mg/L 3 .67 0.95 0 .29 0 .35 

Lead, dissolved mg/L <0.02 <0.02 <0.02 <0.02 

Manganese, dissolved mg/L 0.05 0 . 1 0 .09 0 .07 

Manganese, total mg/L 0.14 0.17 0.1 0.08 

Mercury, dissolved mg/L <0.001 <0.001 <0 .001 <0.001 

Molybdenum, dissolved mg/L 0.03 <0.02 <0.02 <0.02 

Nickel, dissolved mg/L <0 .01 <0.01 <0.01 <0.01 

Selenium, d issolved mg/L 0 .005 <0.005 <0 .005 0 .005 

Zinc, dissolved mg/L <0.01 <0.01 <0.01 <0.01 

QA/QC 
Anion Sum meq/L 27.78 20.43 19.27 20.1 

Ca tion Sum meq/L 26.41 20.12 20.86 20.13 

Total Anion/Cation Balance % 2 .52 0 .77 3 .97 0.07 

Total Dissolved Solids (calc) mg/L 1580 1180 1140 1160 

March 2019 TFN6 ~ /025 D6-T45 
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RAMACO Brook Mine 

Table D6.2-7. Groundwater Quality Monitoring Results For Masters Coal Underburden 

Parameter Units 
578409-UBN 

3Q13 4Q13 1Q14 2Q14 
Field 

Field Conductivity µmhos/cm 4110 4220 3920 3990 

Field pH s.u. 8.74 7.76 8.04 7.79 

Field turbidity NTUs 4.61 3.62 59.7 1.01 

Depth to Water ft 108.44 110.2 110.25 110.4 

Temperature DegC 10.9 11.4 12.9 14.5 

General 

Alkalinity (as CaCO3) mg/L 435 459 460 466 

Ammonia mg/L <0.1 0 .7 1.7 2.2 

Fluoride mg/L 1 1 1.1 1 

Hardness (as CaCO3) mg/L 373 395 479 522 

Hydroxide mg/L <5 <5 <5 <5 

Laboratory conductivity µmhos/cm 3880 4010 3840 3620 

Laboratory pH s.u. 8.5 8.3 8.2 8.1 

Nitrate/Nitrite mg/L 13.6 7.5 4.9 3.2 

Total Dissolved Solids mg/L 2860 2820 2760 2830 

Sodium Adsorption Ratio (SAR) unitless 18 16.9 15.6 13.5 

Major Ions 

Calcium mg/L 67 70 80 85 

Magnesium mg/L 50 53 68 75 

Potassium mg/L 12 14 15 35 

Sodium mg/L 801 771 784 707 

Bicarbonate mg/L 505 553 561 569 

Carbonate mg/L 13 <5 <5 <5 

Chloride mg/L 34 32 30 28 

Sulfate mg/L 1620 1600 1530 1560 

Metals 

Aluminum, dissolved mg/L <0.1 <0. 1 0 .2 <0 .1 

Arsenic, dissolved mg/L <0.005 <0.005 <0.005 <0.005 

Barium, dissolved mg/L <0.1 <0. 1 <0.1 <0 .1 

Boron, dissolved mg/L 0 .2 0.3 0 .3 0 .5 

Cadmium, dissolved mg/L <0.001 <0.001 <0.001 <0.001 

Chromium, dissolved mg/L <0.01 <0.01 <0 .01 <0.01 

Copper, dissolved mg/L <0.01 <0.01 <0.01 <0.01 

Iron, dissolved mg/L <0.05 <0.05 0 .3 <0.05 

Iron, total mg/L 0.09 <0.05 1.88 <0.05 

Lead, dissolved mg/L <0.02 <0.02 <0.02 <0.02 

Manganese, dissolved mg/L 0 .04 0.16 0.41 0 .36 

Manganese, total mg/L 0.05 0.19 1 0.58 

Mercury, dissolved mg/L <0.001 <0.001 <0.001 <0.001 

Molybdenum, dissolved mg/L 0 .03 0 .03 0 .04 0 .03 

Nickel, dissolved mg/L <0.01 <0.01 0.01 0 .03 

Selenium, dissolved mg/L 0 .012 0.01 0 .006 0 .005 

Zinc, dissolved mg/L <0.01 <0.01 <0.01 <0.01 

QA/QC 
Anion Sum meq/L 44.37 44.01 42.33 42 .92 

Cation Sum meq/L 42.6 41.79 44.17 42.24 

Total Anion/Cation Balance % 2.03 2.58 2.12 0.79 

Total Dissolved Solids (calc) mg/L 2900 2850 2810 2790 
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T bl D6 2 8 G a e - roun d water u t y Q ali C ompanson o f All 'al U Vl We s or tan ar s ll i WDEQ S d d 

Para.meter Unit.a 
WDEQCl&H I 

Standard 578418-AL 578512-AL 578513-AL 578420-AL- l 578524-AL-l 578433-AL- l 578434-AL-l 578434-AL-2 LAYA#1 578415-AL-1 TDAW-01 LAYA#2 LAYA#3 

General 

Alkalinity (as CaC03) mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ammonia mg/L 0.5 0 0 0 0 0 0 0 0 I 0 0 0 0 

Fluoride mg/L 4 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hardness fas CaC03) mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hydroxide mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Laboratory conductivity µmhos/cm ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Laboratory pH s .u . 8 .5 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nitrate / Nitrite mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Dissolved Solids m g/ L 500 2 4 4 2 4 5 4 0 I 2 1 1 I 

Sodium Adsorption Ration (SAR) unitJcss ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

lly>r lou 
Calcium mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Magnesium mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Potassium mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sodium mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bicarbonate mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Carbonate mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chloride mg/ L 250 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sulfate mg/ L 250 2 4 4 0 2 5 2 0 0 2 0 I 0 

llatala 
Aluminum, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Arsenic, dissolved mg/L 0 .05 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bariu m, dissolved mg/ L 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Boron . dissolved mg/ L 0 .75 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cadmium, dissolved mg/ L o.oos 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chromium, dissolved mg/ L 0 . 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Coppe r, dissolved mg/ L 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Iron, dissolved mg/ L 0.3 0 4 0 0 4 5 4 1 0 0 0 0 0 

lron, total mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lead, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Manganese. dissolved mg/ L 0 .05 0 4 4 1 4 5 4 1 0 2 1 1 0 

Manganese, total mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mercury, dissolved mg/L 0 .002 0 0 0 0 0 0 0 0 0 0 0 0 0 

Molybdenum , dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nickel, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Selenium, dissolved mg/L 0 .05 0 0 0 0 0 0 0 0 0 0 0 0 0 

Zinc , dissolved mg/L 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pink Indicates the number of baseline samples whose results exceed the underground water class use suitability as defi ned by WQD, Chapter 8 , Table 1 

:::0 -f 
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RAMA..,_ BrooK Mine 

Table D6.2-8. Groundwater Qualitv Comcarison of Alluvial Wells for WD EQ Standards (Continued) 

Parameter Unita 
WDEQClaaall 

Standard 578418-AL 57851:1-AL 578513-AL 578420-AL-1 5785:14-AL-1 578433-AL-1 578434-AL-1 578434-AL-:I LAYA#1 578415-AL-1 TDAW--01 LAYA#2 LAYA#3 
GeDeral 

Alkalinity (as CaC03) mg/L ··- 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ammonia mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fluoride mg/ L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hardness (as CaC03) mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hydroxide mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laboratory conductivity µmhos/cm .... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laboratory pH s.u. 9 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nitrate/Nitrite mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Dissolved Solids mg/L 2000 l 4 4 0 0 0 0 0 0 2 0 l 0 
Sodium Adsorption Ration (SAR} unitless 8 0 0 0 0 0 0 0 0 1 0 0 0 0 

~rlou 
Calcium mg/L .... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magnesium mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Potassium mg/ L -· 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sodium mg/ L --·· 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bicarbonate mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carbonate mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chloride mg/L 100 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sulfate mg/L 200 2 4 4 0 4 5 4 0 0 2 0 I l 

... tala 
Aluminum, dissolved mg/L 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Arsenic, dissolved mg/L 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Barium, dissolved mg/L -··· 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boron , dissolved mg/L 0 .75 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cadmium, d1ssolved mg/L 0 .01 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chromium, dissolved mg/L 0 . 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Copper, dissolved mg/L 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Iron , dissolved mg/ L 5 0 0 0 0 I 0 3 0 0 0 0 0 0 
Iron , total mg/L -· 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lead, dissolved mg/ L 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Manganese, dissolved mg/L 0.2 0 4 4 I 3 5 4 0 0 2 I 1 0 
Manganese, total mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mercury, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molybdenum , dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nickel, dissolved mg/ L 0 .2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Selenium, dissolved mg/L 0 .02 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zinc , dissolved mg/L 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pmk Indicates the number of baseline samples whose results exceed the underground water class use suitability as defined by WQD, Chapter 8, Table l 
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Table D6.2-8. Groundwater Quality Comparis on of Allu vial Wells for WDEQ Standards IContinuedl 

Parameter Units 
WDEQClau m 

Standard 578418-AL 5785 12 -AL 5785 13-AL 57842 0-AL- l 578524-AL- l 578433 -AL- l 578434-AL- l 

O.aeral 
Alkalinity (as CaC03) mg/ L ... 0 0 0 0 0 0 0 

Ammonia mg/ L --- 0 0 0 0 0 0 0 

F1uoride mg/ L --- 0 0 0 0 0 0 0 

Hardness (as CaC03) mg/L ... 0 0 0 0 0 0 0 

Hydroxide mg/ L --- 0 0 0 0 0 0 0 

Laboratory conductivity µmhos / cm --- 0 0 0 0 0 0 0 

Laboratory pH s .u . 8.5 0 0 0 0 0 0 0 

Nitrate/ Nitrite mg/L ... 0 0 0 0 0 0 0 

Total Dis solved Solids mg/L 5000 0 3 0 0 0 0 0 

Sodium Adsorption Ration (SAR) unitless --- 0 0 0 0 0 0 0 

lbJorlou 
Calcium mg/ L ... 0 0 0 0 0 0 0 

Magnesium mg/ L ... 0 0 0 0 0 0 0 

Potassium mg/ L --- 0 0 0 0 0 0 0 

Sodium mg/ L ... 0 0 0 0 0 0 0 

Bicarbona te mg/ L ... 0 0 0 0 0 0 0 

Carbonate mg/ L --- 0 0 0 0 0 0 0 

Chloride mg/ L 2000 0 0 0 0 0 0 0 

Sulfate m~/ L 3000 0 2 0 0 0 0 0 ---Aluminum, dissolved mg/ L 5 0 0 0 0 0 0 0 

Arsenic, dissolved mg/L 0.2 0 0 0 0 0 0 0 

Barium, dissolved mg/L ... 0 0 0 0 0 0 0 

Boron , dissolved rng/ L 5 0 0 0 0 0 0 0 

Cadmium, dis solved rng/ L 0 .05 0 0 0 0 0 0 0 

Chromium , dissolved rng/ L 0 .05 0 0 0 0 0 0 0 

Copper , dissolved mg/L o.s 0 0 0 0 0 0 0 

Iron, dissolved mg/ L --- 0 0 0 0 0 0 0 

Iron, total mg/ L • •·• 0 0 0 0 0 0 0 

Lead, dissolved mg/ L 0 . 1 0 0 0 0 0 0 0 

Manganese, dissolved mg/ L --- 0 0 0 0 0 0 0 

Manganese, totaJ mg/ L --- 0 0 0 0 0 0 0 

Mercury, dissolved mg/ L 0 .00005 0 0 0 0 0 0 0 

Molybdenum, dissolved mg/ L --- 0 0 0 0 0 0 0 

Nickel , dissolved mg/L -- 0 0 0 0 0 0 0 

Selenium , dissolved mg/ L 0 .05 0 0 0 0 0 0 0 

Zinc, dissolved mg/ L 2 5 0 0 0 0 0 0 0 

Pmk Indicates the nu mber of baseline samples whose results exceed the underground water class use suitability as de fined by WQD, Cha pter 8, Table 1 

December 2019 

riJ Z riJ Z/BZ/Z riJ 'peuu'e.oS 

B rooK Mine 

578434-AL-2 LAYA #1 578415-AL-1 TDAW-01 LAYA #2 LAYA #3 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

D6-T48a 
DEQ Ex. 3-106



ril Z ril Z/SZ/Z ril ~ peuue.os 

RAMA_,..., Brooi<: Mine 

Table D6. 2-9. Groundwater Quality Comparison of Alluvial Wells fo r EPA Standards 

Paramete r Unite 
EPA Primary 

Standard 578418-AL 578512-AL 578513-AL 578420-AL- l 578524-AL- l 578433-AL-l 578434-AL- l 578434-AL-2 LAYA #1 578415-AL-1 TDAW--01 LAYA#2 LAYA #J 
O.aeral 

Alkalinity (as CaC03) mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ammonia mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Fluoride mg/L 4 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hardness (as CaC03) mg/L ·-· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hydroxide mg/L ·-· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Laboratory conductivity µmhos /cm ·-· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Laboratory pH s.u. ·-· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nitrate/Nitrite mg/L ·-· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Dissolved Solids mg/ L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sodium Adsorption Ration (SAR) unitless --- 0 0 0 0 0 0 0 0 0 0 0 0 0 

IIIA\lorlou 
Calcium mg/ L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Magnesium mg/L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Potassium mg/ L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sodium mg/L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bicarbonate mg/ L -- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Carbonate mg/ L -- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chloride mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sulfate mg/L -- 0 0 0 0 0 0 0 0 0 0 0 0 0 

lletala 
Aluminum , dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Arsenic , dissolved mg/ L 0 .01 0 0 0 0 0 0 0 0 0 0 0 0 0 

Barium, dissolved mg/ L 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Boron, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cadmium, dissolved mg/L 0 .005 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chromium, dissolved rng/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Copper, dis solved mg/L 1.3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Iron , di ssolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Iron , total mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lead, dissolved mg/ L 0 .015 0 0 0 0 0 0 0 0 0 0 0 0 0 

Manganese, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Manganese, total mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mercury, dissolved mg/L 0 .002 0 0 0 0 0 0 0 0 0 0 0 0 0 
Molybdenum, dissolved rng/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nickel, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Selenium, dissolved mg/ L 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zinc, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 
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Table D6.2-9. Groundwater Quality Come arison of Alluvial Wells for EPA Standards !Continued) 

Parameter UD.lto 
EPA Secondary 

Standard. 57 8 418•AL 57 8512-AL 578513-AL 578420-AL-l 578524-AL- l 578433·AL- 1 578434-AL-l 578434-AL-2 LAYA#1 57S41S-AL-1 TDAW--01 LAYA#2 LAYA #3 
0e-ra1 
Alkalinity I•• CaC03) mg/L --· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ammonia mg/L --· 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fluoride mg/L 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hardness (as CaC03) mg/L --· 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hydroxide mg/L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 
Laboratory conductivity µmhos/cm --· 0 0 0 0 0 0 0 0 0 0 0 0 0 

Laboratory pH s.u . 8 .5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nitrate/Nitrite mg/L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Disso lved Solids mg/L 500 2 4 4 2 4 5 4 0 1 2 1 1 1 
Sodium Adsorption Ration (SAR) unitless - 0 0 0 0 0 0 0 0 0 0 0 0 0 
111\Jorlou 
Calcium mg/L --- 0 0 0 0 0 0 0 0 0 0 0 0 0 
Magnes ium mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Potassium mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sodium mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bicarbonate mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Carbonate mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Chloride mg/L 250 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sulfate mg/L 2 50 2 4 4 0 2 s 2 0 0 2 0 1 0 -Aluminum, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Arsenic, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Barium, di ssolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Boron, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cadmium, dissolved mg/L ·- 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chromium, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Copper, dissolved mg/L 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Iron , dissolved mg/L 0 .3 0 4 0 0 4 s 4 l 0 0 0 0 0 
Iron, total mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lead, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Manganese, dissolved mg/L 0 .0 5 0 4 4 l 4 s 4 l 0 2 1 1 0 
Manganese, total mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mercury, dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 

Molybdenum, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nickel , dissolved mg/L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Selenium, dissolved mg/ L ... 0 0 0 0 0 0 0 0 0 0 0 0 0 
Zinc, dissolved mg/ L 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pmk Indicates the number of baseline samples whose results exceed the EPA Pnmary or Secondary MCLs 
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Table D6.2-10. Groundwater Quality Comparison of Underburden Wells for WDEQ Standards 

Parameter 

General 

Alkalinity (as CaC03) 

Ammonia 

Fluoride 

Hardness (as CaC03) 

Hydroxide 

Laboratory conductivity 

Laboratory pH 

Nitrate/Nitrite 

Total Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

Major Ions 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, total 

Lead, dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel, dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

Units 
WDEQ Class I WDEQ Class II WDEQ Class Il l 

Standard 578409-UBN Standard 578409-UBN Standard 578409-UBN 

mg/L --- 0 --- 0 --- 0 
mg/L 0.5 3 --- 0 -- 0 
mg/L 4 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 

µmhos/cm --- 0 --- 0 --- 0 
s.u. 8.5 0 9 0 8.5 0 

mg/L --- 0 --- 0 -- 0 
mg/L 500 4 2000 4 5000 0 

unitless --- 0 8 4 --- 0 

mg/L --- 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L 250 0 100 0 2000 0 
mg/L 250 4 200 4 3000 0 

mg/L --- 0 5 0 5 0 
mg/L 0.05 0 0.1 0 0.2 0 
mg/L 2 0 --- 0 --- 0 
mg/L 0.75 0 0.75 0 5 0 
mg/L 0.005 0 0.01 0 0.05 0 
mg/L 0.1 0 0.1 0 0.05 0 
mg/L 1 0 0.2 0 0.5 0 
mg/L 0.3 0 5 0 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 5 0 0.1 0 
mg/L 0.05 3 0.2 2 --- 0 
mg/L --- 0 --- 0 --- 0 
mg/L 0.002 0 --- 0 0.00005 0 
mg/L --- 0 --- 0 --- 0 
mg/L --- 0 0.2 0 --- 0 
mg/L 0.05 0 0.02 0 0.05 0 
mg/L 5 0 2 0 25 0 

Indicates the number of baseline samples whose results exceed the underground water class use su itabil ity as defined by WQD, 

Chapter 8, Table 1. 
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Ta ble D6.2- 1 l. Groun dwater Quality Comparison of Underburden Wells for EPA Standards 

Parameter Un its 
EPA Primary EPA Secondary 

Standard 578409-UBN Standard 578409-UBN 

General 

Alkalinity (as CaC03) mg/L --- 0 --- 0 
Ammonia mg/L --- 0 --- 0 
Fluoride mg/L 4 0 2 0 
Hardness (as CaC03) mg/L --- 0 --- 0 
Hydroxide mg/L --- 0 --- 0 
Laboratory conductivity µmhos/cm --- 0 --- 0 
Laboratory pH s.u. --- 0 8.5 0 
Nitrate/N itrite mg/L --- 0 --- 0 
Total Dissolved Solids mg/L --- 0 500 4 

Sodium Adsorption Ratio (SAR) unitless --- 0 --- 0 
Major Ions 

Calcium mg/L --- 0 --- 0 
Magnesium mg/L --- 0 --- 0 
Potassium mg/L --- 0 --- 0 
Sodium mg/L --- 0 --- 0 
Bicarbonate mg/L --- 0 --- 0 
Carbonate mg/L -- 0 --- 0 
Chloride mg/L -- 0 250 0 
Sulfate mg/L --- 0 250 4 

Metals 

Aluminum, dissolved mg/L --- 0 --- 0 
Arsenic, dissolved mg/L 0.01 0 --- 0 
Barium, dissolved mg/L 2 0 --- 0 
Boron, dissolved mg/L --- 0 --- 0 
Cadmium, dissolved mg/L 0.005 0 --- 0 
Chromium, dissolved mg/L --- 0 --- 0 
Copper, dissolved mg/L 1.3 0 1 0 
Iron, dissolved mg/L --- 0 0.3 0 
Iron, total mg/L --- 0 --- 0 
Lead, dissolved mg/L 0.015 0 --- 0 
Manganese, dissolved mg/L --- 0 0.05 3 
Manganese, tota l mg/L --- 0 --- 0 
Mercury, dissolved mg/L 0.002 0 --- 0 
Molybdenum, dissolved mg/L --- 0 --- 0 
Nickel, dissolved mg/L --- 0 --- 0 
Selenium, dissolved mg/L 0.05 0 --- 0 
Zinc, dissolved mg/L --- 0 5 0 

Pink Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 
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Table D6 .2- 12. Groundwater Quality Comparison of Masters Coal Seam Wells for WDEQ Standards 

Parameter 

General 
Alkalinity (as CaC03) 

Ammonia 

Fluoride 

Hardness (as CaC03) 

Hydroxide 

Laboratory conductivity 

Laboratory oH 

Nitrate/Nitrite 

Total Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

Major Ions 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsen ic, dissolved 

Barium, dissolved 

Boron , dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, total 

Lead, dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

Units 
WDEQClass I 

Standard 578408-MST 578409-MST 578409-MST-OB 578418-MST 578510-MST 578511-MST 578512-MST 578513-MST 

Not Sampled DRY DRY DRY 

mg/L ... 0 0 0 0 

mg/L 0.5 4 4 2 3 

mg/L 4 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

µmhos/cm ... 0 0 0 0 

s.u. 8.5 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L 500 4 4 2 3 

unitless ... 0 0 0 0 

mg/L ... 0 0 0 0 

mg/L ... 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L 250 0 0 0 0 

mg/L 250 4 4 2 3 

mg/L --- 0 0 0 0 

mg/L 0.05 0 0 0 0 

mg/L 2 0 0 0 0 

moi l 0.75 0 0 0 0 

mg/L 0.005 0 0 0 0 

mg/L 0.1 0 0 0 0 

mg/L 1 0 0 0 0 

mg/L 0.3 4 0 1 2 

moi l ... 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L 0.05 4 4 2 3 

moil --- 0 0 0 0 

mg/L 0.002 0 0 0 0 

mg/L --- 0 0 0 0 

moil ... 0 0 0 0 

mg/L 0.05 0 0 0 0 

mg/L 5 0 0 0 0 

Indicates the number of baseline samples whose results exceed the underground water class use suitability as defined by WQD, Chapter 8, Table 1 
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Table 06.2-12. Groundwater Qu ality Comparison of Mas ters Coal Seam Wells fo r WDEQ Standards (Continued) 

Parameter 

General 

Alkalinity (as CaC03) 

Ammonia 

Fluoride 

Hardness (as CaC03) 

Hydroxide 

Laboratory conductivity 

Laboratory pH 

Nitrate/Nitrite 

Tota l Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

Major Ions 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, tota l 

Lead, dissolved 

Mancianese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel, dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

Units 
WDEQClass II 

Standard 578408-MST 578409-MST 578409-MST-OB 578418-MST 578510-MST 578511-MST 578512-MST 578513-MST 

Not Sampled DRY DRY DRY 
mci/L ·-· 0 0 0 0 

mg/L ·-· 0 0 0 0 

mg/L ·-· 0 0 0 0 

mci/L ·-· 0 0 0 0 

mg/L --- 0 0 0 0 

µmhos/cm --- 0 0 0 0 

s.u. 9 0 0 0 0 

mg/L --- 0 0 0 0 

mci/L 2000 0 0 1 3 

unitless 8 0 4 1 2 

mci/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L ··- 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

mci/L --- 0 0 0 0 

mg/L 100 0 0 0 0 

mg/L 200 4 4 2 3 

mg/L 5 0 0 0 0 

mg/L 0.1 0 0 0 0 

mci/L --- 0 0 0 0 

mg/L 0.75 0 0 0 0 

mci/L 0.01 0 0 0 0 

mg/L 0.1 0 0 0 0 

mg/L 0.2 0 0 0 0 

mci/L 5 0 0 0 0 

mg/L --- 0 0 0 0 

mg/L 5 0 0 0 0 

mci/L 0.2 2 2 1 0 

mg/L --- 0 0 0 0 

mg/L --- 0 0 0 0 

mci/L --- 0 0 0 0 

mg/L 0.2 0 0 0 0 

mci/L 0.02 0 0 0 0 

mg/L 2 0 0 0 0 

Indicates the number of baseline samples whose results exceed the underground water class use suitabil ity as defined by WQD, Chapter 8, Table 1 
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Table D6.2-12 . Groundwater Quality Comparison of Masters Coal Seam Wells for WDEQ Standards (Continued) 

Parameter 

General 
Alkal inity (as CaC03) 

Ammonia 

Fluoride 

Hardness (as CaC03) 

Hydroxide 

Laboratory conductivitv 

Laboratory pH 

Nitrate/Nitrite 

Total Dissolved Sol ids 
Sodium Adsorption Ratio (SAR) 

Maiorlons 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Coooer, dissolved 

Iron, dissolved 

Iron, total 

Lead, dissolved 

Manoanese, dissolved 

Manganese, total 

Mercurv, dissolved 

Molybdenum, dissolved 

Nickel , dissolved 

Selenium, dissolved 
Zinc, dissolved 

Pink 

Units 
WOEQClass Ill 

Standard 578408-MST 578409-MST 578409-MST-OB 578418-MST 578510-MST 578511 -MST 578512-MST 578513-MST 

NotSamoled DRY DRY DRY 
mg/L --- 0 0 0 0 

mg/l --- 0 0 0 0 

moi l ... 0 0 0 0 

mg/L -· 0 0 0 0 

moi l --- 0 0 0 0 

µmhos/cm ... 0 0 0 0 

s.u. 8.5 0 0 0 0 

moi l ... 0 0 0 0 

mg/L S000 0 0 0 0 

unitless -· 0 0 0 0 

moi l -·· 0 0 0 0 

mg/L ... 0 0 0 0 

moi l ... 0 0 0 0 

mg/L ... 0 0 0 0 

moi l ... 0 0 0 0 

mai l ... 0 0 0 0 

mg/L 2000 0 0 0 0 

mQ/l 3000 0 0 0 0 

mg/L 5 0 0 0 0 

moi l 0.2 0 0 0 0 

mg/l ... 0 0 0 0 

mg/l 5 0 0 0 0 

moi l 0.05 0 0 0 0 

mg/l 0.05 0 0 0 0 

moi l 0.5 0 0 0 0 

mai l ... 0 0 0 0 

mg/l ... 0 0 0 0 

moi l 0.1 0 0 0 0 

mai l ... 0 0 0 0 

mg/l ·-· 0 0 0 0 

mg/L 0.00005 0 0 0 0 

mai l ... 0 0 0 0 

mg/l ... 0 0 0 0 

mai l o.os 0 0 0 0 

mg/l 2S 0 0 0 0 

Indicates the number of basel ine samples whose results exceed the underground water class use suitabili t y as defined by WQD, Chapter 8, Table 1 
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Table D6 2- 13 Groundwater Quality Comparison of Masters Coal Seam Wells for EPA Standards 

Parameter Units 
EPA Primary 

Standard 578408-MST 578409-MST 578409-MST-OB 578418-MST 

General Not Sampled DRY 
Alkalinity (as CaCO3} mg/L --- 0 0 

Ammonia mg/L --- 0 0 

Fluoride mg/L 4 0 0 

Hardness (as CaCO3) mg/L --- 0 0 

Hydroxide mg/L --- 0 0 
Laboratory conductivity µmhos/cm -- 0 0 

Laboratory pH s.u. --- 0 0 

Nitrate/Nitrite mg/L --- 0 0 

Total Dissolved Solids mg/L --- 0 0 

Sodium Adsorption Ratio (SAR) unitless --- 0 0 

Major Ions 

Calcium mg/L --- 0 0 

Magnesium mg/L --- 0 0 

Potassium mg/L --- 0 0 

Sodium mg/L --- 0 0 

Bicarbonate mg/L --- 0 0 

Carbonate mg/L --- 0 0 

Chloride mg/L --- 0 0 

Sulfate mg/L --- 0 0 

Metals 

Aluminum, dissolved mg/L --- 0 0 

Arsenic, dissolved mg/L 0.01 0 0 

Barium, dissolved mg/L 2 0 0 

Boron, dissolved mg/L --- 0 0 

Cadmium, dissolved mg/L 0.005 0 0 

Chromium, dissolved mg/L --- 0 0 

Copper, dissolved mg/L 1.3 0 0 

Iron, dissolved mg/L --- 0 0 

Iron, total mg/L --- 0 0 

Lead, dissolved mg/L 0.015 0 0 

Manganese, dissolved mg/L -- 0 0 

Manganese, total mg/L --- 0 0 

Mercury, dissolved mg/L 0.002 0 0 

Molvbdenum, dissolved mg/L --- 0 0 

Nickel, dissolved mg/L --- 0 0 

Selenium, dissolved mg/L 0.05 0 0 
Zinc, dissolved mg/L --- 0 0 

Pink Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 

578510-MST 578511-MST 578512-MST 578513-MST 

DRY DRY 
0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 
0 0 

0 0 

0 0 
0 0 
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Table 06 .2- 13 . Groundwater Quality Comparison of Masters Coal Seam Wells for EPA Standards 

Parameter Units 
EPA Secondary 

Standard 578408-MST 578409-MST 578409-MST-OB 578418-MST 

General Not Sampled DRY 
Alkalinity (as CaC03) mg/L ... 0 0 

Ammonia mQ/L ... 0 0 

Fluoride mg/L 2 0 0 

Hardness (as CaC03) mg/L ... 0 0 

Hydroxide mg/L ... 0 0 

Laboratory conductivity µmhos/cm ... 0 0 

Laboratory pH s.u. 8.5 0 0 

Nitrate/Nitrite mg/L ... 0 0 

Total Dissolved Solids mg/L 500 4 4 
Sodium Adsorption Ratio (SAR) unitless ... 0 0 

Major Ions 

Calcium mg/L ... 0 0 

MaQnesium mQ/L ... 0 0 

Potassium mg/L ... 0 0 

Sodium mQ/L ... 0 0 

Bicarbonate mg/L ... 0 0 

Carbonate mg/L ... 0 0 

Chloride mQ/L 250 0 0 

Sulfate mg/L 250 4 4 
Metals 

Aluminum, dissolved mQ/L ... 0 0 

Arsenic, dissolved mg/L ... 0 0 

Barium, dissolved mg/L ... 0 0 

Boron, dissolved mQ/L ... 0 0 

Cadmium, dissolved mg/L ... 0 0 

Chromium, dissolved mQ/L ... 0 0 

Copper, dissolved mg/L 1 0 0 

Iron, dissolved mg/L 0.3 4 0 

Iron, total mQ/L ... 0 0 

Lead , dissolved mg/L ... 0 0 

Manganese, dissolved mg/L 0.05 4 4 
ManQanese, total mQ/L ... 0 0 

Mercury, dissolved mg/L ... 0 0 

Molybdenum, dissolved mg/L -- 0 0 

Nickel , dissolved mQ/L ... 0 0 

Selenium, dissolved mg/L ... 0 0 
Zinc, dissolved mg/L 5 0 0 

Pink Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 

578510-MST 578511-MST 578512-MST 578513-MST 

DRY DRY 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

2 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

2 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 2 
0 0 

0 0 

2 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
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Table D6 .2-14. Groundwater Quality Comparison of Masters/Carney Commingled Coal Seam Wells for WDEQ Standards 

Parameter 

General 
Alkalinity (as CaC03) 

Ammonia 

Fluoride 

Hardness (as CaC03) 

Hydroxide 

Laboratory conductivity 

Laboratory pH 

Nitrate/Nitrite 

Total Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

Major Ions 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 
Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, total 

Lead, dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

Units 
WDEQ Class I WDEQ Class II WDEQ Class Ill 

Standard 578415-MST/CRN Standard 578415-MST/CRN Standard 578415-MST/CRN 

mg/L ... 0 ... 0 . .. 0 
mg/L 0.5 4 ... 0 ... 0 
mg/L 4 0 ... 0 . .. 0 
mg/L --- 0 ... 0 ... 0 
mg/L ... 0 ... 0 . .. 0 

µmhos/cm ... 0 ... 0 . .. 0 
s.u. 8.5 0 9 0 8.5 0 

mg/L ... 0 ... 0 -- 0 
mg/L 500 4 2000 0 5000 0 

unitless ... 0 8 4 . .. 0 

mg/L ... 0 . .. 0 . .. 0 
mg/L ... 0 . .. 0 . .. 0 
mg/L ... 0 ... 0 . .. 0 
mg/L ... 0 ... 0 . .. 0 
mg/L ... 0 --- 0 . .. 0 
mg/L ... 0 ... 0 . .. 0 
mg/L 250 0 100 0 2000 0 
mg/L 250 3 200 4 3000 0 

mg/L ... 0 5 0 5 0 
mg/L 0.05 0 0.1 0 0.2 0 
mg/L 2 0 ... 0 . .. 0 
mg/L 0.75 0 0.75 0 5 0 
mg/L 0.005 0 0.01 0 0.05 0 
mg/L 0.1 0 0.1 0 0.05 0 
mg/L 1 0 0.2 0 0.5 0 
mg/L 0.3 0 5 0 ... 0 
mg/L ... 0 ... 0 . .. 0 
mg/L -- 0 5 0 0.1 0 
mg/L 0.05 3 0.2 0 ... 0 
mg/L ... 0 ... 0 . .. 0 
mg/L 0.002 0 ... 0 0.00005 0 
mg/L ... 0 ... 0 . .. 0 
mg/L ... 0 0.2 0 . .. 0 
mg/L 0.05 0 0.02 0 0.05 0 
mg/L 5 0 2 0 25 0 

Indicates the number of baseli ne samples whose results exceed the underground water class use suitability as defined by WQD, Chapter 8, Table 1 
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Table D6.2-15 . Groundwater Quality Comparison of Masters/Carney Commin gled Coal Seam Wells for EPA Standards 

Parameter Units 
EPA Primary EPA Secondary 

Standard 578415-MST/CRN Standard 578415-MST/CRN 

General 

Alkal inity (as CaC03) mg/L ... 0 ... 0 
Ammonia mg/L ... 0 ... 0 
Fluoride mg/L 4 0 2 0 
Hardness (as CaC03) mg/L ... 0 ... 0 
Hydroxide mg/L ... 0 ... 0 
Laboratory conductivity µmhos/cm ... 0 ... 0 
Laboratory pH s.u. . .. 0 8.5 0 
Nitrate/Nitrite mg/L ... 0 ... 0 
Total Dissolved Solids mg/L ... 0 500 4 

Sodium Adsorption Ratio (SAR) unitless ... 0 ... 0 
Major Ions 

Calcium mg/L ... 0 . .. 0 
Magnesium mg/L ... 0 ... 0 
Potassium mg/L - 0 ... 0 
Sodium mg/L ... 0 ... 0 
Bicarbonate mg/L ... 0 ... 0 
Carbonate mg/L ... 0 ... 0 
Chloride mg/L ... 0 250 0 
Sulfate mg/L -- 0 250 3 

Metals 

Aluminum, dissolved mg/L ... 0 ... 0 
Arsenic, dissolved mg/L 0.01 0 ... 0 
Barium, dissolved mg/L 2 0 ... 0 
Boron, dissolved mg/L ... 0 ... 0 
Cadmium, dissolved mg/L 0.005 0 ... 0 
Chromium, dissolved mg/L ... 0 ... 0 
Copper, dissolved mg/L 1.3 0 1 0 
Iron, dissolved mg/L ... 0 0.3 0 
Iron, total mg/L ... 0 ... 0 
Lead, dissolved mg/L 0.015 0 ... 0 
Manganese, dissolved mg/L ... 0 0.05 3 

Manganese, total mg/L ... 0 ... 0 
Mercury, dissolved mg/L 0.002 0 ... 0 
Molybdenum, dissolved mg/L ... 0 ... 0 
Nickel, dissolved mg/L ... 0 ... 0 
Selenium, dissolved mg/L 0.05 0 ... 0 
Zinc, dissolved mg/L ... 0 5 0 

Pink Indicates the num ber of baseline sampl es whose resu lts exceed t he EPA Primary or Secondary MCLs 

mzmZ/SZ/Zm ~peuu~~s 
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Table D6.2-16. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standard s 

Parameter 

General 

Alkalinity (as CaC03) 

Ammonia 

Fluoride 

Hardness (as CaC03) 

Hydroxide 

Laboratory conductivity 

Laboratory pH 

Nitrate /Nitrite 

Total Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

Major Iona 

Calcium 

Magnesium 

Pota ssium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

lletala 
Aluminum, dissolved 

Arse nic, dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, total 

Lead, dissolved 

Manganese, d issolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel , d issolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

Units 
WDEQ Class I 

Standard 578408-CRN 578409-CRN 578409-CRN-OB 578417-CRN 578418-CRN 578510-CRN 

Not Sampled DRY DRY 
mg/L --- 0 0 0 

mg/ L 0.5 1 4 3 

mg/ L 4 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

µmhos/ c m --- 0 0 0 

s .u . 8.5 0 0 0 

mg/L --- 0 0 0 

mg/L 500 4 4 4 

unitless --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 250 0 0 0 

mg/ L 250 4 4 2 

mg/L --- 0 0 0 

mg/L 0 .05 0 0 0 

mg/L 2 0 0 0 

mg/L 0.75 0 0 0 

mg/L 0.005 0 0 0 

mg/L 0.1 0 0 0 

mg/L 1 0 0 0 

mg/L 0.3 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L 0 .05 4 4 2 

mg/L --- 0 0 0 

mg/L 0 .002 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

mg/L 0.05 0 0 0 

mg/L 5 0 0 0 

Indicates the number of baseline samples wh ose results exceed the u nderground water class use suitability 
as defined by WQD, Chapter 8, Table 1 
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Table D6 .2- 16. Groun dwater Quality Com parison of Carney Coal Seam Wells for WDEQ Standards (Continued ) 

Parameter 

General 
Alkalinity (as CaC03) 

Ammon ia 

Fluoride 

Hardness (as CaC03) 

Hyd roxide 

Laboratory conduct ivity 

Laboratory pH 

Nitra te/Nitrite 

Total Dissolved Solids 

Sod ium Adsorption Ra t io (SAR) 

Major Iona 

Calcium 

Magnesium 

Potassium 

Sod iu m 

Bicarbona te 

Carbonate 

Chloride 

Sulfate 

lletala 

Aluminum, d issolved 

Arsenic , dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmiu m, d issolved 

Chromium, d issolved 

Copper, dissolved 

Iron, dissolved 

Iron , total 

Lead , dissolved 

Manganese, dissolved 

Manganese , total 

Me rcury, dissolved 

Molybdenum, dissolved 

Nickel, di ssolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

Units 
WDEQ Class I 

Standard 578511-CRN 578512-CRN 578513-CRN 578420-CRN-PUMP-l 578524-CRN-PUMP-l 

DRY DRY 
mg/ L --- 0 0 0 

mg/ L 0.5 4 5 1 

mg/ L 4 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

µmhos / cm --- 0 0 0 

s .u. 8.5 0 0 0 

mg/L --- 0 0 0 

m g/L 500 4 5 1 

un itless --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 250 0 0 0 

mg/ L 250 4 0 0 

mg/ L --- 0 0 0 

mg/L 0.05 0 0 0 

mg/ L 2 0 0 0 

mg/L 0.75 0 0 0 

mg/L 0.005 0 0 0 

mg/ L 0.1 0 0 0 

mg/L 1 0 0 0 

mg/L 0 .3 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L 0.05 4 5 0 

mg/L --- 0 0 0 

m g/L 0.002 0 0 0 

m g/ L --- 0 0 0 

m g/L --- 0 0 0 

mg/ L 0.05 0 0 0 

mg/L 5 0 0 0 

Indica tes the number of baseline samples whose results exceed the underground water cla s s use suitability 
as d efined by WQD, Cha pter 8 , Ta ble 1 
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Table D6.2-16. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standards (Continued) 

Parameter Units 
WDEQ Class n 

Standard 578408-CRN 578409-CRN 578409-CRN-OB 578417-CRN 578418-CRN 578510-CRN 

General Not Sampled DRY DRY 
Alkalinity (a s CaC03) mg/L --- 0 0 0 

Ammonia mg/ L --- 0 0 0 

Fluoride mg/ L --- 0 0 0 

Hardness (a s CaC03) mg/ L --- 0 0 0 

Hydroxide mg/ L --- 0 0 0 

Laboratory conductivity µmhos/cm --- 0 0 0 

Laboratory pH s .u . 9 0 0 0 

Nitrate /Nitrite mg/ L --- 0 0 0 

Total Dissolved Solids mg/ L 2000 2 0 0 

Sodium Adsorption Ratio (SAR) unitless 8 0 0 4 

M~or Iona 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron , dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper , dissolved 

Iron, dissolved 

Iron, total 

Lea d , dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L 100 0 0 0 

mg/L 200 4 4 4 

mg/ L 5 0 0 0 

mg/ L 0 .1 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0 .75 0 0 0 

mg/ L 0 .01 0 0 0 

mg/ L 0.1 0 0 0 

mg/ L 0.2 0 0 0 

mg/ L 5 0 0 0 

mg/ L --- 0 0 0 

mg/ L 5 0 0 0 

mg/ L 0 .2 4 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0.2 0 0 0 

mg/ L 0.02 0 0 0 

mg/ L 2 0 0 0 

Indicates the number of baseline samples whose results exceed the underground water class use suitability 
as defined by WQD, Chapter 8, Table 1 
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Table D6 .2- 16. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standards (Continued) 

Parameter 
Units WDEQ Class II 

Standard 578511-CRN 578512-CRN 578513-CRN 578420-CRN-PUMP-l 578524-CRN-PUMP-l 

General DRY DRY 
Alkalinity (as CaCO3) mg/L --- 0 0 0 

Ammonia mg/ L --- 0 0 0 

Fluoride mg/L --- 0 0 0 

Hardness (as CaCO3) mg/ L --- 0 0 0 

Hydroxide mg/L --- 0 0 0 

Laboratory conductivity µmho s/cm --- 0 0 0 

Laboratory pH s.u. 9 0 0 0 

Nitrate/ Nitrite mg/ L --- 0 0 0 

Total Dissolved Solids mg/L 2000 4 0 0 

Sodium Adsorption Ratio (SAR) unitless 8 4 0 1 

Major Iona 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

lletala 

Aluminum, dissolved 

Arsenic , dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron , total 

Lead, dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L 100 0 0 0 

mg/L 200 4 0 0 

mg/ L 5 0 0 0 

mg/ L 0 . 1 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0 .75 0 0 0 

mg/ L 0 .01 0 0 0 

mg/ L 0 .1 0 0 0 

mg/ L 0.2 0 0 0 

mg/ L 5 0 0 0 

mg/ L --- 0 0 0 

mg/ L 5 0 0 0 

mg/ L 0 .2 3 5 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0.2 0 0 0 

mg/ L 0.02 0 0 1 

mg/ L 2 0 0 0 

Indicates the number of baseline samples whose results exceed the underground water class use suitability 
as defined by WQD , Chapter 8 , Table 1 
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Table D6 .2-16. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standards (Continued) 

Parameter Units 
WDEQ Class m 

Standard 578408-CRN 578409-CRN 578409-CRN-OB 578417-CRN 578418-CRN 578510-CRN 

General Not Sampled DRY DRY 
Alkalinity (as CaC03) mg/L --- 0 0 0 

Ammonia mg/ L --- 0 0 0 

Fluoride mg/L --- 0 0 0 

Hardness (a s CaC03) mg/ L --- 0 0 0 

Hydroxide mg/ L --- 0 0 0 

Laboratory conductivity µmho s / cm --- 0 0 0 

Laboratory pH s .u . 8.5 0 0 0 

Nitra te /Nitrite mg/ L --- 0 0 0 

Total Dissolved Solids mg/ L 5000 0 0 0 

Sodium Adsorption Ratio (SAR unitless --- 0 0 0 

ll~or Iona 
Calcium 

Magnesium 

Pota ssium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metal.a 
Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, diss olved 

Iron, dissolved 

Iron, total 

Lead , dissolved 

Manganese , dissolved 

Manga nese, total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 2000 0 0 0 

mg/ L 3000 0 0 0 

mg/ L 5 0 0 0 

mg/ L 0 .2 0 0 0 

mg/ L --- 0 0 0 

mg/ L 5 0 0 0 

mg/ L 0 .05 0 0 0 

mg/ L 0.05 0 0 0 

mg/ L 0.5 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0.1 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0.00005 0 0 0 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0 .05 0 0 0 

mg/ L 25 0 0 0 

Indicates the number of baseline samples whose results exceed the underground water class use suitability as 
defined by WQD, Chapter 8 , Table 1 
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Table D6.2-16. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standards (Continued) 

Parameter Units 
WDEQ Class III 

Standard 578511-CRN 578512-CRN 578513-CRN 578420-CRN-PUMP- l 578524-CRN-PUMP-l 

General DRY DRY 
Alkalinity (as CaC03) mg/L --- 0 0 0 

Ammonia mg/L --- 0 0 0 

Fluoride mg/L --- 0 0 0 

Hardness (as CaC03) mg/ L --- 0 0 0 

Hydroxide mg/ L --- 0 0 0 

Laboratory conductivity µmhos/cm --- 0 0 0 

Laboratory pH s .u. 8 .5 0 0 0 

Nitrate/Nitrite mg/L --- 0 0 0 

Total Dissolved Sobds mg/L 5000 0 0 0 

Sodium Adsorption Ratio (SAR unitless --- 0 0 0 

Major Iou 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsenic , dissolved 

Barium, dissolved 

Boron , dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron , total 

Lead, djssolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum, djssolved 

Nickel, dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

mg/ L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/L --- 0 0 0 

mg/L 2000 0 0 0 

mg/L 3000 0 0 0 

mg/ L 5 0 0 0 

mg/ L 0.2 0 0 0 

mg/ L --- 0 0 0 

mg/L 5 0 0 0 

mg/L 0 .05 0 0 0 

mg/ L 0 .05 0 0 0 

mg/L 0.5 0 0 0 

mg/L --- 0 0 0 

mg/ L --- 0 0 0 

mg/ L 0 .1 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L 0.00005 0 0 0 

mg/L --- 0 0 0 

mg/L --- 0 0 0 

mg/ L 0.05 0 0 0 

mg/ L 25 0 0 0 

Indicates the number of baseline samples whose results exceed the underground water class use suitability 
as defined by WQD, Chap ter 8 , Table 1 

TF 
lECD 
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RAMA_, ~ BrooK Mine 

Table D6 .2- l 7 . Groundwater Quality Com parison of Carney Coal Seam Wells for EPA Standards 

Parameter Units 
EPA Primary 

Standard 578408-CRN 578409-CRN 578409-CRN-OB 578417-CRN 578418-CRN 578510-CRN 578511-CRN 

General Not Sampled DRY DRY 
Alkalinity (as CaCO3) mg/L --- 0 0 0 0 

Ammonia mg/L --- 0 0 0 0 

Fluoride mg/L 4 0 0 0 0 

Hard ness (as CaCO3) mg/L --- 0 0 0 0 

Hydroxide mg/L --- 0 0 0 0 

Laboratory conductivity µmhos/cm --- 0 0 0 0 

Laboratory pH s .u. --- 0 0 0 0 

Nitrate/Nitrite mg/L --- 0 0 0 0 

Total Dissolved Solids mg/L --- 0 0 0 0 

Sodium Adsorption Ratio (SAR) unitless --- 0 0 0 0 

Major Iona 

Calcium mg/ L --- 0 0 0 0 

Magnesiu m mg/L --- 0 0 0 0 

Potassium mg/L --- 0 0 0 0 

Sodium mg/L --- 0 0 0 0 

Bicarbonate mg/L --- 0 0 0 0 

Carbonate mg/L --- 0 0 0 0 

Chloride mg/L --- 0 0 0 0 

Sulfate mg/L --- 0 0 0 0 

lletala 

Aluminum, dissolved mg/L --- 0 0 0 0 

Arsenic , dissolved mg/L 0.01 0 0 0 0 

Barium, dissolved mg/L 2 0 0 0 0 

Boron , dissolved mg/L --- 0 0 0 0 

Cadmium, d issolved mg/L 0.005 0 0 0 0 

Chromium, dissolved mg/L --- 0 0 0 0 

Copper, dissolved mg/L 1.3 0 0 0 0 

Iron, dissolved mg/L --- 0 0 0 0 

Iron , total mg/L --- 0 0 0 0 

Lead, dissolved mg/L 0.015 0 0 0 0 

Manganese, dissolved mg/L --- 0 0 0 0 

Manganese, total mg/L --- 0 0 0 0 

Mercu ry, dissolved mg/ L 0.002 0 0 0 0 

Molybdenum, dissolved mg/L --- 0 0 0 0 

Nickel, dissolved mg/L --- 0 0 0 0 

Selenium, dissolved mg/L 0.05 0 0 0 0 

Zinc, dissolved mg/L --- 0 0 0 0 

Pink Indicates th e number of baseline samples wh ose results exceed the EPA Primary or Secondary MCLs 

TF~ G 2! 025 
September 2019 lEC 09 - 20- 19 

D6-T65 
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Table D6.2-17. Groundwater Quality Comparison of Carney Coal Seam Wells for EPA Standards (Continued) 

Parameter 

General 

Alkalinity (as CaCO3) 

Ammonia 

Fluoride 

Hardness (as CaCO3) 

Hydroxide 

Laboratory conductivity 

Laboratory pH 

Nitrate/Nitrite 

Total Dissolved Solids 

Sodium Adsorption Ratio (SAR) 

Mll,jor Iona 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metals 

Aluminum, dissolved 

Arsenic, dissolved 

Barium, dissolved 

Boron , dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, total 

Lead, dissolved 

Manganese, dissolved 

Manganese, total 

Mercury, dissolved 

Molybdenum , dissolved 

Nickel , dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

Units 
EPA Primary 

Standard 578512-CRN 578513-CRN 578420-CRN-PUMP-l 578524-CRN-PUMP-l 

DRY DRY 
mg/L --- 0 0 

mg/L --- 0 0 

mg/L 4 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

µmhos/cm --- 0 0 

s .u . --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

unitless --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 0 .01 0 0 

mg/L 2 0 0 

mg/L --- 0 0 

mg/L 0 .005 0 0 

mg/L --- 0 0 

mg/L 1.3 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 0 .015 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 0.002 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 0.05 0 0 

mg/L --- 0 0 

Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 

TF 8 2/02 5 
REC D 09-20 - 9 

BrooK Mine 
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Table D6.2-17. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standards (Continued) 

Parameter Units 
EPA Secondary 

Standard 578408-CRN 578409-CRN 578409-CRN-OB 578417-CRN 578418-CRN 578510-CRN 578511 -CRN 

General Not Sampled DRY DRY 
Alkalinity (as CaC03) mg/L --- 0 0 0 0 

Ammonia mg/L --- 0 0 0 0 

Fluoride mg/L 2 0 0 0 0 

Hardness (as CaC03) mg/L --- 0 0 0 0 

Hydroxide mg/L --- 0 0 0 0 

Laboratory conductivity µrnhos / cm --- 0 0 0 0 

Laboratory pH s.u. 8.5 0 0 0 0 

Nitrate/Nitrite mg/L --- 0 0 0 0 

Total Dissolved Solids mg/L 500 4 4 4 4 

Sodium Adsorption Ratio (SAR) unitless --- 0 0 0 0 

llajor Iona 

Calcium mg/L --- 0 0 0 0 

Magnesium mg/L --- 0 0 0 0 

Potassium mg/L --- 0 0 0 0 

Sodium mg/L --- 0 0 0 0 

Bicarbonate mg/L --- 0 0 0 0 

Carbonate mg/L -·-- 0 0 0 0 

Chloride mg/L 250 0 0 0 0 

Sulfate mg/L 250 4 4 2 4 

lletala 
Aluminum, dissolved mg/L --- 0 0 0 0 

Arsenic , dissolved mg/L --- 0 0 0 0 

Barium, dissolved m g/L --- 0 0 0 0 

Boron, dissolved mg/L --- 0 0 0 0 

Cadmium, dissolved mg/L --- 0 0 0 0 

Chromium, dissolved mg/L --- 0 0 0 0 

Copper, dissolved mg/L 1 0 0 0 0 

Iron, dissolved mg/L 0.3 0 0 0 0 

Iron, total mg/L --- 0 0 0 0 
Lead , dissolved mg/L --- 0 0 0 0 

Manganese , dissolved mg/L 0 .05 4 4 2 4 

Manganese, total m g/L --- 0 0 0 0 

Mercury, dissolved mg/L --- 0 0 0 0 

Molybdenum, dissolved m g/L --- 0 0 0 0 

Nickel, d issolved mg/L --- 0 0 0 0 

Selenium, dissolved mg/L --- 0 0 0 0 

Zinc, dissolved mg/L 5 0 0 0 0 

Pink Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 

September 2019 
TF ?/ 025 
E D oq- 20- 19 
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Table D6.2-17. Groundwater Quality Comparison of Carney Coal Seam Wells for WDEQ Standards (Continued) 

Parameter Units 
EPA Secondary 

Standard 578512-CRN 578513-CRN 578420-CRN-PUMP-1 578524-CRN-PUMP-1 

General DRY DRY 
Alkalinity (as CaCO3) mg/ L --- 0 0 

Ammonia mg/L --- 0 0 

Fluoride mg/ L 2 0 0 

Hardness (as CaCO3) mg/L --- 0 0 

Hydroxide mg/L --- 0 0 

Laboratory conductivity µmhos / cm --- 0 0 

Laboratory pH s .u. 8 .5 0 0 

Nitrate/Nitrite mg/L --- 0 0 

Total Dissolved Solids mg/L 500 5 1 

Sodium Adsorption Ratio (SAR) unitless --- 0 0 

Major Iona 

Calcium 

Magnesium 

Potassium 

Sodium 

Bicarbonate 

Carbonate 

Chloride 

Sulfate 

Metala 

Aluminum, dissolved 

Arsenic , dissolved 

Barium, dissolved 

Boron, dissolved 

Cadmium, dissolved 

Chromium, dissolved 

Copper, dissolved 

Iron, dissolved 

Iron, total 

Lead , dissolved 

Manganese , dissolved 

Manganese , total 

Mercury, dissolved 

Molybdenum, dissolved 

Nickel, dissolved 

Selenium, dissolved 

Zinc, dissolved 

Pink 

September 2019 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/ L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 250 0 0 

mg/L 250 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 1 0 0 

mg/L 0.3 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 0 .05 5 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L --- 0 0 

mg/L 5 0 0 

Indicates the number of baseline samples whose results exceed the EPA Primary or Secondary MCLs 

TFH 6 2/ 025 
RECD 09- 20- 19 
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Table D6.2-18. Summary of Groundwater Rights Within the Permit Area and the Adjacent 3 Miles 1
•
2 

Permitted Water Use3 Number of Wells Percent of Total (%) 
Coal Bed Methane 86 17.92 

Coal Bed Methane and Irrigation 8 1.67 
Coal Bed Methane and Miscellaneous 2 0.42 
Coal Bed Methane and Stock Watering 101 21.04 

Domestic 116 24.17 
Domestic and Irrigation 2 0.42 

Domestic, Irrigation, and Stock Watering 1 0.21 
Domestic and Stock Watering 52 10.83 
Industrial and Miscellaneous 1 0.21 

Irrigation 1 0.21 
Irrigation, Miscellaneous, and Stock Watering 1 0.21 

Irrigation and Stock Watering 2 0.42 
Miscellaneous 20 4.17 
Stock Watering 85 17.71 

Other 2 0.42 
Total 480 100.00 

Notes: 1Summa ry does not include cancelled, expired, a bandoned, or suspended water rights. Refer to Adjudication Appendix B for 

a full summa ry of groundwater rights. 
2Wells may not be currently active. 
3Summary excludes monitoring wells. 
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RAMACO Brook Mine 

Table D6 .2 - 19. Groundwater Qu ality Monitor ing Results For Spoil 

Parameter Units 
578415-SPL-1 578415-SPL-2 

6/4/2018 7/11/2018 11/13/2018 1/10/2019 6/4/2018 7/11/2018 11/13/2018 1/10/2019 
Field 

F'ield Conductivity µmhos/ cm 3970 4 180 5360 5060 1782 1786 1884 1848 

F'ield pH s.u . 6 .88 6.85 6.73 6 .71 7 .93 7 .8 1 7 .74 7.68 

Field turbidity NTUs 34.6 45 3 .55 37.5 3 1.3 193 3 1. 5 

Depth to Wa ter ft 15 .88 16.09 18. 1 18.23 6 4.3 70 .8 70.95 70 .6 5 

Wa ter Eleva tion ft AM SL 3587 .78 3587 .57 3585.56 3585.43 3547 .23 3540 .73 3540 .58 3540 .88 

Tern perature DegC 16.2 2 1.3 12.7 9 .6 15. 1 24.6 13.3 9.9 

Ge neral 

Alkalinity (a s CaCO3) mg/ L 941 964 962 1000 1080 ll00 ll70 I 120 

Am monia mg/ L 5.4 4.2 8 .5 7.6 5.7 5.6 4 .8 5 .6 

Fluoride mg/ L 0 .5 0 .5 0 .5 0. 4 1.4 1.4 1.4 1.5 

Hardness (as CaCO3) mg/ L 22 10 2270 25 10 2480 88 84 82 80 

Hydroxide mg/ L <5 <5 <5 <5 <5 <5 <5 <5 

Laboratory conductivity µmh os/ cm 4640 4760 4540 4 140 1970 1950 1800 1750 

Laboratory pH s.u . 7 .7 7 .7 7 .9 7 .9 8 .4 8 .5 8 .5 8 .5 

Nitrate / Nitrite mg/ L 0 .3 <0.1 <0 . 1 <0 . 1 <0 . I 0 . 1 <0 . 1 <0 .1 

Total Dissolved Solids mg/ L 3960 4570 47 10 4800 1240 12 10 1160 1190 
Sodium Ad sorption Ratio (SAR) unitless 3.23 2.8 3 .33 3. 17 22.9 22.2 23 22.2 

Major Ions 

Calcium mg/ L 375 395 430 422 18 17 16 16 

Magnesiu m mg/ L 310 3 13 349 347 II 10 10 10 

Potassium mg/ L 52 46 58 52 15 14 16 16 

Sodium mg/ L 350 307 384 364 494 467 477 456 

Bicarbona te mg/ L 1150 1180 1170 1220 1270 1280 1350 1260 

Carbona te mg/ L <5 <5 <5 <5 25 33 37 49 

Chloride mg/ L 15 15 26 24 16 17 18 16 

Sulfa te mg/ L 2200 2200 2480 25 10 26 7 2 2 

Metals 

Aluminum , dissolved mg/ L <0 . 1 <0 . 1 <0 . I <0 . 1 0.3 <0 . 1 <0 . 1 <0 .1 

Arsenic , dissolved mg/ L <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 

Barium , dissolved mg/ L <0 .1 <0 . 1 <0 . I <0 . 1 0 .3 0 .3 0 .2 0 .3 

Boron , dissolved mg/ L 0 .1 0 . 1 0 . 1 0 . 1 <0 . 1 <0 . 1 <0 . 1 <0 .1 

Cadmium, dissolved mg/ L <0.001 <0 .001 <0 .001 <0 .001 <0 .001 <0 .001 <0 .001 <0.001 

Chromiu m, dissolved mg/ L <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 <0.0 1 <0 .01 <0 .01 

Copper , dissolved mg/ L <0 .01 <0 .01 <0 .01 <0 .01 <0 .0 1 <0 .01 <0 .01 <0 .01 

Iron , dissolved mg/ L 0 .13 0 .06 2.09 2.43 0 . 1 <0.05 <0 .05 0 .07 

Iron, total mg/ L 0 .54 0 .5 2.44 3.09 37.7 0.72 2.27 0 .67 

Lead , dissolved mg/ L <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 <0.02 <0 .02 <0 .02 

Manganese, dissolved mg/ L 1 1.06 1.09 1.12 0 . 16 <0.02 0 .04 <0 .02 

Manganese, total mg/ L 1.16 1.04 1.2 1.18 1.19 0 .0 3 0 .08 0 .03 

Mercury, dissolved mg/ L <0 .00 1 <0 .00 1 <0 .001 <0 .001 <0 .001 <0 .00 1 <0 .001 <0 .00 1 

Molybdenum, dissolved mg/ L <0 .02 <0 .02 <0 .02 <0 .02 <0 .02 <0 .0 2 <0 .02 <0 .02 

Nickel, dissolved mg/ L 0 .02 0 .02 0 .05 0 .04 <0 .01 <0 .0 1 <0 .0 1 <0 .0 1 

Seleniu m , dissolved mg/ L <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 <0 .005 

Zinc, dissolved mg/ L <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 <0 .01 <0 .0 1 <0 .01 

QA/QC 
Anion Su m meq / L 65 .17 65.61 71.65 72.93 22 .76 22 .7 1 23.91 22.9 1 

Ca tion Sum meq/ L 61.1 60 .34 68.99 67.3 1 24 .04 22 .76 23. 14 22.22 

Total Anion/Cation Balance % 3.22 4. 17 1.89 4.01 2.74 0 . 1 1.62 1.5 1 

Total Dissolved Solids (calc) mg/ L 3870 3860 43 10 4320 1230 1190 1240 11 90 

T F H8 ~ / 0 25 
March 2 01 9 RECD MAR n~, 2019 06-1'70 DEQ Ex. 3-129



0 
(") ,...... 
0 
o' 
(I> 
"1 

tv 
0 -00 

mzmZ/SZ/Zm ~peuu~~s 

Table D6.2-20. Groundwater Quality Comparison of Spoil Wells for WDEQ Standards 

Parameter Units 
WDEQ Class I WDEQ Class II WDEQ Class III 

Standard 578415-SPL- 1 578415-SPL-2 Standard 578415-SPL-1 578415-SPL-2 Standard 578415-SPL- 1 578415-SPL-2 
General 

Alkalinity (as CaC03) mg/L --- 0 0 --- 0 0 --- 0 0 
Ammonia mg/L 0 .5 2 2 --- 0 0 --- 0 0 
Fluoride mg/L 4 0 0 --- 0 0 --- 0 0 
Hardness (as CaC03) mg/ L --- 0 0 --- 0 0 --- 0 0 
Hydroxide mg/L --- 0 0 --- 0 0 --- 0 0 
Laboratory conductivity µmhos / cm --- 0 0 --- 0 0 --- 0 0 
Laboratory pH s.u. 8.5 0 0 9 0 0 8.5 0 0 
Nitrate / Nitrite mg/ L --- 0 0 --- 0 0 --- 0 0 
Total Dissolved Solids mg/ L 500 2 2 2000 2 0 5000 0 0 
Sodium Adsorption Ration (SJ unitless --- 0 0 8 0 2 --- 0 0 
Major Ions 

Calcium mg/ L --- 0 0 --- 0 0 --- 0 0 
Magnesium mg/L --- 0 0 --- 0 0 --- 0 0 
Potassium mg/ L --- 0 0 --- 0 0 --- 0 0 
Sodium mg/ L --- 0 0 --- 0 0 --- 0 0 
Bicarbonate mg/L --- 0 0 --- 0 0 --- 0 0 
Carbonate mg/L --- 0 0 --- 0 0 --- 0 0 
Chloride mg/L 250 0 0 100 0 0 2000 0 0 
Sulfate mg/L 250 2 0 200 2 0 3000 0 0 
Metals 
Aluminum, dissolved mg/L --- 0 0 5 0 0 5 0 0 
Arsenic , dissolved mg/L 0.05 0 0 0 . 1 0 0 0.2 0 0 
Barium, dissolved mg/L 2 0 0 --- 0 0 --- 0 0 
Boron , dissolved mg/L 0.75 0 0 0 .75 0 0 5 0 0 
Cadmium, dissolved mg/L 0.005 0 0 0 .01 0 0 0.05 0 0 
Chromium, dissolved mg/ L 0.1 0 0 0 . 1 0 0 0 .05 0 0 
Copper, dissolved mg/ L 1 0 0 0.2 0 0 0 .5 0 0 
Iron, dissolved mg/ L 0.3 0 0 5 0 0 --- 0 0 
Iron, total mg/L --- 0 0 --- 0 0 --- 0 0 
Lead, dissolved mg/L --- 0 0 5 0 0 0.1 0 0 
Manganese , dissolved mg/L 0.05 2 1 0.2 2 0 --- 0 0 
Manganese, total mg/L --- 0 0 --- 0 0 --- 0 0 
Mercury, dissolved mg/ L 0 .002 0 0 --- 0 0 0.00005 0 0 
Molybdenum, dissolved mg/ L --- 0 0 --- 0 0 --- 0 0 
Nickel , dissolved mg/ L --- 0 0 0.2 0 0 --- 0 0 
Selenium, dissolved mg/ L 0 .05 0 0 0.02 0 0 0.05 0 0 
Zinc, dissolved mg/ L 5 0 0 2 0 0 25 0 0 

Pink Indicates the number of baseline samples whose results exceed the underground water class use suitability as defined by WQD, Chapter 8 , Table 1 
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Table D6.2-21. Groundwater Quality Comparison of Spoil Wells for EPA Standards 

Parameter Units 
EPA Primary EPA Secondary 

Standard 5784 15-SPL-1 5784 15-SPL-2 Standard 578415-SPL- 1 578415-SPL-2 
General 

Alkalinity (as CaCO3) mg/ L --- 0 0 --- 0 0 
Ammonia mg/ L --- 0 0 --- 0 0 
Fluoride mg/ L 4 0 0 2 0 0 
Hardness (as CaCO3) mg/ L --- 0 0 --- 0 0 
Hydroxide mg/ L --- 0 0 --- 0 0 
Laboratory conductivity µmhos / cm --- 0 0 --- 0 0 
Laboratory pH s.u . --- 0 0 8.5 0 0 
Nitrate / Nitrite mg/ L --- 0 0 --- 0 0 
Total Dissolved Solids mg/ L --- 0 0 500 2 2 
Sodium Adsorption Ration (SA u n itless --- 0 0 --- 0 0 
Major Ions 

Calcium mg/ L --- 0 0 --- 0 0 
Magnesium mg/ L --- 0 0 --- 0 0 
Potassium mg/ L --- 0 0 --- 0 0 
Sodiu m mg/ L --- 0 0 --- 0 0 
Bicarbonate mg/ L --- 0 0 --- 0 0 
Carbonate mg/ L --- 0 0 --- 0 0 
Chloride mg/ L --- 0 0 250 0 0 
Sulfate mg/ L --- 0 0 250 2 0 
Metals 
Aluminum, dissolved mg/ L --- 0 0 --- 0 0 
Arsenic, dissolved mg/ L 0.01 0 0 --- 0 0 
Barium, dissolved mg/ L 2 0 0 --- 0 0 
Boron, dissolved mg/ L --- 0 0 --- 0 0 
Cadmium, dissolved mg/ L 0 .005 0 0 --- 0 0 
Chromium, dissolved mg/ L --- 0 0 --- 0 0 
Copper, dissolved mg/ L 1.3 0 0 1 0 0 
Iron , d issolved mg/ L --- 0 0 0.3 0 0 
Iron, total mg/ L --- 0 0 --- 0 0 
Lead, dissolved mg/ L 0.015 0 0 --- 0 0 
Manganese, d issolved mg/ L --- 0 0 0.05 2 1 
Manganese , total mg/ L --- 0 0 --- 0 0 
Mercury, dissolved mg/ L 0.002 0 0 --- 0 0 
Molybdenu m, dissolved mg/ L --- 0 0 --- 0 0 
Nickel, dissolved mg/ L --- 0 0 --- 0 0 
Selenium, dissolved mg/ L 0.05 0 0 --- 0 0 
Zinc, dissolved mg/ L --- 0 0 5 0 0 

Pink Ind icates the number of baseline sam ples whose results exceed the EPA Primary or Secondary MCLs 
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Table D6 .2-22 . Ground Water Comparison of Brook, Big Hom, and Wyoming Coal Mines Aquifer Tests . 

Statis tics 

Mean 

Median 

Minimum 

Maximum 

SUndard OeWtion 
Number of 

Observ11tions 

lower end of 95% 

Confidence Interval 
Upper end of 95% 

Confidence lnterw l 

Brook Mine 

21.27 

18.98 

6.72 

39.34 

11.79 

5 

10.93 

31.60 

Alluvium 

Bi& Hom Mine Wyominc Coal Mines 

235.85 6.79 

225.71 2.02 

103.15 0.01 

414.71 166.50 

89 .33 17 .14 

16 112 

192.08 3.61 

279.62 9 .96 

Cool 

Brook Mine Bi&HomMine Wyominc CCMil Mines• Brook Mine 

4.81 2.23 1.23 NA 

0.38 0.33 0.35 NA 

0.01 0.01 0.01 NA 

55.68 17 .70 9 .76 NA 

15.29 4.12 2.06 NA 

13 20 408 0 

0.00 0.42 1.03 NA 

13.12 4.04 1.43 NA 

HydrauUc Conducttvtti., (ft/cS.-y ) 

SpoiJs/ Bockfil/ Overburden Underburden 

Bi& Horn Mine Wyomin1 Coal Mines Brook Mine Bia Hom M ine Wyominc Coal Mines Brook Mine Bic Hom Mine Wyomin1 Coal M ines 

46.56 99.38 NA 98.89 85.48 NA NA 12.98 

36.39 1.47 NA 3.25 0.80 NA NA 1.67 

0.09 0.01 NA 0.00 0.01 NA NA 0.01 

113.38 6416.67 NA 368.65 7085.07 NA NA 242 .00 

56.12 715.21 NA 159 .71 626.61 NA NA 40.44 

4 81 0 5 329 0 0 104 

0.00 0.00 NA 0.00 17.77 NA NA 5.20 

101.56 255.13 NA 238.89 153 .19 NA NA 20.75 

•The full Wyoming Coal Mines dataset included 471 obervations. However, the majority of the observations {408) had hydraulic conductivit ies less than 10 ft/day. 14 of the observations were greater than 1000 ft/ day, up to 55,000 ft/day. The high value observat ions were 4 to 5 

orders of magnitude greater than the majority of observat ions and signrfica nt ty biased th e stat ist ics. The high value observations are thought to be from tests conducted in highly fractured coal wh ich is not typica l of the coals tested in Brooke M ine. As such, the statist ics presented 
here are ba sed on the 408 observat ions less than 10 ft/ day (87% of the dataset ). 
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RAMA1 B Mine 

Table D6.2-23 Overburden Drill Hole and Well Saturation Zone Analysis 

Core/Drill Hole/Well Well Depth (ft) Saturation Saturation Determination 

R-12001 121 Dry Dry 

R-12002 162 Dry Dry 

R-12003 142 Dry Dry 

R-12004 240 Dry Dry 

R13-024 983 Dry Dry 

R-12005 240 Dry Dry 

R-12007 39 Partially Saturated Partially Saturated 

R-12018D 142 Dry Dry 

R-12008 201 Dry Dry 

R-12020 494 Dry Dry 

578511-CRN 128 Dry Dry 

R-12012 136 Dry Dry 

R-12010 120 Dry No Carney indicated in drill hole or cross section 

R-12014 220 Dry No Carney coal indicated in dri ll hole or cross section . Possible Carney Burn. 

R-12013 300 Dry Dry, Carney burn at 120-135 

R-12011 92 Dry Dry 

R-12009-A 65 Dry No Carney indicated in drill hole or cross section. Carney suspected below drilling completion at 65 '. 

R-12019D 140 Partially Saturated Partially Saturated 

R-12015 221 Dry Dry 

R-12006 300 Dry Dry 

R-13-020 302 Partially Saturated Partially Saturated 

R13-023 202 Dry Dry 

Rl3-016 904 Dry Dry 

Rl3-012 202 Partially Saturated Partially Saturated, right above coal. 

Rl3-011 222 Dry Dry 

R13-018 141 Dry Dry - R13-019 210 Dry Dry 
. 

::;;:: Ambre-02 120 Partially Saturated Partially saturated at bottom of silty clay .... 
Ambre-03 96 Partially Saturated Partially saturated 

<µ 
Ambre-04 120 Dry Dry 

' c::, 578409-CRN-O8 (observation) 110 Fully Saturated Well is for observation and drilling log completion 

-
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Table D6.2-24 Carnev Drill Hole and Well Saturation Zone Analvsis 

Core/Drill Hole/Well Well Depth (ft) Saturation Saturation Determination 

R-12001 121 Ory Ory, no indication of water in log and outside area of saturation. 

578510-CRN 91 Ory Partially saturated based off water levels . 

R-12003 142 Ory Ory no indication of water in the core log and outside area of saturation. 

R-12002 162 Ory Dry, potentiometry map will be revised to reflect this edit . 

R-12004 240 Ory Ory, potentiometry map will be revised to reflect this edit. 

Rl3-024 983 Fully Saturated Fully saturated based off drill log and revised potentiometry map. 

R-120180 142 Fully Saturated Fully saturated based on potentiometry map 

R-12008 201 Partially Saturated Partially saturated based on potentiometry map. 

S78511-CRN 128 Fully Saturated Fully saturated based on water levels . 

R-12007 39 Partially Saturated Ory, potentiometry map will be revised to reflect th is edit. 

R-12013 300 Ory Ory based off log, potentiometry map and cross sections. 

R-12014 220 Ory Dry based off log, potentiometry map and cross sections. 

R-12010 120 Ory Ory based on the absence of Carney coal. 

578512-CRN / R-12012 136 Ory Dry based off log, potentiometry map and cross sections. 

R-12020 494 Fully Saturated Fully Saturated based off potentiometry map and cross sections. 

R-12005 240 Ory Dry no indication of water in the core log, potentiometry map or cross section . 

R-12011 92 Ory Ory log did not indicate water and the potentiometric surface is estimated below carney coal level. 

S78Sl3-CRN 116 Partially Saturated Partially saturated based off water levels. 

R-12009-A 65 Ory Ory, drill hole ended above carney coal seam. 

R-120190 140 Fully Saturated Cross section C-C' shows that both upper and lower carney are approximately the same level as R-12015 so inferred saturation level would be the same. 

R-12015 221 Fully Saturated Fully saturated based off the drill log indicating water in it and potentiometry surface at/above upper carney coal surface. 

Rl3-020 302 Ory Ory 

578418-CRN 1S3 Partially Saturated Partially saturated based off water levels. 

R-12006 300 Ory Ory 

Rl3-023 202 Ory Dry based off log, potentiometry map and cross section. 

Rl3-0ll 222 Fully Saturated Fully saturated based on logs, potentiometry maps and cross sections. 

578417-CRN 142 Partially Saturated Partially saturated based on water levels and cross sections. 

Rl3-019 210 Fully Saturated Fully saturated based on potentiometry maps and cross sections. 

RB-012 202 Partially Saturated Partialty saturated based on potentiometry map and cross sections. 

Rl3-016 904 Ory Ory based off log, potentiometry map and cross section. 

578408-CRN/RB-018 141 Partially Saturated Partially Saturated based on water levels . 

Ambre-02 120 Fully Saturated Fully saturated based on cross section and potentionmetry maps. 

Ambre-03 96 Fully Saturated Fully saturated based on cross section and potentionmetry maps. 

Ambre-04 120 Partially Saturated Partially saturated based off a combination of potentiometry map, cross sections and drill log. 

578409-CRN 109 Fully Saturated Fully saturated based off water levels and well development. 

BE284-78 Fully Saturated Fully saturated based off cross sections and potentionmetry maps. 

578415-CRN 182 Fully Saturated Fully saturated based off a combination of the potentiometry map and water levels 

March 2019 

peuue~s 
k Mine 

D6-T75 DEQ Ex. 3-134



RAMAC' Mine 

Table D6 2-25 Underburden Drill Hole and Well Saturation Zone Analysis 

Core/Drill Hole/Well Well Depth (ft) Saturation Saturation Determination 

R-12001 121 Dry Dry because this is outside area of saturation, Log cuts off before underburden. 

578510-MST 146 Fully Saturated Fully to partially saturated based off water levels. 

R-12003 142 Dry Dry no indication of water in the core log. 

R-12002 162 Fully Saturated Fully saturated based off cross sections. 

R-12004 240 Fully Saturated Fully Saturated based off cross section and potentiometry map. 

R13-024 983 Fully Saturated Fully Saturated based off cross section and potentiometry map. 

R-12018D 142 Fully Saturated Partially to Fully Saturated based off cross section and potentiometry map. 

R-12008 201 Fully Saturated Fully saturated based off cross section and potentiometry map. 

578511-MST 157 Fully Saturated Fully saturated based off water levels 

R-12007 39 Fully Saturated Fully Saturated based off cross section and potentiometry map 

R-12013 300 Fully Saturated Masters not indicated in log/cross section 

R-12014 220 Fully Saturated Masters not indicated in log/cross section 

R-12010 120 Fully Saturated Fully saturated based off potentiometry map. 

578512-MST / R-12012 136 Partially Saturated Partially saturated based on water levels. 

R-12020 494 Fully Saturated Fully Saturated based off cross section and potentiometry map 

R-12005 240 Fully Saturated Fully Saturated based off cross section and potentiometry map 

R-12011 92 Fully Saturated Fully saturated based off log, cross section and potentiometry map 

578513-MST 142 Fully Saturated Fully Saturated based off cross section and potentiometry map 

R-12009-A 65 Fully Saturated Fully saturated based off potentiometry map. 

R-12019D 140 Fully Saturated Fully saturated based off potentiometry map. 

R-12015 221 Fully Saturated Fully Saturated based off potentiometry map. 

R-13-020 302 Dry Dry 

578418-MST 183 Partially Saturated Partially Saturated based off water levels and cross sections 

R-12006 300 Dry Dry based on saturation boundary, log and cross sections 

R13-023 202 Dry Dry based on saturation boundary, log and cross sections 

Rl3-011 222 Fully Saturated Fully saturated based on potentiometry map and cross sections 

578417-MST 164 Partially Saturated Partially saturated based off water levels and cross sections 

Rl3-019 210 Fully Saturated Fully saturated based off potentiometry maps and cross sections 

Rl3-012 202 Partially Saturated Partially saturated based off potentiometry maps and cross sections 

Rl3-016 904 Dry Dry based on saturation boundary, log and cross sections 

578408-MST /Rl3-018 141 Fully Saturated Fully saturated based off potentiometry maps and cross sections 

Ambre-02 120 Fully Saturated Fully saturated based off potentiometry map 

Ambre-03 96 Fully Saturated Fully saturated based off potentiometry map map 

Ambre-04 120 Fully Saturated Fully saturated based off cross section and potentiometry map 

578409-MST 122 Fully Saturated Fully saturated based off water levels, cross ssections and potentiometry map 

BE284-78 Fully Saturated Fully saturated based off cross sections. 

578415-MST 182 Fully Saturated Fully saturated based off water levels, cross ssections and potentiometry map 

-
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Table D6.2-26 Slater Creek Alluvial Drill Hole and Well Saturation Zone Analysis 

Core/Drill 
Well Depth (ft) Saturation Saturation Determination 

Hole/Well 

578512-AL 22 Partially Saturated Partially Saturated 

578513-AL 22 Partially Saturated Partially Saturated 

578418-AL 27 Partially Saturated Partially Saturated 
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Table D6.2-27 Spoil Drill Hole and Well Saturation Zone Analysis 

Core/Drill Hole/Well 
Elevation (ft Well Depth Geologic Screened 

Saturation 
AMSL) (ft) Formation Interval (ft) 

578415-SPL-1 3603 .7 62 Spoil 31-41 Partially Saturated 

578415-SPL-2 3611.5 120 Spoil 100-110 Partially Saturated 
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Table D6 .2-28 Groun dwater Comparison of Aquifer and Slug Tests. 
Aquifer Tests Addendum D6-8 Slug Tests 2018 

CRN MST CRN MST 
Ht1draulic Conductivitt1 {~/ dat1) Ht1draulic Conductivit1.1 {ff/ dat1) Ht1draulic Conductivity {ft/ day) Hydraulic Conductivity {ft/ day) 

Minimum 0.28 0.48 0.022 0.016 

Maximum 0.33 0.60 0.98 l 55.68 

Average 0.31 0.54 0.36 9.83 

Note: 
1
WWC believes that the hydraulic conductivity of 55 .68 ft/day is an anomaly that may be related to a local fracture in the coal. 
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accompanying regulations. 
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RAMACO 

Basin: Sheridan Mine 

End: 

Last Modified Date: 2 May 2014 
Last Modified Time: 15:15:00 
Version: 3.5 
Filepath Separator: \ 
Unit System: English 
Missing Flow To Zero: No 
Enable Flow Ratio: No 
Allow Blending: No 
Compute Local Flow At Junctions: No 

Enable Sediment Routing: No 

Enable Quality Routing: No 

Subbasin: SCSBranch 

End: 

Canvas X: -7504.761904761905 
Canvas Y: 3895.2380952380954 
Labe 1 X : - 19 . 0 
Labe 1 Y : 2 O . O 
Area: 3.71 
Downstream: SCBRANCH R 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 79 
Initial Abstraction: 0 

Transform: scs 
Lag: 153 . 7 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: SCNBranch 
Canvas X: -5409.523809523809 
Canvas Y: 4504.761904761905 
Area: 2.40 
Downstream: SCBRANCH R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0 . 0 
Curve Number: 79 
Initial Abstraction: O 
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RAMACO 

End: 

Transform: SCS 
Lag: 108.8 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: SCBRANCH R 

End: 

Canvas X: -5504.761904761905 
Canvas Y: 1952.3809523809523 
From Canvas X: -6304.761904761905 
From Canvas Y: 3552.3809523809523 
Downstream: SC3 R 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 12676 
Energy Slope: 0.011 
Width: 30 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: SC3 
Canvas X: -6742.857142857143 
Canvas Y: 2047.6190476190477 
Labe 1 X : - 1 . 0 
Labe 1 Y : - 2 . 0 
Area: 2.95 
Downstream: SC3 R 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 79 
Initial Abstraction: 0 

Transform: SCS 
Lag: 117.8 
Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Reach: SC3 R 
Canvas X: -4438.095238095238 
Canvas Y: 1019.0476190476184 
From Canvas X: -5504.761904761905 
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RAMACO 

End: 

From Canvas Y: 1952.3809523809523 
Downstream: SC2 R 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 10310 
Energy Slope: 0.0097 
Width: 30 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: SC2 

End: 

Canvas X: - 6190.476190476191 
Canvas Y: 657.1428571428569 
Area: 3.81 
Downstream: SC2 R 

Canopy : None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 79 
Initial Abstraction: O 

Transform: SCS 
Lag: 119.5 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: SC2 R 

End: 

Canvas X: - 1980.9523809523807 
Canvas Y: -1285.7142857142862 
From Canvas X: - 4438.095238095238 
From Canvas Y: 1019.0476190476184 
Downstream: SC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 23923 
Energy Slope: 0.0071 
Width: 50 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 
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RAMACO 

Subbasin: SCl 
Canvas X: -3161.9047619047615 
Canvas Y: -1800.0 
Area: 1.98 
Downstream: SC Out 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 79 
Initial Abstraction: O 

Transform: SCS 
Lag: 214. 3 
Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Subbasin: SCSubl 
Canvas X: -247.6190476190477 
Canvas Y: 2428.5714285714284 
Area: 0.42 
Downstream: SCSl R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 77 
Initial Abstraction: o 

Transform: SCS 
Lag: 44.6 
Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Reach: SCSl R 
Canvas X: -1980.9523809523807 
Canvas Y: -1285.7142857142862 
From Canvas X: -571.4285714285716 
From Canvas Y: 1704.7619047619046 
Label X: 1.0 
Label Y: 38.0 
Downstream: SC Out 

Route: Muskingum Cunge 
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RAMACO 

End: 

Channel: Trapezoid 
Length: 4555 
Energy Slope: 0.0110 
Width: 50 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: SCSub2 
Canvas X: -1600.0 

End: 

Canvas Y: 2657.142857142857 
Area: 0.41 
Downstream: SCS2 R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 75 
Initial Abstraction: O 

Transform: SCS 
Lag: 30. 9 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: SCS2 R 

End: 

Canvas X: -1980.9523809523807 
Canvas Y: -1285.7142857142862 
From Canvas X: -1771.4285714285716 
From Canvas Y: 1857.1428571428569 
Label X: - 26. 0 
Label Y: 23.0 
Downstream: SC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 7487 
Energy Slope: 0.0087 
Width: 50 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: SCSub4 
Canvas X: -6171.428571428572 
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Canvas Y: -504.7619047619046 
Labe 1 X : - 2 . 0 
Label Y: 0.0 
Area: 0 . 34 
Downstream: SCS4 R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 84 
Initial Abstraction: O 

Transform: SCS 
Lag: 40. 6 
Uni tgraph Type: STANDARD 

Baseflow: None 
End : 

Reach: SCS4 R 

End: 

Canvas X: -1980.9523809523807 
Canvas Y: -1285.7142857142862 
From Canvas X: -4971.428571428572 
From Canvas Y: -314 . 2857142857147 
Labe 1 X : - 4 2 . 0 
Labe 1 Y : - 14 . o 
Downstream: SC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 18990 
Energy Slope: 0.0076 
Width: 50 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: SCSub3 
Canvas X: - 3276.190476190476 
Canvas Y: 2619.047619047619 
Area: O. 31 
Downstream: SCS3 R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
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RAMACO 

End: 

Cur ve Number: 76 
Initial Abstraction: o 

Tr ansform: SCS 
Lag: 39. 9 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: SCS3 R 

End: 

Canvas X: - 1980.9523809523807 
Canvas Y: -1285.7142857142862 
From Canvas X: - 2990.476190476191 
From Canvas Y: 1914.2857142857142 
Labe 1 X : - 3 5 . 0 
Label Y: 1 . 0 
Downstream: SC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 13461 
Energy Slope: 0.0074 
Width: 50 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: SCSub5 
Canvas X: 476.19047619047706 
Canvas Y: 1323.8095238095239 
Area: 0.13 
Downstream: SCS5 R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 75 
Initial Abstraction: O 

Transform: SCS 
Lag: 28. 3 
Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Reach: SCS5 R 
Canvas X: - 1980.9523809523807 
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RAMACO 

End: 

Canvas Y: -1285.7142857142862 
From Canvas X: - 228.57142857142844 
From Canvas Y: 542.8571428571431 
Labe 1 X : - 12 . 0 
Label Y: 5.0 
Downstream: SC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 1166 
Energy Slope: 0.0214 
Width: 50 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Junction: SC Out 
Canvas X: -1980.9523809523807 
Canvas Y: - 1285.7142857142862 
Label X: 0.0 
Label Y: 1 . 0 
Downstream: TONGUE RIVER 

End: 

Subbasin: EF EC 

End: 

Canvas X: -7662.60162601626 
Canvas Y: -2947.1544715447153 
Label X: 13.0 
Labe 1 Y : - 5 . o 
Area: 1.84 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 87 
Initial Abstraction: O 

Transform: SCS 
Lag: 119.6 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: TRD5 
Canvas X: - 6585.365853658536 
Canvas Y: - 2398.373983739837 
Area: 0.93 
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RAMACO 

End: 

Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 84 
Initial Abstraction: o 

Transform: SCS 
Lag: 59. 9 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: TRD3 

End: 

Canvas X: 345.5284552845533 
Canvas Y: - 1260.162601626016 
Area: 0.59 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 71 
Initial Abstraction: O 

Transform: scs 
Lag: 75.2 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: TR Subl 
Canvas X: 1599.496221662469 
Canvas Y: -1020.1511335012592 
Label X: 2.0 
Label Y: - 5. 0 
Area: 0.52 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate : scs 
Percent Impervious Area: 0.0 
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End: 

Curve Number: 74 
Initial Abstraction: O 

Transform: SCS 
Lag: 36. 7 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: TRD2 

End: 

Canvas X: 1422.7642276422757 
Canvas Y: - 731.707317073171 
Area: 0.51 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 73 
Initial Abstraction: O 

Transform: SCS 
Lag: 71 . 6 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: TRD4 

End: 

Canvas X: -5284.552845528455 
Canvas Y: -1849.5934959349588 
Area: 0.27 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 83 
Initial Abstraction: O 

Transform: SCS 
Lag: 35. 6 
Unitgraph Type: STANDARD 

Baseflow: None 
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RAMACO 

Subbasin: TR Sub2 

End: 

Canvas X: 2662.6016260162596 
Canvas Y: - 792.6829268292686 
Label X: 3.0 
Label Y: 1.0 
Area: 0.24 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: o. o 
Curve Number: 72 
Initial Abstraction: 0 

Tr ansform: SCS 
Lag: 71. 9 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: TRDl 

End: 

Canvas X: - 447.1544715447153 
Canvas Y: -650.4065040650403 
Label X: 4.0 
Label Y: 1.0 
Area: 0.04 
Downstream: TONGUE RIVER 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 72 
Initial Abstraction: O 

Transform: SCS 
Lag: 14.6 
Unitgraph Type: STANDARD 

Baseflow: None 

Junction: TONGUE RIVER 
Canvas X: -894.3089430894306 
Canvas Y: -4146 . 341463414634 

End: 

Subbasin: HWC3 

October 2014 

Brook Mine 

TFN 6 2/025 
RECD NOV 14,2014 

Addendum D6-1-13 DEQ Ex. 3-178



RAMACO 

End: 

Canvas X: 438.0952380952385 
Canvas Y: 4200.0 
Area: 3.29 
Downstream: HWCUpper 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 76 
Initial Abstraction: O 

Transform: SCS 
Lag: 126.0 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: HWCUpper 

End: 

Canvas X: 2012 . 1951219512193 
Canvas Y: 2399.6515679442505 
From Canvas X: 457.1428571428569 
From Canvas Y: 3761.904761904762 
Labe 1 X : - 2 2 . 0 
Label Y: 18.0 
Downstream: HWCLower 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 12103 
Energy Slope: 0.0112 
Width: 20 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: HWC2 
Canvas X: 2628.5714285714294 
Canvas Y: 3076.190476190476 
Area: 3.19 
Downstream: HWCLower 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 76 

October 2014 

Brook Mine 

TFN 6 2/025 
RECD NOV 14,2014 

Addendum D6-1-14 DEQ Ex. 3-179



RAMACO 

End: 

Initial Abstraction: 0 

Transform: SCS 
Lag: 124 .1 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: HWCLower 

End: 

Canvas X: 5295.238095238095 
Canvas Y: -904.7619047619046 
From Canvas X: 2012.1951219512193 
From Canvas Y: 2399.6515679442505 
Downstream: HWC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 12103 
Energy Slope: 0.0148 
Width: 25 
Side Slope: 4 

Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: HWCl 

End: 

Canvas X: 4152.380952380952 
Canvas Y: -1476.1904761904761 
Label X: 3.0 
Labe 1 Y : - 2 . O 

Area: o. 81 
Downstream: HWC Out 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 76 
Initial Abstraction: O 

Transform: scs 
Lag: 106.7 
Unitgraph Type: STANDARD 

Baseflow: None 

Subbasin: HWCSubl 
Canvas X: 1142.8571428571431 
Canvas Y: 238.09523809523762 

October 2014 
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RAMACO 

End : 

Area: 0.19 
Downstream: HWCSl R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 76 
Initial Abstraction: O 

Transform: SCS 
Lag: 26. 4 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: HWCSl R 

End: 

Canvas X: 5295.238095238095 
Canvas Y: -904.7619047619046 
From Canvas X: 2247.6190476190477 
From Canvas Y: 180.95238095238074 
Downstream: HWC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length : 9170 
Energy Slope: 0.0147 
Width: 25 
Side Slope: 4 
Mannings n: 0.03 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: HWCSub4 
Canvas X: 5752.380952380952 
Canvas Y: 3819.0476190476193 
Area: 0.18 
Downstream: HWCS4 R 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 75 
Initial Abstraction: O 

Transform: SCS 
Lag: 34.8 

October 2014 
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RAMACO 

Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Reach: HWCS4 R 

End: 

Canvas X: 5295.238095238095 
Canvas Y: -904.7619047619046 
From Canvas X: 5447.619047619048 
From Canvas Y: 3057.142857142857 
Downstream: HWC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 8604 
Energy Slope: 0.0145 
Width: 25 
Side Slope: 4 
Mannings n: 0.030 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: HWCSub2 
Canvas X: 6971.4285714285725 
Canvas Y: 657.1428571428569 
Area: 0.14 
Downstream: HWCS2 R 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 77 
Initial Abstraction: o 

Transform: SCS 
Lag: 20. 9 
Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Reach: HWCS2 R 
Canvas X: 5295.238095238095 
Canvas Y: -904.7619047619046 
From Canvas X: 6380.952380952382 
From Canvas Y: 180.95238095238074 
Downstream: HWC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 

October 2014 

Brook Mine 
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=co Nn v 14,2014 

Addendum D6-1-1 7 DEQ Ex. 3-182



RAMACO 

End : 

Length: 6582 
Energy Slope: 0 . 0152 
Width: 25 
Side Slope: 4 
Mannings n: 0.030 
Use Variable Time Step: No 
Channel Loss: None 

Subbasin: HWCSub5 

End: 

Canvas X: 3695.2380952380954 
Canvas Y: 4428 . 571428571428 
Area : 0.12 
Downstream: HWCS5 R 

Canopy: None 

Surface: None 

LossRate: scs 
Percent Impervious Area: 0.0 
Curve Number: 76 
Initial Abstraction: O 

Transform: SCS 
Lag: 19. 7 
Unitgraph Type: STANDARD 

Baseflow: None 

Reach: HWCS5 R 

End: 

Canvas X: 5295.238095238095 
Canvas Y: - 904.7619047619046 
From Canvas X: 4209 . 523809523809 
From Canvas Y: 3838.095238095238 
Downstream: HWC Out 

Route : Muskingum Cunge 
Channel: Trapezoid 
Length: 11153 
Energy Slope: 0.0148 
Width: 25 
Side Slope: 4 
Mannings n: 0.030 
Use Variable Time Step: No 
Channel Loss : None 

Subbasin: HWCSub3 
Canvas X: 6476.190476190477 
Canvas Y: 2752 . 3809523809523 
Area: 0.07 
Downstream: HWCS3 R 

October 2014 
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RAMACO 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 76 
Initial Abstraction: O 

Transform: SCS 
Lag: 25. 9 
Unitgraph Type: STANDARD 

Baseflow: None 
End: 

Reach: HWCS3 R 

End: 

Canvas X: 5295 . 238095238095 
Canvas Y: -904.7619047619046 
From Canvas X: 5980.952380952382 
From Canvas Y: 2009.5238095238096 
Downstream: HWC Out 

Route: Muskingum Cunge 
Channel: Trapezoid 
Length: 7721 
Energy Slope: 0.0149 
Width: 25 
Side Slope: 4 
Mannings n: 0 . 030 
Use Variable Time Step: No 
Channel Loss: None 

Junction: HWC Out 
Canvas X: 5295.238095238095 
Canvas Y: -904.7619047619046 

End: 

Subbasin: GCl 
Canvas X: 6422.764227642276 
Canvas Y: -3821.1382113821146 
Area: 0 . 34 
Downstream: GOOSE CREEK 

Canopy: None 

Surface: None 

LossRate: SCS 
Percent Impervious Area: 0.0 
Curve Number: 81 
Initial Abstraction: O 

October 2014 

Brook Mine 
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RAMACO 

End: 

Transform: SCS 
Lag: 55. 8 
Unitgraph Type: STANDARD 

Baseflow: None 

Junction: GOOSE CREEK 
Canvas X: 4796.747967479674 
Canvas Y: - 3211.382113821139 

End: 

Bas i n Schematic Properties: 

End: 

Last View N: 5000.0 
Last View S: - 5000.0 
Last View W: -5000.0 
Last View E: 5000.0 
Maximum View N: 5000.0 
Maximum View S: -5000.0 
Maximum View W: -5000.0 
Maximum View E: 5000.0 
Extent Method: Elements 
Buffer : O 
Draw Icons: Yes 
Draw Icon Labels: Yes 
Draw Map Objects: No 
Draw Gridlines: No 
Draw Flow Direction: No 
Fix Element Locations: No 
Fix Hydrologic Order: No 

October 2014 
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HEC-HMS RESULTS 

October 2014 

Brook Mine 
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RAMACO Brook Mine 

2-year, 6-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi 2
) (cfs) (Ac-ft) 

EF EC 1.84 95.7 01Jun2014, 14:27 33 .3 

GCl 0.34 21.1 01Jun2014, 13:18 4.6 

GOOSE_CREEK 0.34 21.1 01Jun2014, 13:18 4.6 

HWCLower 6.48 193.9 01Jun2014, 15:12 68.9 

HWCSubl 0.19 15.1 01Jun2014, 12:48 2.0 

HWCSub2 0.14 13.4 01Jun2014, 12:45 1.6 

HWCSub3 0.07 5.7 01Jun2014, 12:48 0.8 

HWCSub4 0.18 11.8 01Jun2014, 12:57 1.9 

HWCSub5 0.12 11.5 01Jun2014, 12:42 1.3 

HWCSl_R 0.19 15.1 01Jun2014, 13:30 2.1 

HWCS2_R 0.14 13.3 01Jun2014, 13:15 1.6 

HWCS3_R 0.07 5.7 01Jun2014, 13:42 0.8 

HWCS4_R 0.18 11.7 01Jun2014, 13:42 1.9 

HWCS5 R 0.12 14.2 01Jun2014, 13:39 1.3 

HWCUpper 3.29 99.8 01Jun2014, 15:03 35 .0 

HWC Out 7.99 229.5 01Jun2014, 15:00 85 .2 

HWCl 0.81 27.0 01Jun2014, 14:18 8.7 

HWC2 3.19 97.8 01Jun2014, 14:33 33.9 

HWC3 3.29 99.9 01Jun2014, 14:33 35 .0 

SCBRANCH_R 6.11 197.4 01Jun2014, 15:03 74.1 

SCNBranch 2.40 90.5 01Jun2014, 14:18 29.2 

SCSBranch 3.71 113.0 01Jun2014, 15:00 44.9 

SCSubl 0.42 23.8 01Jun2014, 13:09 4.5 

SCSub2 0.41 29.0 01Jun2014, 12:54 4.2 

SCSub3 0.31 19.3 01Jun2014, 13:03 3.3 

SCSub4 0.34 29.7 01Jun2014, 13:03 5.3 

SCSub5 0.14 10.4 01Jun2014, 12:51 1.4 

SCSl R 0.42 23 .8 01Jun2014, 13:33 4.5 

SCS2_R 0.41 28.8 01Jun2014, 13:33 4.2 

SCS3_R 0.31 19.9 01Jun2014, 14:15 3.4 

SCS4_R 0.34 32.3 01Jun2014, 14:36 5.3 

SCS5_R 0.14 10.4 01Jun2014, 12:57 1.4 

SC Out 16.45 497.6 01Jun2014, 15:36 197.7 

SCl 1.96 47.1 01Jun2014, 15:42 22.8 

SC2 3.81 135.1 01Jun2014, 14:27 46.1 

SC2_R 12.87 419.7 01Jun2014, 15:45 156.0 

SC3 2.95 105.9 01Jun2014, 14:27 35.8 

SC3 R 9.06 296.7 01Jun2014, 15:09 109.9 

TONGUE RIVER 21.38 595.6 01Jun2014, 15:18 266.6 

TRDl 0.03 2.8 01Jun2014, 12:39 0.3 

TRD2 0.51 20.3 01Jun2014, 13:36 5.0 

TRD3 0.59 19.9 01Jun2014, 13:42 5.2 

TRD4 0.27 24.5 01Jun2014, 12:57 4.0 

TRD5 0.93 58.8 01Jun2014, 13:27 13.7 

TR Subl 0.52 31.5 01Jun2014, 13:00 5.1 
TR_Sub2 0.24 8.7 01Jun2014, 13:39 2.2 --- .. 

TFN 6 2/025 
RECD NOV 14,2014 
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RAMACO Brook Mine 

2-year, 24-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2
) (cfs) (Ac-ft) 

EF EC 1.84 194.2 01Jun2014, 22 :00 73.7 

GCl 0.34 48.4 01Jun2014, 20:51 10.6 

GOOSE CREEK 0.34 48.4 01Jun2014, 20:51 10.6 

HWCLower 6.48 407.5 01Jun2014, 22 :39 167.0 

HWCSubl 0.19 37.0 01Jun2014, 20:18 4.9 

HWCSub2 0.14 33.0 01Jun2014, 20:15 3.7 

HWCSub3 0.07 13.8 01Jun2014, 20:18 1.8 

HWCSub4 0.18 28.0 01Jun2014, 20:27 4.5 

HWCSub5 0.12 28.2 01Jun2014, 20:12 3.1 

HWCS1 R 0.19 36.9 01Jun2014, 20:48 4.9 

HWCS2 R 0.14 32 .9 01Jun2014, 20:36 3.7 

HWCS3 R 0.07 13.8 01Jun2014, 20:54 1.8 

HWCS4 R 0.18 28.0 01Jun2014, 21 :00 4.5 

HWCS5_R 0.12 28.7 01Jun2014, 20:51 3.1 

HWCUpper 3.29 209.1 01Jun2014, 22:33 84.8 

HWC_Out 7.99 474.2 01Jun2014, 22 :30 205.9 

HWCl 0.81 58.3 01Jun2014, 21 :48 20.9 

HWC2 3.19 205.1 01Jun2014, 22 :06 82.2 

HWC3 3.29 209.2 01Jun2014, 22:09 84.8 

SCBRANCH R 6.11 400.7 01Jun2014, 22 :33 176.3 

SCNBranch 2.40 191.9 01Jun2014, 21:51 69.3 

SCSBranch 3.71 228.8 01Jun2014, 22:39 107.1 

SCSubl 0.42 59.6 01Jun2014, 20:39 11.2 

SCSub2 0.41 69.4 01Jun2014, 20:24 10.2 

SCSub3 0.31 45.7 01Jun2014, 20:33 8.0 

SCSub4 0.34 69.1 01Jun2014, 20:33 12.0 

SCSub5 0.13 23.4 01Jun2014, 20:21 3.2 

SCSl_R 0.42 59.4 01Jun2014, 20:57 11.2 

SCS2_R 0.41 68.8 01Jun2014, 20:51 10.2 

SCS3 R 0.31 45.4 01Jun2014, 21 :36 8.0 

SCS4 R 0.34 73.4 01Jun2014, 21 :45 12.0 

SCS5 R 0.13 23.3 01Jun2014, 20:27 3.2 

SC_Out 16.46 1022.4 01Jun2014, 23:06 473.2 

SC1 1.98 95.0 01Jun2014, 23 :48 57.1 

SC2 3.81 284.0 01Jun2014, 22 :03 110.0 

SC2 R 12.87 870.6 01Jun2014, 23:09 371.4 

SC3 2.95 222.3 01Jun2014, 22:00 85.1 

SC3_R 9.06 608.8 01Jun2014, 22 :39 261.5 

TONGUE_RIVER 21.40 1253.9 01Jun2014, 22 :54 632.0 

TRD1 0.04 9.5 01Jun2014, 20:09 0.9 

TRD2 0.51 43.9 01Jun2014, 21:09 11.8 

TRD3 0.59 45.5 01Jun2014, 21:12 12.7 

TRD4 0.27 57.6 01Jun2014, 20:30 9.1 

TRD5 0.93 143.0 01Jun2014, 20:54 32.8 

TR Subl 0.52 75.2 01Jun2014, 20:30 12.4 
TR_Sub2 0.24 19.9 01Jun2014, 21 :09 5.3 

TFN 6 2/025 
REC D NO V 14,201 4 
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RAMACO Brook Mine 

5-year, 6-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2
) (cfs) (Ac-ft) 

EF EC 1.84 171.0 01Jun2014, 14:24 60.7 

GCl 0.34 39.2 01Jun2014, 13:18 8.7 

GOOSE CREEK 0.34 39.2 01Jun2014, 13:18 8.7 

HWCLower 6.48 373.9 01Jun2014, 15:03 133.5 

HWCSubl 0.19 28.9 01Jun2014, 12:48 4.0 

HWCSub2 0.14 25.4 01Jun2014, 12:45 3.0 

HWCSub3 0.07 11.0 01Jun2014, 12:48 1.5 

HWCSub4 0.18 22.6 01Jun2014, 12:57 3.6 

HWCSub5 0.12 21.9 01Jun2014, 12:42 2.5 

HWCSl R 0.19 28.8 01Jun2014, 13:24 4.0 

HWCS2 R 0.14 25.4 01Jun2014, 13:09 3.0 

HWCS3 R 0.07 10.9 01Jun2014, 13:30 1.5 

HWCS4_R 0.18 22.5 01Jun2014, 13:33 3.6 

HWCS5 R 0.12 22.3 01Jun2014, 13:24 2.5 

HWCUpper 3.29 191.3 01Jun2014, 14:57 67.8 

HWC_Out 7.99 442.3 01Jun2014, 14:54 165.0 

HWCl 0.81 51.7 01Jun2014, 14:18 16.9 

HWC2 3.19 187.3 01Jun2014, 14:33 65.7 

HWC3 3.29 191.4 01Jun2014, 14:33 67.7 

SCBRANCH R 6.11 373.6 01Jun2014, 14:54 141.7 

SCNBranch 2.40 170.7 01Jun2014, 14:15 55.8 

SCSBranch 3.71 213.7 01Jun2014, 15:00 85.9 

SCSubl 0.42 45.6 01Jun2014, 13:09 8.8 

SCSub2 0.41 55.6 01Jun2014, 12:54 8.2 

SCSub3 0.31 36.9 01Jun2014, 13:03 6.5 

SCSub4 0.34 54.2 01Jun2014, 13:03 9.8 

SCSub5 0.14 20.0 01Jun2014, 12:51 2.8 

SCSl_R 0.42 45.5 01Jun2014, 13:27 8.8 

SCS2_R 0.41 55.3 01Jun2014, 13:24 8.2 

SCS3_R 0.31 36.7 01Jun2014, 14:03 6.5 

SCS4 R 0.34 53.7 01Jun2014, 14:18 9.9 

SCS5 R 0.14 19.9 01Jun2014, 12:57 2.8 

SC Out 16.45 947.4 01Jun2014, 15:21 378.5 

SCl 1.96 89.8 01Jun2014, 15:39 43.9 

SC2 3.81 255.2 01Jun2014, 14:27 88.1 

SC2 R 12.87 803.0 01Jun2014, 15:30 298.4 

SC3 2.95 200.0 01Jun2014, 14:24 68.5 

SC3 R 9.06 564.1 01Jun2014, 15:00 210.2 

TONGUE RIVER 21.38 - 1159.6 01Jun2014, 15:03 507.2 

TRDl 0.03 5.4 01Jun2014, 12:39 0.5 

TRD2 0.51 39.2 01Jun2014, 13:36 9.8 

TRD3 0.59 38.9 01Jun2014, 13:42 10.2 

TRD4 0.27 45.1 01Jun2014, 12:57 7.5 

TRD5 0.93 108.0 01Jun2014, 13:24 25.7 

TR_Subl 0.52 60.7 01Jun2014, 13:00 10.0 
TR_Sub2 0.24 17.0 01Jun2014, 13:36 4.3 

TFN 6 2/025 
CD NO V 14,2014 
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RAMACO Brook Mine 

5-year, 24-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2l (cfs) (Ac-ft) 
EF EC 1.84 298.3 01Jun2014, 22:00 112.3 

GCl 0.34 77.0 01Jun2014, 20:51 16.7 

GOOSE_CREEK 0.34 77.0 01Jun2014, 20:51 16.7 

HWCLower 6.48 663.0 01Jun2014, 22:33 268.0 

HWCSubl 0.19 60.2 01Jun2014, 20:18 7.9 

HWCSub2 0.14 53.3 01Jun2014, 20:15 6.0 

HWCSub3 0.07 22.5 01Jun2014, 20:18 2.9 

HWCSub4 0.18 45.7 01Jun2014, 20:27 7.2 

HWCSub5 0.12 45.9 01Jun2014, 20:12 5.0 

HWCSl_R 0.19 60.0 01Jun2014, 20:45 7.9 

HWCS2_R 0.14 53.1 01Jun2014, 20:33 6.0 

HWCS3 R 0.07 22.4 01Jun2014, 20:48 2.9 

HWCS4 R 0.18 45.6 01Jun2014, 20:54 7.2 

HWCS5 R 0.12 45.1 01Jun2014, 20:45 5.0 

HWCUpper 3.29 339.0 01Jun2014, 22 :30 136.1 

HWC Out 7.99 771.6 01Jun2014, 22 :27 330.5 

HWCl 0.81 94.6 01Jun2014, 21:48 33.5 

HWC2 3.19 332.7 01Jun2014, 22 :06 131.9 

HWC3 3.29 339.2 01Jun2014, 22:09 136.1 

SCBRANCH R 6.11 642.4 01Jun2014, 22:30 279.8 

SCNBranch 2.40 307.7 01Jun2014, 21:48 109.9 

SCSBranch 3.71 366.7 01Jun2014, 22:39 169.9 

SCSubl 0.42 96.4 01Jun2014, 20:39 18.0 

SCSub2 0.41 113.1 01Jun2014, 20:24 16.4 

SCSub3 0.31 74.3 01Jun2014, 20:33 12.8 

SCSub4 0.34 108.4 01Jun2014, 20:33 18.6 

SCSub5 0.13 38.1 01Jun2014, 20:21 5.2 

SCSl R 0.42 96.2 01Jun2014, 20:54 18.0 

SCS2_R 0.41 112.5 01Jun2014, 20:48 16.4 

SCS3_R 0.31 73.6 01Jun2014, 21:27 12.8 

SCS4 R 0.34 107.4 01Jun2014, 21:36 18.6 

SCS5 R 0.13 37.9 01Jun2014, 20:24 5.2 

SC Out 16.46 1637.9 01Jun2014, 22:57 751.1 

SCl 1.98 152.0 01Jun2014, 23 :48 90.7 

SC2 3.81 455.3 01Jun2014, 22:00 174.5 

SC2 R 12.87 1405.3 01Jun2014, 23 :00 589.4 

SC3 2.95 356.3 01Jun2014, 22:00 135.1 

SC3 R 9.06 979.5 01Jun2014, 22:33 414.9 

TONGUE RIVER 21.40 2024.2 01Jun2014, 22:45 998.6 

TRDl 0.04 15.7 01Jun2014, 20:09 1.4 

TRD2 0.51 72.1 01Jun2014, 21:09 19.1 

TRD3 0.59 75.0 01Jun2014, 21:12 20.7 

TRD4 0.27 90.7 01Jun2014, 20:30 14.2 

TRD5 0.93 224.2 01Jun2014, 20:54 50.8 

TR Subl 0.52 123.0 01Jun2014, 20:30 20.1 
TR_Sub2 0.24 32.7 01Jun2014, 21 :09 Bf 

TFN 6 2/025 
RECD NOY 14 ,2014 
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RAMACO Brook Mine 

10-year, 6-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2
) (cfs) (Ac-ft) 

EF EC 1.84 225.6 01Jun2014, 14:24 80.9 

GCl 0.34 52.9 01Jun2014, 13:18 11.8 

GOOSE CREEK 0.34 52.9 01Jun2014, 13:18 11.8 

HWCLower 6.48 513.6 01Jun2014, 15:00 184.2 

HWCSubl 0.19 40.2 01Jun2014, 12:48 5.5 

HWCSub2 0.14 34.9 01Jun2014, 12:42 4.2 

HWCSub3 0.07 15.0 01Jun2014, 12:48 2.0 

HWCSub4 0.18 31.0 01Jun2014, 12:57 5.0 

HWCSub5 0.12 30.0 01Jun2014, 12:42 3.5 

HWCSl_R 0.19 40.0 01Jun2014, 13:18 5.5 

HWCS2_R 0.14 34.7 01Jun2014, 13:06 4.2 

HWCS3_R 0.07 14.8 01Jun2014, 13:24 2.0 

HWCS4_R 0.18 30.9 01Jun2014, 13:27 5.0 

HWCS5 R 0.12 29.7 01Jun2014, 13 :21 3.5 

HWCUpper 3.29 262.3 01Jun2014, 14:54 93.5 

HWC Out 7.99 606.2 01Jun2014, 14:48 227.7 

HWCl 0.81 71.9 01Jun2014, 14:15 23.3 

HWC2 3.19 256.8 01Jun2014, 14:30 90.7 

HWC3 3.29 262.4 01Jun2014, 14:33 93.5 

SCBRANCH - R 6.11 508.4 01Jun2014, 14:54 194.2 

SCNBranch 2.40 231.9 01Jun2014, 14:15 76.5 

SCSBranch 3.71 290.9 01Jun2014, 14:57 117.6 

SCSubl 0.42 65.8 01Jun2014, 13:06 12.5 

SCSub2 0.41 75.9 01Jun2014, 12:54 11.4 

SCSub3 0.31 50.5 01Jun2014, 13:03 8.9 

SCSub4 0.34 72.2 01Jun2014, 13 :03 13.3 

SCSub5 0.13 25.5 01Jun2014, 12:51 3.6 

SCSl R 0.42 65.7 01Jun2014, 13:24 12.5 

SCS2 R 0.41 75.5 01Jun2014, 13:21 11.4 

SCS3 R 0.31 50.1 01Jun2014, 14:03 8.9 

SCS4_R 0.34 71.6 01Jun2014, 14:15 13.3 

SCS5 R 0.13 25.4 01Jun2014, 12:54 3.6 

SC Out 16.46 1296.4 01Jun2014, 15:18 521.8 

SCl 1.98 126.8 01Jun2014, 15:42 63.2 

SC2 3.81 346.9 01Jun2014, 14:27 120.8 

SC2_R 12.87 1096.7 01Jun2014, 15:27 408.8 

SC3 2.95 271.8 01Jun2014, 14:24 93.8 

SC3 R 9.06 769.0 01Jun2014, 14:57 288.0 

TONGUE RIVER 21.40 1587.5 01Jun2014, 15:00 697.4 

TRDl 0.04 10.1 01Jun2014, 12:39 1.0 

TRD2 0.51 51.6 01Jun2014, 13:36 13.2 

TRD3 0.59 54.2 01Jun2014, 13:42 14.2 

TRD4 0.27 60.3 01Jun2014, 12:57 10.1 

TRD5 0.93 153.3 01Jun2014, 13:24 36.2 

TR Subl 0.52 83.4 01Jun2014, 13:00 13.9 
TR_Sub2 0.24 23.5 01Jun2014, 13:36 6.0 

TFN 6 2/025 
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RAMACO Brook Mine 

10-year, 24-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2
) (cfs) (Ac-ft) 

EF EC 1.84 375.8 01Jun2014, 22 :00 141.0 

GCl 0.34 99.0 01Jun2014, 20:51 21.3 

GOOSE CREEK 0.34 99.0 01Jun2014, 20 :51 21.3 

HWCLower 6.48 863.3 01Jun2014, 22:30 346.5 

HWCSubl 0.19 78.3 01Jun2014, 20:18 10.2 

HWCSub2 0.14 69.2 01Jun2014, 20:15 7.7 

HWCSub3 0.07 29.3 01Jun2014, 20:18 3.7 

HWCSub4 0.18 59.7 01Jun2014, 20:27 9.3 

HWCSub5 0.12 59.7 01Jun2014, 20:12 6.4 

HWCSl R 0.19 78.1 01Jun2014, 20:42 10.2 

HWCS2 R 0.14 68.9 01Jun2014, 20:30 7.7 

HWCS3_R 0.07 29.1 01Jun2014, 20:45 3.7 

HWCS4_R 0.18 59.5 01Jun2014, 20:51 9.3 

HWCS5_R 0.12 58.8 01Jun2014, 20:42 6.4 

HWCUpper 3.29 440.7 01Jun2014, 22 :27 175.9 

HWC Out 7.99 1004.9 01Jun2014, 22 :24 427.3 

HWCl 0.81 123.0 01Jun2014, 21 :48 43.3 

HWC2 3.19 432.5 01Jun2014, 22 :06 170.6 

HWC3 3.29 441.0 01Jun2014, 22:09 175.9 

SCBRANCH - R 6.11 829.6 01Jun2014, 22:27 359.3 

SCNBranch 2.40 397.4 01Jun2014, 21:48 141.1 

SCSBranch 3.71 473.3 01Jun2014, 22:39 218.2 

SCSubl 0.42 125.2 01Jun2014, 20:39 23.2 

SCSub2 0.41 147.6 01Jun2014, 20:24 21.2 

SCSub3 0.31 96.7 01Jun2014, 20:33 16.6 

SCSub4 0.34 138.1 01Jun2014, 20:33 23.5 

SCSubS 0.13 49.7 01Jun2014, 20:21 6.7 

SCSl_R 0.42 125.0 01Jun2014, 20:51 23.2 

SCS2_R 0.41 146.7 01Jun2014, 20:45 21.3 

SCS3 R 0.31 96.0 01Jun2014, 21:21 16.6 

SCS4 R 0.34 136.8 01Jun2014, 21:33 23.5 

SCS5_R 0.13 49.5 01Jun2014, 20:24 6.7 

SC_Out 16.46 2114.5 01Jun2014, 22 :51 964.6 

SCl 1.98 196.1 01Jun2014, 23 :45 116.4 

SC2 3.81 588.0 01Jun2014, 22:00 224.1 

SC2 R 12.87 1820.7 01Jun2014, 22:54 756.9 

SC3 2.95 460.1 01Jun2014, 22:00 173.5 

SC3_R 9.06 1266.9 01Jun2014, 22:30 532.8 

TONGUE_RIVER 21.40 2619.5 01Jun2014, 22:39 1279.3 

TRDl 0.04 20.5 01Jun2014, 20:09 1.9 

TRD2 0.51 94.3 01Jun2014, 21:09 24.8 

TRD3 0.59 98.5 01Jun2014, 21:12 27.0 

TRD4 0.27 115.8 01Jun2014, 20:27 18.1 

TRD5 0.93 285.6 01Jun2014, 20:54 64.4 

TR Subl 0.52 160.8 01Jun2014, 20:30 26.1 
TR_Su b2 0.24 42.8 01Jun2014, 21 :09 11.3 

TFN 6 2 /025 
RECD NOV 14,2014 
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RAMACO Brook Mine 

25-year, 6-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2l (cfs) (Ac-ft) 
EF EC 1.84 296.5 01Jun2014, 14:24 107.6 

GCl 0.34 71.1 01Jun2014, 13:18 16.0 

GOOSE CREEK 0.34 71.1 01Jun2014, 13:18 16.0 

HWCLower 6.48 703.7 01Jun2014, 14:57 254.0 

HWCSubl 0.19 54.8 01Jun2014, 12:48 7.5 

HWCSub2 0.14 47.4 01Jun2014, 12:42 5.7 

HWCSub3 0.07 20.4 01Jun2014, 12:48 2.8 

HWCSub4 0.18 42.4 01Jun2014, 12:57 6.9 

HWCSub5 0.12 40.8 01Jun2014, 12:42 4.8 

HWCSl R 0.19 54.5 01Jun2014, 13:15 7.6 

HWCS2 R 0.14 47.3 01Jun2014, 13:03 5.8 

HWCS3 R 0.07 20.3 01Jun2014, 13:18 2.8 

HWCS4 R 0.18 42.3 01Jun2014, 13:24 6.9 

HWCS5_R 0.12 40.4 01Jun2014, 13:18 4.8 

HWCUpper 3.29 358.7 01Jun2014, 14:54 128.9 

HWC Out 7.99 830.3 01Jun2014, 14:45 313.8 

HWCl 0.81 98.2 01Jun2014, 14:15 32.1 

HWC2 3.19 351.2 01Jun2014, 14:30 125.0 

HWC3 3.29 358.9 01Jun2014, 14:33 128.9 

SCBRANCH R 6.11 - 690.1 01Jun2014, 14:51 265.6 

SCNBranch 2.40 314.2 01Jun2014, 14:15 104.6 

SCSBranch 3.71 394.9 01Jun2014, 14:57 160.9 

SCSubl 0.42 89.5 01Jun2014, 13:06 17.2 

SCSub2 0.41 103.9 01Jun2014, 12:54 15.7 

SCSub3 0.31 68.8 01Jun2014, 13:03 12.3 

SCSub4 0.34 95.8 01Jun2014, 13:03 17.9 

SCSub5 0.13 34.9 01Jun2014, 12:51 5.0 

SCSl R 0.42 89.4 01Jun2014, 13:21 17.2 

SCS2 R 0.41 103.3 01Jun2014, 13:18 15.7 

SCS3 R 0.31 68.4 01Jun2014, 13:54 12.3 

SCS4 R 0.34 95.0 01Jun2014, 14:09 17.9 

SCS5 R 0.13 34.8 01Jun2014, 12:54 5.0 

SC Out 16.46 1761.4 01Jun2014, 15:12 713.8 

SCl 1.98 172.7 01Jun2014, 15:39 86.5 

SC2 3.81 470.2 01Jun2014, 14:24 165.2 

SC2 R 12.87 1492.8 01Jun2014, 15:21 559.1 

SC3 2.95 368.4 01Jun2014, 14:24 128.3 

SC3 R 9.06 1045.2 01Jun2014, 14:54 393.9 

TONGUE RIVER 21.40 2171.3 01Jun2014, 14:54 950.9 

TRDl 0.04 13.9 01Jun2014, 12:39 1.4 

TRD2 0.51 71.0 01Jun2014, 13:36 18.3 

TRD3 0.59 75.0 01Jun2014, 13:39 19.8 

TRD4 0.27 80.4 01Jun2014, 12:57 13.7 

TRD5 0.93 203.5 01Jun2014, 13:21 48.8 

TR Subl 0.52 114.4 01Jun2014, 13:00 19.3 
TR Sub2 0.24 32.4 01Jun2014, 13:36 8.3 

TFN 6 2/025 
RECD NOV 14,2014 
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RAMACO Brook Mine 

25-year, 24-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2
) (cfs) (Ac-ft) 

EF EC 1.84 486.2 01Jun2014, 21:57 181.8 

GCl 0.34 131.0 01Jun2014, 20:51 28.1 

GOOSE CREEK 0.34 131.0 01Jun2014, 20:51 28.1 

HWCLower 6.48 1160.6 01Jun2014, 22 :27 462.3 

HWCSubl 0.19 105.3 01Jun2014, 20:18 13.6 

HWCSub2 0.14 92.6 01Jun2014, 20:12 10.3 

HWCSub3 0.07 39.4 01Jun2014, 20:18 5.0 

HWCSub4 0.18 80.4 01Jun2014, 20:27 12.5 

HWCSub5 0.12 80.2 01Jun2014, 20:12 8.6 

HWCSl R 0.19 104.8 01Jun2014, 20:39 13.6 

HWCS2 R 0.14 92.3 01Jun2014, 20:30 10.3 

HWCS3 R 0.07 39.1 01Jun2014, 20:42 5.0 

HWCS4 R 0.18 80.0 01Jun2014, 20:48 12.5 

HWCS5 R 0.12 79.0 01Jun2014, 20:39 8.6 

HWCUpper 3.29 591.6 01Jun2014, 22:27 234.7 

HWC Out 7.99 1350.9 01Jun2014, 22:21 570.0 

HWCl 0.81 165.1 01Jun2014, 21:45 57.8 

HWC2 3.19 580.7 01Jun2014, 22 :06 227.6 

HWC3 3.29 591.9 01Jun2014, 22:09 234.7 

SCBRANCH R 6.11 1104.8 01Jun2014, 22 :27 475.5 

SCNBranch 2.40 529.2 01Jun2014, 21:48 186.8 

SCSBranch 3.71 629.9 01Jun2014, 22 :39 288.7 

SCSubl 0.42 167.8 01Jun2014, 20:39 30.8 

SCSub2 0.41 198.8 01Jun2014, 20:24 28.4 

SCSub3 0.31 129.9 01Jun2014, 20:33 22.1 

SCSub4 0.34 180.9 01Jun2014, 20:33 30.7 

SCSub5 0.13 67.0 01Jun2014, 20 :21 9.0 

SCSl R 0.42 167.4 01Jun2014, 20:51 30.8 

SCS2_R 0.41 197.2 01Jun2014, 20:42 28.4 

SCS3_R 0.31 129.0 01Jun2014, 21:15 22.1 

SCS4 R 0.34 179.3 01Jun2014, 21:27 30.7 

SCS5 R 0.13 66.7 01Jun2014, 20:24 9.0 

SC Out 16.46 2813.4 01Jun2014, 22:48 1276.9 

SCl 1.98 260.8 01Jun2014, 23:45 154.1 

SC2 3.81 782.8 01Jun2014, 22:00 296.5 

SC2_R 12.87 2431.3 01Jun2014, 22:51 1001.6 

SC3 2.95 612.6 01Jun2014, 21 :57 229.6 

SC3 R 9.06 1689.5 01Jun2014, 22:27 705.1 

TONGUE - RIVER 21.40 3493.2 01Jun2014, 22:36 1688.8 

TRDl 0.04 27.8 01Jun2014, 20:09 2.5 

TRD2 0.51 127.6 01Jun2014, 21 :09 33.4 

TRD3 0.59 134.0 01Jun2014, 21 :12 36.4 

TRD4 0.27 152.4 01Jun2014, 20:27 23.6 

TRD5 0.93 374.1 01Jun2014, 20:54 83.9 

TR_Subl 0.52 217.2 01Jun2014, 20:30 35.0 
TR_Sub2 0.24 58.1 01Jun2014, 21:09 15.3 

. ... 

TFN 6 2/025 
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RAMACO Brook Mine 

SO-year, 6-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2l (cfs) (Ac-ft) 
EF EC 1.84 351.3 01Jun2014, 14:21 128.6 

GCl 0.34 85.4 01Jun2014, 13:18 19.4 

GOOSE_CREEK 0.34 85.4 01Jun2014, 13:18 19.4 

HWCLower 6.48 856.0 01Jun2014, 14:54 310.5 

HWCSubl 0.19 66.5 01Jun2014, 12:48 9.2 

HWCSub2 0.14 57.4 01Jun2014, 12:42 7.0 

HWCSub3 0.07 24.8 01Jun2014, 12:48 3.4 

HWCSub4 0.18 51.6 01Jun2014, 12:57 8.5 

HWCSubS 0.12 49.5 01Jun2014, 12:42 5.8 

HWCSl_R 0.19 66.1 01Jun2014, 13:12 9.2 

HWCS2_R 0.14 57.0 01Jun2014, 13:03 7.0 

HWCS3_R 0.07 24.6 01Jun2014, 13:18 3.4 

HWCS4_R 0.18 51.4 01Jun2014, 13:21 8.5 

HWCSS R 0.12 49.1 01Jun2014, 13:15 5.8 

HWCUpper 3.29 436.1 01Jun2014, 14:51 157.6 

HWC Out 7.99 1010.2 01Jun2014, 14:45 383.6 

HWCl 0.81 119.3 01Jun2014, 14:12 39.2 

HWC2 3.19 426.9 01Jun2014, 14:30 152.9 

HWC3 3.29 436.2 01Jun2014, 14:33 157.6 

SCBRANCH - R 6.11 834.8 01Jun2014, 14:48 322.9 

SCNBranch 2.40 379.5 01Jun2014, 14:15 127.2 

SCSBranch 3.71 477.7 01Jun2014, 14:57 195.7 

SCSubl 0.42 108.5 01Jun2014, 13 :06 21.0 

SCSub2 0.41 126.3 01Jun2014, 12:54 19.2 

SCSub3 0.31 83.5 01Jun2014, 13:03 15.0 

SCSub4 0.34 114.2 01Jun2014, 13:03 21.5 

SCSubS 0.13 42.4 01Jun2014, 12:51 6.1 

SCSl R 0.42 108.3 01Jun2014, 13:21 21.0 

SCS2 R 0.41 125.7 01Jun2014, 13:15 19.3 

SCS3 R 0.31 83.1 01Jun2014, 13:51 15.1 

SCS4_R 0.34 113.1 01Jun2014, 14:03 21.5 

SCSS R 0.13 42.4 01Jun2014, 12:54 6.1 

SC Out 16.46 2131.6 01Jun2014, 15:09 868.1 

SCl 1.98 209.4 01Jun2014, 15:39 105.1 

SC2 3.81 568.3 01Jun2014, 14:24 200.9 

SC2_R 12.87 1808.4 01Jun2014, 15:18 680.0 

SC3 2.95 445.1 01Jun2014, 14:24 156.1 

SC3 R 9.06 1264.9 01Jun2014, 14:54 479.0 

TONGUE RIVER 21.40 2637.1 01Jun2014, 14:51 1154.2 

TRDl 0.04 17.0 01Jun2014, 12:39 1.7 

TRD2 0.51 86.7 01Jun2014, 13:36 22.4 

TRD3 0.59 91.8 01Jun2014, 13:39 24.4 

TRD4 0.27 96.0 01Jun2014, 12:57 16.5 

TRDS 0.93 242.7 01Jun2014, 13:21 58.7 

TR Subl 0.52 139.3 01Jun2014, 13:00 23.6 .... 
TR_Sub2 0.24 39.6 01Jun2014, 13:36 10.2 

TFN 6 2/025 
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RAMACO Brook Mine 

SO-year, 24-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2) (cfs) (Ac-ft) 

EF EC 1.84 573 .7 01Jun2014, 21 :57 214.1 

GCl 0.34 156.9 01Jun2014, 20:51 33.5 

GOOSE CREEK 0.34 156.9 01Jun2014, 20:51 33 .5 

HWCLower 6.48 1404.7 01Jun2014, 22:27 556.6 

HWCSubl 0.19 127.4 01Jun2014, 20:18 16.3 

HWCSub2 0.14 111.8 01Jun2014, 20:12 12.4 

HWCSub3 0.07 47.6 01Jun2014, 20:18 6.0 

HWCSub4 0.18 97.5 01Jun2014, 20:27 15.0 

HWCSubS 0.12 97.0 01Jun2014, 20:12 10.3 

HWCSl R 0.19 126.9 01Jun2014, 20:39 16.3 

HWCS2 R 0.14 111.5 01Jun2014, 20 :27 12.4 

HWCS3 R 0.07 47.3 01Jun2014, 20:42 6.0 

HWCS4 R 0.18 97.2 01Jun2014, 20:48 15.1 

HWCSS R 0.12 96.0 01Jun2014, 20:39 10.3 

HWCUpper 3.29 715.4 01Jun2014, 22 :24 282.6 

HWC_Out 7.99 1634.5 01Jun2014, 22:21 686.3 

HWCl 0.81 199.7 01Jun2014, 21 :45 69.6 

HWC2 3.19 702.0 01Jun2014, 22:06 274.0 

HWC3 3.29 715.6 01Jun2014, 22 :06 282.6 

SCBRANCH R 6.11 1328.4 01Jun2014, 22:24 569.6 

SCNBranch 2.40 636.3 01Jun2014, 21 :48 223.7 

SCSBranch 3.71 757.1 01Jun2014, 22:39 345.9 

SCSubl 0.42 202.6 01Jun2014, 20:39 37.1 

SCSub2 0.41 240.9 01Jun2014, 20:24 34.3 

SCSub3 0.31 157.2 01Jun2014, 20:33 26.6 

SCSub4 0.34 215.1 01Jun2014, 20:33 36.4 

SCSubS 0.13 81.1 01Jun2014, 20:21 10.9 

SCSl R 0.42 202.2 01Jun2014, 20:48 37.1 

SCS2_R 0.41 239.4 01Jun2014, 20:42 34.3 

SCS3_R 0.31 156.0 01Jun2014, 21:12 26.6 

SCS4 R 0.34 213.3 01Jun2014, 21:24 36.4 

SCSS R 0.13 80.9 01Jun2014, 20:24 10.9 

SC Out 16.46 3381.9 01Jun2014, 22 :45 1529.6 

SCl 1.98 313.4 01Jun2014, 23:45 184.6 

SC2 3.81 941.1 01Jun2014, 22:00 355.2 

SC2 R 12.87 2928.6 01Jun2014, 22 :48 1199.8 

SC3 2.95 736.6 01Jun2014, 21:57 275.0 

SC3 R 9.06 2033.1 01Jun2014, 22 :27 844.6 

TONGUE_ RIVER 21.40 4202.5 01Jun2014, 22 :33 2019.8 

TRDl 0.04 33.8 01Jun2014, 20:09 3.1 

TRD2 0.51 155.1 01Jun2014, 21:09 40.4 

TRD3 0.59 163.3 01Jun2014, 21 :12 44.2 

TRD4 0.27 181.7 01Jun2014, 20:27 28.1 

TRDS 0.93 444.9 01Jun2014, 20:54 99.5 

TR_Subl 0.52 263.7 01Jun2014, 20:30 _____ 42,3 __ 

TR_Sub2 0.24 70.7 01Jun2014, 21:09 18.5 

TFN 6 2/025 
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RAMACO Brook Mine 

100-year, 6-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2) (cfs) (Ac-ft) 
EF EC 1.84 407.1 01Jun2014, 14:21 150.1 

GCl 0.34 100.1 01Jun2014, 13:18 22.9 

GOOSE CREEK 0.34 100.1 01Jun2014, 13:18 22.9 

HWCLower 6.48 1015.6 01Jun2014, 14:54 370.0 

HWCSubl 0.19 78.6 01Jun2014, 12:48 11.0 

HWCSub2 0.14 67.8 01Jun2014, 12:42 8.3 

HWCSub3 0.07 29.3 01Jun2014, 12:48 4.0 

HWCSub4 0.18 61.1 01Jun2014, 12:57 10.1 

HWCSub5 0.12 58.6 01Jun2014, 12:42 6.9 

HWCSl_R 0.19 78.2 01Jun2014, 13:12 11.0 

HWCS2 R 0.14 67.6 01Jun2014, 13:00 8.4 

HWCS3 R 0.07 29.2 01Jun2014, 13 :15 4.1 

HWCS4 R 0.18 60.9 01Jun2014, 13:21 10.1 

HWCS5 - R 0.12 57.7 01Jun2014, 13:12 7.0 

HWCUpper 3.29 516.9 01Jun2014, 14:51 187.8 

HWC_Out 7.99 1197.9 01Jun2014, 14:42 457.1 

HWCl 0.81 141.3 01Jun2014, 14:12 46.7 

HWC2 3.19 506.0 01Jun2014, 14:30 182.1 

HWC3 3.29 517.1 01Jun2014, 14:30 187.8 

SCBRANCH R 6.11 985.1 01Jun2014, 14:48 383.0 

SCNBranch 2.40 447.3 01Jun2014, 14:15 150.9 

SCSBranch 3.71 563 .8 01Jun2014, 14:54 232.1 

SCSubl 0.42 128.1 01Jun2014, 13:06 25.0 

SCSub2 0.41 149.6 01Jun2014, 12:54 23.0 

SCSub3 0.31 98.8 01Jun2014, 13:03 17.9 

SCSub4 0.34 132.9 01Jun2014, 13:03 25.3 

SCSub5 0.13 50.3 01Jun2014, 12:51 7.3 

SCSl R 0.42 127.8 01Jun2014, 13:18 25.0 

SCS2_R 0.41 148.8 01Jun2014, 13:15 23.0 

SCS3_R 0.31 98.3 01Jun2014, 13:48 17.9 

SCS4 R 0.34 131.8 01Jun2014, 14:00 25.3 

SCS5 R 0.13 50.1 01Jun2014, 12:54 7.3 

SC Out 16.46 2516.3 01Jun2014, 15:06 1029.7 

SCl 1.98 247.6 01Jun2014, 15:39 124.7 

SC2 3.81 670.1 01Jun2014, 14:24 238.3 

SC2 R 12.87 2136.4 01Jun2014, 15:15 806.5 

SC3 2.95 524.7 01Jun2014, 14:24 185.1 

SC3 R 9.06 1493.6 01Jun2014, 14:51 568.1 

TONGUE - RIVER 21.40 3122.0 01Jun2014, 14:48 1366.7 

TRDl 0.04 20.2 01Jun2014, 12:39 2.0 

TRD2 0.51 103.2 01Jun2014, 13:36 26.8 

TRD3 0.59 109.6 01Jun2014, 13:39 29.2 

TRD4 0.27 112.1 01Jun2014, 12:57 19.4 

TRD5 0.93 282.8 01Jun2014, 13:21 68.9 

TR_Subl 0.52 165.4 01Jun2014, 13:00 28.2 
TR_Sub2 0.24 47.2 01Jun2014, 13:36 12.3 

TFN 6 21025 
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RAMACO Brook Mine 

100-year, 24-hour Type II Storm Event 

Hydrologic Element 
Drainage Area Peak Discharge 

Time of Peak 
Volume 

(mi2) (cfs) (Ac-ft) 

EF EC 1.84 662.6 01Jun2014, 21 :57 247.0 

GCl 0.34 183.5 01Jun2014, 20:51 39.1 

GOOSE_CREEK 0.34 183.5 01Jun2014, 20:51 39.1 

HWCLower 6.48 1658.6 01Jun2014, 22:27 654.7 

HWCSubl 0.19 150.5 01Jun2014, 20:18 19.2 

HWCSub2 0.14 131.9 01Jun2014, 20:12 14.5 

HWCSub3 0.07 56.2 01Jun2014, 20:18 7.1 

HWCSub4 0.18 115.3 01Jun2014, 20:27 17.7 

HWCSub5 0.12 114.5 01Jun2014, 20:12 12.1 

HWCSl R 0.19 149.5 01Jun2014, 20:39 19.2 

HWCS2_R 0.14 131.5 01Jun2014, 20 :27 14.5 

HWCS3_R 0.07 55.9 01Jun2014, 20 :39 7.1 

HWCS4_R 0.18 114.9 01Jun2014, 20:48 17.7 

HWCS5_R 0.12 112.9 01Jun2014, 20:36 12.1 

HWCUpper 3.29 844.2 01Jun2014, 22:24 332.4 

HWC Out 7.99 1929.8 01Jun2014, 22 :18 807.2 

HWCl 0.81 235.7 01Jun2014, 21:45 81.8 

HWC2 3.19 828.4 01Jun2014, 22 :06 322.3 

HWC3 3.29 844.6 01Jun2014, 22:06 332.4 

SCBRANCH R 6.11 - 1560.1 01Jun2014, 22:24 666.8 

SCNBranch 2.40 747.2 01Jun2014, 21 :48 261.9 

SCSBranch 3.71 888.9 01Jun2014, 22 :36 404.9 

SCSubl 0.42 238.8 01Jun2014, 20:39 43.5 

SCSub2 0.41 284.9 01Jun2014, 20:24 40.4 

SCSub3 0.31 185.6 01Jun2014, 20:33 31.3 

SCSub4 0.34 250.2 01Jun2014, 20:33 42.2 

SCSub5 0.13 96.0 01Jun2014, 20:21 12.8 

SCSl R 0.42 238.4 01Jun2014, 20:48 43.5 

SCS2 R 0.41 282.7 01Jun2014, 20:42 40.4 

SCS3 R 0.31 184.0 01Jun2014, 21 :12 31.3 

SCS4 R 0.34 248.1 01Jun2014, 21:21 42.2 

SCS5_R 0.13 95.7 01Jun2014, 20:24 12.8 

SC Out 16.46 3970.4 01Jun2014, 22:42 1790.9 

SCl 1.98 367.9 01Jun2014, 23:45 216.1 

SC2 3.81 1105.1 01Jun2014, 22 :00 415.8 

SC2 R 12.87 3444.4 01Jun2014, 22 :45 1404.5 

SC3 2.95 865.0 01Jun2014, 21 :57 322.0 

SC3 R 9.06 2389.7 01Jun2014, 22:24 988.8 

TONGUE RIVER 21.40 4936.3 01Jun2014, 22:30 2361.5 

TRDl 0.04 40.2 01Jun2014, 20:09 3.6 

TRD2 0.51 183.9 01Jun2014, 21 :09 47.7 

TRD3 0.59 194.3 01Jun2014, 21:12 52.4 

TRD4 0.27 211.8 01Jun2014, 20:27 32.7 

TRD5 0.93 517.3 01Jun2014, 20:54 115.5 

TR Subl 0.52 312.3 01Jun2014, 20:30 49.9 

TR Sub2 0.24 84.0 01Jun2014, 21 :09 21.9 
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REC D NOV 14,201 4 

October 2014 Addendum D6-1-33 DEQ Ex. 3-198



RAMACO Brook Mine 

ADDENDUM D6-2 

Miller Regression Analysis 

TFN 6 2 /025 
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RAMACO 

Peak Flow Estimates using Methods Presented by Miller, 2003 

Drainage: Hidden Water Creek 

Input Parameters: 

Drainage Area (square miles)= 7.99 
Region (See WRI Report 03-4107 Plate 1) = 2 

Output Parameters: 

2-Year Annual Peak Flow 

5-Year Annual Peak Flow 

Qs = 80.9(AREAD.455 ) 

10-Year Annual Peak Flow 

25-Year Annual Peak Flow 

50-Year Annual Peak Flow 

100-Year Annual Peak Flow 

Q100 = 41S(AREA0
·
430

) 

October 2014 

80 cfs 

208 cfs 

339 cfs 

560 cfs 

766 cfs 

1,014 cfs 

Brook Mine 

TFN 6 2/025 
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RAMACO 

Peak Flow Estimates using Methods Presented by Miller, 2003 

Drainage: Slater Creek 

Input Parameters: 

Drainage Area (square miles)= 16.46 
Region (See WRI Report 03-4107 Plate 1) = 2 

Output Parameters: 

2-Year Annual Peak Flow 

5-Year Annual Peak Flow 

Q5 = 80.9(AREA0·
455

) 

10-Year Annual Peak Flow 

25-Year Annual Peak Flow 

50-Year Annual Peak Flow 

100-Year Annual Peak Flow 

Q100 = 41S(AREAD.430 ) 

October 2014 

113 cfs 

289 cfs 

469 cfs 

769 cfs 

1,049 cfs 

1,384 cfs 

Brook Mine 
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RAMACO Brook Mine 

ADDENDUM D6-3 

HEC-RAS Model 

TFN 6 2 /025 
RECD NOV 14,2014 

October 2014 Addendum D6-3-1 DEQ Ex. 3-202
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HEC-RAS RESULTS 

TFN 6 2 /025 
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HEC-RAS Results: Hidden Water Creek Premine 

Top Froude # Mann Hydr 

Reach River Sta Profile QTotal Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Width Chi Wtd Total Radius 

(ds) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) 

1 16164.28 2-YEAR 474.2 3854.2 3856.1 3856.1 3856.6 0.0119 5.72 82 .89 84.47 1.02 0.028 0.98 
1 16164.28 100-YEAR 1929.8 3854.2 3857 .7 3857.7 3858.7 0.0080 8 .24 242.37 124.4 0.96 0.026 1.95 

1 16000 2-YEAR 474.2 3852.0 3853.1 3853.1 3853 .5 0.0122 5.36 88 .53 101.29 1.01 0.028 0.87 
1 16000 100-YEAR 1929.8 3852.0 3854.4 3854.4 3855 .3 0.0092 7.75 250.65 142.52 1 0.027 1.76 

1 15500 2-YEAR 474.2 3845 .1 3846.8 3846.7 3847 .2 0.0092 5.02 94.42 96.02 0.89 0.028 0.98 
1 15500 100-YEAR 1929.8 3845 .1 3848.1 3848.1 3849 .0 0.0094 7.55 255 .94 149.48 1 0.027 1.71 

1 15000 2-YEAR 474.2 3840.0 3841.4 3841.4 3841.8 0.0127 5.03 94.36 122.43 1.01 0.028 0.77 
1 15000 100-YEAR 1929.8 3840.0 3842.6 3842.6 3843.4 0.0096 7.14 273 .38 183.38 0.99 0.027 1.49 

1 14500 2-YEAR 474.2 3831.8 3833 .1 3833 .1 3833 .5 0.0120 5.34 88.8 101.12 1 0.028 0.88 
1 14500 100-YEAR 1929.8 3831.8 3834.4 3834.4 3835 .3 0.0094 7.46 260.75 162.16 0.99 0.027 1.61 

1 14000 2-YEAR 474.2 3821.5 3823.6 3823 .6 3824.1 0.0113 6.06 78.24 69 .93 1.01 0.028 1.12 
1 14000 100-YEAR 1929.8 3821.5 3825.3 3825 .3 3826.4 0.0073 8 .7 236.01 113.32 0.94 0.025 2.08 

...... ..., 1 13500 2-YEAR 474.2 3813.9 3815.5 3815.4 3816.0 0.0086 5.41 87.72 76.23 0.89 0.028 1.15 
- 1 13500 100-YEAR 1929.8 3813.9 3817 .1 3817.1 3818.2 0.0078 8 .59 233.11 112.19 0.96 0.026 2.07 

.. I - t 13000 2-YEAR 474.2 3808.4 3810.5 3810.5 3811 .1 0.0114 5.99 79.11 72 .58 1.01 0.028 1.09 

N 1 13000 100-YEAR 1929.8 3808 .4 3812 .1 3812.1 3813 .2 0.0092 8 .11 238.46 127.49 1.01 0.027 1.87 
U'I 

' 
1 12500 2-YEAR 474.2 3801.5 3803.4 3803.4 3803 .9 0.0118 5.64 84.1 86.77 1.01 0.028 0.97 
1 12500 100-YEAR 1929.8 3801.5 3804.9 3804.9 3805 .7 0.0075 7.63 269.3 170.76 0.92 0.024 1.57 

1 12000 2-YEAR 474.2 3793.1 3794.5 3794.5 3794.9 0.0102 5.26 96.57 129.19 0.94 0.025 0.75 
1 12000 100-YEAR 1929.8 3793 .1 3795 .8 3795.8 3796.5 0.0070 7.54 316.42 227.2 0.89 0.025 1.39 

1 11500 2-YEAR 474.2 3782.9 3784.9 3784.9 3785 .5 0.0114 6.01 78 .97 72.15 1.01 0.028 1.09 
1 11500 100-YEAR 1929.8 3782.9 3786.6 3786.6 3787 .6 0.0082 8 .25 239.48 128.74 0.97 0.025 1.86 

1 11000 2-YEAR 474.2 3776.0 3778.0 3778.0 3778.6 0.0113 6.07 78.12 69 .62 1.01 0.028 1.12 

DEQ Ex. 3-204
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HEC-RAS Results: Hidden Water Creek Premine 

Top Froude# Mann Hydr 

Reach River Sta Profile QTotal Min Ch El W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Width Chi Wtd Total Radius 

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) 

1 11000 100-YEAR 1929.8 3776.0 3779.7 3779 .7 3780.7 0.0092 8 .14 237 .02 116.52 1.01 0.028 2.02 

1 10500 2-YEAR 474.2 3767.9 3769.2 3769.2 3769.7 0.0117 5.6 84.61 87.43 1 0.028 0.97 
1 10500 100-YEAR 1929.8 3767.9 3770.7 3770.7 3771.7 0.0082 8 .13 244.82 130.73 0.97 0.026 1.87 

1 10000 2-YEAR 474.2 3759.2 3761.6 3761.6 3762.2 0.0115 6.04 78.46 71.18 1.01 0.028 1.1 
1 10000 100-YEAR 1929.8 3759.2 3763 .3 3763 .3 3764.4 0.0074 8.55 240.2 119.82 0.94 0.025 2 

1 9500 2-YEAR 474.2 3751.5 3753 .7 3753 .7 3754.3 0.0107 6.53 72.65 55 .83 1.01 0.028 1.3 
1 9500 100-YEAR 1929.8 3751.5 3755.7 3755 .7 3757.0 0.0067 9.33 222.86 93.2 0.92 0.025 2.38 

1 9000 2-YEAR 474.2 3744.0 3746.2 3746.2 3746.8 0.0112 6.25 75 .91 64.35 1.01 0.028 1.18 
1 9000 100-YEAR 1929.8 3744.0 3748.1 3748.1 3749.3 0.0084 8 .93 216.57 89 .06 1 0.028 2.42 

1 8500 2-YEAR 474.2 3736.9 3739.0 3739.0 3739.6 0.0088 6.67 78.07 64.68 0.94 0.026 1.2 
1 8500 100-YEAR 1929.8 3736.9 3740.9 3740.9 3742 .1 0.0066 9.87 236.4 98.87 0.93 0.026 2.38 -. 

"""' 1 8000 2-YEAR 474.2 3730.7 3732.4 3732.4 3732.9 0.0117 5.66 83.78 85.68 1.01 0.028 0.98 

Cl'! 1 8000 100-YEAR 1929.8 3730.7 3734.0 3734.0 3735.0 0.0075 8.33 247.65 128.43 0.94 0.025 1.93 
N ....... 

1 7500 2-YEAR 474.2 3722.3 3724.2 3724.2 3724.7 0.0119 5.73 82 .85 85 .96 1.02 0.028 0.96 r-, 

N 1 ..;; 7500 100-YEAR 1929.8 3722.3 3725 .7 3725 .7 3726.8 0.0074 8 .51 243 .6 119.76 0.94 0.026 2.03 

l 
1 7000 2-YEAR 474.2 3714.7 3716.6 3716.6 3717 .2 0.0095 6.11 82 .07 80.27 0.95 0.025 1.02 

1 7000 100-YEAR 1929.8 3714.7 3718.3 3718.3 3719.4 0.0065 8 .87 271.34 156.79 0.9 0.024 1.73 

1 6500 2-YEAR 474.2 3707 .9 3709.4 3709.4 3710.0 0.0114 5.83 81.36 77.87 1 0.028 1.04 
1 6500 100-YEAR 1929.8 3707 .9 3711.0 3711.0 3712 .1 0.0081 8.45 234.29 114.1 0.97 0.026 2.05 

1 6000 2-YEAR 474.2 3700.7 3702.3 3702.3 3702.8 0.0114 5.55 86.68 98.46 0.99 0.027 0.88 
1 6000 100-YEAR 1929.8 3700.7 3703.8 3703 .8 3704.7 0.0073 8.17 265 .04 149.53 0.93 0.026 1.77 

1 5500 2-YEAR 474.2 3692.0 3693.4 3693.4 3693.9 0.0096 5.47 86.7 80 0.93 0.028 1.08 
1 5500 100-YEAR 1929.8 3692.0 3694.9 3694.9 3696.0 0.0081 8.47 233 .81 113.81 0.97 0.026 2.05 

DEQ Ex. 3-205
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HEC-RAS Results: Hidden Water Creek Premine 

Reach River Sta Profile QTotal Min Ch El 

(cfs) (ft) 

1 5000 2-YEAR 474.2 3686.3 

1 5000 100-YEAR 1929.8 3686.3 

1 4500 2-YEAR 474.2 3679 .7 

1 4500 100-YEAR 1929.8 3679 .7 

1 4000 2-YEAR 474.2 3674.3 

1 4000 100-YEAR 1929.8 3674.3 

1 3500 2-YEAR 474.2 3669.4 

1 3500 100-YEAR 1929.8 3669.4 

1 3000 2-YEAR 474.2 3665 .3 
1 3000 100-YEAR 1929.8 3665 .3 

-· 1 2500 2-YEAR 474 .2 3653 .6 ~. 1 2500 100-YEAR 1929.8 3653.6 
-
-
~ 1 2000 2-YEAR 474.2 3656.0 

- 1 2000 100-YEAR 1929.8 3656.0 

i:::: 
U' 1 1500 2-YEAR 474.2 3658.0 

1 1500 100-YEAR 1929.8 3658.0 

1 1000 2-YEAR 474.2 3636.6 
1 1000 100-YEAR 1929.8 3636.6 

1 500 2-YEAR 474.2 3624.0 

1 500 100-YEAR 1929.8 3624.0 

1 250 2-YEAR 474.2 3608.9 

1 250 100-YEAR 1929.8 3608.9 

W .S. Elev Crit W .S. E.G. Elev 

(ft) (ft) (ft) 

3688.1 3688.1 3688.5 

3689.5 3689.5 3690.6 

3681.2 3681.0 3681 .5 
3682.4 3682.4 3683 .3 

3676.5 3676.5 3677.1 

3678 .3 3678 .3 3679.4 

3671.2 3671.1 3671.6 
3672 .6 3672.6 3673 .6 

3666.5 3666.5 3666.9 

3667.8 3667 .8 3668.5 

3661.8 3661.8 

3664.2 3664.2 

3661.8 3661.8 

3664.1 3664.2 

3661.0 3661.0 3661.7 
3663 .1 3663 .1 3664.0 

3639.5 3639 .5 3640 .3 

3641.7 3641.7 3643 .2 

3626.5 3626.5 3627 .3 

3628.7 3628.7 3630.2 

3610.3 3610.3 3610.7 

3613 .0 3611.6 3613 .3 

mzmZ/SZ/Zm ~peuu~~s 

Top Froude # Mann Hydr 

E.G. Slope Vel Chnl Flow Area Width Chi Wtd Total Radius 

(ft/ft) (ft/s) (sq ft) (ft) (ft) 

0.0122 5.57 85 .12 92.72 1.02 0.028 0.92 
0.0076 8.33 246.47 125.36 0.95 0.026 1.96 

0.0078 4.71 100.75 100.35 0.83 0.028 1 
0.0092 7.81 248 .45 139.1 1 0.027 1.78 

0.0099 6.27 77.53 69.84 0.97 0.026 1.11 

0.0065 9.11 248 .11 119.17 0.91 0.025 2.08 

0.0080 5.02 94.41 87.19 0.85 0.028 1.08 
0.0074 8 .3 249 .92 132.67 0.93 0.025 1.88 

0.0109 5.12 97.24 130.05 0.96 0.026 0.75 

0.0077 7.62 293 .24 195.98 0.93 0.026 1.5 

0.0000 0.67 941.29 202.44 0.04 0.028 4.63 

0.0001 1.82 1622.95 322.74 0.1 0.028 5.01 

0.0000 0.66 896.44 277 .47 0.05 0.027 3.23 

0.0001 1.53 1580.52 317.87 0.1 0.028 4.96 

0.0105 6.91 68.67 47 .6 1.01 0.028 1.43 

0.0056 8.2 283 .24 153.66 0.83 0.024 1.83 

0.0104 6.96 68.1 46.36 1.01 0.028 1.46 

0.0083 9.76 197.73 68.31 1.01 0.028 2.86 

0.0102 6.99 67.84 45 .19 1.01 0.028 1.49 
0.0084 9.64 200.25 70.85 1.01 0.028 2.79 

0.0118 5.22 91.92 115.27 0.99 0.027 0.8 

0.0012 4.25 523 .81 202 .09 0.4 0.026 2.59 

DEQ Ex. 3-206
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HEC-RAS Results: Slater Creek Premine 

Reach River Sta Profile 
(ds) 

1 13500 2-YEAR 1022.4 
1 13500 100-YEAR 3970.4 

1 13000 2-YEAR 1022.4 

1 13000 100-YEAR 3970.4 

1 12500 2-YEAR 1022.4 

1 12500 100-YEAR 3970.4 

1 12000 2-YEAR 1022.4 
1 12000 100-YEAR 3970.4 

1 11500 2-YEAR 1022.4 

1 11500 100-YEAR 3970.4 

1 11000 2-YEAR 1022.4 

1 11000 100-YEAR 3970.4 

1--- 1 10500 2-YEAR 1022.4 ..., 1 10500 100-YEAR 3970.4 
~ 

-... _ 1 10000 2-YEAR 1022.4 
....... 1 10000 100-YEAR 3970.4 
;;:; 
~ 1 9500 2-YEAR 1022.4 

1 9500 100-YEAR 3970.4 

1 9000 2-YEAR 1022.4 

1 9000 100-YEAR 3970.4 

1 8500 2-YEAR 1022.4 
1 8500 100-YEAR 3970.4 

1 8000 2-YEAR 1022.4 

1 8000 100-YEAR 3970.4 

{ft) {ft) {ft) 
3806.0 3807.7 

3806.0 3809.4 3809.4 

3800.5 3802.7 3802.7 
3800.5 3804.5 3804.5 

3796.0 3797.2 3797.1 
3796.0 3798.1 3798.1 

3789.5 3791.3 3791.3 
3789.5 3792.7 3792.7 

3784.7 3786.4 3786.4 
3784.7 3787.1 3787.1 

3778.0 3779.7 

3778.0 3781.2 3780.9 

3771.5 3774.7 3774.6 

3771.5 3775.9 3775.9 

3764.6 3766.9 3766.9 
3764.6 3768.2 3768.2 

3757.3 3759.3 

3757.3 3760.9 

3752.0 3754.4 3754.4 

3752.0 3756.4 3756.4 

3746.0 3748.1 
3746.0 3749.8 

3744.0 3745.6 3745 .5 

3744.0 3746.8 3746.8 

mzmZ/SZ/Zm ~peuu~~s 

(ft) (ft/ft) (ft/s) (sq ft) (ft) {ft) 
3808.2 0.0068 5.47 186.79 132.98 0.81 0.028 1.4 
3810.1 0.0058 7.34 672 .87 488.16 0.82 0.024 1.38 

3803.3 0.0114 5.91 173.03 167.2 1.01 0.027 1.03 
3805.2 0.0051 7.27 675.97 489.6 0.79 0.022 1.38 

3797.4 0.0070 4.09 254.7 318.44 0.77 0.027 0.8 
3798.9 0.0085 7.07 601.61 422.72 0.94 0.026 1.42 

3791.8 0.0091 5.89 198.02 215.44 0.93 0.026 0.92 
3793 .5 0.0074 8.24 619.06 418.6 0.93 0.026 1.48 

3786.6 0.0077 4.7 301.4 575.28 0.82 0.025 0.52 

3787.6 0.0092 7.04 727.7 650.07 0.97 0.028 1.12 

3780.0 0.0044 4.13 247.53 194 0.64 0.028 1.28 
3781.9 0.0044 6.73 653.9 377.22 0.73 0.023 1.73 

3775.1 0.0066 5.41 220.77 233.2 0.8 0.025 0.95 

3776.6 0.0090 7.49 605.64 404.77 0.98 0.028 1.49 

3767.4 0.0121 5.57 183.72 197.44 1.02 0.028 0.93 

3769.0 0.0093 7.01 573 .78 400.25 0.98 0.026 1.43 

3759.5 0.0050 4.24 241.12 200.01 0.68 0.028 1.21 
3761.5 0.0041 6.29 652 .97 318.32 0.7 0.025 2.05 

3755.1 0.0105 6.78 150.8 108.25 1.01 0.028 1.39 
3757.8 0.0083 9.5 418.09 151.95 1.01 0.028 2.74 

3748.2 0.0019 3.18 322.08 198.54 0.44 0.028 1.62 
3750.2 0.0024 5.55 759.08 314.27 0.55 0.025 2.41 

3746.0 0.0081 4.9 214.06 241.13 0.85 0.026 0.89 
3747.6 0.0077 7.8 564.07 330.58 0.93 0.026 1.71 

DEQ Ex. 3-207
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HEC-RAS Results: Slater Creek Premine 
Reach River Sta Profile 

(ds) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) 
1 7500 2-YEAR 1022.4 3738.5 3740.9 3740.9 3741.5 0.0073 6.37 183.54 169.71 0.87 0.024 1.08 
1 7500 100-YEAR 3970.4 3738.5 3742.6 3742.6 3743 .5 0.0059 9.01 571.25 283 .33 0.87 0.026 2.01 

1 7227.464 2-YEAR 1022.4 3737.0 3738.7 3738.6 3739.0 0.0076 5.19 226.22 261.23 0.84 0.026 0.87 

1 7227.464 100-YEAR 3970.4 3737.0 3739.9 3739.8 3740.7 0.0075 8.16 594.47 364.6 0.94 0.027 1.63 

1 7000 2-YEAR 1022.4 3733.3 3735 .7 3735.4 3735.9 0.0059 4.22 242.26 230.75 0.73 0.028 1.05 
1 7000 100-YEAR 3970.4 3733.3 3736.9 3736.7 3737.6 0.0063 6.92 586.13 313.26 0.84 0.027 1.87 

1 6500 2-YEAR 1022.4 3728.4 3730.6 3730.6 3731.1 0.0085 5.88 198.17 209.98 0.9 0.026 0.94 

1 6500 100-YEAR 3970.4 3728.4 3732.0 3732.0 3732.9 0.0079 8.52 549.23 299.11 0.96 0.027 1.84 

1 6000 2-YEAR 1022.4 3720.1 3721.8 3721.8 3722.3 0.0123 5.31 192.71 230.49 1.01 0.028 0.84 
1 6000 100-YEAR 3970.4 3720.1 3723.1 3723.1 3724.0 0.0083 7.75 542.32 323.13 0.96 0.026 1.68 

1 5500 2-YEAR 1022.4 3713 .1 3714.9 3714.5 3715.1 0.0038 3.58 285.91 248.06 0.59 0.028 1.15 
1 5500 100-YEAR 3970.4 3713.1 3716.6 3715.8 3717.0 0.0026 4.99 801.14 343 .74 0.56 0.027 2.33 

--- 1 5000 2-YEAR 1022.4 3709.2 3711.1 3711.5 0.0064 5.05 202.43 155.06 0.78 0.028 1.3 ..,, 
1 5000 100-YEAR 3970.4 3709.2 3712 .5 3712.5 3713.7 0.0080 8.82 457.89 197.99 0.98 0.027 2.31 

-

"'" 1 4877.632 2-YEAR 1022.4 3708.4 3710.3 3710.7 0.0063 5.34 225.8 215 .84 0.79 0.027 1.05 
---.... 1 4877.632 100-YEAR 3970.4 3708.4 3711.5 3711.5 3712.6 0.0081 9.15 505.49 244.25 0.99 0.028 2.07 
-....., 
c.J'I 1 4196.757 2-YEAR 1022.4 3698.4 3700.7 3701.1 0.0060 5.29 200.91 165.6 0.77 0.026 1.21 

1 4196.757 100-YEAR 3970.4 3698.4 3702.7 3703.4 0.0034 7.12 648.72 259.91 0.67 0.026 2.49 -
1 4000 2-YEAR 1022.4 3696.4 3699.2 3698.9 3699.7 0.0056 5.36 190.84 121.5 0.75 0.028 1.57 
1 4000 100-YEAR 3970.4 3696.4 3701.0 3700.9 3702.2 0.0063 8.93 456.65 170.26 0.89 0.026 2.68 

1 3500 2-YEAR 1022.4 3689.7 3691.9 3691.9 3692 .7 0.0101 6.95 147.12 99.09 1.01 0.028 1.48 
1 3500 100-YEAR 3970.4 3689.7 3694.1 3694.1 3695.5 0.0084 9.43 420.94 157.61 1.01 0.028 2.66 

1 3000 2-YEAR 1022.4 3682 .9 3685 .3 3684.9 3685.7 0.0041 4.83 211.87 124.95 0.65 0.028 1.69 
1 3000 100-YEAR 3970.4 3682.9 3687.7 3688.5 0.0037 7.36 539.34 154.55 0.69 0.028 3.47 

DEQ Ex. 3-208
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HEC-RAS Results: Slater Creek Premine 

Reach River Sta Profile 

(ds) 

1 2500 2-YEAR 1022.4 

1 2500 100-YEAR 3970.4 

1 2000 2-YEAR 1022.4 

1 2000 100-YEAR 3970.4 

1 1275.216 2-YEAR 1022.4 

1 1275.216 100-YEAR 3970.4 

1 1000 2-YEAR 1022.4 

1 1000 100-YEAR 3970.4 

1 500 2-YEAR 1022.4 

1 500 100-YEAR 3970.4 

::a ...... rr,...,, 
c:-,:z 
~ 

en 
:z:~ 
c::, -==----c:::, -~ 
.r:-Gff 

r-..) 

c:, -.s:,,. 

(ft) (ft) 

3677.2 3681.1 

3677.2 3683.6 

3672.0 3675 .1 

3672.0 3677.8 

3660.0 3663 .2 

3660.0 3666.1 

3656.0 3657.7 

3656.0 3659.3 

3650.7 3653 .0 

3650.7 3655.5 

(ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft) 

3681.1 3682.0 0.0097 7.56 135.32 77.04 1 0.028 1.74 

3683.6 3685.2 0.0079 10.28 386.4 119.86 1.01 0.028 3.2 

3675.1 3676.0 0.0095 7.81 130.9 70.37 1.01 0.028 1.85 

3677.8 3679.5 0.0073 10.62 380.01 113.5 0.98 0.027 3.33 

3663.2 3664.2 0.0093 8.06 126.89 63.94 1.01 0.028 1.97 

3666.1 3667.9 0.0060 10.97 385.57 117.5 0.92 0.025 3.26 

3657.7 3658.2 0.0109 6.1 168.28 154.5 1 0.027 1.09 

3659.3 3660.5 0.0075 9.02 470.04 204.58 0.96 0.026 2.29 

3652.5 3653.3 0.0031 4.16 252.9 167.94 0.57 0.027 1.5 

3654.2 3656.0 0.0018 5.86 742.78 222 .17 0.51 0.026 3.34 

til 
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::,;--

s: s· 
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RAMACO Brook Mine 

ADDENDUM D6-4 

Surface Water Hydrographs 
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RAMACO Brook Mine 

Table D6-1. Collected Surface Water Flow Data 
Max Daily Flowrate 

Date Sla ter Creek Hidden Wa ter Creek 

SM578512-SW-1 SM578418-SW-1 SM578415-SW-1 SM578409-SW-1 

9 /17/1 3 0.00 

9 /18/1 3 0.00 

9/ 19 / 13 0.00 

9 / 20 / 13 0 .00 

9 / 2 1/ 13 0.00 

9 /22/1 3 0.00 

9 /23 /13 0.00 

9/24/ 13 0 .00 

9 /25/ 13 0.00 

9/26 /13 0 .00 

9/27/13 0 .00 

9 /28/ 13 0.00 

9/29/13 0 .00 

9/30 /13 0 .00 0.00 0 .00 0.00 

10/ 1/13 0.00 0.00 0 .00 0.00 

10/2/ 13 0 .00 0 .00 0.00 0.00 

10/3/ 13 0 .00 0.00 0 .00 0 .00 

10/4 /1 3 0 .00 0 .00 0.00 0.00 

10/5/ 13 0 .00 0 .00 0 .00 0 .00 

10/6 / 13 0 .00 0.00 0 .00 0 .00 

10/7/13 0 .00 0.00 0.00 0 .00 

10/8/1 3 0 .00 0 .00 0.00 0.00 

10 /9/13 0 .00 0 .00 0 .00 0 .00 

10/ 10/ 13 0 .00 0 .00 0.00 0 .00 

10/11 /13 0 .00 0 .00 0.00 0 .00 

10/12/13 0 .00 0 .00 0.00 0.00 

10/ 13/13 0 .00 0 .00 0 .00 0.00 

10/ 14/ 13 0 .00 0 .00 0.00 0.00 

10/15/13 0 .00 0 .00 0 .00 0.00 

10/ 16/13 0.00 0 .00 0 .00 0.00 

10/ 17/13 0.00 0 .00 0.00 0 .00 

10/18/ 13 0 .00 0 .00 0 .00 0.00 

10/19/13 0.00 0 .00 0 .00 0 .00 

10/ 20 /13 0 .00 0 .00 0.00 0.00 

10/21 / 13 0 .00 0.00 0.00 0.00 

10/22/13 0.00 0 .00 0 .00 0 .00 

10/23/ 13 0.00 0.00 0 .00 0.00 

10/24/ 13 0.00 0 .00 0.00 0 .00 

10/25 /13 0.00 0 .00 0 .00 0.00 

10 / 26 / 13 0 .00 0 .00 0 .00 0.00 

10/ 27/ 13 0.00 0.00 0.00 0 .00 - -· · 

10/28/ 13 0.00 0.00 0 .00 0 .00 
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RAMACO Brook Mine 

Table D6-1. Collected Surface Water Flow Data 
Max Daily Flowrate 

Date Slater Creek Hidden Water Creek 

SM578512-SW-1 SM578418-SW-1 SM578415-SW-1 SM578409-SW-1 

10/29/13 0 .00 0.00 0.00 0.00 

10/30/13 0 .00 0.00 0.00 0.00 

10/31/13 0.00 0.00 0.00 0.00 

4/22/14 1.23 0.00 

4/23/14 1.16 0.00 

4/24/14 1.56 2.24 0.00 0.00 

4/25/14 1.21 2 .25 0.00 0.00 

4/26/14 1.09 2.17 0.00 0.00 

4/27/14 1.13 2.08 0.00 0.00 

4/28/14 0.78 1.17 0.00 0.00 

4/29/14 0.93 1.61 0.00 0.00 

4/30/14 0.24 1.07 0.00 0.00 

5/1/14 0.09 0.21 0.00 0.00 

5/2/14 0 .19 0.37 0.00 0.00 

5/3/14 0.23 0.34 0.00 0.00 

5/4/14 0.52 0.69 0.00 0.00 

5/5/14 0.67 1.03 0.00 0.00 

5/6/14 1.51 1.40 0.00 0.00 

5/7/14 6.89 8.65 0.00 0.00 

5/8/14 7 .23 8.77 0 .00 0.00 

5/9/14 4.31 4 .09 0.00 0.00 

5/ 10/ 14 8.17 7.78 0.00 0.00 

5/11/14 4 .86 4.18 0.00 0.00 

5/12/14 2.66 1.75 0.00 0.00 

5/13/14 2.52 1.60 0.00 0.00 

5/14/14 1.20 0 .63 0.00 0.00 

5/15/14 1.13 0.48 0 .00 0.00 

5/16/14 1.50 0.67 0.00 0.00 

5/17/14 2.28 1.02 0.00 0.00 

5/18/14 2.45 1.07 0.00 0.00 

5/19/14 2.21 0.92 0.00 0.00 

5/20/14 1.87 0.69 0.00 0.00 

5/21/14 1.72 0.60 0.00 0.00 

5/22/14 1.56 0.56 0.00 0.00 

5/23/14 1.47 0.60 0.00 0.00 

5/24/14 1.87 0.78 0.00 0.00 

5/25/14 2 .30 1.04 0.00 0.00 

5/26/14 1.16 0 .75 0.00 0.00 

5/27/14 0.65 0.51 0.00 0.00 

5/28/14 2.59 1.33 0.00 0.00 

5/29/14 2.43 1.36 0.00 0.00 

5/30/14 2.09 1.22 0.00 0.00 

5/31/14 2.47 1.51 0.00 0.00 
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RAMACO Brook Mine 

Table D6-1. Collected Surface Water Flow Data 

Max Da ily Flowra te 

Date Slater Creek Hidden Water Creek 

SM578512-SW-1 SM578418-SW-1 SM578415-SW-1 SM578409-SW-1 

6/ 1/ 14 2 .38 1.56 0 .00 0 .00 

6/ 2 /1 4 2.11 1.34 0 .00 0 .00 

6 /3/14 2 .43 1.52 0 .00 0 .00 

6/4/ 14 2 .07 1.50 0.00 0.00 

6 / 5/ 14 2.82 1.85 0 .00 0 .00 

6/6/ 14 1.56 1.83 0.00 0.00 

6/7/1 4 1.92 1.48 0 .00 0.00 

6/8/1 4 2 .13 1.65 0 .00 0 .00 

6 / 9 / 14 1.53 1.35 0 .00 0.00 

6/ 10/14 1.34 1.20 0.00 0 .00 

6/ 11 / 14 1.61 1. 16 0 .00 0 .00 

6/ 12 /1 4 2 .04 1. 11 0 .00 0.00 

6/ 13/14 1.72 1. 11 0 .00 0.00 

6/14/14 2 .12 0 .94 0 .00 0 .00 

6/ 15/ 14 1.84 1.29 0.00 0 .00 

6/16/14 1.59 0 .94 0 .00 0.00 

6/17/14 2.46 0 .93 0 .00 0 .00 

6/ 18 / 14 1.99 1. 29 0 .00 0 .00 

6/19/14 1.90 1.02 0.00 0 .00 

6 / 20 / 14 1.04 0.99 0 .00 0 .00 

6/2 1/ 14 2.47 0 .84 0.00 0.00 

6/22/14 1.89 1.40 0 .00 0.00 

6/23 / 14 2 .12 0.90 0.00 0.00 

6/24 / 14 1.86 0.78 0 .00 0.00 

6/25/14 1. 27 0 .56 0 .00 0 .00 

6/26 /14 1.23 0 .20 0 .00 0 .00 

6/27 / 14 2 .66 0.07 0.00 0.00 

6/28 /14 2 .75 0 .36 0 .00 0 .00 

6/29/14 2.3 1 0 .39 0 .00 0.00 

6/30 /14 1.12 0 .06 0 .00 0.00 

7/1/ 14 0.55 0.00 0 .00 0 .00 

7/2/14 0.39 0.00 0 .00 0 .00 

7 /3 / 14 0.41 0.00 0.00 0 .00 

7/4/1 4 0.26 0 .00 0 .00 0.00 

7/5/14 0.13 0 .00 0 .00 0.00 

7/6/ 14 0.09 0 .00 0 .00 0 .00 

7 / 7 /1 4 0 .11 0 .00 0 .00 0 .00 

7/8/1 4 0.01 0 .00 0 .00 0.00 

7/9 / 14 0 .08 0 .00 0 .00 0 .00 

7/ 10/ 14 0 .04 0.00 0 .00 0 .00 

7/1 1/14 0.06 0 .00 0 .00 0.00 

7/ 12/ 14 0.14 0 .00 0 .00 0.00 

7/ 13/ 14 0 .00 0 .00 0 .00 0 .00 
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RAMACO Brook Mine 

Table D6-1. Collected Surface Water Flow Data 
Max Daily Flowrate 

Date Slater Creek Hidden Water Creek 

SM578512-SW-1 SM578418-SW-1 SM578415-SW-1 SM578409-SW-1 

7/14/14 0.00 0.00 0.00 0.00 

7 I 15/14 0.00 0.00 0 .00 0.00 

7/16/14 0 .00 0.00 0.00 0.00 

7/17/14 0 .00 0.00 0.00 0 .00 

7/18/14 0 .00 0 .00 0 .00 0.00 

7/19/14 0.00 0 .00 0 .00 0 .00 

7/20/14 0 .00 0.00 0 .00 0.00 

7/21/14 0 .00 0 .00 0 .00 0.00 

7/22/14 0 .00 0 .00 0 .00 0.00 

7/23/14 0 .00 0 .00 0 .00 0.00 

7/24/14 0 .00 0 .00 0.00 0.00 

7/25/14 0 .00 0.00 0.00 0 .00 

7/26/14 0 .00 0 .00 0 .00 0 .00 

7/27/14 0.00 0.00 0 .00 0 .00 

7/28/14 0.00 0.00 0 .00 0.00 

7/29/14 0 .00 0 .00 0 .00 0.00 

7 /30/14 0.00 0.00 0.00 0.00 

7 /31/14 0.00 0.00 0.00 0.00 

8/1/14 0.00 0.00 0.00 0.00 

8/2/14 0.00 0 .00 0 .00 0.00 

8/3/14 0.00 0 .00 0 .00 0.00 

8/4/14 0.00 0 .00 0 .00 0.00 

8/5/14 0.00 0.00 0 .00 0 .00 

8/6/14 0.00 0 .00 0.00 0 .00 

8/7/14 0.00 0 .00 0 .00 0 .00 

8/8/14 0.00 0.00 0 .00 0 .00 

8/9/14 0 .00 0 .00 0 .00 0 .00 

8/ 10/ 14 0.00 0.00 0.00 0.00 

8/ 11/14 0.00 0 .00 0.00 0 .00 

8/12/14 0.00 0 .00 0.00 0 .00 

8/13/14 0 .00 0 .00 0 .00 0.00 

8/14/14 0 .00 0 .00 0 .00 0.00 

8/15/14 0.00 0 .00 0.00 0.00 

8/16/14 0.00 0.00 0.00 0 .00 

8/17/14 0.00 0.00 0.00 0 .00 

8/18/14 0.00 0.00 0 .00 0.00 

8/19/14 0.00 0.00 0 .00 0.00 

8/20/14 0 .00 0.00 0 .00 0 .00 

8/21/14 0 .00 0.00 0.00 0 .00 

8/22/14 0.14 0.00 0.00 0 .00 

8/23/14 0 .28 0.00 0 .00 0.00 

8/24/14 0.01 0.00 0 .00 0.00 

8/25/14 0 .00 0.00 0 .00 - 0 .00 
TFN ti lfUliJ 
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RAMACO Brook Mine 

Table D6-1. Collected Surface Water Flow Data 
Max Daily Flowrate 

Date Slater Creek Hidden Water Creek 

SM578512-SW-1 SM578418-SW-1 SM578415-SW-1 SM578409-SW-1 

8/26/14 0.00 0.00 0.00 0.00 

8/27/14 0.00 0.00 0.00 0.00 

8/28/14 0.00 0.00 0.00 0.00 

8/29/14 0.00 0.00 0.00 0.00 

8/30/14 0.01 0.00 0.00 0.00 

8/31/14 0.00 0.00 0.00 0.00 

9/1/14 0.01 0.00 0.00 0.00 

9/2/14 0.00 0.00 0.00 0.00 

9/3/14 0.00 0.00 0.00 0.00 

9/4/14 0.00 0.00 0 .00 0.00 

9/5/14 0.00 0.00 0.00 0.00 

9/6/14 0.00 0.00 0.00 0.00 

9/7 /14 0.03 0.00 0.00 0.00 

9/8/14 0.02 0.00 0.00 0.00 
Peak Flowrate 

8.17 8 .77 0.00 0.00 (cfs} 
Average 

0.63 0.41 0.00 0.00 
Flowrate (cfs} 1 

Notes: 1Average flowrate is calculated using all flow data collected. 
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D6-5 RATING CURVE DEVELOPMENT FOR STREAM MONITORING 
STATIONS 

D6-5.1 Background 

To measure streamflow occurring within the proposed Brook Mine permit 

boundary four continuous stage recorders were installed along Slater Creek 

and Hidden Water Creek and have been designated SM578418-SW-1, 

SM578512-SW-1, SM578409-SW-1 and SM578415-SW-1 (Figures D6-1 

through D6-4). The monitoring stations are part of the baseline monitoring 

network for the mine permit application. 

In an effort to depict flow conditions experienced at Slater Creek and 

Hidden Water Creek monitoring stations, rating curves were developed. 

Surveys of the channel thalweg and cross section at each monitoring station 

locations were completed by Prestfeldt Surveying in September 2013. WWC 

Engineering (WWC) developed rating curves for each monitoring site based on 

the surveyed stream cross sections and profiles. 

D6-5.2 Approach 

Uniform flow calculations were performed to determine flow rates within 

the Slater Creek and Hidden Water Creek channels. The Manning equation 

was used to calculate the flow. The Manning equation is: 

Q = 1.486 AR061 sos 
n 

where: 

Q = flow (cfs) 

n = Manning's roughness coefficient 

A = area of flow ( sq ft) 

R = A/Wp = hydraulic radius (Wp = wetted perimeter in ft) 

S = channel bottom slope (ft/ft) 

TFN62/025 
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The Manning's roughness coefficient (n) was selected based on the 

vegetation growth within channel. Table D6-1 provides the roughness 

coefficients used for each location. 

The channel thalweg at each monitoring station was surveyed upstream 

and downstream of each site. Figures D6-1 through D6-4 show the channel 

profiles. An average slope was determined from the surveyed information. 

Table D6-2 provides the slope used for each location. 

Based on the survey data, a cross section was developed at the location 

of each monitoring station. Figures D6-1 through D6-4 show the cross 

sections and profiles for each monitor site. 

Flows were calculated using Manning's equation for each channel cross 

section at 0.1-foot increments (Attachment D6-5-A). The minimum elevation 

chosen for calculations was the lowest point of each channel cross section. 

The maximum elevation chosen for calculations was based on judgment of 

appropriate flow rates anticipated for the channel. 

D6-6.3 Results 

Complete results of this uniform flow analysis are provided in 

Attachment D6-5-A (Rating Tables) and Attachment D6-5-B (Rating Curves). 

Table D6-3 provides a summary of minimum and maximum calculated flow 

rates for each cross section. Additionally, an equation was fit to each flow rate 

versus stage curve. Table D6-4 provides the equation for each curve at each 

station, as well as the R2-value to demonstrate wellness of fit. Each equation 

calculates flow (Q) as a function of water stage (s). 

D6-6.4 References 

Flow Master v8i. (2009). Bentley Systems, Inc . 

Sturm, T. W. (2001). Open Channel Hydraulics. Singapore: McGraw-Hill Higher 
Education. 
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Table D6-1 . Manning's Roughness Coefficients for Individual Monitoring 
Station Locations 

Monitoring Station Channel 
(n) 

SM578418-SW-1 0 .030 
SM578512-SW-1 0 .030 
SM578415-SW-1 0 .030 
SM578409-SW-1 0.030 
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Table D6-2. Average Channel Slope for the Proximity of Each Monitoring 
Station Location 

Monitoring Station Average Slope (ft/ft) 

SM578418-SW- 1 0.00758 

SM578512-SW-1 0.01427 

SM578415-SW-1 0.01502 

SM578409-SW-1 0 .01459 

----···· ---- · 
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Table D6-3. Summary of Minimum and Maximum Flow Rates for Each 
Monitoring Station 

Monitoring Station Elevation Stage Flow Rate 
(ft amsl) (ft) (cfs) 
3663.8 0.1 0.3 

SM578418-SW-1 
3670.8 7.1 3,580 

3743.2 0.1 0.1 
SM578512-SW-1 

3750.3 7.2 4,460 

3769.5 0.1 0.2 
SM578409-SW-1 

3774.7 5.3 1,660 

3656.0 0.1 0.2 
SM578415-SW-1 

3661.0 5.1 1,730 
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Table D6-4. Equations Fit to Rating Curves 

Monitoring Station Equation R2 

SM578418-SW- 1 Q = 74.745s2 - 5477178s + 1E+09 0 .9999 

SM578512-SW-1 Q = 102.15s2 - 764877s + 1E+09 0 .9983 

SM578409-SW-1 Q = 54.658s2 - 412028s + 8E+08 0 .9998 

SM578415-SW- 1 Q = 69.329s2 - 506949s + 9E+08 0 .9995 

TFN 6 2/025 
ttct inv 14,2014 

October 2014 Addendum D6-5-8 DEQ Ex. 3-246



s 

RAMACO 

T.,: ... 
-57 - . - -... ! ·~ - . 

' . - - - i ----• ( Liltl,.,,o,ON-

N. 

tned, 

> ~ . . , ... ,'"'-
; 

·. - .;. ,l-J• • 

/ 
··" .,.,. 

·-. 

3700 

0+00 

3680 

3670 

Iii 2/28 2 Iii 2 Iii 
3660 

0+00 

October 2014 

I 

J 
0+50 

r 

j 
0+10 

(;. 

SM578418-SW-1 
LOCATION 

R.85 W, R.84 W. 

PLAN VIEW 
SCALE : 1" = 4000' 

I 
1 

1+00 1+50 

I 

l _L__ 
0+20 0+30 

CROSS SECTION 
SCALE: 1" = 10' 

.. r., ..... ,., 

/ 

! I 

T 

SM578418 -SW-1 I CROSS SECTION .. r , .. fl/II I j ± 
2+00 2+50 3+00 3+50 4+00 

PROFILE 
SCALE: 1" = 50' 

3680 ---- -

I 
3670 

I 
I 

1 1 __J 3660 
0+40 0+50 0+60 0+70 

L 
4+50 

Brook Mine 

CROSS SECTION 

SECTION/PROFILE VIEW 
SCALE : 1" = 200' 

i 
5+00 5+50 6+00 

3700 

j 3650 
6+50 

BR_OOKMINE 
SHE IDAN COUNTY, WY 

1101 SUGAR_VIEW DR._STE. 201 
SHER_JDAN, WY 82801 

REVISIONS ADDENDUM D6-5 
-D-ate--.---De-s-cri-pt-ion-----t FIGURE D6-1 

SM578418-SW-1 
MONITOR STATION PLAN VIEW, 
PROFILE AND CROSS ~l;CTION 

TFN 6 2/025 
RECD NOV 14,2014 

::.:::By ~~~wwc 
1---+---------+-Da-,e,-'-----f ENGINEERING 

FILE: ADD_D6-5_MON_STA.dwg www.wwcengineering .com 

Addendum D6-5-9 DEQ Ex. 3-247



RAMACO 

_ ; 
'( 

T.J.:•~ 
-57 - . . :··· 
N. :. 

s- nnedt 

. • j . 

•' · .. - ., ;,,• - ,'" 
• ,e. .,. 

·- · : 

3760 
I 

I 

3140 L 

3750 

L 3700 
0+00 

0+00 0+20 

Iii 2/28/2 Iii 2 Iii 

October 201 4 

. ;,• · 

I 
~ , j 

-

SM578512-SW-1 
LOCATION -...,,. 

l 
.. t 

:' 

· ·-.c.< 

R.85 W, R.84 W. 

PLAN VIEW 
SCALE: 1" = 4000' 

T 

I 

l I 
-- - l 
0+50 1+00 1+50 

l T 
I 

I 

1 
0+40 0+60 0+80 

.,_ 
.. , . ... 

,, 

r 
S~78512 -SW-1 I 
CROSS SECTION 

-
_J_ 

2+00 

T 
I 

I 

I 
1+00 

CROSS SECTION 
SCALE: 1" = 20' 

r -
I 

I 
S = 0 .01427 1'ffl I I .. 

I 

L _J_ 
-- - - l 

2+50 3+00 3+50 4+00 

PROFILE 
SCALE : 1" = 50' 

3760 

3740 
1+20 1+40 1+60 

) 

( 

CROSS SECTION 

SECTION/PROFILE VIEW 
SCALE: 1" = 200' 

Brook Mine 

3750 
T - - . 

I I 

I L - -
4+50 5+00 5+50 

3700 
6+00 

BR_OOKMINE 
SH E IDAN COUNTY, WY 

1101 SUGA R._VIEW DR_STE. 201 
SH EI\):DAN, WY 82801 

REVISIONS ADDENDUM 06-5 
1--Da- te~--De-sc-ri-pti-on-----1 FIGURE 06-2 

SM578512 -SW-1 
MONITOR STATlON-Pl-A-N -VIEW;· 
PROFILE AND CROSS SECTION 

TFN62/025 
DrawnBy: ~ 

4. 

Checked By: ~~ wwc 
- ---------,f-• a-te: --- ---1 ENGINEERING 

FILE: ADD_D6-5_MON_STA.dwg www.wwcengineering.com 

Addendum D6-5- 10 DEQ Ex. 3-248



T.,:., 
-57-
N. 

RAMACO 
_o,. . .. 

- -, .. , .. 

.. . .. _ _, 

/'-,··· 

s- nnedt Iii 2/28/2 Iii 2 Iii 

October 2014 

... ,--) 

3800 

3750 
0+00 

3780 

3770 

3760 
0+00 

H•dd,r, 

.. ' . ~ 

.. ,. 
C· ·-.-( : ·. 

+- : '· 

·, 
Mc,:,u-rt- •, .. , 

.. .. , A. 

R.85 W, R.84 W. 

PLAN VIEW 
SCALE: 1" = 4000' 

0+50 1+00 1+50 

0+10 0+20 0+30 

SM578409-SW-1 
LOCATION 

: ,,C ' 

.• (.,•..<fl 

• ·~ . 

I SM578409 -SW-1 
CROSS SECTION 

2+00 

l 
0+40 

2+50 

PROFILE 
SCALE: 1" = 50' 

3780 

3770 

J 3760 
0+50 

CROSS SECTION 
SCALE: 1" = 10' 

S = 0 .01502 fl/ft 

3+00 3+50 4+00 

CROSS SECTION 

SECTION/PROFILE VIEW 

4+50 

SCALE: 1" = 200' 

3800 

3750 
5+00 

~ R[\MACO 
REVISIONS ADDENDUM D6-5 

Brook Mine 

BR_OOKMINE 
SHE ID AN COUNTY, WY 

1101 SUGA R._VIEW DR_ STE. 201 
SHE R._fDAN, WY 82801 

...,_Da- te ___ De-s-cri-pt-ion _ ____, FIGURE D6-3 

SM578409-SW-1 
MONITOR STATION PLANVIEW,
PROFILE AND CROSS SECTION 

TFN 6 2/025 
J: V 2014 

Drawn By: ~ 

\ 

Checked By· ~~ wwc 
o----+---------+-Da-te: ____ ___. ENGINEERING 

FILE: ADD_D6-S_MON_STA.dwg www.wwcengineering.com 

Addendum D6-5-11 DEQ Ex. 3-249



RAMACO 
~ o,. • .., 

_, 
'( 

T.,:., 
.-57 - . --, .. ·-:-:-

N. 

~--. 

s- nnedt ~2/28/2~2~ 

October 20 14 

I 

. ;,•·· 

~, { 
' 

' 
' .. j_~~·• .... 

/ 

3670 

3660 

3650 I 
0+00 

I 
I 

.,_ 

·· .. 

-...... 
-.. i ', 

+ 

· ...... 

R.85 W, R.84 W. 

PLAN VIEW 
SCALE: 1" = 4000' 

3700 
r 

•., SM578415-SW-1 
.-------- LOCATION 

• 

S = 0.01459 ft/ft 
I 

\ 

CROSS SECTION 

I 
/ 

\ 
\ 

) 

\ 
( 

SECTION/PROFILE VIEW 
SCALE: 1" = 200' 

3700 

Brook Mine 

SM578415 -SW-1 
CROSS SECTION I 

3650 _____ .,l_ ____ ~----====.:._----r1------+--------------- 3650 
4+00 0+00 0+50 1+00 

1 
0+10 0+20 0+30 0+40 

CROSS SECTION 
SCALE: 1" = 10' 

1+50 2+00 

PROFILE 
SCALE : 1" = 50' 

0+50 

3670 

3660 

3650 
0+60 

2+50 3+00 3+50 

REVISIONS ADDENDUM 06-5 

BR_OOKMINE 
SH E IDAN COUNTY, WY 

1101-5UGAR\[1EW.D.R._SI.E .. 201 
SHERJDAN, WY 82801 

TFN 6 2 /025 1--D-ate ___ De_s_cri-pt-ion-~ FIGURE 06-4 

RECD NOV 14,2014 
SM578415-SW-1 

MONITOR STATION PLAN VIEW, 
PROFILE AND CROSS SECTION 

Drawn By: ~ 

Checked By: ~,,,........wwc 
o-----+------+-D-ate-: ----< ENGINEERING 

FILE: ADD_D6-5_MON_STA.dwg www.wwcengineering.com 

Addendum D6-5- 12 DEQ Ex. 3-250



RAMACO 

October 2014 

ATTACHMENT D6-5-A 

Rating Tables 
Stream Monitoring Stations 

Brook Mine 

TFN 6 2/025 
RECD NOV 14,2014 

Addendum D6-5-13 DEQ Ex. 3-251



RAMACO Brook Mine 

Slater Creek Monitoring Station SM578418-SW- l Rating Table 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 
3663.7 0 0.03 0 

3663.8 0 . 1 0 .03 0.29 

3663.9 0.2 0.03 2.01 

3664 0.3 0.03 5.43 

3664.1 0.4 0.03 10.5 

3664.2 0.5 0.03 16.96 

3664.3 0.6 0.03 24.75 

3664.4 0.7 0.03 34.34 

3664.5 0.8 0 .03 45.59 

3664.6 0.9 0.03 58.3 

3664.7 1 0.03 72.35 

3664.8 1.1 0.03 87.68 

3664.9 1.2 0.03 104.27 

3665 1.3 0.03 122. 1 

3665.1 1.4 0 .03 141.17 

3665.2 1.5 0.03 161.45 

3665.3 1.6 0 .03 182.95 

3665.4 1.7 0 .03 205.66 

3665.5 1.8 0.03 229.63 

3665.6 1.9 0 .03 254.77 

3665.7 2 0.03 281.12 

3665.8 2.1 0.03 308.68 

3665.9 2.2 0 .03 337.45 

3666 2 .3 0.03 367.42 

3666.1 2.4 0.03 398.62 
3666.2 2 .5 0.03 431.03 

3666.3 2.6 0.03 436.7 

3666.4 2.7 0 .03 472.39 

3666.5 2.8 0 .03 509.69 

3666.6 2 .9 0.03 548.44 

3666.7 3 0.03 588.64 

3666.8 3.1 0 .03 630.3 

3666.9 3.2 0.03 675.34 

3667 3 .3 0.03 721.83 

3667.1 3.4 0.03 769.76 

3667.2 3.5 0.03 819.15 

3667.3 3.6 0.03 869.98 

3667.4 3.7 0.03 922.27 

3667.5 3.8 0.03 976.51 

3667.6 3.9 0.03 1032.39 

3667.7 4 0.03 1089.71 

3667.8 4 . 1 0.03 1149.05 

3667.9 4.2 0 .03 1210.4 

3668 4 .3 0.03 1273.18 
TFN62/025 
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Slater Creek Monitoring Station SM578418-SW-1 Rating Table cont. 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3668.1 4.4 0.03 1337.38 

3668.2 4.5 0.03 1403.01 

3668.3 4.6 0.03 1470.06 

3668.4 4.7 0.03 1538.54 

3668.5 4.8 0.03 1608.44 

3668.6 4.9 0.03 1679.75 

3668.7 5 0.03 1752.49 

3668.8 5.1 0.03 1826.66 

3668.9 5.2 0.03 1901. 72 

3669 5.3 0.03 1976.21 

3669.1 5.4 0.03 2052.19 

3669.2 5.5 0.03 2129.64 

3669.3 5.6 0.03 2208.6 

3669.4 5.7 0.03 2289.05 

3669.5 5.8 0.03 2371.01 

3669.6 5.9 0.03 2454.49 

3669.7 6 0.03 2539.49 

3669.8 6.1 0.03 2626.23 

3669.9 6.2 0.03 2714.81 

3670 6.3 0.03 2804.93 

3670.1 6.4 0.03 2896.59 

3670.2 6.5 0.03 2989.79 

3670.3 6.6 0.03 3084.55 

3670.4 6.7 0.03 3180.87 

3670.5 6.8 0.03 3278.75 

3670.6 6.9 0 .03 3378.88 

3670.7 7 0.03 3480.85 

3670.8 7.1 0.03 3584.38 
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Slater Creek Monitoring Station SM578512-SW- 1 Rating Table 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3743.1 0 0 .03 0 

3743 .2 0 .1 0.03 0 .09 

3743.3 0.2 0 .03 0 .59 

3743.4 0 .3 0 .03 1.79 

3743 .5 0.4 0 .03 3.78 

3743.6 0.5 0 .03 6.59 

3743.7 0.6 0 .03 10.32 

3743.8 0.7 0 .03 15.07 

3743.9 0.8 0.03 20.5 

3744.0 0.9 0 .03 27.2 

3744.1 1 0 .03 36.81 

3744.2 1.1 0.03 47.83 

3744.3 1.2 0 .03 60.28 

3744.4 1.3 0.03 74. 18 

3744.5 1.4 0.03 89.75 

3744.6 1.5 0.03 106.93 

3744.7 1.6 0.03 125.56 

3744.8 1.7 0.03 145.75 

3744.9 1.8 0 .03 167.52 

3745.0 1.9 0 .03 190.84 

3745. 1 2 0 .03 216.09 

3745.2 2.1 0.03 243.22 

3745.3 2 .2 0.03 272 .01 

3745.4 2 .3 0 .03 302.06 

3745.5 2.4 0 .03 332 .84 

3745.6 2 .5 0.03 365.47 

3745.7 2 .6 0.03 395.53 

3745.8 2.7 0 .03 423.93 

3745.9 2.8 0 .03 463.88 

3746.0 2.9 0 .03 505 .94 

3746.1 3 0 .03 544.06 

3746.2 3 .1 0.03 577.38 

3746.3 3.2 0.03 628.6 

3746.4 3.3 0.03 721.83 

3746.5 3.4 0.03 738.21 

3746.6 3.5 0.03 795.02 

3746.7 3.6 0.03 852 .77 

3746.8 3 .7 0.03 913.21 

3746.9 3.8 0.03 979.08 

3747.0 3.9 0.03 1054.01 

3747.1 4 0 .03 1131.55 

3747.2 4.1 0.03 1211.61 

3747.3 4.2 0 .03 1294.18 

3668.0 4.3 0 .03 1273.18 
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Slater Creek Monitoring Station SM578512-SW- 1 Rating Table cont. 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3747.5 4.4 0 .03 1466.88 

3747.6 4.5 0 .03 1556.99 

3747.7 4.6 0.03 1649.63 

3747.8 4.7 0.03 1538.54 

3747.9 4.8 0.03 1842.47 

3748.0 4 .9 0 .03 1942.68 

3748.1 5 0.03 2026.83 

3748.2 5.1 0 .03 2105 .64 

3748.3 5 .2 0 .03 2183 .58 

3748.4 5 .3 0.03 2259.16 

3748.5 5.4 0.03 2339.41 

3748.6 5.5 0.03 2378.84 

3748.7 5 .6 0.03 2424.09 

3748.8 5 .7 0 .03 2498.57 

3748.9 5 .8 0 .03 2580.75 

3749 .0 5 .9 0 .03 2673.34 

3749.1 6 0 .03 2789 .7 

3749.2 6.1 0 .03 2911.65 

3749.3 6.2 0.03 3039 .28 

3749.4 6 .3 0 .03 3171.1 

3749.5 6.4 0.03 3306.56 

3749.6 6.5 0 .03 3448.67 

3749.7 6.6 0.03 3596.97 

3749.8 6.7 0.03 3748.79 

3749.9 6.8 0.03 3900.96 
3750.0 6.9 0.03 4060.34 

3750.1 7 0.03 4226.99 

3750.2 7.1 0.03 4332.03 
3750.3 7.2 0 .03 4463.66 
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RAMACO Brook Mine 

Hidden Water Creek Monitoring Station SM578409-SW- 1 Rating Table 

Water Surface Water Wtd . Mannings Discha rge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3769.4 0 0.03 0 

3769.5 0.1 0 .03 0 .22 

3769 .6 0.2 0 .03 1.22 

3769 .7 0.3 0 .03 4 . 16 

3769.8 0.4 0 .03 8.87 
3769.9 0.5 0.03 15.34 

3770.0 0.6 0.03 23.5 
3770.1 0.7 0 .03 33 .1 

3770.2 0.8 0 .03 44.03 

3770.3 0.9 0 .03 56.22 

3770.4 1 0 .03 69.65 

3770.5 1.1 0 .03 84.29 

3770.6 1.2 0.03 100.1 
3770.7 1.3 0 .03 117.22 

3770.8 1.4 0 .03 135.56 

3770.9 1.5 0.03 155.03 
3771.0 1.6 0.03 175.61 

3771.1 1.7 0.03 197.22 

3771.2 1.8 0 .03 219 .86 

3771.3 1.9 0.03 243.59 

3771.4 2 0.03 268.41 

3771.5 2.1 0.03 294.31 

3771.6 2.2 0.03 321.3 

3771. 7 2.3 0.03 349 .36 

3771.8 2.4 0.03 378.51 
3771.9 2.5 0 .03 408.69 

3772.0 2.6 0.03 439.92 

3772.1 2.7 0.03 472 .25 

3772.2 2.8 0.03 505.67 
3772.3 2.9 0.03 540.19 

3772.4 3 0.03 575 .66 

3772 .5 3.1 0 .03 612.13 

3772 .6 3.2 0 .03 649.73 

3772 .7 3.3 0.03 721.83 

3772.8 3.4 0.03 728.34 

3772 .9 3 .5 0.03 769.36 

3773.0 3.6 0.03 811.54 

3773.1 3.7 0 .03 855.93 

3773.2 3 .8 0.03 901.62 
3773.3 3.9 0.03 948.32 

3773.4 4 0.03 996.15 

3773.5 4 . 1 0 .03 1045. 13 

3773.6 4 .2 0 .03 1095.24 

3668.0 4 .3 0.03 1273.18 
TFN 6 2 /025 
RECD NO V 14 ,2014 
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RAMACO Brook Mine 

Hidden Water Creek Monitoring Station SM578409-SW- 1 Rating Table cont. 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3773.8 4.4 0.03 1198.9 

3773.9 4 .5 0 .03 1251.6 

3774.0 4.6 0.03 1304.23 

3774.1 4 .7 0.03 1538.54 

3774.2 4.8 0.03 1409.96 

3774.3 4 .9 0.03 1462.43 

3774.4 5 0.03 1516.35 

3774.5 5.1 0.03 1571.74 

3774.6 5.2 0.03 1619. 11 

3774.7 5 .3 0.03 1655.01 

TFN 6 2/025 
RECD NOV 14 ,2014 
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RAMACO Brook Mine 

Hidden Water Creek Monitoring Station SM578415-SW- 1 Rating Table 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3655.9 0 0.03 0 

3656.0 0.1 0.03 0.15 

3656.1 0.2 0.03 1.29 

3656.2 0.3 0 .03 3.96 

3656.3 0.4 0.03 7 .78 

3656.4 0.5 0.03 12.65 

3656.5 0.6 0.03 18.53 

3656.6 0.7 0.03 24.63 

3656.7 0.8 0.03 31.68 

3656.8 0.9 0 .03 40. 11 

3656.9 1 0.03 50.65 

3657.0 1.1 0.03 59.53 
3657.1 1.2 0.03 73.62 

3657.2 1.3 0.03 89. 18 

3657.3 1.4 0.03 106.1 

3657.4 1.5 0.03 124.36 

3657.5 1.6 0.03 143.86 

3657.6 1.7 0 .03 164.72 

3657.7 1.8 0.03 187.19 

3657.8 1.9 0.03 211.01 

3657.9 2 0.03 236.26 

3658.0 2.1 0 .03 263.02 

3658.1 2.2 0.03 291.15 

3658.2 2.3 0.03 320.38 

3658.3 2.4 0.03 349 .86 
3658.4 2.5 0.03 381.01 

3658.5 2.6 0.03 413.78 

3658.6 2.7 0.03 448.08 

3658.7 2.8 0.03 484.29 

3658.8 2 .9 0 .03 522.57 

3658.9 3 0 .03 562.42 

3659.0 3.1 0.03 603.85 

3659.1 3 .2 0.03 646.86 

3659.2 3 .3 0.03 721.83 

3659.3 3.4 0 .03 735.84 

3659.4 3.5 0 .03 779.44 

3659.5 3.6 0.03 825.93 

3659.6 3.7 0.03 877.24 

3659.7 3.8 0 .03 931.03 

3659.8 3 .9 0.03 986.56 

3659.9 4 0.03 1041.58 

3660.0 4.1 0.03 1093.27 

3660.1 4.2 0 .03 1147.13 

3668.0 4.3 0 .03 1273.18 
TFN 6 2 /025 
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RAMACO Brook Mine 

Hidden Water Creek Monitoring Station SM578415-SW- 1 Rating Table cont. 

Water Surface Water Wtd. Mannings Discharge 

Elevation (ft) Height (ft) Coefficient (cfs) 

3660.3 4.4 0.03 1206.84 

3660.4 4.5 0.03 1273.44 

3660.5 4.6 0.03 1344.3 

3660.6 4.7 0.03 1538.54 

3660.7 4 .8 0.03 1492.95 

3660.8 4.9 0.03 1569.45 

3660.9 5 0.03 1646.94 

3661.0 5.1 0.03 1726.96 

TFN 6 2 /025 
REC D NO Y 14 ,201 4 
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RAMACO 

October 2014 

ATTACHMENT D6-5-B 

Rating Curves 
Stream Monitoring Stations 

Brook Mine 

--- ------

TFN 6 2/025 
RECD NOY 14 ,20l4 
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--Calculated Flow Using Rating Equation 

y = 74.745x2 - 547718x + 1E+09 
R2 = 0.9999 

mzmZ/SZ/Zm ~peuu~~s 

~ 2000 -+----------------------------------------------------
] 
u 
Ill ... 
Q 

1500 -+------------------------------,~----------------

Minimum Measurable Flow: 0.29 cfs at 0 . 10 

1000 

=i::11--1 "" ..,, 
C-, :z: = o, 500 
;a: ~ 
c::» --=--c:::, -~ ..,c.n 
....:a 0 
c:::, 3663 3664 3665 3666 3667 3668 3669 3670 3671 -.t=- Water Surface Elevation (ft) 

3672 

DEQ Ex. 3-261



> 
0. 
0. 
(1) 

::s 
0. 
s:: 
3 
0 
°' I 
(.Tl 
I 

tv 
~ 

~ 
~ 
cu 

mzmZ/SZ/Zm ~peuu~~s 

Slater Creek Monitoring Station SM578512-SW-1 Rating Curve 

5000 ~-----------------------------------------------

4500 +------------------------------------------------
- Calculated Flow Using Manning's Equation 

y = 102.15x2 - 764877x + 1E+09 
R2 = 0.9983 

3500 -+---------------------------------------,~--------

3000 +--------------------------------------~ <-----------

t° 2500 +-----------------------------------/-,- ------------
] 
u 
II) ... 
~ 2000 +----------------------------------/-----------------

1500 +----------------------------D'---------------------

Minimum Measureable Flow: 0.09 cfs at 0 . 10 ft 

--1 1000 ..,, 
:z: 
en ......, 500 -... 
c::, 
~ 
c.n 

0 

3743.0 3744.0 3745.0 3746.0 3747.0 3748.0 3749.0 3750.0 3751.0 

Water Surface Elevation (ft) 

DEQ Ex. 3-262



0 
(') ,.... 
0 
CJ' 
(b 
-1 

Iv 
0 ...... 
~ 

)> 
0. 
0. 
(b 

::s 
0. 
~ 

3 
0 
O'I 
I 

(.J1 
I 

Iv 
(.J1 

mzmZ/SZ/Zm ~peuu~~s 

Hidden Water Creek Monitoring Station SM578409-SW-1 Rating Curve 
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Hidden Water Creek Monitoring Station SM578415-SW-1 Rating Curve 

- Calculated Flow Using Manning's Equation 

--Calculated Flow Using Rating Equation 

y = 69.329x2 - 506949x + 9E+08 
R2 = 0.9995 
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RAMACO Brook Mine 

ADDENDUM D6-6 

Surface Water Quality 

TFN 6 2/025 
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RAMACO ~,>--,>--
WWCENG !NEERING 

Brook Mine 

Surface Water Field Sheet 

ProjecVClient --~~::;....____:;,....;;.....;;;..__ _____________ _ 

Site Name. 6 "1 5'70'/: 0q -::,v.)- / { ~-0~<--~-CA.>) 

Date ---~ /1........_o/_1;....:.3:;......__@ _____ l_;._6_0 __ 

Technician/Engineer S#;f; ~ ,/BtH(lci:~ 
Devices 

Flow/Automatic sampler Device 64 ~~ 
Device Flow or Stage Reading ,l)A&J, CFS/FT 

Device Battery Charge - Volts --1/l~ : cfi~C>C,.ojL-(A:.e-,.(~ ~ K--' 

Device Data Download Yes or o .&~ 
Sample Collected by Device Yes or 

,61..diz_. 
Staff gage reading if installed ______ Ft 

Crest gage readings if installed _____ Ft 

stantaneous Flow 

Measured Flow Yes or o 

Measurement Device --------------------
FI ow Rate ___ ___ ____ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes o 

Water Quality Field Parameters for Storm or Instantaneous Samole 

Temperature 
Corrected 

PH Conduclance Temp. 
Time (unlls) (µmhos/cm) (OC) 

Lab Information 

Lab COC # ________ _ 

'lte Samples to Lab _ _ _.c=,====------

October 2014 

Turbidily (NTU) DOmwl DO% ORP 

TFN62/025 
RECD NOV 14,2014 

K:\WWC\ADM\FORMS\Surface_ Water_Field_Sheet.doc 
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RAMACO /6',>--/'
WWCENGINEERI NG 

Surface Water Field Sheet 

Project/Client--~----------------------------

Brook Mine 

Site Name. ~ IM.':['7f3c.f oq - ;:,vJ-1 ( If~•~" lJ~~- l<..5) 
Date Cf/1 ;> /1 3 

Technician/Engineer _ ___,...lJ..,U,,l,Lll:L:~ C........:.A-1""', .. dt~·rJ,,L....,1../_a~t:d-=-.c}~....;~==-=--
Devices 

Flow/ Automatic sampler Device 

Device Flow or Stage Reading 

Device Battery Charge 

Device Data Download 

Sample Collected by Device Yes or 

Staff gage reading if installed __ --~_:--_-_ ~ __ Ft 

Crest gage readings if installed _____ Ft 

stantaneous Flow 

Measured Flow Yes or o 

Measurement Device --------------------
FI ow Rate CFS ----------
1 n cl u de Stream Gaging Data 

Grab Sample Collected Yes or@ 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 
I 

I Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (µmhos/cm) (°C) Turbidity (NTU) DOmR/1 DO% ORP 

- -- - - - c---
I 

Lab Information 

Lab COG# ________ _ 

ate Samples to Lab __ -_____ _ TFN62/025 
RE CD NO V 14,201 4 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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RAMACO ~~~ 
WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ~ 
Site Name. ?h< .5-'18 't I 5 - Si,µ - / ( (-{~ u)~ ~ - .b 'S>) 
Date crll~lr 5 Q /'loo 

T echnician/~ngi~eer ~ Y--'-66 ~ / _ Qd'C--;:/µ_.L.12,.""'c;...-...-

Devices 

Flow/Automatic sampler Device ,5 ~ ~~ 
Device Flow or Stage Reading [)~ CFS/FT 

Device Battery Charge - Volts /f1o-;;(j_ ; d-~ /<.J.--t..,, 
Device Data Download Yes or o ti · 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed ,---

1stantaneous Flow 

Measured Flow Yes or o 

Measurement Device 

Ft 

~~~ fl~t,l,cL_w~ 

A-~ -

--------------------
FI ow Rate __________ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes o 

Water Quality Field Parameters for Storm or Instantaneous Samole 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (umhos/cm) (OC) 

Lab Information 

Lab COC # ________ _ 

:1te Samples to Lab _______ _ 

October 2014 

Turbidity (NTU) DO ml!/I DO% ORP 

TFN62/025 
RECD NOV 14,201 4 

K:\WWC\ADM\FORMS\Surface_ Water_Field_Sheet.doc 
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RAMACO /"'-~~ 
WWCENGIN EERIN G 

Brook Mine 

Surface Water Field Sheet 

Project/Client __ ....:;_Q_ =--~~::..=--=--===-----------------

Site Name. 6 M 57 B 4 J~ - .:5w - / ( !l~ w~ C~ - .6Sj 
Date q/;3/1. 3 

I 

Technician/Engineer 

Devices 

Flow/Automatic sampler Device ?Zt2f dM--<J~ ft d ( Mw~ 
Device Flow or Stage Reading b ~ CFS/FT 

Device Battery Charge ___ _ ____ Volts 

Device Data Download Yes Oli N 

Sample Collected by Device Yes or No-

Staff gage reading if installed ______ Ft 

Crest gage readings if installed __ -____ Ft 

1stantaneous Flow 

Measured Flow Yes o 

Measurement Device ------------- ---------
FI ow Rate CFS --- -------
1 n cl u de Stream Gaging Data 

Grab Sample Collected Yes or ~ 

Water Quality Field Parameters for Storm or Instantaneous Samele 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (pmhos/cm) (OC) Turbidity (NTU) DOml!/1 DO% ORP 

I -

Lab Information 

Lab COC # ________ _ 

ate Samples to Lab ________ _ TFN 6 2/025 
RE CD NOV 14,201 4 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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RAMACO /",,>--,,>--
WWC ENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client __ a-==;..l,l~:;;..cx;.i-~t!,O,ao:;_ ________ _____ _ 

Site Name. 6 ~ 5"104:10-t?w - t ( ~~ e~ - l>~) 
Date 9/ ia&-3 @. /0 oo 

I I 

Technician/Engineer s-1"'6~ r'?MAANs ,
7
/ ..a,~ d ~ 

Devices 

Flow/Automatic sampler Device ---!!;5=::::::'.~~:::!:· ~::::!!""":::::!,_~4,,~~~~:::!!""~4f-~· ~~~~'.:!· ~ -----

Device Flow or Stage Reading f)~ CFS/FT . 

Device Battery Charge ----------~~~---- Volts * --vt.~~ : T~ ~ 
Device Data Download = cJ,,.l,... J.<AAefb-U-- w~ 
Sample Collected by Device Yes or N 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or 

Measurement Device --------------------
Flow Rate ___ -_______ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or o 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (11mhos/cml (OCJ 

-
-

Lab Information 

Lab COC # _ _ _ ---_____ _ 

:1te Samples to Lab ________ _ 

October 2014 

Turbidity (NTUJ D0m2/I DO% ORP 

'--- -

-

TFN62/025 
R£CD N3V 14 , 201 4 

K:\WWC\ADM\FORMS\Surface_ Water_Field_Sheet.doc 

Addendum D6-6-6 DEQ Ex. 3-270



RAMACO /'-/'/' 
WWCENG ! NEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ______ a___._A-...... Uf.__..,lc-.-C.. ..... 0 ____________ _ 

Site Name. 6"1.< 5~ S'f /8 - sw - / (6~~-b5) 

Date '1 /1 ~/ I 3 @- ()Cf oo 
• 

Technician/Engineer __ _..tb .... lJ:k~_.,C .... ~---- .... ,,__..~:a...-.- -+ci; _ __ ~_L_'4_ - _J __ _ 

Devices 

Flow/Automatic sampler Device ?1,-I ~ ?=d- {.6~ .e.tA../ r~"'-" ,~--) 
Device Flow or Stage Reading o , oo CFS/FT D ~ 
Device Battery Charge ________ Volts 

Device Data Download 

Sample Collected by Device Yes or 
* '1A.~::t.L : °J:. A,A.Jt~ ~ 

5~,4;,o~~ 
Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

stantaneous Flow 

b~, l''r~6~-l-"'-'-4; . 

t.v~ t~ iJ~~ 1r 
~ 

Measurement Device ---------------------
FI ow Rate ___ .l)~~..IICR------- CFS 

Include Stream Gaging Data 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 
I 

I 

I 
I 

PH 
I Time (units) 
! 
I 
I 
I 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conductance 
(11mhos/cm) 

-

----------

Temp. 
(°C) 

'lte Samples to Lab _______ _ 

October 2014 

I 

Turbidity (NTU) DOmR/1 DO % ORP 

-

TFN62/025 
RECD NOV 14,2014 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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RAMACO /"~ 
~WWCEN GINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client __ Q __ ~--~---------------
Site Name. SNto'7B Lf t6-SuJ-I (4~ {!_~ - D:S) 

Date ---+1/:_1_7.'-+-(-'-1_5 _ (?.::a....-_ 11-_;3:;J __ 

Technician/Engineer ___ Q _ ____..c±:..,_.L.-~- -----------
Devices 

Flow/Automatic sampler Device k~ (t? 71 e? 2~~/r~ 
Device Flow or Stage Reading b:lf' CFS/FT 

Device Battery Charge b ,9 ~ Volts 

Device Data Download Yes o 

Sample Collected by Device Yes or 

Staff gage reading if installed ___ - ____ Ft 

~ '?tcJ~ : ~ad.ed' r-s(!_f) 

G7ld .::VF ~~ 
~~, 

Crest gage readings if installed - Ft 

1stantaneous Flow 

Measured Flow Yes or o 

Measurement Device -------- - -------- -----
FI ow Rate CFS ----------
1 n cl u de Stream Gaging Data 

Water Oualitv Field Parameters for Storm or Instantaneous Samele 

PH 
Time (units) 

Lab Information 

Lab COC# 

Temperature 
Corrected 

Conductance 
(umhos/cm) 

I 

----------

Temp. 
(OC) 

ate Samples to Lab _ _______ _ 

October 2014 

Turbldltv <NTUl DO mil/I 00% ORP 

TFN6 2/025 
R~C D NO V 14,2014 

K:\WWC\ADM\FORMS'Surface _ Water _Field_ Sheet.doc 

Addendum D6-6-8 DEQ Ex. 3-272



RAMACO ~~ 
~WWCEN GI NEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client _ ....J~.::;....:::~-4L'-....-llL2""--- ------------

Site Name. S tt{ o 7 8 o /Z - s0- l CL>~ ~ - u0 
Date q/;t(t3 & 1130 

Technician/Engineer s~d ~ / al)£ ci:~
Devices 

Flow/Automatic sampler Device ~ ~~ 
Device Flow or Stage Reading J)&#j CFS/FT 

Device Battery Charge - Volts ~v:i.L- ; JJ~~ 6~ 
Device Data Download Yes or o -6u4~ )(J~~ W~' 
Sample Collected by Device Yes or ~. 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

stantaneous Flow 

Measurement Device ------------------------
FI ow Rate __________ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or 

Water Oualitv Field Parameters for Storm or Instantaneous Samele 
I 

PH 
Time (units) 

-

Lab Information 

Lab COG# 

Temperature 
Corrected 

Conductance 
(pmhos/cm) 

----------

Temp. 
(OC) 

'3te Samples to Lab _______ _ 

October 2014 

I 
I 

Turbidity (NTU) DO mltfl 00% ORP 
~ --

- -

TFN62/025 
REC D NOV 14,201 4 
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RAMACO /",>-/"' 
WWCENGINEERING 

Broo k Mine 

Surface Water Field Sheet 

Project/Client Q~ 
Site Name. ~"'< 5~ S S I 2- - !?W - I ( .!J~ C../U."'- - ll6) 

Date - ~-l_._1.....,~,._./1_3 _ _ @ __ 1 t __ ~_o __ 
Technician/Engineer _ ....,.~---4+(..,_.,..._C~~-~- ,_....M~ 6-t:P: ......... a...~-.___,~.__--'""'---

Devices 

Flow/Automatic sampler Device nof ~./~~ .d- {,__;;::.«:,o [4-w,AA .. d.c.A.-) 
Device Flow or Stage Reading _.....,,u;.::;-=..---- CFS/FT 

Device Battery Charge ________ Volts 

Device Data Download Yes or o 

Sample Collected by Device Yes or 

Staff gage reading if installed ______ Ft -Crest gage readings if installed _____ Ft 

--11t1~ .. ~~~ 
~~I ~~~/b~I 

/
1

' Pllt- p~ 6~ -f~-

~~ <1½'"•J '1) 
stantaneous Flow 

Measured Flow Yes or®) b~ 
Measurement Device ----- ----------- -----
Flow Rate ---- CFS --- -------
Include Stream Gaging Data 

Grab Sample Collected Yes or 

Water Oualitv Field Parameters for Storm or Instantaneous Samele 

I 
PH 

Time (units) 

~ 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conducta nce 
(11mho9/cm) 

-

- ---------

Temp. 
(OC) 

1te Samples to Lab _ _______ _ 

October 20 14 

I 

T urbidity (NTU) DO mR/1 DO% ORP 

TFN 62 / 025 
R CD NOV 14 ,2 014 
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RAMACO /11'~ 
~WWCENGINEERING 

Surface Water Field Sheet 

ProjecUClient --~Q.a.~ vW--1'1-~-d' ............ LJ.,..__ ___________ _ 

Site Name. 7M '::7'1 61 oq - 7t,,J - I 

Date q/30/; 2 @ I? ;J. 0 

7-! /) / Technician/Engineer __ __._c~~--~~-------------

Devices 

Brook Mine 

Flow/ Automatic sampler Device .r '2f..Q 6 /4,-,,J~ - L ~ ,,.,,__ ~ ~ 
Device Flow or Stage Reading DdJg- CFS/FT 

Device Battery Charge &oodl Volts 

Device Data Download Yes or 

Sample Collected by Device Yes 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed -- Ft 

1stantaneous Flow 

Measurement Device ---------- - ---------
FI ow Rate CFS ----------
1 nclude Stream Gaging Data 

Water Oualitv Field Parameters for Storm or Instantaneous Samele 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (11mhos/cm) (OC) 

I 

Lab Information 

Lab COC # ------------
-ate Samples to Lab ________ _ 

October 2014 

Turbidity (NTU) DOmllll DO¾ ORP 

-
------I I -

TFN 6 2/025 
RE CD NOV 14,2014 
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RAMACO Brook Mine 

ENGINE ERI NG 
Surface Water Field Sheet 

Project/Client __ --=~ ;.......;;. _______________ _ 

Site Name. ~M 5764:1€-~w-/ { b. s. 1-1~ w~ ~) 
Date ?/3o/tB ~ Lt 16" 

Technician/Engineer ___ ;Ci,-#--......... =L='a.......;:;;..~-=-------------

Devices 

Flow/Automatic sampler Device ;I;°~ J ~ 
Device Flow or Stage Reading D~ CFS/FT 

Device Battery Charge c;ott& Volts 

Device Data Download Yes or o 

Sample Collected by Device Yes or 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed _____ Ft 

1stantaneous Flow 

Measured Flow Yes or o 

Measurement Device --------------- -----
Flow Rate _ __ --________ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or o 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

PH 
I Time (units) 

I I 
I 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conductance 
(umhos/cm) 

- - --------

Temp. 
(OC ) 

1ate Samples to Lab ____________ _ 

October 2014 

I I I 

I I 
T urbidity (NTU) I 

I 

DO ml!/1 DO% ORP 

-
i 

TFN 6 2 /025 
REC D NO V 14,2014 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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RAMACO /"~ 
~WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client -----'a;__;...:;_~-....=.;..-'--"''-------------- -

Site Name. SviA5178:ft8 - SuJ- ( ( t> ,s . .:s,~ ~) 

Date 1/ 3o /1 3 @ ///S-___ ....__.__--+-, ------'-----

Technician/Engineer ___ h...,__..::....~---------------

Devices 

Flow/Automatic sampler Device -----""::[SU>:c:___---=&:;__rr_,_t...c:..J-_ ____ ____ _ 

Device Flow or Stage Reading D~ CFS/FT 

Device Battery Charge &, o o rf Volts 

Device Data Download Yes r No 

Sample Collected by Device Yes or 

Staff gage reading if installed _____ ___ Ft 

Crest gage readings if installed - Ft 

tstantaneous Flow 

Measured Flow Yes 

Measurement Device ------------------- - --
Flow Rate _ _ _ _____________ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or No 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (pmhos/cm) 1°0 Turbiditv INTU) DO me.II 00°1. 

Lab Information 

Lab COC # ___________ _ 

-

TFN 6 2/025 

ORP 

.... 

ate Samples to Lab ________ _ 
REC D NO V 14,2014 

-

October 2014 
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RAMACO /'~~ 
WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ___ ~---=---...:a.a..a--------------
Site Name. SM 6'r'f 8S- /;i -5LJ-/ 

Date C, - ,20 .... , 3 ~ /~ oo 

Technician/Engineer £ ~ 
Devices 

Flow/Automatic sampler Device ,';[(~ f;l--1::'WM ~ ~) 

Device Flow or Stage Reading 1)~ 

Device Battery Charge 0 ¢ ~~ 
Device Data Download Yes or@ 

Sample Collected by Device Yes or 

CFS/FT 

Volts 

Staff gage reading if installed __________ Ft 

Crest gage readings if installed Ft 

stantaneous Flow 

Measured Flow Yes or o 

Measurement Device ----------------------Flow Rate CFS - ---------
1 nclude Stream Gaging Data 

Grab Sample Collected Yes or o 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 
I I I 

Temperature 
Corrected 

PH Conducta nce Temp. 
Time (units) (µmhos/cm) (°C) Turbidity (NTU) DO mil/I 00 % 

Lab Information 

Lab COC # _ _ ______ _ 

1te Samples to Lab ________ _ TFN62 /02 5 

ORP 

RE CD NOV 14,2014 

October 2014 
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RAMACO /'~~ 
WWCENG !NEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ;lifJII~ .G<~ 

Site Name. ~ht 5=7&t!J --5 lJ - I 

Date / o /2 / / I 3 @ I 3 t/D 
~ j 

Technician/Engineer ~ 

Devices 

Flow/Automatic sampler Device _+ ......... ~"-----0_""""6-~---"---~-------
Device Flow or Stage Reading . s~ CFS/FT 

Device Battery Charge b eo-d Volts 

Device Data Download §or No 

Sample Collected by Device Yes o@ 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or@ 

Measurement Device --------------------
FI ow Rate CFS ----------
1 n cl u de Stream Gaging Data 

Grab Sample Collected Yes orr@g) 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (11mhol/cm) (°C) Turbidity (NTU) DO mR/1 D0% 

-

Lab Information 
Lab COC # ____ __. _____ _ 

ate Samples to Lab _________ _ 

ORP 

TFN 6 2/025 
R CD NOV 14,2014 

October 2014 
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RAMACO /"'-,,,1' /11' 
WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ____ t:( __ ~-""""""'"-=--"------------

Site Name. f;?/;f/f 57B'fL6 -.5w-/ 

Date ___ 10_/_3~!_/_1:3 _____ _ 

Technician/Engineer __ .. £.......;...~"---------------

Devices 

Flow/Automatic sampler Device -~L~4U2~~-t:-~-----------
Device Flow or Stage Reading D~ 
Device Battery Charge c; c, "d 

Device Data Download (yes]or No 

Sample Collected by Device Yes o@ 

CFS/FT 

Volts 

Staff gage reading if installed ___ -____ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or@ 

Measurement Device ------------------------
Flow Rate -- CFS ----------
Include Stream Gaging Data 

Grab Sample Collected Yes or ~o) 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

PH 
Time (units) 

Lab Information 

Lab COC# 

Temperature 
Corrected 

Conductance 
(pmbos/cm) 

----------

Temp. 
(OC) 

'3te Samples to Lab __ -______ _ 

Turbidity (NTU) DOmKf) DO% 

TFN 6 2/025 

ORP 

-

RECD NOV 14,20 14 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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RAMACO /'~~ 
WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ____ ~_' ________________ _ 

Site Name. _____ 7_/rlf----"-"§ ______ 7 _____ 8_tf ........ t~F3--~='_w_-_J 
Date ___ /_t1...,.../_~_1_/~1_3 __ G __ l_~_'f',_o_ 

l • 

Technician/Engineer ___ _.±: ...... ---"'-~--------------

Devices 

Flow/Automatic sampler Device _ ..... k-~.d,,..C,"""':o"--.... ~ ..... 7 ......... (..a..~.;.__ ________ _ 

Device Flow or Stage Reading J)~ CFS/FT 

Device Battery Charge Ge,~ Volts 

Device Data Download (ie~or No 

Sample Collected by Device Yes or@ 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed - Ft 

,stantaneous Flow 

Measured Flow Yes or~ 

Measurement Device --------------------
FI ow Rate CFS ----------
1 n c I u de Stream Gaging Data 

Grab Sample Collected Yes or@ 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

Temperature 
Correded 

PH Condudance Temp. 
Time (units) (J&mhos/cm) (OC) Turbidity (NTU) DO m2f) DO% 

Lab Information 

Lab COC # ________ _ 

ate Samples to Lab ________ _ 

ORP 

TFN 6 2/ 025 
REC D NO V 14,2014 

October 2014 
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RAMACO /"~~ 
WWCENG !NEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client 

Site Name. 

Date 1°(.31/ 16 ; 
CEc /000 

Technician/Engineer ___ -6 ........... ~ ..... ....-::;.;aa...=--------------

Devices 

Flow/Automatic sampler Device 1°~ ~ 
Device Flow or Stage Reading O, (:!)o/4, otJ CFS/FT J;:,-<-<-t._ 

I q 
Device Battery Charge (;, en, ti. Volts 

Device Data Download ~or No 

Sample Collected by Device Yes or@J 

Staff gage reading if installed --- Ft 

Crest gage readings if installed _____ Ft 

stantaneous Flow 

Measured Flow Yes or@ 

Measurement Device --------------------
FI ow Rate CFS ----------
1 n cl u de Stream Gaging Data 

Grab Sample Collected Yes or ~ 

Water Qualitv Field Parameters for Storm or Instantaneous Samole 

PH 
Time (units) 

Lab Information 

Lab COC# 

Temperature 
Corrected 

Conductance 
(J.lmhos/cm) 

----------

Temp. 
(OC) Turbidity (NTU) DO me/I DO% ORP 

ate Samples to Lab ________ _ TFN62l025 
CD NO V 14,2014 

October 2014 
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RAMACO /"-~~ ( "" WVV _JENGINEERING 

Surface Water Field Sheet 

ProjecUClient .<2~ / ,2CJl.3!3a-e,z ----='----"-~~,----"<-L=------"""-'------++--""'--'--------

Site Name. - ~'2~M~fL~1~f?"'--'-1--=o_1'--------5_uJ~------"-}_ 

Date _ ____.r;.,,__/__,,,,2=---47.ct-l-+-1-+-f-@..-==-a:i,:____L_l,1&""-"c""-'•,c=--,·--

Technician/Engineer ---=G<'---;:,_;_• ~:.d-,L---~""-==;~-"----------

Devices 

Flow/Automatic sampler Device T4-:U2 ti49~4 ~ < /.L,a4,4{,-~ 
() 

Brook Mine 

Device Flow or Stage Reading 0, o /4, t,,1 CFS/FT 

Device Battery Charge &oo-# Volts * I~ ~ !f ~L-

Device Data Download Yes or {!J_o ~ - 4 ~ t~tAJ -~ -
Sample Collected by Device 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed _____ Ft 

~- 1-o IV/ ~ u:.,,, r~ 
4~ p~ ~~ _-lo ~ 
~ -lo r.J~ . 

1stantaneous Flow 

Measured Flow Yes od~o 1 

Measurement Device ---------------------
FI ow Rate ________ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or~,, 

W t Q l"t F" Id P a er ua 1 :v ,e arameters f s or torm or Instantaneous Samole 

PH 
Time (units) 

I 
-- -

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conductance 
(11mhos/cm) 

: 

----------

Temp. 
(°C) 

'l t e Samples to Lab ________ _ 

October 2014 

-

I 

I 
I 

I 
! 

Turbidity (NTll) DOm~I 1>0 % ORP 

i -- - ----- --

TFN 6 2/025 
RJ!D NOV 14,2014 
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RAMACO /'~..... C"' ~WYV ENGINEERING 
Brook Mine 

Surface Water Field Sheet 

Project/Client __ ....::'•~::::::.: ··~~:::==:!:~.?-/ __.,2~c-~1:...:3c::...J....:.l.3=-4-1---...=::c=-,.-'-7 _____ _ 

Site Name. ---=S::....ct,_-"".;____:=_5_/'/"----"'b_'-f~ I ~~---_-_S~u.,_· _··~/-

Date __ __.:.i-1--/-=-.:2__.:.'-i..L.-61--I fJ..__ ____ _ 

Technician/Engineer --~,i;;z:::::/~ · ............. 1'~~==-'=-· -=-----------

Devices 

Flow/ Automatic sampler Device 1-izu;, - / J . -~ / ,::::::::) - &. "' f- .¼--Ov<,) < . < <.....---""?~u:.. ) 

Device Flow or Stage Reading :[v16J - CFS/FT ·· 
-X· -S~ ~ ~ (;-~: 

Device Battery Charge 0 oo cX 

Device Data Download Yes or ~ 

Sample Collected by Device Yes or~~-

Volts 
g ec~. -r~~-~}L-

Staff gage reading if installed ______ Ft 

Crest gage readings if installed _____ Ft 

1stantaneous Flow 

Measured Flow Yes or ~ o J 

e-( S~-L--r~ ;5 ~ ~ 

~~ -ftfll) h~~-- PJ ~ 
~~ t~-0/W)~ 
~ ,./ 6v~ /~-. 

I 

Measurement Device ___________________ _ 

Flow Rate __________ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or <&9} 

Water Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

units 

Lab Information 

Temperature 
Co rrected 

Conductance 
( unhos/cm 

Lab COC # _ ________ _ 

Temp. 
or 

'1te Samples to Lab ________ _ 

October 2014 

I Turbidit NTlJ DOm I DO% ORP 

I ___ ~ __ i 

--------- -·· 

TFN 6 2/025 
R CD NOV 14,2014 

K:\WWC\ADM\FORMS\Surface_ Water_Field_Sheet.doc 

Addendum D6 -6 -20 DEQ Ex. 3-284



RAMACO /11'~ 
~wwc:ENGINEERING 

Brook Mine 

Surface Water Field Sheet 

ProjecUClient ~Q - ;2. CJ I 3 I 3 7 - O 'Z 

Site Name. ';::? lA{ 07 Bi I 8 - b{A) - / 

Date t.f/ :z..2-/ 1i @ 1/o(_,., 

Technician/Engineer -----',,_..'--(.,____,_. _r:.._-__,-~=- '---,; ____________ _ 

Devices 

Flow/Automatic sampler Device -;J;.~ & 7 / ;). 
/ 

Device Flow or Stage Reading 0, fj'f / '{J, 14 CFS/FT 
( ' 

Device Battery Charge & 00£ Volts 

Device Data Download Yes or {fg~--' 
Sample Collected by Device Yes or@g;/ 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or ~ 1 

Measurement Device 

~~~ ,V:~l<A-r~ to-L 
/~~L- • 7;_~ ~L-

4 ~ F~ t ~ ~ 
~~ lo ~ -~'J 

-------- ----- --------
Flow Rate ____ - _-_··_··-_____ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or ('.f9_g_/ 

Water Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

(units 

Lab Information 

Temperalure 
Corrccled 

Conduclance 
( mhos/cm 

Lab COC # _ _______ _ 

Temp. 
oc 

ate Samples to Lab _______ _ _ 

October 201 4 

Turbidit NTlJ) i DO m I DO ¾ ORP 

_l __ ~ 

TFN 6 2/ 02 5 
RE CD NO V 14 ,2014 
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RAMACO 
~ ~ ~ ,'-Cf' T , ._,..,'V- - . ' 

WWCENGINEERING 

Surface Water Field Sheet 

Brook Mine 

/ :.:) - . . / 
ProjecUClient ~t , c:2 tJ 1.3 /3 7 - o 7 

Site Name. SM 57 Btf I <c;; - .Sw / I 
Date 'f1/ ;;2 tf: / Ii 

r l 

.---:J ~ - J / .'/ ~ Technician/Engineer ;_-7,,._ , ,7--~~~ 

Devices 

Flow/Automatic sampler Device f-::Je,,,o b '7/42. -:S~ ~7/F:£..<Jt.tJµ,,~-✓ 
Device Flow or Stage Reading 2. l't / ' o. 2..1 CFS/FT 

Device Battery Charge & et? cJl. Volts 

Device Data Download Yes or~ 

Sample Collected by Device Yes or ~
1 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or®) 

Measurement Device --------------------
FI ow Rate CFS ----------
Include Stream Gaging Data 

Grab Sample Collected ~ :\ or No 

Water ualit Field Parameters for Storm or Instantaneous Sam le 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units ( mhos/cm oc Turbidit (NTl l) DOm I DO% 

g .t/,Z; 18~( J.;J, ( 
--------

Lab Information 

Lab COC # /'=>16' z z_ 
/ I J 

ORP 

ate Samples to Lab 7(/ :i t( I / TFN 6 2/025 
R CIJ NUV 14,2014 
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RAMACO /1' ~.... ("' r~WWi JENGINEERING 

Surface Water Field Sheet 

ProjecUClient ----'----'&'"""'~"-"-"---'--"=-'='.?e-+ll--"-c::1'-'--~~L"""2......,l3"'------'-9___.-o'------"7.___ ____ _ 

Site Name. __ :z:;....a.M ............ :3'--1._B=-.cc_fJi.......,/t"------"-:5----'W_~_._J __ 

Date --~'t_-____...,_Z~Z-_-_;_t/-_ ...... (_·~.........__c/_3_o_Q __ 

·-----J• \~ ,1~ Technician/Engineer ___ ~___:"'---'----'-·-::;L__:,,,,___;_t,c...,X--__________ _ 

Devices 
-

Flow/Automatic sampler Device fs,C£> eJ~d?»tL-: 
Device Flow or Stage Reading O. O ,/ o, 0 CFS/FT 

( 

Device Battery Charge ___ &_o--tJ_cX ____ Volts 

Device Data Download Yes or ~ 
Sample Collected by Device Yes or~_;.,,,' 

Staff gage reading if installed - -- Ft 

Crest gage readings if installed ___ ---_-_- _ Ft 

tstantaneous Flow 

Measured Flow ~or No 

Measurement Device Cd~
Flow Rate c:73,0 ~s CFS --------'~----
Include Stream Gaging Data 

Grab Sample Collected Yes or {fJ..9..J 

Brook Mine 

Water Qualit Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

units) 

Lab Information 

Lab COG# 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

----------

Temp. 
(OC) 

'3te Samples to Lab ________ _ 

October 2014 

Turbidil NTlJ) DOm I DO% ORP 

TFN 6 2/025 4. 
.CD NOV 14, 201. 
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RAMACO 

~ /(Lt' IT .tX.J,N ..:;?~.-'\..Z 

~~WWCENGINEERING 

Surface Water Field Sheet 

Brook Mine 

Project/Client --.L-.~--- -- a--,,,-~-=-· __,' ,__/ ___,,.,2'--,.-;-=--c--'--1 __ 3'--4-/_2<-+-f ----=o-'l..__ ___ _ 
t 

Site Name. __ S....a.i11~5=----1-8.__,~~l2~-~·~7_w_; · ~L 

Date ___ ....... ; ___ / _/ :;i. ___ ~'-1-1_/ _, ...... f ______ _ 

Technician/Engineer -------'A_,_:j?'--"--',__,....,;};....;........,~::.....;:__-;' _; __ -· ________ _ 

Devices 

Flow/Automatic sampler Device Jc&<& d~-- 6~' 
Device Flow or Stage Reading /. 5'3 1'tJ • z..fj CFS/FT 

J 

Device Battery Charge b~t:1d Volts 

Device Data Download Yes or~_o ' 

Sample Collected by Device Yes or@ o.? 

Staff gage reading if installed - ·- ··· Ft 

Crest gage readings if installed _____ Ft 

1stantaneous Flow 

Measured Flow Yes or ~ --

Measurement Device --------------------
FI ow Rate CFS ----------
1 n cl u de Stream Gaging Data 

Grab Sample Collected ~ or No 

Water Field Parameters for Storm or Instantaneous Sam le 

Time 

I tfoc/ 

PH 
(units 

Lab Information 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

Lab COC # / s -·, S-Z. Z .. 

Temp. 
(OC) 

I 3 .8 

Turbidit NTlJ OOm I 00% 

-----1------ -- -

TFN 62 /02 5 

ORP 

:1te Samples to Lab ~/4t(f-
R CD NO V 14,2014 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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MACO Your Environ~~Pa9t~i&nng Partner 

1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

:NT: Western Water Consultants Date Reported: 5/1/2014 
1849 Terra Report ID: S1404416001 
Sheridan, WY 82801 

Work Order: S1404416 
Project: Ramaco-2013139-07 Collection Date: 4/24/2014 2:40:00 PM 
Lab ID: S 1404416-002 Date Received: 4/24/2014 3:47:00 PM 
Client Sample ID: SM578418-SW-1 Sampler: RF 
COC: 151522 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 8.48 S.U. 04/24/2014 1440 Field 

Conductivity 1851 µmhos/cm 04/24/2014 1440 Field 

Turbidity 16.92 NTU 04/24/2014 1440 Field 

Temperature 12.1 ·c 04/24/2014 1440 Field 

General Parameters 

pH 8.4 0.1 S.U. 04/28/2014 1558 KV SM 4500 H B 

Electrical Conductivity 1890 5 µmhos/cm 04/28/2014 1558 KV SM 2510B 

Total Dissolved Solids (1 80) 1560 10 mg/L 04/25/2014 1506 BT SM 2540 

Solids , Total Dissolved (Cale) 1350 10 mg/L 04/30/2014 0813 JJ SM 1030E 

Total Suspended Solids 9 5 mg/L 04/28/2014 1006 BT SM 2540 

Alkalinity, Total (As CaCO3) 340 5 mg/L 04/28/2014 1558 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 816 mg/L 04/30/2014 0813 JJ SM 2340B 

Nitrogen, Ammonia (As N) ND 0.1 mg/L 04/28/20141144 RH EPA 350.1 

gen , Dissolved 10 mg/L 04/24/2014 1553 KB SM 4500-0 G 

,idity 13.9 0.1 NTU 04/25/2014 1454 KB SM 2130 

Sodium Adsorption Ratio 2.2 0.1 04/30/2014 0813 JJ Calculation 

Anions 

Alkalinity, Bicarbonate as HCO3 395 5 mg/L 04/28/2014 1558 KV SM 2320B 

Alkalinity, Carbonate as CO3 10 5 mg/L 04/28/2014 1558 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 04/28/2014 1558 KV SM 2320B 

Chloride 8 1 mg/L 04/27/2014 0300 AMB EPA 300.0 

Fluoride 0.6 0.1 mg/L 04/28/2014 1558 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 04/28/2014 1422 RH EPA 353.2 

Sulfate 732 1 mg/L 04/27/2014 0300 AMB EPA 300.0 

Cations 
Calcium 104 mg/L 04/25/2014 1730 DG EPA 200.7 

Magnesium 136 mg/L 04/25/2014 1730 DG EPA 200.7 

Potassium 16 mg/L 04/25/2014 1730 DG EPA 200.7 

Sodium 147 mg/L 04/25/2014 1730 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: _B_ -_.:_Sl_Cl_, -----=~"--------
Bill Courtney, Project Manager 

October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFH 6 2/025 
CD NO V 14,2014 
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MACO Your Environ~~Pa9~~iranng Partner 

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: 
Lab ID: 

Ramaco-2013139-07 

S 1404416-002 

Client Sample ID: SM578418-SW-1 

COC: 151522 

Analyses 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

· n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

6.47 

0.31 

ND 
0.21 

0.02 

ND 
15.24 

5.17 

11 .15 

0.40 

6.37 

23.11 

22.27 

1.84 

0.6 

ND 
ND 
0.2 

ND 
ND 
ND 

0.35 

ND 
0.12 

ND 
ND 
ND 
ND 
ND 

0.39 

0.13 

Date Reported: 5/1/2014 

Report ID: S1404416001 

Work Order: S1404416 

Collection Date: 4/24/2014 2:40:00 PM 

Date Received: 4/24/2014 3:47:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 meq/L 04/30/2014 0813 JJ SM 1030E 

0.01 % 04/30/2014 0813 JJ SM 1030E 

0.1 mg/L 04/25/2014 1730 DG EPA 200.7 

0.005 mg/L 04/25/2014 1459 MS EPA 200.8 

0.1 mg/L 04/25/2014 1459 MS EPA 200.8 

0.1 mg/L 04/25/2014 1730 DG EPA 200.7 

0.001 mg/L 04/25/2014 1459 MS EPA 200.8 

0.01 mg/L 04/25/2014 1730 DG EPA 200.7 

0.01 mg/L 04/25/2014 1459 MS EPA 200.8 

0.05 mg/L 04/25/2014 1730 DG EPA 200.7 

0.02 mg/L 04/25/2014 1459 MS EPA 200.8 

0.02 mg/L 04/25/2014 1730 DG EPA 200.7 

0.001 mg/L 04/30/2014 1130 CJB EPA 245.1 

0.02 mg/L 04/25/2014 1459 MS EPA 200.8 

0.01 mg/L 04/25/2014 1730 DG EPA 200.7 

0.005 mg/L 04/25/2014 1459 MS EPA 200.8 

0.01 mg/L 04/25/2014 1730 DG EPA 200.7 

0.05 mg/L 04/28/2014 2154 DG EPA 200.7 

0.02 mg/L 04/28/2014 2154 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 
J 
M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Va lue exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: 6~ G ......... .A.>IJ~~"'

Bill Courtney, Project Manager 
October 2014 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN62/025 
.CD HOV 14,2014 

Page 4 of4 
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MACO Your Environ~~Pa9t~i&nng Partner 
~~~~..iiiiii!iJ! Inter-Mountain Labs---------------------------------------

1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

ENT: Western Water Consultants Date Reported: 5/1/2014 

1849 Terra Report ID: S1404416001 
Sheridan , WY 82801 

Work Order: S1404416 

Project: Ramaco-2013139-07 Collection Date: 4/24/2014 2 :00:00 PM 

Lab ID: S 1404416-001 Date Received: 4/24/2014 3:47:00 PM 

Client Sample ID: SM578512-SW-1 Sampler: RF 

COC: 151522 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 8.58 s.u. 04/24/2014 1400 Field 

Conductivity 1504 µmhos/cm 04/24/2014 1400 Field 

Turbidity 17.84 NTU 04/24/2014 1400 Field 

Temperature 13.8 ·c 04/24/2014 1400 Field 

General Parameters 

pH 84 0.1 s.u. 04/28/20141547 KV SM 4500 H B 

Electrical Conductivity 1540 5 µmhos/cm 04/28/2014 1547 KV SM 2510B 

Total Dissolved Solids (1 80) 1220 10 mg/L 04/25/2014 1505 BT SM 2540 

Solids, Total Dissolved (Cale) 1050 10 mg/L 04/30/2014 0813 JJ SM 1030E 

Total Suspended Solids 8 5 mg/L 04/28/2014 1005 BT SM 2540 

Alkalinity, Total (As CaCO3) 303 5 mg/L 04/28/20141547 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 653 mg/L 04/30/2014 0813 JJ SM 2340B 

Nitrogen, Ammonia (As N) ND 0.1 mg/L 04/28/2014 1143 RH EPA 350.1 

gen , Dissolved 10 mg/L 04/24/2014 1553 KB SM 4500-0 G 

. _ bidity 134 0.1 NTU 04/25/2014 1452 KB SM 2130 

Sodium Adsorption Ratio 1.9 0.1 04/30/2014 0813 JJ Calculation 

Anions 

Alkalin ity, Bicarbonate as HCO3 347 5 mg/L 04/28/2014 1547 KV SM 2320B 

Alkalin ity, Carbonate as CO3 11 5 mg/L 04/28/20141547 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 04/28/20141547 KV SM 2320B 

Chloride 5 mg/L 04/27/2014 0245 AMB EPA 300.0 

Fluoride 0.5 0.1 mg/L 04/28/2014 1547 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) ND 0.1 mg/L 04/28/2014 1421 RH EPA 353.2 

Sulfate 550 mg/L 04/27/2014 0245 AMB EPA 300.0 

Cations 

Calcium 87 mg/L 04/25/2014 1728 DG EPA 200.7 

Magnesium 106 mg/L 04/25/2014 1728 DG EPA 200.7 

Potassium 11 mg/L 04/25/2014 1728 DG EPA 200.7 

Sodium 112 mg/L 04/25/2014 1728 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 
J 
M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: e,~ G.,....,~"""..._ 
Bill Courtney, Project Manager 

October 2 0 14 

C Calculated Va lue 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory ________ _ 

Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

TFN 6 2/025 
2014 .C .nV 14r · 

Page 1 of 4 
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00 

~ MACO Your Environ~~Pa9t~iranng Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I ,,.n~•"'0 ""'"'" •"• • 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0.. Sample Analysis Report 

Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2013139-07 
Lab ID: $1404416-001 
Client Sample ID: SM578512-SW-1 
COC: 151522 

Analyses 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 

Cation Sum 

n Sum 

on-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

5.69 

0.36 

ND 
0.14 

0.02 

ND 
11.45 

4.34 

8.71 

0.28 

4.89 

18.23 

17.68 

1.53 

ND 
ND 
ND 
0.1 

ND 
ND 
ND 
ND 
ND 

0.08 

ND 
ND 
ND 
ND 
ND 

0.35 

0.09 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 5/1/2014 

Report ID: S1404416001 

Work Order: S1404416 
Collection Date: 4/24/2014 2:00:00 PM 
Date Received: 4/24/2014 3:47:00 PM 

Sampler: RF 
Matrix: Water 

Units Date Analyzed/lnit Method 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

meq/L 04/30/2014 0813 JJ SM 1030E 

% 04/30/2014 0813 JJ SM 1030E 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/30/2014 1124 CJB EPA 245.1 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/25/2014 1426 MS EPA 200.8 

mg/L 04/25/2014 1728 DG EPA 200.7 

mg/L 04/28/2014 2150 DG EPA 200.7 

mg/L 04/28/2014 2150 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 

Holding times for preparation or analysis exceeded 
Ana lyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL 

H 
L 

ND 
s 

Not De~ at the Reporting Limit . 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: e,~ G-..uui"""'-lb.... 
Bill Courtney, Project Manager 

October 2014 

Spike Recovery outside accepted recovery limits 

TF N 6 2/ 025 
RECD NOV 14 , 2014 Page 2 of 4 
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ril 7. ril 7. /A . 1 /7. ril tpeuu'e.o s 

1~ 
~ CHAIN OF CUSTODY RECORD - Page of 

Inter-Mountain Labs 
All shaded fields m e completed. • 

# .i.vl522 
INT(k-,__OUHTAIH LABS 

Sheridan, WY and Gillette, WY This 1s a legal document: any m1srepresentat1on may be construed as fraud 

Client Name / ~ Project Identification Sampler (Slgn~ estatlon of Au~;lty) Telephone It 

0 ~ ~ .a~ - ;7..0/3/~-07 ~ ('-_ ,,_tft-2-_ ~ 3' 
ij'eport Address Contact Name ANALYSES/ PARAMETERS §: 0 

;;s'~,A Z:J~ - wt,Jc:_,, O" ~ • ~ (') 
"1 --

f: 0 tv Email 

~ olce Address Phone 
~ 

/A.,/ WC-, I Purchase Order I Quote I 

~~ Lf-¥0 REMARKS 
:e LAB ID DATE I TIME SAMPLE # of ~ w 
!:: (Lab Use Only)C"I l SAMPLED IDENTIFICATION Matrix Containers 

~\~()'-\ ll-llo-..., , '12#1/. /100 ~Uf5"'7f!:;t;;/Z-Slt.J-/ WT ~ 1,.--' -
' .plf-= B,59 a= ,s~ ~4-- I i '""'-= 13 ... i~ Ti. '.ut ";:-/' ~, E ~ 
l I 

, I 

\ ~ CCL j f../2.1/1,t/ Sn-,-577?-fl- I P,-Su..J- I 
... 

'f ~,,, l'/41) lt/t 

~ff=- s.,e, Fe .1= IB'o"/ T=- lo?./ -Ti,;) '? -:: It ~9. :7_ 
I ' J r I• . 

-- ....... : . ..... --
c:, -

co 
I Q ~ _......., 

c::a -~ ·~---~· 
c::a -·-, 

1•••:•-• 1, ... . ,.~:::1 i.1 . . ;•: ·••r.••· - • ., •r•• .. ru, .. ,. •llU• .. , : "' . . . 
""' ,, ... 

0.. ~·~' ~.-7~ tJ. ?-#It/- ISlf/"j /:, o:!-(,_ ,A ~ J ;, 4 24 L!-- 1u15: ...... --=t,. 0.. 
~ 

( ( I ::3 
0.. I 
C I 

I 0:, 
3 :! 
0 ' 0 

°' I 
;,;" 

11 :J:Jl~I CW h'l :ll 1,,,,,,.:1•·•.,,1. l•• l:l~ • •'l • llJll•'I I • • (,I, ( , .. ,1, 1•-1• r,.,,,. 13 1~1:lll"••··••H.11 ,,,1,1u11 •r•••~1:::1,,..,1:1;..,-, 'SI'<:' ~ - i 
§ UPS Water WT Check desired service Compliance Monitoring? Y/N ::3 

Fed Express )( Standard turnaround Program (SOWA. NPDES, . ) 
_ _J'b_ 

Soil SL 

..J US Mail ..J RUSH - 5 Working Days PWSID / Permit # -- ---
Solid SD 

..J URGENT 2 orl<ing D !: Chlorinated? - -..J Hand Carried Filter FT Y/N 
J Other Other OT Sample Disposal: Lab 

- - -
Rush & Urgent Surcharges will be applied Client 

Inter-Mountain Labs, Inc. www.1ntermounta1nlabs.com RPv4 R 
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RAMACO /"~ 
~WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

ProjecUClient ---~----z-/.~2~0~t~,2~t_3~Cf_-_o~7 _ _ ___ _ 

Site Name. -0ht 61 '8 tf CJ1 - :5>i,.J -I 

Date 5/ ,lt? / 1 '/ <f:! /'I 30 
~ I 

Technician/Engineer W. cl~ 
Devices 

Flow/Automatic sampler Device :L-?4e iii~ r5.u4 ) ~ 
Device Flow or Stage Reading .b11" CFS/FT 

Device Battery Charge / 3 . ! '3 Volts 

Device Data Download r No 

Sample Collected by Device Yes or N 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or N 

Measurement Device --------------------
FI ow Rate CFS - ---------
1 n c I u de Stream Gaging Data 

Grab Sample Collected Yes or o 

Water Oualitv Field Parameters for Storm or Instantaneous Samele 

PH 
Time (units) 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conductance 
(J&mhos/cm) 

----------

Temp. 
(OC) 

:lte Samples to Lab ________ _ 

Turbidltv (NTU) DOmK/1 DO% 

-

TFN62/025 

ORP 

R~CD N.3V 14,201~ 

October 2014 

K:\ WWC\ADM\FORMS\Surface _ Water _Field_ Sheet.doc 
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RAMACO /'-~~ 
vVWCENG !NEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client -----=~c.:::......:::~"""""':Z..,../ ........ ;;~ 01<-=~=t ..... 2""'-'"'2- -..... 0'-7..__ ______ _ 

Site Name. __ .s_,.,,_ 5_'l~B ..... 1-_l_5"_ -_e,_w_,_I __ 

Date __ s,-#-~ ...... ~-~-/_1 ....... f ______ _ 

Technician/Engineer _____ t:2"--._d......__..~----------------

Devices 

Flow/Automatic sampler Device .:::Z:-~ -~~ 64'c.c.J ~ 
Device Flow or Stage Reading [)~ CFS/FT 

Device Battery Charge & a,u:L -13. ot, Volts 

Device Data Download ( Yes] or No 

Sample Collected by Device Yes or @:"oJ 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed - Ft 

1stantaneous Flow 

Measured Flow Yes or o 

Measurement Device --------------------
FI ow Rate CFS ----------
1 n c I u de Stream Gaging Data 

Grab Sample Collected Yes or@ 

Water Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

units 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conducta nce 
mhos/cm 

----------

Temp. 
oc 

... ate Samples to Lab ______ _ _ _ 

Turbidity TU DOm I DO % 

TFN62/0 25 

ORP 

~~CD N3V 14 ,2014 

J 

October 20 14 

K:\ WWC\ADM\FORMS\Surface _Water_ Field_ Sheet.doc 
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RAMACO ~~ 
~WWCENGI NEERING 

Surface Water Field Sheet 

Project/Client fd-~ - ,?Of'3 /$q - oz 
Site Name. .Sm -67 8 '-I I B - 6 W -I 

Date 5/<H(li 
Technician/Engineer /2 . J ~ 
Devices 

Brook Mine 

Flow/Automatic sampler Device fM.,,(l if/~ b -G? v...J~ 

Device Flow or Stage Reading t> , 5 0 /4, IZ CFS/FT 
I 

Device Battery Charge ~oo-dl. Volts 

Device Data Download @ or No 

Sample Collected by Device Yes or 

Staff gage reading if installed ___ -____ Ft -Crest gage readings if installed Ft 

stantaneous Flow 

Measured Flow Yes or o 

Measurement Device ---------------------
FI ow Rate CFS ---------
Include Stream Gaging Data 

Grab Sample Collected Yes or o 

Water Oualitv Field Parameters for Storm or Instantaneous Samole 

PH 
Time (units) 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conductance 
(Jlmhos/cm) 

----------

Temp. 
(°C) 

t e Samples to Lab ________ _ 

October 2014 

Turbidity (NTU) DO mg/I 00% ORP 

TFN 6 2/025 
R_C D trnv 14,2014 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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RAMACO /11'~ 
~WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client __ .....;_~~-'---~,..._/4-=-,;z_o--'1'--':3~13=--2--_.c,:........L.7 _____ _ 

Site Name. - -""-~ ...... hf~ 7...____._7 ....... 8..,_6=....../ ..... ,2_,___-_..S........,w.._- .._l _ 

Date ___ =>-1--/ "'-:,2_:i....._/ ...,_.1 ?Ja;.__-~::;;..__ ....... 1 ....... t --=o'-"=s"'-- -

Technician/Engineer ___ t:;2 __ -~cf~-~------------
Devices 

Flow/Automatic sampler Device -i::~ 6?~~ 6--u?J~..c 
Device Flow or Stage Reading /. '-1/ /o .;;i(p CFS/FT , 
Device Battery Charge I ;;?.q I Volts 

Device Data Download r No 

Sample Collected by Device Yes or o-

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or ~ 

Measurement Device - ------------ ----- --
FI ow Rate CFS ----- -----
1 n cl u de Stream Gaging Data 

Grab Sample Collected Yes or o 

Water Quality Field Parameters for Storm or Instantaneous Samele 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (µmhos/cm) (OC) Turblditv (NTU) DO mg/I DO% 

Lab Information 

Lab COC # ________ _ 

ate Samples to Lab ________ _ TFN62/025 

ORP 

R~C D NOV 14,2014 

K:\WWC\ADM\FORMS\Surface Water Field Sheet.doc - - -
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~co 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point ~ 7 'el1J.o - "17l - I Project _ _.~c.__i..c_M!V-=-x'------- -

Location __________ _____ W.O.# :Z"I ({p,5 -1'8 
Sample ID# 5:181{ U ---rg - / Date Sampled (, I 1.-P I / 8 Time / fi!? am Q 
Describe Sampling Point :2 t,J IM,~ a.iJ;z- ~f>,t,,,, ~ ~ 

Well Depth _ ___ __ ft below MP Depth to Water (below MP) ____ ft 

Date Time am pm 
------

At least bore volumes have been evacuated before sampling 
- ---

Sampling method : Submersible pump Bladder 

Tap Bailer ~ 
Pump intake or bailer set at ____ ft below MP. 

Casing Diameter -- in ----

Casing Volume ---- gal 

X 

DISCHARGE RA TE 

________ gpm 

0.00223 

cfs 

·ubing (type: _ _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 

PH 
Time units 

I ~'f':? g I l (,., 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

Temperature 
Corrected 

Conductance 
mhos/cm 

1-C/Z. 

Cumulative Volume 
of Water 

Temperature Turbidity Removed from Well 
·c NTU allons 

/'§,€ // t fe, -

Pumping End Time _____ _ 

REC D 

Pumping 
Rate 

m - -

WL ----

DEQ Ex. 3-298



w ,,~MACO R k_M · 
JI) Your Environnm~~a~1v1o-n!f6Mng Partner 
;:I ..,;;;iii,iii;;..;;..ioiiiii Inter-Mountain Labs--------------------------------------
~ IMTIR - MOUNTAIH LADS 

ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

ENT: Western Water Consultants Date Reported: 7/5/2018 

1849 Terra Report ID: S1806353001 

Sheridan , WY 82801 

Work Order: S1806353 

Collection Date: 6/20/2018 3:45:00 PM 

Project: Ramaco-2014163-98 Date Received: 6/20/2018 4 :26:00 PM 

Lab ID: S 1806353-001 Sampler: RF 

Client Sample ID: 578420-TR-1 Matrix: Water 

COC: 171834 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 8.16 s.u. 06/20/2018 1545 Field 

Conductivity 292 µmhos/cm 06/20/2018 1545 Field 

Turbidity 11 .6 NTU 06/20/2018 1545 Field 

Temperature 15.5 ·c 06/20/2018 1545 Field 

General Parameters 
pH 8.4 0.1 s.u. 06/21/2018 1716 IBS SM 4500 H B 

Electrical Conductivity 292 5 µmhos/cm 06/21/20181716 IBS SM 2510B 

Total Dissolved Solids (180) 170 10 mg/L 06/21/2018 1600 NLG SM 2540 

Solids , Total Dissolved (Cale) 160 10 mg/L 07/05/2018 1351 JJ SM 1030E 

Total Suspended Solids 18 5 mg/L 06/25/2018 1401 NLG SM 2540 

Alkalinity, Total (As CaCO3) 128 5 mg/L 06/21/2018 1716 IBS SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 136 1 mg/L 07/05/2018 1351 JJ SM 2340B 

Nitrogen, Ammonia (as N) ND 0.1 mg/L 06/27/2018 1245 AMB EPA 350.1 

rbid ity 9.9 0.1 NTU 06/22/2018 1542 KB SM 2130 

odium Adsorption Ratio 0.25 0.01 07/05/20181351 JJ Calculation 

Anions 
Alkalinity, Bicarbonate as HCO3 152 5 mg/L 06/21/20181716 IBS SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 06/21/20181716 IBS SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 06/21/2018 1716 IBS SM 2320B 

Chloride 1 mg/L 06/21/2018 1930 AB EPA 300.0 

Fluoride 0.1 0.1 mg/L 06/21/2018 1716 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 26 

Cations 
Calcium 34 

Magnesium 12 

Potassium 

Sodium 7 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~d:::~ 
John Jacobs..,, Project Manager 

October 20 lo 

0.1 mg/L 06/27/2018 1349 AMB EPA 353.2 

mg/L 06/21/2018 1930 AB EPA 300.0 

mg/L 06/26/2018 1731 DG EPA 200.7 

mg/L 06/26/2018 1731 DG EPA 200.7 

mg/L 06/26/2018 1731 DG EPA 200.7 

mg/L 06/26/20181731 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

", ~ 2 / - j 
, ,. C D 1 5 _ 1 8 Page 1 of 2 

Addendum D6-6-35 DEQ Ex. 3-299



w --~MACO R k.M · 
JI) Your Environrrm~?a~WICinltaring Partner 
;:I ---------- Inter-Mountain Labs--------------------------------------
;:I 1"11R- Mou""''" u.o s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S 1806353-001 

Client Sample ID: 578420-TR-1 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 2.49 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.03 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 0.53 

Calcium 1.71 

Magnesium 0.99 

Potassium 0.03 

Sodium 0.29 

Cation / Anion Balance 
Cation Sum 3.03 

ion Sum 3.13 

!ion-Anion Balance 1.48 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 

Iron 0.35 

Manganese 0.02 

These results apply only to the samples tested . 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~---C;d:-:: 
John Jacobs,.,, Project Manager 

October 2010 

Date Reported: 7/5/2018 

Report ID: S1806353001 

Work Order: S1806353 

Collection Date: 6/20/2018 3:45:00 PM 

Date Received: 6/20/2018 4:26:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171834 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/05/2018 1351 JJ SM 1030E 

0.01 meq/L 07/05/2018 1351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/2018 1351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/20181351 JJ SM 1030E 

0.01 meq/L 07/05/2018 1351 JJ SM 1030E 

0.01 meq/L 07/05/2018 1351 JJ SM 1030E 

0.01 meq/L 07/05/2018 1351 JJ SM 1030E 

0.01 % 07/05/20181351 JJ SM 1030E 

0.1 mg/L 06/26/2018 1731 DG EPA 200.7 

0.005 mg/L 06/22/2018 1849 MS EPA 200.8 

0.1 mg/L 06/22/2018 1849 MS EPA 200.8 

0.1 mg/L 06/26/2018 1731 DG EPA 200.7 

0.001 mg/L 06/22/2018 1849 MS EPA 200.8 

0.01 mg/L 06/26/2018 1731 DG EPA 200.7 

0.01 mg/L 06/22/2018 1849 MS EPA 200.8 

0.05 mg/L 06/26/2018 1731 DG EPA 200.7 

0.02 mg/L 06/22/2018 1849 MS EPA 200.8 

0.02 mg/L 06/26/20181731 DG EPA 200.7 

0.001 mg/L 06/27/20181035 AW EPA 245.1 

0.02 mg/L 06/22/2018 1849 MS EPA 200.8 

0.01 mg/L 06/26/20181731 DG EPA 200.7 

0.005 mg/L 06/22/2018 1849 MS EPA 200.8 

0.01 mg/L 06/26/2018 1731 DG EPA 200.7 

0.05 mg/L 06/27/2018 0240 DG EPA 200.7 

0.02 mg/L 06/27/2018 0240 DG EPA 200.7 

Rl - Reporting limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T : t1 ~ 2 5 
co 1 - 25 -1 

Page 2 of 2 

Addendum D6-6 -36 DEQ Ex. 3-300



~o 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Location ------------------- W.O.# __ --0l'---'C...,L__J'--'--"'---'-"-- ""-'-"c.__ ____ _ 

Sample ID# 518'-f:1-.0 -Tfl - I Date Sampled I t 'Z-- I Time t 8 I 0 _ _.....__--ee.,__ __ ........,<--_ --=------,:____/ pm 

Describe Sampling Point --------e;:2'..J,&,14~ ~ ~ __.fc,M~ ~~~~:.......J~~~~<:""~~~~::::.~~· '.'.'.::::::::::::.... ___ _ 

Well Depth __ -__ ft below MP Depth to Water (below MP) ____ ft 

Date --- I Time am pm 

At least bore volumes have been evacuated before sampling -----

Sampling method : Submersible pump Bladder 

Tap Bailer 8 
Pump intake or bailer set at ft below MP. 

Casing Diameter in ----

Casing Volume gal 

X 

----

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

Tubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time units 

OB/0 g. '{5"' 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

Temperature 
·c 

3:iq ;ltJ I 1 

WL ----

w 

Cumulative Volume 
of Water Pumping 

Turbidity Removed from Well Rate 
NTU allons m 

'7,07 

Pumping End Time _____ _ WL ----

Witnessed by: 

DEQ Ex. 3-301



w ,-~MACO R k-.M· 
JI) Your Environrrm~~a91v1o-n!Mring Partner 
;:I .... ii!-iiooiiiiooiiioiii~ Inter-Mountain Labs--------------------------------------
;:I '"'"R- MouHTAtH LAo s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S1807202-001 
Client Sample ID: 578420-TR-1 

Analyses Result 

Field 
pH 8.45 

Conductivity 329 

Turbidity 9.09 

Temperature 20.7 

General Parameters 

pH 8.6 

Electrical Conductivity 356 

Total Dissolved Solids (180) 210 

Solids, Total Dissolved (Cale) 190 

Total Suspended Solids 13 

Alkalinity, Total (As CaCO3) 157 

Hardness, Calcium/Magnesium (As CaCO3) 163 

Nitrogen, Ammonia (as N) ND 

rbidity 7.7 

~odium Adsorption Ratio 0.31 

Anions 
Alkalinity, Bicarbonate as HCO3 179 

Alkalinity, Carbonate as CO3 6 

Alkalinity, Hydroxide as OH ND 

Chloride 1 

Fluoride 0.1 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 28 

Cations 
Calcium 40 

Magnesium 16 

Potassium 1 

Sodium 9 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~e,.,.. 
John Jacobs,.,, Project Manager 

October 2010 

Date Reported: 7/26/2018 
Report ID: S1807202001 

Work Order: S1807202 
Collection Date: 7/12/2018 8:10:00 AM 
Date Received: 7/12/2018 12:08:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177725 

RL Qual Units Date Analyzed/lnit Method 

s.u. 07/12/2018 0810 Field 

µmhos/cm 07/12/2018 0810 Field 

NTU 07/12/2018 0810 Field 
oc 07/12/2018 0810 Field 

0.1 s.u. 07/13/2018 0601 IBS SM 4500 H B 

5 µmhos/cm 07/13/2018 0601 IBS SM 25108 

10 mg/L 07/13/2018 0847 NLG SM 2540 

10 mg/L 07/26/20181014 JJ SM 1030E 

5 mg/L 07/17/2018 1452 NLG SM 2540 

5 mg/L 07/13/2018 0601 IBS SM 23208 

mg/L 07/26/20181014 JJ SM 23408 

0.1 mg/L 07/17/20181 120 AMS EPA 350.1 

0.1 NTU 07/13/2018 0716 KB SM 2130 

0.01 07/26/2018 1014 JJ Calculation 

5 mg/L 07/13/2018 0601 IBS SM 23208 

5 mg/L 07/13/2018 0601 IBS SM 23208 

5 mg/L 07/13/2018 0601 IBS SM 23208 

mg/L 07/13/2018 1600 AB EPA 300.0 

0.1 mg/L 07/13/2018 0601 IBS SM 4500FC 

0.1 mg/L 07/13/2018 1535 AMS EPA 353.2 

mg/L 07/13/2018 1600 AB EPA 300.0 

mg/L 07/16/20181944 DG EPA 200.7 

mg/L 07/16/20181944 DG EPA 200.7 

mg/L 07/16/20181944 DG EPA 200.7 

mg/L 07/16/20181944 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Va lue 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

r~a il 2102:, 
ECO 1 -. -18 

Page 1 of 6 

Addendum D6-6-38 DEQ Ex. 3-302



w --flirt:MACO R k_M· JI) Your Environrrrn~Pa<?1v1MlMting Partner 
;:I ... iioiiii ...... ioiiiiiiii Inter-Mountain Labs--------------------------------------
;:I '"'"~-.. 00"T"'" LAns 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S 1807202-001 
Client Sample ID: 578420-TR-1 

Analyses Result 

Cation/Anion-Milllequivalents 

Bicarbonate as HCO3 2.93 

Carbonate as CO3 0.20 

Hydroxide as OH ND 

Chloride 0.03 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 0.58 

Calcium 1.97 

Magnesium 1.28 

Potassium 0.03 

Sodium 0.40 

Cation / Anion Balance 
Cation Sum 3.70 

ion Sum 3.76 

!ion-Anion Balance 0.76 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 

Iron 0.25 

Manganese ND 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~d:::e-a_ 
John Jacobs,.,, Project Manager 

October 20 lo 

Date Reported: 7/26/2018 
Report ID: S1807202001 

Work Order: S1807202 
Collection Date: 7/12/2018 8:10:00 AM 
Date Received: 7/12/2018 12:08:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177725 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/20181014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/20181014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/20181014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 % 07/26/2018 1014 JJ SM 1030E 

0.1 mg/L 07/18/20181311 DG EPA 200.7 

0.005 mg/L 07/14/2018 0544 MS EPA 200.8 

0.1 mg/L 07/14/2018 0544 MS EPA 200.8 

0.1 mg/L 07/18/2018 1311 DG EPA 200.7 

0.001 mg/L 07/14/2018 0544 MS EPA 200.8 

0.01 mg/L 07/18/2018 1311 DG EPA 200.7 

0.01 mg/L 07/14/2018 0544 MS EPA 200.8 

0.05 mg/L 07/18/20181311 DG EPA 200.7 

0.02 mg/L 07/14/2018 0544 MS EPA 200.8 

0.02 mg/L 07/18/20181311 DG EPA 200.7 

0.001 mg/L 07/17/2018 1156 AW EPA 245.1 

0.02 mg/L 07/14/2018 0544 MS EPA 200.8 

0.01 mg/L 07/18/20181311 DG EPA 200.7 

0.005 mg/L 07/14/2018 0544 MS EPA 200.8 

0.01 mg/L 07/18/20181311 DG EPA 200.7 

0.05 mg/L 07/18/2018 2138 DG EPA 200.7 

0.02 mg/L 07/18/2018 2138 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

TF / ... 
RECD 1 - 2 i. 

Page 2 of 6 

ndum D6-6-39 DEQ Ex. 3-303



~ to 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan , Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 5 7B6i3 -ue.. - l> rr(.Jf- Project __ ~"-----=--'--="-"~---------

W.O.# 20/4-l fo 3, - 7,8 Location ------------------
SamplelD# ?1BefJ3-'£..KB., Date Sampled (e 4? 1 J B Time 1ti10 am@§) 

Describe Sampling Point ______ :C,_=~----""·TF"-........... ~.,. ..... ·..__'---_.~.c..-'--"'-~ """""'=c__------------

-Well Depth ____ ft below MP Depth to Water (below MP) ft ----

Date Time am pm 

At least _ 11,.:.J<...:4_,__ bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump Bladder --- ----
Bailer 

Pump intake or bailer set at - ft below MP. ----

and all field measurements ( yes or no ). Tubing used only for 

Temperature 
Corrected 

PH I Conductance Temperature 
Time (units) I (µmhos/cm) (·c1 

/(r;/0 I 6.B'7 2..1 l :; 8, 7 

Turbidity 
(NTU) 

2.7,~ 

Casing Diameter - in - --

Casing Volume gal 
----

DISCHARGE RATE 

X 

________ gpm 

0.00223 

cfs 

Cumulative Volume 
of Water Pumping 

Removed from Well Rate 
(gallons) (gpm) 

Pumping Start Time WL Pumping End Time WL ------

2/ 025 
t 2 m rltlendum Dn-n -40 - ~fl Trles~1torWe11 S"ample Form-RF doc DEQ Ex. 3-304



w ,,~MACO H k_M · 
JI) Your EnvironrrrnhPa~WIC>nlMMng Partner 
;:I ..,;;~ii!iiiii!iiiiliiiiiiiiiii Inter-Mountain Labs--------------------------------------
~ IHTl!R - MOUHTAIH LA.OS 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1806097-002 

Client Sample ID: 578524-IRR 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale} 

Total Suspended Solids 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

rbidity 

_odium Ad sorption Ratio 

Anions 
Alkalin ity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Sample Analysis Report 

Result RL Qual 

8.89 

241 

27.5 

23.7 

8.8 0.1 

248 5 

150 10 

140 10 

38 5 

107 5 

116 1 

ND 0.1 

22.8 0.1 

0.26 0.01 

118 5 

6 5 

ND 5 

1 

Date Reported: 6/21/2018 

Report ID: S1806097001 

Work Order: S1806097 

Collection Date: 6/6/2018 4 :10:00 PM 

Date Received: 6/6/2018 4 :39:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171833 

Units Date Analyzed/lnit Method 

s.u . 06/06/2018 1610 Field 

µmhos/cm 06/06/2018 1610 Field 

NTU 06/06/2018 1610 Field 
oc 06/06/2018 1610 Field 

s.u. 06/07/2018 1827 IBS SM 4500 H 

µmhos/cm 06/07/2018 1827 IBS SM 2510B 

mg/L 06/07/2018 1214 NLG SM 2540 

mg/L 06/21/2018 0949 JJ SM 1030E 

mg/L 06/08/2018 1457 NLG SM 2540 

mg/L 06/07/2018 1827 IBS SM 2320B 

mg/L 06/21/2018 0949 JJ SM 2340B 

mg/L 06/14/2018 1507 AMB EPA 350.1 

NTU 06/07/2018 1456 IBS SM 2130 

06/21/2018 0949 JJ Calculation 

mg/L 06/07/20181827 IBS SM 2320B 

mg/L 06/07/2018 1827 IBS SM 2320B 

mg/L 06/07/2018 1827 IBS SM 2320B 

mg/L 06/07/2018 1929 AB EPA 300.0 

B 

Fluoride 0.1 0.1 mg/L 06/07/2018 1827 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 06/08/2018 1355 AMB EPA 353.2 

Sulfate 22 1 mg/L 06/07/2018 1929 AB EPA 300.0 

Cations 
Calcium 29 mg/L 06/07/20181 801 DG EPA 200.7 

Magnesium 10 mg/L 06/07/2018 1801 DG EPA 200.7 

Potassium mg/L 06/07/2018 1801 DG EPA 200.7 

Sodium 7 mg/L 06/07/2018 1801 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank C Calculated Value 

E Value above quantitation range G Analyzed at IML Gillette laboratory 
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limits 

L Analyzed by another laboratory M Value exceeds Monthly Ave or MCL or is less than LCL 

ND Not Detected at the Report ing Limit 0 Outside the Range of Dilutions 
S Spike Recovery outside accepted recovery limits U Analysis reported under the reporting limit 

X Matrix Effect 

CZ,N!:;, /f-::?'. ~6a-
Reviewed by: .,.CC""-----= <__'--',a_..,,_ __________ _ 

Tf-1 2/ 25 
RECD 1 - r. -1 8 Page 3 of 4 

Addendum D6-6-4 1 
John Jacobs,-,, Project Manager 

October 2010 DEQ Ex. 3-305



2 /1,mTMACO Your Environ~~?a~~&1;i&ring Partner 
;:I ---------- Inter-Mountain Labs--------------------------------------
~ IHT I III - MOUHTAIK LADS 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S 1806097-002 
Client Sample ID: 578524-IRR 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 1.93 

Carbonate as CO3 0.20 

Hydroxide as OH ND 

Chloride 0.02 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 0.46 

Calcium 1.46 

Magnesium 0.84 

Potassium 0.03 

Sodium 0.28 

Cation I Anion Balance 
Cation Sum 2.63 

ion Sum 2.63 

lion-Anion Balance 0.04 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.70 

Manganese 0.03 

These results apply only to the samples tested . 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~e:-a,. 
John Jacobs,..., Project Manager 

October 2010 

Date Reported: 6/21/2018 
Report ID: S1806097001 

Work Order: S1806097 
Collection Date: 6/6/2018 4:10:00 PM 
Date Received: 6/6/2018 4:39:00 PM 

Sampler: RF 
Matrix: Water 

COC: 171833 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 % 06/21/2018 0949 JJ SM 1030E 

0.1 mg/L 06/07/2018 1801 DG EPA 200.7 

0.005 mg/L 06/07/2018 1748 MS EPA 200.8 

0.1 mg/L 06/07/2018 1748 MS EPA 200.8 

0.1 mg/L 06/07/2018 1801 DG EPA 200.7 

0.001 mg/L 06/07/2018 1748 MS EPA 200.8 

0.01 mg/L 06/07/2018 1801 DG EPA 200.7 

0.01 mg/L 06/07/2018 1748 MS EPA 200.8 

0.05 mg/L 06/07/2018 1801 DG EPA 200.7 

0.02 mg/L 06/07/2018 1748 MS EPA 200.8 

0.02 mg/L 06/07/2018 1801 DG EPA 200.7 

0.001 mg/L 06/08/2018 1053 AW EPA 245.1 

0.02 mg/L 06/07/2018 1748 MS EPA 200.8 

0.01 mg/L 06/07/2018 1801 DG EPA 200.7 

0.005 mg/L 06/07/2018 1748 MS EPA 200.8 

0.01 mg/L 06/07/2018 1801 DG EPA 200.7 

0.05 mg/L 06/08/2018 2210 DG EPA 200.7 

0.02 mg/L 06/08/2018 2210 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

·: ·i n 21 2 s 
RECD 1 - -1 

Page 4 of 4 

dendum D6-6-42 DEQ Ex. 3-306



Brook Mine ~o 

~WWCENGINEERING 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 5 78.S/ 2 -r;etz - DI rel/ Project _______________ _ 

Location W.0 .# ------------------ ----------------

Sample ID# ,7$!i/3 ·.Rl/<-/)[Tvl/ Date Sampled 7 I Z, I Time _ ......_.."'-=-=----\:.._:____,,. 

Describe Sampling Point o/~Q..<.fZ.._ IJ..J~ ~~ ~ 

Well Depth ____ ft below MP Depth to Water {below MP) ft ---- Casing Diameter in ----

Date Time am pm Casing Volume gal 
----

At least bore volumes have been evacuated before sampling DISCHARGE RATE ----

Sampling method : 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. ----

Bladder 

Grab X 

________ gpm 

0.00223 

cfs 

Tubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Time 

//PO 

PH 
units 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

Temperature 
Corrected 

Conductance 
mhos/cm 

WL 

Temperature 
·c 

----

Turbid ity 
NTU 

3.3.Z, 

Cumulative Volume 
o f Water 

Removed from Well 
allons 

Pumping End Time _____ _ 

Pumping 
Rate 

m 

WL ----

itness) dF : ~-2 ,-o-2f-ft5.----------
~C O 1 _ ..n,1,r1.-aw-1m,,QG ~ Foon-RF doc DEQ Ex. 3-307



2 /l~m · MACO Your Environ~~?a~tMiiMring Partner 
;:I ""!ii·~ m~i!iiiillliiiii,~i!!i! Inter-Mountain Labs--------------------------------------
~ IHYl!ft - MOUNTAIK LABS 

ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

ENT: Western Water Consultants Date Reported: 7/26/2018 
1849 Terra Report ID: S1807202001 
Sheridan, WY 82801 

Work Order: S1807202 
Collection Date: 7/12/2018 11 :00:00 AM 

Project: Ramaco-2014163-98 Date Received: 7/12/2018 12:08:00 PM 
Lab ID: S1807202-003 Sampler: RF 
Client Sample ID: 578513-IRR-DITCH Matrix: Water 

COC: 177725 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 8.69 s.u. 07/12/2018 1100 Field 

Conductivity 326 µmhos/cm 07/12/2018 1100 Field 

Turbidity 33.2 NTU 07/12/20181100 Field 

Temperature 22.6 oc 07/12/2018 1100 Field 

General Parameters 
pH 8.6 0.1 s.u. 07/13/2018 0624 IBS SM 4500 H B 

Electrical Conductivity 335 5 µmhos/cm 07/13/2018 0624 IBS SM 2510B 

Total Dissolved Solids (180) 210 10 mg/L 07/13/2018 0850 NLG SM 2540 

Solids, Total Dissolved (Cale) 180 10 mg/L 07/26/2018 1014 JJ SM 1030E 

Total Suspended Solids 103 5 mg/L 07/17/2018 1454 NLG SM 2540 

Alkalinity, Total (As CaCO3) 148 5 mg/L 07/13/2018 0624 IBS SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 156 mg/L 07/26/2018 1014 JJ SM 2340B 

Nitrogen, Ammonia (as N) ND 0.1 mg/L 07/1 7/20181123 AMB EPA 350.1 

rbidity 24.1 0.1 NTU 07/13/2018 0720 KB SM 2130 

_ odium Adsorption Ratio 0.28 0.01 07/26/2018 1014 JJ Calculation 

Anions 
Alkalinity, Bicarbonate as HCO3 171 5 mg/L 07/13/2018 0624 IBS SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 07/13/2018 0624 IBS SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 07/13/2018 0624 IBS SM 2320B 

Chloride 1 mg/L 07/13/20181622 AB EPA 300.0 

Fluoride 0.1 0.1 mg/L 07/13/2018 0624 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 27 

Cations 

Calcium 38 

Magnesium 15 

Potassium 1 

Sodium 8 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ _..ACd:::e-a_ 
John Jacobs,.,, Project Manager 

October 2010 

0.1 mg/L 07/13/2018 1538 AMB EPA 353.2 

mg/L 07/13/2018 1622 AB EPA 300.0 

mg/L 07/16/20181948 DG EPA 200.7 

mg/L 07/16/20181948 DG EPA 200.7 

mg/L 07/16/2018 1948 DG EPA 200.7 

mg/L 07/16/20181948 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at \ML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

,· ~1 G 
co 1"-"., -1 

Page 5 of 6 

Addendum D6-6-44 DEQ Ex. 3-308



w --~MACO R k-.M· 
JI) Your Environrrm~?Jh,1o·iil-Mring Partner 
;:I !"!'!!!"iii~i!!iiii ... !ii! Inter-Mountain Labs-------------------------------------
~ IHT fi R - MOUHTAIH LAO S 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S 1807202-003 
Client Sample ID: 578513-1 RR-DITCH 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 2.80 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.02 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 0.56 

Calcium 1.89 

Magnesium 1.21 

Potassium 0.03 

Sodium 0.35 

Cation I Anion Balance 
Cation Sum 3.50 

ion Sum 3.55 

!ion-Anion Balance 0.73 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.70 

Manganese 0.03 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: c:2:~ ~~e-a_ 
John Jacobs" Project Manager 

October 2010 

Date Reported: 7/26/2018 
Report ID: S1807202001 

Work Order: S1807202 
Collection Date: 7/12/201811 :00:00AM 
Date Received: 7/12/2018 12:08:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177725 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/26/20181014 jj SM 1030E 

0.01 meq/L 07/26/20181014 jj SM 1030E 

0.01 meq/L 07/26/20181014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/20181014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 meq/L 07/26/2018 1014 jj SM 1030E 

0.01 % 07/26/20181014 jj SM 1030E 

0.1 mg/L 07/18/20181316 DG EPA 200.7 

0.005 mg/L 07/14/2018 0555 MS EPA 200.8 

0.1 mg/L 07/14/2018 0555 MS EPA 200.8 

0.1 mg/L 07/18/20181316 DG EPA 200.7 

0.001 mg/L 07/14/2018 0555 MS EPA 200.8 

0.01 mg/L 07/18/2018 1316 DG EPA 200.7 

0.01 mg/L 07/14/2018 0555 MS EPA 200.8 

0.05 mg/L 07/18/20181316 DG EPA 200.7 

0.02 mg/L 07/14/2018 0555 MS EPA 200.8 

0.02 mg/L 07/18/20181316 DG EPA 200.7 

0.001 mg/L 07/17/20181200 AW EPA 245.1 

0.02 mg/L 07/14/2018 0555 MS EPA 200.8 

0.01 mg/L 07/18/20181316 DG EPA 200.7 

0.005 mg/L 07/14/2018 0555 MS EPA 200.8 

0.01 mg/L 07/18/20181316 DG EPA 200.7 

0.05 mg/L 07/18/2018 2143 DG EPA 200.7 

0.02 mg/L 07/18/2018 2143 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T f- ~1 G 2 • "' J 
R .... co h,-:"-1 

Page 6 of 6 

Addendum D6-6-45 DEQ Ex. 3-309



00 

~ ~co 

[ ~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 w. 
121 
N 

SAMPLING INFORMATION 

" N 
00 

" N 
121 
N 
121 

Sampling Point 57 BS-2. tf - -ri'L 
Location 

Sample ID# 57 B 5""-Z..L/: - Tic,. Date Sampled "i I / CJ I I 8 Time 12 30 am~ 

Describe Sampling Point 6 ~k-</ IA./~ ~ - il~v 

Depth to Water (below MP) "PJ ft: ft Casing Diameter in ---Well Depth ~ ft below MP 

Date Time am pm Casing Volume gal 

At least 
-----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump Bladder 

Bailer G~~ X 

- - - -

DISCHARGE RA TE 

_ _______ gpm 

0.00223 

Pump intake or bailer set at ft below MP . cfs - ---
... ubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DAT A 

Time 

/ :230 

PH 
units 

8Ja1 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

• : . : 

5'8B 

WL 

Temperature 
·c 

- ---

Turbidity 
NTU 

/tl, 7 

Cumulative Volume 
of Water 

Removed from Well 
allons 

Pumping End Time _____ _ 

Witnessed by: 

Pumping 
Rate 

m 

WL 

~, " I"\ ~ 
.. • 1 C, - J Addendum D6-6-46 

C \Fuller F1les\Mon1tor Well Semple Form-RF doc DEQ Ex. 3-310



w ,,,~m• MACO R k M ' 
JI) Im·~ Your Environrrm~?a~l'v10'r'lli3nng Partner 
;:I Inter-Mountain Labs--------------------------------------
::::1 '"'"~-"'0 ""'"'" •"

0
' 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

ENT: Western Water Consultants 

1849Terra 

Sheridan , WY 82801 

Project: 
Lab ID: 

Ramaco-2014163-98 

S 1804246-001 

Client Sample ID: 578524-TR 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Total Suspended Solids 

Alkalini ty , Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

bidity 

lium Adsorption Ratio 

Anions 
Alkalinity , Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity , Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

8.69 

588 

10.7 

9.4 

8.6 

598 

380 

360 

12 

204 

257 

ND 

8.8 

0.76 

232 

8 

ND 

4 

0.2 

ND 

115 

58 

28 

3 

28 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: B~ C::,~ 
Bill Courtney.,, Project Manager 

October 20 lo 

Date Reported: 4/30/2018 

Report ID: S1804246001 

Work Order: S1804246 

Collection Date: 4/19/2018 12:30 :00 PM 

Date Received: 4/19/2018 3 :12:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171831 

RL Qual Units Date Analyzed/lnit Method 

0.1 

5 

10 

10 

5 

5 

0.1 

0 .1 

0.01 

5 

5 

5 

1 

0.1 

0.1 

s.u . 

µmhos/cm 

NTU 

·c 

s.u. 

µmhos/cm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

NTU 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

04/19/2018 1230 Field 

04/19/2018 1230 Field 

04/19/2018 1230 Field 

04/19/20181230 Field 

04/20/2018 1633 I BS SM 4500 H B 

04/20/2018 1633 IBS SM 2510B 

04/20/2018 1402 NLG SM 2540 

04/30/2018 1039 BC SM 1030E 

04/20/2018 1603 NLG SM 2540 

04/20/2018 1633 IBS SM 2320B 

04/30/2018 1039 BC SM 2340B 

04/27/20181017 AMB EPA 350.1 

04/20/2018 0755 KB SM 2130 

04/30/2018 1039 BC Calculation 

04/20/2018 1633 IBS SM 2320B 

04/20/2018 1633 IBS SM 2320B 

04/20/2018 1633 IBS SM 2320B 

04/20/2018 1407 AB EPA 300 .0 

04/20/2018 1633 IBS SM 4500FC 

04/24/2018 1454 AMB EPA 353.2 

04/20/2018 1407 AB EPA 300.0 

04/24/2018 1307 DG EPA 200.7 

04/20/2018 1357 DG EPA 200.7 

04/24/2018 1307 DG EPA 200.7 

04/20/2018 1357 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

fi~CD 1 - :; -1 
Page 1 of 2 

Addendum D6-6 -4 7 DEQ Ex. 3-311



w --~MACO R k .M · JI) Your Environrrmfi?a11v1MlMring Partner 
;:I ____ ,_,, ____ Inter-Mountain Labs------------------------------------
;:I IHTER- "'

0
""'"'" .,.., 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1804246-001 

Client Sample ID: 578524-TR 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 3.80 

Carbonate as C03 0.27 

Hydroxide as OH ND 

Chloride 0.11 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 2.38 

Calcium 2.88 

Magnesium 2.26 

Potassium 0.06 

Sodium 1.22 

Cation I Anion Balance 

Cation Sum 6.43 

ion Sum 6.59 

lion-Anion Balance 1.19 

Dissolved Metals 

Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.03 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.22 

Manganese 0.04 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: B~ C::,~ 
Bill Courtney,,, Project Manager 

October 2010 

Date Reported: 4/30/2018 

Report ID: S1804246001 

Work Order: S 1804246 

Collection Date: 4/19/201812:30:00 PM 

Date Received: 4/19/2018 3:12:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171831 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0,01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 meq/L 04/30/2018 1039 BC SM 1030E 

0.01 % 04/30/2018 1039 BC SM 1030E 

0.1 mg/L 04/20/2018 1357 DG EPA 200.7 

0.005 mg/L 04/20/2018 1542 MS EPA 200.8 

0.1 mg/L 04/20/2018 1542 MS EPA 200.8 

0.1 mg/L 04/20/2018 1357 DG EPA 200.7 

0.001 mg/L 04/20/2018 1542 MS EPA 200.8 

0,01 mg/L 04/20/2018 1357 DG EPA 200.7 

0.01 mg/L 04/20/2018 1542 MS EPA 200.8 

0.05 mg/L 04/20/2018 135 7 DG EPA 200.7 

0.02 mg/L 04/20/2018 1542 MS EPA 200.8 

0.02 mg/L 04/20/2018 1357 DG EPA 200.7 

0.001 mg/L 04/24/2018 0857 AW EPA 245.1 

0.02 mg/L 04/20/2018 1542 MS EPA 200.8 

0.01 mg/L 04/20/2018 1357 DG EPA 200.7 

0.005 mg/L 04/20/2018 1542 MS EPA 200.8 

0.01 mg/L 04/20/2018 1357 DG EPA 200.7 

0.05 mg/L 04/23/2018 1547 DG EPA 200.7 

0.02 mg/L 04/23/2018 154 7 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

· ~ 0 2 
--c 1 

Page 2 of 2 

Addendum 06-6-48 DEQ Ex. 3-312



Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Project_~~~~~ ~~'----------

Location ---------------- -- W.0.#~ ;?~o-'-/cf~ / 4,~5_-_1'--8"---- ---
Sample ID# 6 '7 B5 21/ - TR__. 

Describe Sampling Point 

~{I.,(& w~ 

Date Sampled ~ / 

r~ ~ 
8 Time / ~'f0 am €) 

w«Aa~ ,µ1.v-

Well Depth ft below MP Depth to Water (below MP) - ft Casing Diameter - - ,n ---- ----

Date Time am pm Casing Volume gal 
----

At least -1-14- bore volumes have been evacuated before sampling DISCHARGE RATE 

Sampling method Submersible pump Bladder 

Tap Bailer ~ 
Pump intake or bailer set at 114 ft below MP. 

and all field measurements ( yes or no ). Tubing used only for 

Time 

/5'f0 

PH 
units 

WL 

Temperature 
·c 

----

gpm 

X 0.00223 

Turbidity 
NTU 

l'f, 2-

Cumulative Volume 1 

of Water · 
Removed from Well 

allons 

Pumping End Time _____ _ 

Pumping 
Rate 

m 

WL 

cfs 

----Pumping Start Time 

Comments: WA2k/ -~ ti+, - ~Lu;~~ 

Form completed by: 

October 2018 

C 1 - -1 
Addendum D6-6-49 
C \Fuller F,les\Mon,tor Well Sample Fo,m-RF aoc DEQ Ex. 3-313



w --~MACO R k-.M · JI) Your Environrrm~Pa'?1v1Miforing Partner 
;:I lllliiiioiiiiliiiiiiliiiii,,iiiiiii Inter-Mountain Labs--------------------------------------
~ IHTER - MOUHTAtH LAO S 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S 1806097-001 
Client Sample ID: 578524-TR 

Analyses Result 

Field 

pH 7.97 

Conductivity 232 

Turbidity 19.2 

Temperature 18.8 

General Parameters 
pH 8.4 

Electrical Conductivity 242 

Total Dissolved Solids (180) 140 

Solids, Total Dissolved (Cale) 130 

Total Suspended Solids 29 

Alkalinity, Total (As CaCO3) 109 

Hardness, Calcium/Magnesium (As CaCO3) 113 

Nitrogen, Ammonia (as N) ND 

rbidity 15.1 

dium Adsorption Ratio 0.20 

Anions 
Alkalinity, Bicarbonate as HCO3 130 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride ND 

Fluoride ND 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 15 

Cations 
Calcium 30 

Magnesium 10 

Potassium 2 

Sodium 5 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: cf!~ ---C~6a. 
John Jacobs,-,, Project Manager 

October 2010 

Date Reported: 6/21/2018 
Report ID: S1806097001 

Work Order: S1806097 
Collection Date: 6/6/2018 3:40:00 PM 
Date Received: 6/6/2018 4:39 :00 PM 

Sampler: RF 
Matrix: Water 

COC: 171833 

RL Qual Units Date Analyzed/lnit Method 

s.u . 06/06/2018 1540 Field 

µmhos/cm 06/06/2018 1540 Field 

NTU 06/06/2018 1540 Field 
oc 06/06/2018 1540 Field 

0.1 s.u. 06/07/2018 1814 IBS SM 4500 H B 

5 µmhos/cm 06/07/2018 1814 IBS SM 2510B 

10 mg/L 06/07/2018 1213 NLG SM 2540 

10 mg/L 06/21/2018 0949 JJ SM 1030E 

5 mg/L 06/08/2018 1456 NLG SM 2540 

5 mg/L 06/07/20181814 IBS SM 2320B 

mg/L 06/21/2018 0949 JJ SM 2340B 

0.1 mg/L 06/14/20181506 AMB EPA 350.1 

0.1 NTU 06/07/2018 1454 IBS SM 2130 

0.01 06/21/2018 0949 JJ Calculation 

5 mg/L 06/07/20181814 IBS SM 2320B 

5 mg/L 06/07/20181814 IBS SM 2320B 

5 mg/L 06/07/20181814 IBS SM 2320B 

1 mg/L 06/07/2018 1915 AB EPA 300.0 

0.1 mg/L 06/07/2018 1814 IBS SM 4500FC 

0.1 mg/L 06/08/2018 1353 AMB EPA 353.2 

mg/L 06/07/20181915 AB EPA 300.0 

mg/L 06/07/20181755 DG EPA 200.7 

mg/L 06/07/20181755 DG EPA 200.7 

mg/L 06/07/20181755 DG EPA 200.7 

mg/L 06/07/2018 1755 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T · I 6 2 
R: D t -

I"\ ,. 

_J 

, -1 Page 1 of 4 

Addendum D6-6-50 DEQ Ex. 3-314



2 /~m A MACO Your Environ~'1Pa<?t~iMMng Partner 
;:I _1_ m ___ •~- Inter-Mountain Labs--------------------------------------
~ IMTlfl - MOUHTA1H LAB S 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1806097-001 

Client Sample ID: 578524-TR 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HC03 2.12 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride ND 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 0.31 

Calcium 1.47 

Magnesium 0.79 

Potassium 0.04 

Sodium 0.22 

Cation I Anion Balance 
Cation Sum 2.52 

ion Sum 2.50 

tion-Anion Balance 0.49 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 

Iron 0.64 

Manganese 0.03 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~---C~6-a. 
John Jacobs,-,, Project Manager 

October 2010 

Date Reported: 6/21/2018 

Report ID: S1806097001 

Work Order: S1806097 

Collection Date: 6/6/2018 3:40:00 PM 

Date Received: 6/6/2018 4:39:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171833 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 meq/L 06/21/2018 0949 JJ SM 1030E 

0.01 % 06/21/2018 0949 JJ SM 1030E 

0.1 mg/L 06/07/2018 1755 DG EPA 200.7 

0.005 mg/L 06/07/2018 1725 MS EPA 200.8 

0.1 mg/L 06/07/2018 1725 MS EPA 200.8 

0.1 mg/L 06/07/2018 1755 DG EPA 200.7 

0.001 mg/L 06/07/2018 1725 MS EPA 200.8 

0.01 mg/L 06/07/2018 1755 DG EPA 200.7 

0.01 mg/L 06/07/2018 1725 MS EPA 200.8 

0.05 mg/L 06/07/2018 1755 DG EPA 200.7 

0.02 mg/L 06/07/2018 1725 MS EPA 200.8 

0.02 mg/L 06/07/2018 1755 DG EPA 200.7 

0.001 mg/L 06/08/2018 1051 AW EPA 245.1 

0.02 mg/L 06/07/2018 1725 MS EPA 200.8 

0.01 mg/L 06/07/2018 1755 DG EPA 200.7 

0.005 mg/L 06/07/2018 1725 MS EPA 200.8 

0.01 mg/L 06/07/2018 1755 DG EPA 200.7 

0.05 mg/L 06/08/2018 2208 DG EPA 200.7 

0.02 mg/L 06/08/2018 2208 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

CECO 1 - .., r - 1 '- v Page 2 of 4 
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~o 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 7 78~J..if - Tl<.. -/ 
Location -------------------

Sample ID# .fi7PL£'2-if -Jjf - / Date Sampled 7 / / Z., I Time t) _ ....__,,'---''--""-----" 

Describe Sampling Point ______ 7 _____ ~=---'-1'1"'tLC.L-=->,"°"'""_____.t...,'..<.J...,._..,~ ..... k.~"'A...,✓'--"'"'~""""'"--"'--"F-'--41--'-~,"r---""-4dk=----=· =-----'"""'----

Well Depth ____ ft below MP Depth to Water (below MP) ____ ft 

Date Time am pm 
------

At least bore volumes have been evacuated before sampling 
-----

Sampling method : Submersible pump Bladder 

Tap Bailer a 
Pump intake or bailer set at ____ ft below MP. 

Casing Diameter ____ in 

Casing Volume gal 

X 

----

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

Tubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time units 

I/) '/-D ~ .(p'f 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

Conductance Temperature 
mhos/cm ·c 

7~€ 1. /, e, 

WL - - --

Cumulative Volume 
of Water Pumping 

Turbidity Removed from Well Rate 
NTU allons m 

b.11 

Pumping End Time ------ WL ___ _ 

itnessed by: 

T. 2 3 DEQ Ex. 3-316



w ,,~MACO R k_M · 
JI) Your Environrne~Pa<hv1o·r'l!MMng Partner 
;:I lllllliiii!liiilliiiiilliiiiiiiiii!i! Inter-Mountain Labs--------------------------------------
;:I '"'"~-.. ouHT"'" u•• 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

ENT: Western Water Consultants Date Reported: 7/26/2018 
121 1849 Terra Report ID: S1807202001 
N 

" 
Sheridan, WY 82801 

N Work Order: S1807202 
00 Collection Date: 7/12/2018 10:40:00 AM 

" Project: Ramaco-2014163-98 Date Received: 7/12/2018 12:08:00 PM N 
121 Lab ID: S 1807202-002 Sampler: RF 
N Client Sample ID: 578524-TR-1 Matrix: Water 
121 COC: 177725 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 8.64 s.u . 07/12/2018 1040 Field 

Conductivity 335 µmhos/cm 07/12/2018 1040 Field 

Turbidity 6.17 NTU 07/12/2018 1040 Field 

Temperature 21.8 ·c 07/12/20181040 Field 

General Parameters 
pH 8.6 0.1 s.u. 07/13/2018 0613 IBS SM 4500 H B 

Electrical Conductivity 343 5 µmhos/cm 07/13/2018 0613 IBS SM 2510B 

Total Dissolved Solids (180) 190 10 mg/L 07/13/2018 0848 NLG SM 2540 

Solids, Total Dissolved (Cale) 180 10 mg/L 07/26/2018 1014 JJ SM 1030E 

Total Suspended Solids 8 5 mg/L 07/17/2018 1453 NLG SM 2540 

Alkalinity, Total (As CaCO3) 156 5 mg/L 07/13/2018 0613 IBS SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 160 mg/L 07/26/2018 1014 JJ SM 2340B 

Nitrogen, Ammonia (as N) ND 0.1 mg/L 07/17/20181123 AMB EPA 350.1 

rbidity 6.9 0.1 NTU 07/13/2018 0718 KB SM 2130 

odium Adsorption Ratio 0.28 0.01 07/26/20181014 JJ Calculation 

Anions 
Alkalinity, Bicarbonate as HCO3 179 5 mg/L 07/13/2018 0613 IBS SM 2320B 

Alkalinity, Carbonate as CO3 6 5 mg/L 07/13/2018 0613 IBS SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 07/13/2018 0613 IBS SM 2320B 

Chloride 1 1 mg/L 07/13/2018 1611 AB EPA 300.0 

Fluoride 0.1 0.1 mg/L 07/13/2018 0613 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 24 

Cations 

Calcium 39 

Magnesium 15 

Potassium 1 

Sodium 8 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: cfl,~ ~d::::6-a. 
John Jacobs,.,, Project Manager 

October 2010 

0.1 mg/L 07/13/20181536 AMB EPA 353.2 

mg/L 07/13/20181611 AB EPA 300.0 

mg/L 07/16/2018 1946 DG EPA 200.7 

mg/L 07/16/2018 1946 DG EPA 200.7 

mg/L 07/16/2018 1946 DG EPA 200.7 

mg/L 07/16/20181946 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

Tr- l 
RECD 

21 _5 
1 - .. ~-1 8 

Page 3 of 6 

Addendum 06-6-53 DEQ Ex. 3-317



w --~MACO R k.M · JI) Your EnvironnmhPa~lv1MlMting Partner 
;:I ..,;;;i!-iiilliii----iiii Inter-Mountain Labs-----------------------------------=-----
;:::I oHn~ - .. ouH

1
"

11
"""' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

IENT: Western Water Consultants 
121 1849 Terra 
N Sheridan , WY 82801 

" N 
00 

" Project: Ramaco-2014163-98 N 
121 Lab ID: S1807202-002 
N Client Sample ID: 578524-TR-1 
121 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 2.93 

Carbonate as CO3 0. 18 

Hydroxide as OH ND 

Chloride 0.03 

Fluoride ND 

Nitrate + Nitrite as N ND 

Sulfate 0.50 

Calcium 1.96 

Magnesium 1.23 

Potassium 0.03 

Sodium 0.36 

Cation / Anion Balance 
Cation Sum 3.59 

ion Sum 3.66 

lion-Anion Balance 0.92 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.20 

Manganese ND 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Date Reported: 7/26/2018 
Report ID: S1807202001 

Work Order: S1807202 
Collection Date: 7/12/2018 10:40:00 AM 
Date Received: 7/12/2018 12:08:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177725 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/20181014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 meq/L 07/26/2018 1014 JJ SM 1030E 

0.01 % 07/26/2018 1014 JJ SM 1030E 

0.1 mg/L 07/18/20181314 DG EPA 200.7 

0.005 mg/L 07/14/2018 0549 MS EPA 200.8 

0.1 mg/L 07/14/2018 0549 MS EPA 200.8 

0.1 mg/L 07/18/20181314 DG EPA 200.7 

0.001 mg/L 07/14/2018 0549 MS EPA 200.8 

0.01 mg/L 07/18/20181314 DG EPA 200.7 

0.01 mg/L 07/14/2018 0549 MS EPA 200.8 

0.05 mg/L 07/18/20181314 DG EPA 200.7 

0.02 mg/L 07/14/2018 0549 MS EPA 200.8 

0.02 mg/L 07/18/20181314 DG EPA 200.7 

0.001 mg/L 07/17/20181158 AW EPA 245.1 

0.02 mg/L 07/14/2018 0549 MS EPA 200.8 

0.01 mg/L 07/18/2018 1314 DG EPA 200.7 

0.005 mg/L 07/14/2018 0549 MS EPA 200.8 

0.01 mg/L 07/18/2018 1314 DG EPA 200.7 

0.05 mg/L 07/18/2018 2141 DG EPA 200.7 

0.02 mg/L 07/18/2018 2141 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

Tr- l 6 2 
n~co 1 
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RAMACO ~~ 
~WWCENGINEERING 

Surface Water Field Sheet 

Project/Client ~ - ,?.()1 tf /IR$ -c '7 

Site Name. 'i1'tzt/- ~'f - M G G - l 

Date 'f (t lJ /15' 
Technician/Engineer --=(Z_ ____ _,_, ..... ~i:::::;,,'-..... ~=-:x...,::;_-=-----------

Devices 

Flow/Automatic sampler Device ___ '?1__.__lt__.__ ____________ _ 

Device Flow or Stage Reading -?/ A-: CFS/FT 

Device Battery Charge 1111: Volts 

Device Data Download Yes or No 

Sample Collected by Device Yes or No; 

Staff gage reading if installed ___ U~A:..._ __ Ft 

Crest gage readings if installed --vz,4- Ft 

1stantaneous Flow 

Measured Flow Yes or No 

Measurement Device ---------------------
FI ow Rate CFS -----------
1 n cl u de Stream Gaging Da 

Grab Sample Collected Ye or No 

Water Quality Field Parameters for Storm or Instantaneous Sample 
I I I i I I 

Temperature 
('orrected 

PII Conducta nce Temp. 

Brook Mine 

Time units ( .1mhos/cm oc , Turbidit DOm /I 00 % ORP 

11io ~ ,~7 I ~62- ;'I, I !i',8 3 --

Lab Information 

Lab COC # / 31 ~!>0 
1 ate Samples to Lab '-f(ts/;b 

O:\Administration\SHERIDAN\ADM\FORMS\Surface Water Field Sheet.doc rr-1 G L,,..:s - -
October 2018 

RECO 1•- 5-1 
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00 
0 

~ 
;:I 
ID 
0,. 

121 
N 

" N 
OJ 

" N 
121 
N 
121 

MACO 
Your Environ~~Pa9t~i&ring Partner 

Inter-Mountain Labs 
1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants Date Reported: 4/21/2015 

1849 Terra Report ID: S1504190001 

Sheridan , WY 82801 
Work Order: S1504190 

Collection Date: 4/14/2015 5:20:00 PM 

Project: Ramaco Date Received: 4/15/2015 8 :39:00 AM 

Lab ID: S 1504190-004 Sampler: RF 

Client Sample ID: 578434-GC-1 Matrix: Water 

COC: 137350 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 8.97 s.u. 04/14/2015 1720 Field 

Conductivity 502 µmhos/cm 04/14/2015 1720 Field 

Turbidity 5.83 NTU 04/14/2015 1720 Field 

Temperature 14.1 oc 04/14/2015 1720 Field 

General Parameters 

pH 9.0 0.1 s.u. 04/15/20151936 BT SM 4500 H B 

Electrical Conductivity 517 5 µmhos/cm 04/15/20151936 BT SM 2510B 

Total Dissolved Solids (1 80) 320 10 mg/L 04/15/2015 1409 IR SM 2540 

Solids, Total Dissolved (Cale) 290 10 mg/L 04/21/2015 1005 JJ SM 1030E 

Total Suspended Solids 11 5 mg/L 04/15/2015 1619 IR SM 2540 

Alkalinity, Total (As CaCO3) 185 5 mg/L 04/15/2015 1936 BT SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 238 1 mg/L 04/2 1/2015 1005 JJ SM 2340B 

Nitrogen, Ammonia (As N) ND 0.1 mg/L 04/16/2015 1459 AMB EPA 350.1 

Jidity 3.4 0.1 NTU 04/15/2015 1405 JJ SM 2130 

__ dium Adsorption Ratio 0.4 0.1 04/21/2015 1005 JJ Calculation 

Anions 
Alkalinity, Bicarbonate as HCO3 183 5 mg/L 04/15/2015 1936 BT SM 2320B 

Alkalinity, Carbonate as CO3 21 5 mg/L 04/15/2015 1936 BT SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 04/15/2015 1936 BT SM 2320B 

Chloride 7 mg/L 04/15/2015 2046 AB EPA 300.0 

Fluoride 0.2 0.1 mg/L 04/15/2015 1936 BT SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 04/20/2015 1017 AMB EPA 353.2 

Sulfate 83 mg/L 04/15/2015 2046 AB EPA 300.0 

Cations 
Calcium 46 mg/L 04/15/2015 2013 DG EPA 200.7 

Magnesium 30 mg/L 04/15/2015 2013 DG EPA 200.7 

Potassium 2 mg/L 04/15/2015 2013 DG EPA 200.7 

Sodium 16 mg/L 04/15/2015 2013 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

a ~ ~e--a-
Reviewed by: .,,.CT=------'= c_:::..,.,,CL____""'------------

John Jacobs, Project Manager 

October 2018 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limi t 
S Spike Recovery outside accepted recovery limits 

Yr-, 6 2/~_s 
RECD 10- ~-1 a 

Page 7 of 8 
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~ , ~::.~~ooota;n Labs You, Env;,onrrl:!,Pa91.&1MlMng Partne, 
;:I '"'""--.. ou"'"'" uas 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants Date Reported: 4/21/2015 

1849 Terra Report ID: S1504190001 

Sheridan, WY 82801 
Work Order: S1504190 

Collection Date: 4/14/2015 5:20:00 PM 

Project: Ramaco Date Received: 4/15/2015 8:39:00 AM 

Lab ID: S 1504190-004 Sampler: RF 

Client Sample ID: 578434-GC-1 Matrix: Water 

COC: 137350 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 2.99 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Carbonate as CO3 0.70 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Hydroxide as OH ND 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Chloride 0.19 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Fluoride 0.01 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Nitrate + Nitrite as N ND 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Sulfate 1.71 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Calcium 2.30 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Magnesium 2.45 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Potassium 0.05 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Sodium 0.67 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

Cation / Anion Balance 
Cation Sum 5.50 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

ion Sum 5.61 0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

lion-Anion Balance 1.06 0.01 % 04/21/2015 1005 JJ SM 1030E 

Dissolved Metals 

Aluminum ND 0.1 mg/L 04/15/2015 2013 DG EPA 200.7 

Arsenic ND 0.005 mg/L 04/15/2015 1717 MS EPA 200.8 

Barium ND 0.1 mg/L 04/15/2015 1717 MS EPA 200.8 

Boron ND 0.1 mg/L 04/15/2015 2013 DG EPA 200.7 

Cadmium ND 0.001 mg/L 04/15/2015 1717 MS EPA 200.8 

Chromium ND 0.01 mg/L 04/15/2015 2013 DG EPA 200.7 

Copper ND 0.01 mg/L 04/15/20151717 MS EPA 200.8 

Iron ND 0.05 mg/L 04/15/2015 2013 DG EPA 200.7 

Lead ND 0.02 mg/L 04/15/20151717 MS EPA 200.8 

Manganese 0.02 0.02 mg/L 04/15/2015 2013 DG EPA 200.7 

Mercury ND 0.001 mg/L 04/16/2015 0945 AW EPA 245.1 

Molybdenum ND 0.02 mg/L 04/15/2015 1717 MS EPA 200.8 

Nickel ND 0.01 mg/L 04/15/2015 2013 DG EPA 200.7 

Selenium ND 0.005 mg/L 04/15/20151717 MS EPA 200.8 

Zinc ND 0.01 mg/L 04/15/2015 2013 DG EPA 200.7 

Total Metals 
Iron 0.27 0.05 mg/L 04/16/20151717 DG EPA 200.7 

Manganese 0.04 0.02 mg/L 04/16/20151717 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
O Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~---C~6-a
John Jacobs, Project Manager 

October 20 18 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

~ : •1 ~ 
. • ' j 

,. · ·o 
2/ 
1 - :;- 1 Page 8 of 8 
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RAMACO ~/" 
~WWCENGINEERING 

Surface Water Field Sheet 

Project/Client ~ - ~()!'{ ! ~3 -o 1 

Site Name. 5'7'&'-1: .3<f - G C - I 

Date 9 / / 7 / /; 

Technician/Engineer .£2_ cJ.: ~---c: 

Devices 

Flow/Automatic sampler Device --?t /t ___ __,_.....__ ____________ _ 
Device Flow or Stage Reading ?JI/: CFS/FT 

Device Battery Charge '?lit: Volts 

Device Data Download Yes or @ 
Sample Collected by Device Yes or @, 
Staff gage reading if installed --17.4 Ft 

Crest gage readings if installed __ -n_,1/-~-- Ft 

lstantaneous Flow 

Measured Flow Yes or 6) 
Measurement Device ____ 21_,(: ________________ _ 

Flow Rate ____ 11~4~----- CFS 

Include Stream Gaging Data 

Grab Sample Collected @ or No 

Water ualit Field Parameters for Storm or Instantaneous Sam le 

Temperature 
Corrected 

PII ( ·on1Jurt11ncc r crnp. 
ri me (units I ( mhos/rm oc T urbidir (, Tl ') DOm I 00 % 

I ;).OD B, 4'5'" i 1 I 2-- /f>, ' 3,13 I 

Lab Information 

Lab COC # I & I 1 I 0 
1 ate Samples to Lab '1/17 / ;::( 

I 

Brook Mine 

Olt P 

-

O:\Administralion\SHE ID q..M\FORMS\Surface Water _Field Sheet.doc 
_J 
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w "l~MA MACO R k_M " Jll Im·~ Your Environrrm~Pa91v1Mlr3ring Partner 
;:I ------ Inter-Mountain Labs--------------------------------------
;:I tHrtft •,.ou"'"'" LAD> 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID 
:Cl. Sample Analysis Report 

ENT: Western Water Consultants Date Reported: 9/29/2015 
121 1849 Terra Report ID: S1509325001 
N Sheridan, WY 82801 

" N Work Order: S1509325 
00 Collection Date: 9/17/2015 12:00:00 PM 

" Project: Ramaco-2014163-07 Date Received: 9/17/2015 3:10:00 PM N 
121 Lab ID: S1509325-001 Client Sampler: RF 
N Sample ID: 578434-GC-1 Matrix: Water 
121 COC: 161910 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 8.45 s.u. 09/17/2015 1200 Field 

Conductivity 712 µmhos/cm 09/17/2015 1200 Field 

Turbidity 3.93 NTU 09/17/2015 1200 Field 

Temperature 15.1 oc 09/17/2015 1200 Field 

General Parameters 
pH 8.6 0.1 s.u . 09/19/2015 2110 LJK SM 4500 H B 

Electrical Conductivity 759 5 µmhos/cm 09/19/2015 2110 LJK SM 2510B 

Total Dissolved Solids (180) 480 10 mg/L 09/18/2015 0950 LJK SM 2540 

Solids, Total Dissolved (Cale) 440 10 mg/L 09/29/2015 0847 JJ SM 1030E 

Total Suspended Solids ND 5 mg/L 09/18/2015 1729 LJK SM 2540 

Alkalinity, Total (As CaCO3) 289 5 mg/L 09/19/2015 2110 LJK SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 351 mg/L 09/29/2015 0847 JJ SM 2340B 

Nitrogen, Ammonia (As N) ND 0.1 mg/L 09/23/2015 1253 AMB EPA 350.1 

bidity 2.9 0.1 NTU 09/18/2015 1003 NLG SM 2130 

_odium Adsorption Ratio 0.6 0.1 09/29/2015 0847 JJ Calculation 

Anions 
Alkalinity, Bicarbonate as HCO3 314 5 mg/L 09/19/2015 2110 LJK SM 2320B 

Alkalinity, Carbonate as CO3 19 5 mg/L 09/19/2015 2110 LJK SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 09/19/2015 2110 LJK SM 2320B 

Chloride 9 mg/L 09/25/2015 1649 AB EPA 300.0 

Fluoride 0.4 0.1 mg/L 09/20/2015 2302 MRL SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) 0.5 0.1 mg/L 09/22/2015 1553 AMB EPA 353.2 

Sulfate 117 mg/L 09/25/2015 1649 AB EPA 300.0 

Cations 
Calcium 64 mg/L 09/21/2015 1631 DG EPA 200.7 

Magnesium 46 mg/L 09/21/2015 1631 DG EPA 200.7 

Potassium 4 mg/L 09/21/2015 1631 DG EPA 200.7 

Sodium 28 mg/L 09/21/2015 1631 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:fl:~ ~;d:::6-a. 
John Jacobs, Project Manager 

October 20 18 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
s Spike Recovery outside accepted recovery limits 

r-_ j 

:, - 18 
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w --~MACO R kM. 
JI) Your Environme~Pa91v10"!'1!&Mng Partner 
;:I Inter-Mountain Labs--------------------------------------
~ 1"'u,- MouHTA1" LA.es 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

ENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S1509325-001 Client 
Sample ID: 578434-GC-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 
Cation Sum 

ion Sum 

lion-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

5.15 

0.63 

ND 

0.25 

0.01 

0.03 

2.42 

3.20 

3.81 

0.09 

1.21 

8.33 

8.51 

1.07 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.02 

ND 

ND 

ND 

ND 

ND 

0.15 

0.03 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 9/29/2015 
Report ID: S1509325001 

Work Order: S1509325 
Collection Date: 9/17/2015 12:00:00 PM 
Date Received: 9/17/2015 3:10:00 PM 

Sampler: RF 
Matrix: Water 

COC: 161910 

Units Date Analyzed/lnit Method 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

meq/L 09/29/2015 0847 JJ SM 1030E 

% 09/29/2015 0847 JJ SM 1030E 

mg/L 09/21/2015 1631 DG EPA 200.7 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/21/2015 1631 DG EPA 200.7 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/21/20151631 DG EPA 200.7 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/21/2015 1631 DG EPA 200.7 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/21/2015 1631 DG EPA 200.7 

mg/L 09/22/20151139 AW EPA 245.1 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/21/2015 1631 DG EPA 200.7 

mg/L 09/18/2015 2334 MS EPA 200.8 

mg/L 09/21/20151631 DG EPA 200.7 

mg/L 09/21/2015 2149 DG EPA 200.7 

mg/L 09/21/2015 2149 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers : B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~--Cd:::6a
John Jacobs, Project Manager 

October 2018 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

., ~ I) r. 
. " j I.. 

~- .: · D 1 - .. ~ -1 
Page 2 of 2 

Addendum D6-6-60 DEQ Ex. 3-324



RAMACO /'~ 
~WWCENGINEERING 

Brook Mine 

Surface Water Field Sheet 

Project/Client ~ - ,201t./:! ftz 3 

Site Name. 57-otf 3zf: - Ge -J 

Date I :i.(1,/ I;-
Technician/Engineer /l,_. J~ 
Devices 

Flow/Automatic sampler Device _________________ _ 

Device Flow or Stage Reading ________ CFS/FT 

Device Battery Charge Volts 

Device Data Download Yes or No 

Sample Collected by Device Yes or No; 

Staff gage reading if installed ______ Ft 

Crest gage read ings if installed 

1stantaneous Flow 

Measured Flow Yes or No 

Measurement Device 

~--- Ft -----

---------------------
Flow Rate ____ --_-_-:_-_-_- ____ CFS 

Include Stream Gaging Da 

Grab Sample Collected Yes r No 

Water Quality Field Parameters for Storm or Instantaneous Sample 
I I I 

Temperature 
Corrected 

Pl-I Conductancl' rernp. 
limr (unit ( 1mho" cm (O(' Turhiclil NTLI 00111 DO ¾ 

l 'f 20 B.&1 0 ~ i, -z I 2- 1,07 -
Lab Information 

Lab coc # l G, ~oq Cz 
'late Samples to Lab / '1 / I / #:£ r, 

OltP 

-

\fORM S\Surface Water Fie ld Sheet.doc _J -
October 2018 

"' -1 
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w "l~MA MACO R k M " Jll Im·~ Your Environrrm~Pa91v1o·nliaring Partner 
;:I Inter-Mountain Labs-----------------------------------=----
;:I '"Tfft-Mou"r"'" LAD> 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

ENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S1512027-001 
Client Sample ID: 578434-GC-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Total Suspended Solids 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

oidity 

~odium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkal inity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

8.67 

662 

4.07 

2.2 

8.4 

628 

390 

370 

5 

246 

306 

ND 

2.2 

0.5 

294 

ND 

ND 

6 

0.2 

0.5 

95 

60 

38 

3 

20 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2018 

RL Qual 

0.1 

5 

10 

10 

5 

5 

0.1 

0.1 

0.1 

5 

5 

5 

1 

0.1 

0.1 

Date Reported: 12/9/2015 
Report ID: S1512027001 

Work Order: S1512027 
Collection Date: 12/1/2015 2:20:00 PM 
Date Received: 12/1/2015 3:00:00 PM 

Sampler: RF 
Matrix: Water 

COC: 162096 

Units Date Analyzed/lnit Method 

s.u. 12/01/20151420 Field 

µmhos/cm 12/01/2015 1420 Field 

NTU 12/01/2015 1420 Field 

·c 12/01/2015 1420 Field 

s.u. 12/03/2015 1529 SFF SM 4500 H B 

µmhos/cm 12/02/2015 1606 SFF SM 2510B 

mg/L 12/02/2015 1437 IR SM 2540 

mg/L 12/08/2015 0820 JJ SM 1030E 

mg/L 12/02/2015 1252 IR SM 2540 

mg/L 12/03/2015 1529 SFF SM 2320B 

mg/L 12/08/2015 0820 JJ SM 2340B 

mg/L 12/07/2015 0950 AMB EPA 350.1 

NTU 12/02/20151128 NLG SM 2130 

12/08/2015 0820 JJ Calculation 

mg/L 12/03/2015 1529 SFF SM 2320B 

mg/L 12/03/2015 1529 SFF SM 2320B 

mg/L 12/03/2015 1529 SFF SM 2320B 

mg/L 12/02/2015 1820 AB EPA 300.0 

mg/L 12/02/2015 1606 SFF SM 4500FC 

mg/L 12/02/2015 1123 AMB EPA 353.2 

mg/L 12/05/2015 1432 AB EPA 300.0 

mg/L 12/04/2015 1354 DG EPA 200.7 

mg/L 12/04/2015 1354 DG EPA 200.7 

mg/L 12/04/2015 1354 DG EPA 200.7 

mg/L 12/04/2015 1354 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

TF l 
CD 

2/ _5 
, ~ p 1 

- tJ -
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~ , ~:~io"ntain Labs Yooc Envimnnlillil'a9 \i,~i/.J~ng Partne, 

;:I '"n ~- ... ouHTAIN uas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

ENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S1512027-001 

Client Sample ID: 578434-GC-1 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 4.81 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride 0.15 

Fluoride 0.01 

Nitrate + Nitrite as N 0.03 

Sulfate 1.97 

Calcium 3.01 

Magnesium 3.11 

Potassium 0.06 

Sodium 0.85 

Cation I Anion Balance 
Cation Sum 7.04 

ion Sum 7.11 

tion-Anion Balance 0.43 

Dissolved Metals 

Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.02 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.18 

Manganese 0.03 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ G~ 
Bill Courtney, Project Manager 

October 2018 

Date Reported: 12/9/2015 

Report ID: S1512027001 

Work Order: S1512027 

Collection Date: 12/1/2015 2:20:00 PM 

Date Received: 12/1/2015 3:00:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162096 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 meq/L 12/08/2015 0820 JJ SM 1030E 

0.01 % 12/08/2015 0820 JJ SM 1030E 

0.1 mg/L 12/02/2015 1450 DG EPA 200.7 

0.005 mg/L 12/02/2015 2024 MS EPA 200.8 

0.1 mg/L 12/02/2015 2024 MS EPA 200.8 

0.1 mg/L 12/02/2015 1450 DG EPA 200.7 

0.001 mg/L 12/02/2015 2024 MS EPA 200.8 

0.01 mg/L 12/02/2015 1450 DG EPA 200.7 

0.01 mg/L 12/02/2015 2024 MS EPA 200.8 

0.05 mg/L 12/02/2015 1450 DG EPA 200.7 

0.02 mg/L 12/02/2015 2024 MS EPA 200.8 

0.02 mg/L 12/02/2015 1450 DG EPA 200.7 

0.001 mg/L 12/04/2015 1002 AW EPA 245.1 

0.02 mg/L 12/02/2015 2024 MS EPA 200.8 

0.01 mg/L 12/02/2015 1450 DG EPA 200.7 

0.005 mg/L 12/02/2015 2024 MS EPA 200.8 

0.01 mg/L 12/02/2015 1450 DG EPA 200.7 

0.05 mg/L 12/03/20151610 DG EPA 200.7 

0.02 mg/L 12/03/20151610 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

TF1 6 210-5 
R CD 1 - 5-18 

Page 2 of 2 
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RAMACO ~~ 
~WWCENGINEERING 

Surface Water Field Sheet 

Project/Client _ ____._..~"'----'------c2:;.;;;__IJ_l_'f'_./_;;{p_.3,c;;,._-----"'-0_7,__ ____ _ 

Site Name. _5_1~6_'{_3~'-f_-_c;_e,_-_I _____._(~G~~~<H,.(..,-~ c~ ) 
Date 3/1 / t l, ---+-, -'----'---=------------

Technician/Engineer ---{2e-aa_' _J.......,,,.__.~..........a~c.....---------
Devices 

Flow/Automatic sampler Device ____ --n_ l'f-_ ____ _ _ _____ _ 
Device Flow or Stage Reading __ .__._ ___ CFS/FT 

Device Battery Charge ----~~-- Volts 

Device Data Download Yes 

Sample Collected by Device Yes or @, 
Staff gage reading if installed 11 If 

Crest gage readings if installed 'Jt A-

:1stantaneous Flow 

Measured Flow Yes or,&) 

Ft 

Ft 

Measurement Device ___ 27-"--"-'lr...._ _______________ _ 

Flow Rate __ ?/~ If:~------ CFS 

Include Stream Gaging Data 

Grab Sample Col lected @or No 

Water Quality Field Parameters for Storm or Instantaneous Sample 
I I I I I 

I 

Temperature 
Corrected 

PII r cmp. 

Brook Mine 

lime units (OC Turbidity NTL') DOm DO % ORP 

I 1 10 8 ,81 & IP < '7. I 0. 5' '7 - -
Lab Info rmation 

Lab COG# //,, 2- / ~ </ 
,ate Samples to Lab 8} I /1 /.p 

October 2018 1 - 5-1 DEQ Ex. 3-328



w "l~MA MACO R k.M · Jll I m ·1: Your Environme~Pa91v1o-r,ltBnng Partner 
;:I --------- Inter-Mountain Labs--------------------------------------
;:I '"n~-... ou"'"'" LAB> 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants Date Reported: 3/9/2016 
1849 Terra Report ID: S1603019001 
Sheridan , WY 82801 

Work Order: S1603019 
Collection Date: 3/1/2016 2:10:00 PM 

Project: Ramaco-2014163-07 Date Received: 3/1/2016 4:06:00 PM 
Lab ID: S1603019-001 Sampler: RF 
Client Sample ID: 578434-GC-1 Matrix: Water 

COC: 162114 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 8.89 s.u. 03/01/20161410 Field 

Conductivity 665 µmhos/cm 03/01/2016 1410 Field 

Turbidity 6.57 NTU 03/01/2016 1410 Field 

Temperature 7.1 oc 03/01/2016 1410 Field 

General Parameters 
pH 8.6 0.1 s.u. 03/02/2016 1753 LAB SM 4500 H B 

Electrical Conductivity 628 5 µmhos/cm 03/02/2016 1753 LAB SM 2510B 

Total Dissolved Solids (180) 410 10 mg/L 03/02/2016 0943 NLG SM 2540 

Solids, Total Dissolved (Cale) 370 10 mg/L 03/08/2016 1543 JJ SM 1030E 

Total Suspended Solids ND 5 mg/L 03/02/2016 1324 AB SM 2540 

Alkalinity, Total (As CaCO3) 236 5 mg/L 03/02/2016 1753 LAB SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 298 mg/L 03/08/2016 1543 JJ SM 2340B 

Nitrogen, Ammonia (As N) 0.1 0.1 mg/L 03/04/2016 1452 AMB EPA 350.1 

rbidity 1.6 0.1 NTU 03/02/2016 0922 KB SM 2130 

¥odium Adsorption Ratio 0.5 0.1 03/08/2016 1543 JJ Calculation 

Anions 
Alkalinity, Bicarbonate as HCO3 260 5 mg/L 03/02/2016 1753 LAB SM 2320B 

Alkalinity, Carbonate as CO3 14 5 mg/L 03/02/2016 1753 LAB SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 03/02/2016 1753 LAB SM 2320B 

Chloride 7 1 mg/L 03/02/2016 1248 AB EPA 300.0 

Fluoride 0.2 0.1 mg/L 03/02/2016 1753 LAB SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) 0.4 0.1 mg/L 03/03/2016 1304 AMB EPA 353.2 

Sulfate 98 mg/L 03/02/2016 1248 AB EPA 300.0 

Cations 
Calcium 57 mg/L 03/02/2016 1426 DG EPA 200.7 

Magnesium 38 mg/L 03/02/2016 1426 DG EPA 200.7 

Potassium 3 mg/L 03/02/2016 1426 DG EPA 200.7 

Sodium 21 mg/L 03/02/2016 1426 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

0~ .A;:?". ~C,a.. 
Reviewed by: ~CC~----<--~,~~----------

John Jacobs, Project Manager 
October 20 18 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Tr 1 r. 2/ .. 5 
I • '0 1 
I - - .. ;.i -1 Page 1 of 2 
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MACO Your Environ~~Pa9-\6i~i&ring Partner 
~~~~;,,;;~ Inter-Mountain Labs--------------------------------------

1673 Terra Avenue, Sheridan, Wyoming 82801 

Sample Analysis Report 

ph: (307) 672-8945 

IENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: 
Lab ID: 

Ramaco-2014163-07 
S1 603019-001 

Client Sample ID: 578434-GC-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 
Cation Sum 

ion Sum 

!ion-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

4.26 

0.44 

ND 

0.19 

0.01 

0.02 

2.04 

2.83 

3.12 

0.06 

0.90 

6.94 

6.99 

0.38 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.04 

ND 

ND 

ND 

ND 

ND 

0. 14 

0.04 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 3/9/201 6 
Report ID: S1603019001 

Work Order: S 1603019 
Collection Date: 3/1/2016 2:10:00 PM 
Date Received: 3/1/2016 4:06:00 PM 

Sampler: RF 
Matrix: Water 

COC: 162114 

Units Date Analyzed/lnit Method 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

meq/L 03/08/2016 1543 JJ SM 1030E 

% 03/08/2016 1543 JJ SM 1030E 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/04/2016 0947 AW EPA 245.1 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/02/2016 1643 MS EPA 200.8 

mg/L 03/02/2016 1426 DG EPA 200.7 

mg/L 03/04/2016 1617 DG EPA 200.7 

mg/L 03/04/2016 1617 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~---C~ 
John Jacobs, Project Manager 

October 2018 

C Calcula ted Value 
H Holding limes for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

~' 15 
'J 1 - 2~ -1 8 Page 2 of 2 
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RAMACO /"/'_ 
~WWCENGINEERING 

Surface Water Field Sheet 

ProjecVClient ~ - ;l 0/LI l (.p 3 

Site Name. 57f?'-to1--GC -/ 

Date ~/;10/;fe 
~ I 

Technician/Engineer K,.~~ __.....--

Devices 

Brook Mine 

Flow/Automatic sampler Device _________________ _ 

Device Flow or Stage Reading __ -____ CFS/FT 

Device Battery Charge ________ Volts 

Device Data Download Yes or (J;} 
Sample Collected by Device Yes or 6}, 
Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

1stantaneous Flow 

Measured Flow Yes or 

Measurement Device ---------------------
Flow Rate -- CFS -----------
Include Stream Gaging Data 

Grab Sample Collecte . 

Water Quality Field Parameters for Storm or Instantaneous Sample 
I I 

Temper turr 
Corrected 

PII Conduetance 
l ime unit~ ( 1mhos/cm 

/3~0 &,73 33(p 

Lab Information 

Lab COC # /~ !£ Z-0 Z::: 

'late Samples to Lab 5 / -Z O /Ile 
I I 

October 20 18 

Temp. 
(0( ' Turbidit (Nl'l) 00111 DO % ORP 

/1/J Z§,o I 

TF l 6 2/ _5 
R ·C 1 - ~-1 

O:\Administration\SHERIDAN\ADM\FORMS\Surface Water Field Sheet.doc 
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2 /l~m A MACO Your Environ~~Pa9tc%iraring Partner 
;:I .... liioiii mi,,iiii,,iiii,iii·~i!ii Inter-Mountain Labs--------------------------------------
~ IHUk • lo\OUHTAlfi LADS 

ID 
0. 

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

ENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S 1605397-001 
Client Sample ID: Big Goose Creek 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale} 

Total Suspended Solids 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

bidity 

odium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

8.73 

336 

28.0 

17.9 

8.5 0.1 

349 5 

210 10 

180 10 

30 5 

129 5 

147 

ND 0.1 

14.3 0.1 

0.4 0.1 

150 5 

ND 5 

ND 5 

3 1 

0.1 0.1 

ND 0.1 

43 

31 

17 

2 

12 

Qual 

Date Reported: 6/1/2016 
Report ID: S1605397001 

Work Order: S1605397 
Collection Date: 5/20/2016 1 :30:00 PM 
Date Received: 5/20/2016 2:52:00 PM 

Sampler: RF 
Matrix: Water 

COC: 165202 

Units Date Analyzed/lnit Method 

s.u. 05/20/2016 1330 Field 

µmhos/cm 05/20/2016 1330 Field 

NTU 05/20/2016 1330 Field 
oc 05/20/2016 1330 Field 

s.u. 05/24/2016 1805 IBS SM 4500 H B 

µmhos/cm 05/24/2016 1805 IBS SM 2510B 

mg/L 05/20/2016 1706 NLG SM 2540 

mg/L 06/01/2016 0756 JJ SM 1030E 

mg/L 05/21/2016 1442 AB SM 2540 

mg/L 05/24/2016 1805 IBS SM 2320B 

mg/L 06/01/2016 0756 JJ SM 2340B 

mg/L 05/27/20161618 AMB EPA 350.1 

NTU 05/20/2016 1609 IBS SM 2130 

06/01/2016 0756 JJ Calculation 

mg/L 05/24/2016 1805 IBS SM 2320B 

mg/L 05/24/2016 1805 IBS SM 2320B 

mg/L 05/24/2016 1805 IBS SM 2320B 

mg/L 05/25/2016 0037 AB EPA 300.0 

mg/L 05/24/2016 1805 IBS SM 4500FC 

mg/L 05/25/2016 1327 AMB EPA 353.2 

mg/L 05/25/2016 0037 AB EPA 300.0 

mg/L 05/23/2016 1529 DG EPA 200.7 

mg/L 05/23/2016 1529 DG EPA 200.7 

mg/L 05/23/2016 1529 DG EPA 200.7 

mg/L 05/23/2016 1529 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~ ~d:=6a. 
John Jacobs, Project Manager 

October 2018 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Tr- "i 6 2 / 
RECD 1~- Page 1 of 2 
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~ - ~~~~io,ntain Labs Yooc Enviconm\lliPa91\,MitlJRng Partne, 
;:I '"'"ft-"'0""T"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants Date Reported: 6/1/2016 
1849Terra Report ID: S1605397001 
Sheridan, WY 82801 

Work Order: S1605397 
Collection Date: 5/20/2016 1 :30:00 PM 

Project: Ramaco-2014163-07 Date Received: 5/20/2016 2:52:00 PM 
Lab ID: S 1605397-001 Sampler: RF 
Client Sample ID: Big Goose Creek Matrix: Water 

COC: 165202 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 2.45 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Carbonate as CO3 ND 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Hydroxide as OH ND 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Chloride 0.08 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Fluoride ND 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Nitrate + Nitrite as N ND 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Sulfate 0.88 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Calcium 1.52 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Magnesium 1.42 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Potassium 0.03 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Sodium 0.49 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

Cation I Anion Balance 
Cation Sum 3.48 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

ion Sum 3.55 0.01 meq/L 06/01/2016 0756 JJ SM 1030E 

lion-Anion Balance 0.96 0.01 % 06/01/2016 0756 JJ SM 1030E 

Dissolved Metals 
Aluminum ND 0.1 mg/L 05/23/2016 1529 DG EPA 200.7 

Arsenic ND 0.005 mg/L 05/23/2016 1759 MS EPA 200.8 

Barium ND 0.1 mg/L 05/23/2016 1759 MS EPA 200.8 

Boron ND 0.1 mg/L 05/23/2016 1529 DG EPA 200.7 

Cadmium ND 0.001 mg/L 05/23/2016 1759 MS EPA 200.8 

Chromium ND 0.01 mg/L 05/23/2016 1529 DG EPA 200.7 

Copper ND 0.01 mg/L 05/23/2016 1759 MS EPA 200.8 

Iron ND 0.05 mg/L 05/23/2016 1529 DG EPA 200.7 

Lead ND 0.02 mg/L 05/23/2016 1759 MS EPA 200.8 

Manganese ND 0.02 mg/L 05/23/2016 1529 DG EPA 200.7 

Mercury ND 0.001 mg/L 05/26/2016 1416 AW EPA 245.1 

Molybdenum ND 0.02 mg/L 05/23/2016 1759 MS EPA 200.8 

Nickel ND 0.01 mg/L 05/23/2016 1529 DG EPA 200.7 

Selenium ND 0.005 mg/L 05/23/2016 1759 MS EPA 200.8 

Zinc ND 0.01 mg/L 05/23/2016 1529 DG EPA 200.7 

Total Metals 
Iron 0.67 0.05 mg/L 05/25/2016 1717 DG EPA 200.7 

Manganese 0.05 0.02 mg/L 05/25/2016 1717 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c::9:~ ~d:::6-a.
John Jacobs, Project Manager 

October 2018 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TF~G 2/ 25 
RECD 10- ZJ - 18 Page 2 of 2 
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RAMACO ~~~ 
WWC ENGINEERING 

Surface Water Field Sheet 

Project/Client ___ ...... ~'-'--'~"----"..:;....oc;.....___-_ -=Z=---~.:;...., ...... i _.lc...;:(#z......,:3:;;__-_b"------'7.__ __ 

Site Name. 6h1 57 ~'i0'1 - Sty - / 

Date t/2¢5 
Technician/Engineer __ ----4:f:h..........,::..a.....::~-=--'-=-..-:::..----------

Devices 

Flow/Automatic sampler Device 

Device Flow or Stage Reading 

Device Battery Charge 

Device Data Download Yes or No "hJ?, 

Sample Collected by Device 

Staff gage reading if installed 

Crest gage readings if installed 

Instantaneous Flow 

Yes or No; nfl-
- Ft 

---- Ft 

Measured Flow Yes or~ l)~ 
Measurement Device 

Brook Mine 

---------------------
Flow Rate CFS -----------
1 n c I u de Stream Gaging Data 

Grab Sample Collected Yes or No 

Water Quality Field Parameters for Storm or Instantaneous Sample 
i I I i I I 

PII 
T ime (units) 

1 r empen1ture 
Correcred 

Cunduclancc 
(µmhos/cm) 

r cmp. 
(OC) Turbidlry (NTl) 00 mg/I DO % ORP 

I 

----------- _bt<-y 

Lab Information 

Lab COC # ----------
Date Samples to Lab ________ _ TFNS 2/f:Z5 

R CD ~AY 23,2015 

Apri l 2019 

O:\Administration' SHERIDAN\ADM\FORMSIS urface Water Field Sheet.doc 
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RAMACO 

121 

/'-~ -tf-"11 tJ ~ 

~WWCENGINEERING 

Surface Water Field Sheet 

~ ProjecUClient ~ - :2c>Jl{/l,3 - (2 7 
00 
"'- Site Name. 0111,11:J 1P2'i Jii - 7ltJ - / 
N 

~ Date i/1 'f.f l':L 
121 , 

Technician/Engineer £~ 
Devices 

Flow/Automatic sampler Device _________________ _ 

Device Flow or Stage Reading CFS/FT ------
Device Battery Charge ________ Volts 

Device Data Download Yes or No 

Sample Collected by Device Yes or No; 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed _____ Ft 

Instantaneous Flow 

Measured Flow Yes or No 

Measurement Device ---------------------
FI ow Rate CFS -----------
1 n cl u de Stream Gaging Data 

Grab Sample Collected Yes or No 

Water Qualit Field Parameters for Storm or Instantaneous Sam le 

'limt 
PII 

(u nit ) 

Lab Information 

Lab COC # 

Temperature 
Corrected 

Conductance 
( mhos/cm 

----------

·1emp. 
(OC 

Date Samples to Lab ________ _ 

Turbidi 'ITU l>Om I)()% 

Brook Mine 

ORP 

O:1Adminisrration\SHERIDAN\ADM\FORMS\ urfacc Water Fie ld Sheet.doc 

Apri l 2019 
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RAMACO ~/": 
~WWC ENGINEERING 

Surface Water Field Sheet 

ProjecUClient ___ {4~~~~-~ ____ Z_t:J_ I _L/_1_/,"----"~=-----b__,_? _ _ _ 

Site Name. t?rv,5'78'{-IB -,6w - / 

Date '-f / I 'f /16' • 

Technician/Engineer _ _ __,6,__.~===------- ------

Devices 

Brook Mine 

Flow/Automatic sampler Device ;J;X,,O - (s, 7 / 2-

Device Flow or Stage Reading ~A CFS/FT 

Device Battery Charge Lk. t," Volts 

Device Data Download Yes or~ 

I-~~~~ 
~6d~ F.-u~/ 

6~~fP-t, o)~ 

Sample Col lected by Device Yes or ~ 

Staff gage reading if installed -- Ft 

Crest gage readings if installed _ _ ------___ Ft 

Instantaneous Flow 

Measured Flow Yes or ~ e~ 
Measurement Device -?1,4-- ---~---------------
Flow Rate --~t?~ , -~~tl _ ____ CFS 

Include Stream Gaging Data 

Grab Sample Collected ~ or No 

Water Quality Field Parameters for Storm or Instantaneous Sample I I I i I 

Trmprraturr 
Corrtc ted 

PII Conductance remp. 
"l ime (unit ) (µmh os/cm) 

I 
(oC) Turbidil) (i'liTl ) I DO mg/I DO % ORP 

!'I 3tJ 8 .~'f '-/2~0 /3,1 q ,11 

Lab Information 

Lab COC # / 3 73!£0 
Date Samples to Lab -t/1'f/1~ 

O:\AdministrationlSHERIDAN\ADM\FORM SISurfacc Water Field Sheet .doc 
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... ~ Your Environmental Mon~JRR~~~er .:tJDa; Inter-Mountain Labs----------------------------------------
'" rc.1111. - •ouNTAIN u..es 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1504190-003 
Client Sample ID: SM578418-SW-1 

Analyses 

Field 

pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Sol ids, Total Dissolved (Cale) 

Total Suspended Solids 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Turbidity 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result 

8.04 

4200 

9.14 

13.9 

8.3 

4170 

3990 

3530 

10 

558 

1940 

0.2 

4.9 

3.5 

663 

9 

ND 

23 

1.0 

ND 

2230 

234 

329 

30 

353 

RL Qual 

0.1 

5 

10 

10 

5 

5 

1 

0.1 

0.1 

0.1 

5 

5 

5 

1 

0.1 

0.1 

Date Reported: 4/21/2015 
ReportlD: S1504190001 

Work Order: S1504190 
Collection Date: 4/14/2015 2:30:00 PM 
Date Received: 4/15/2015 8:39:00 AM 

Sampler: RF 
Matrix: Water 

COC: 137350 

Units Date Analyzed/lnit Method 

s.u . 04/14/2015 1430 Field 

µmhos/cm 04/14/2015 1430 Field 

NTU 04/14/2015 1430 Field 

·c 04/14/2015 1430 Field 

s.u. 04/15/2015 1924 BT SM 4500 H B 

µmhos/cm 04/15/2015 1924 BT SM 2510B 

mg/L 04/15/2015 1408 IR SM 2540 

mg/L 04/21/2015 1005 JJ SM 1030E 

mg/L 04/15/2015 1618 IR SM 2540 

mg/L 04/15/2015 1924 BT SM 2320B 

mg/L 04/21/2015 1005 JJ SM 2340B 

mg/L 04/16/2015 1458 AMB EPA 350.1 

NTU 04/15/2015 1405 JJ SM 2130 

04/21/2015 1005 JJ Calculation 

mg/L 04/15/2015 1924 BT SM 2320B 

mg/L 04/15/2015 1924 BT SM 2320B 

mg/L 04/15/2015 1924 BT SM 2320B 

mg/L 04/15/2015 2033 AB EPA300.0 

mg/L 04/15/2015 1924 BT SM 4500FC 

mg/L 04/20/2015 1015 AMB EPA 353.2 

mg/L 04/15/2015 2033 AB EPA300.0 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/2015 2011 DG EPA200.7 

These results apply only to the samples tested. RL • Reporting Limit 

Qualifiers: B 
E 
J 
M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: c:fJ:,~ ---C 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

TFN6 2/~25 
Page 5 of 8 
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,..~ Your Environmental Mon~JRR~Mi~er .:JIDC Inter-Mountain Labs----------------------------------------
, .. ru1. - MouNTA'" LA8 5 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: 
Lab ID: 

Ramaco 
S1504190-003 

Client Sample ID: SM578418-SW-1 

Analyses 

Catlon/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

- - - -----
These results apply only to the samples tested. 

Result 

10.86 

0.29 

ND 

0.64 

0.05 

ND 

46.46 

11 .68 

27.07 

0.75 

15.33 

54.87 

58.32 

3.05 

ND 

ND 

ND 

0.3 

ND 

ND 

ND 

ND 

ND 

0.31 

ND 

ND 

ND 

ND 

ND 

0.49 

0.33 

-

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

--

Date Reported: 4/21/2015 
Report ID: S1504190001 

Work Order: S1504190 
Collection Date: 4/14/2015 2:30:00 PM 
Date Received: 4/15/2015 8:39:00 AM 

Sampler: RF 
Matrix: Water 

COC: 137350 

Units Date Analyzed/lnit Method 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

% 04/21/2015 1005 JJ SM 1030E 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/20151711 MS EPA200.8 

mg/L 04/15/2015 1711 MS EPA 200.8 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/2015 1711 MS EPA 200.8 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/2015 1711 MS EPA 200.8 

mg/L 04/15/2015 2011 DG EPA200.7 

mg/L 04/15/2015 1711 MS EPA200.8 

mg/L 04/15/2015 2011 DG EPA 200.7 

mg/L 04/16/2015 0943 AW EPA 245.1 

mg/L 04/15/2015 1711 MS EPA200.8 

mg/L 04/15/2015 2011 DG EPA 200.7 

mg/L 04/15/2015 1711 MS EPA200.8 

mg/L 04/15/2015 2011 DG EPA 200.7 

mg/L 04/16/2015 1715 DG EPA 200.7 

mg/L 04/16/2015 1715 DG EPA 200.7 

----

RL - Reporting Limit 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outs ide the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:fl'~ ---C~6a. 
John Jacobs, Project Manager 

April 2019 

s Spike Recovery outside accepted recovery limits 

TFN6 2/f25 
RECD N1 AY 23,2018 
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RAMACO Brook Mine 

Surface Water Field Sheet 
;;2..cl'f /~?, - 0'7 

ProjecUClient ___ ...Ll3___.__.~c:....::...----=-----'-""----A- 0____;_;13:.........i./_,,3c:.......&1_..:::..e _9'L__ __ _ 

Site Name. ?tA-1 G 7 Bf;/ Z - Sw -/ { q,""1 676!:il-Z - 5w - / J 
Date 1U 'f/4 ~ 
Technician/Engineer __ ___,{'t_ ~_.cc.._...;;._ __________ _ 

Devices 

Flow/Automatic sampler Device ~&,c,c) ~ J-~ 
Device Flow or Stage Reading 111"1: CFS/FT 

Device Battery Charge / :l, (ko Volts 

Device Data Download Yes or@ 

Sample Collected by Device Yes or @ 

Staff gage reading if installed ___ ~ ____ Ft 

Crest gage readings if installed - Ft 

Instantaneous Flow 

Measured Flow Yes or ~ E~ --11.A~w~/4 M~ 

Measurement Device -?i ----"--'-----------------
Flow Rate t) . :ZCJ CFS ----=---..=.c....;;.._ __ _ 

Include Stream Gaging Data 

Grab Sample Collected @ or No 

Water Field Parameters for Storm or Instantaneous Sam le 

Temperature 
Corrected 

PII Conductance 
lime (units) 

I 
(µmhos/cm) 

/'230 8.o'f '5070 

Lab Information 

LabCOC# / 37 3~ 
Date Samples to Lab =zifts:::_ 

ti-CF" 

·1emp. 
(0() rurbidity (~·• l') 00111~1 1>0 % 

I 2 .C/ //. 3b 

ORP 

O:\Adrninislrat ion\SHERIDAN\A DM \I--OKMS\Surface Water Field Sheet.doc 
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.,,.~ Your Environmental Mon~JRR~ M~er .:IIDC Inter-Mountain Labs----------------------------------------
'"'"'••ou,n••" LA• s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1504190-001 
Client Sample ID: SM578512-SW-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Total Suspended Solids 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 
Turbidity 

Sodium Adsorption Ratio 

Anions 
Alkal inity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 
Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result 

8.04 

5070 

11 .30 

12.9 

8.3 

5060 

5200 

4350 

10 

658 

2320 

0.3 

8.3 

4.1 

793 

ND 

ND 

29 

1.0 

ND 

2790 

238 

421 

22 

455 

RL Qual 

0.1 

5 

10 

10 

5 

5 

1 

0.1 

0.1 

0.1 

5 

5 

5 

1 

0.1 

0.1 

Date Reported: 4/21/2015 
ReportlD: S1504190001 

Work Order: S1504190 
Collection Date: 4/14/2015 12:30:00 PM 
Date Received: 4/15/2015 8:39:00 AM 

Sampler: RF 
Matrix: Water 

COC: 137350 

Units Date Analyzed/lnit Method 

s.u. 04/14/2015 1230 Field 

µmhos/cm 04/14/2015 1230 Field 

NTU 04/14/2015 1230 Field 
oc 04/14/2015 1230 Field 

s.u. 04/15/2015 1859 BT SM 4500 H B 

µmhos/cm 04/15/2015 1859 BT SM 2510B 

mg/L 04/15/2015 1406 IR SM 2540 

mg/L 04/21/2015 1005 JJ SM 1030E 

mg/L 04/15/2015 1616 IR SM 2540 

mg/L 04/15/2015 1859 BT SM 2320B 

mg/L 04/21/2015 1005 JJ SM 2340B 

mg/L 04/16/2015 1455 AMB EPA 350.1 

NTU 04/15/2015 1405 JJ SM 2130 

04/21/2015 1005 JJ Calculation 

mg/L 04/15/2015 1859 BT SM 2320B 

mg/L 04/15/2015 1859 BT SM 2320B 

mg/L 04/15/2015 1859 BT SM 2320B 

mg/L 04/15/2015 2005 AB EPA300.0 

mg/L 04/15/2015 1859 BT SM 4500FC 

mg/L 04/20/2015 1003 AMB EPA353.2 

mg/L 04/15/2015 2005 AB EPA300.0 

mg/L 04/15/2015 2006 DG EPA200.7 

mg/L 04/15/2015 2006 DG EPA 200.7 

mg/L 04/15/2015 2006 DG EPA 200.7 

mg/L 04/15/2015 2006 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~~ ~ -c':,a. 

John Jacobs, Project Manager 
April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
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• lote,-Mouota;o Labs 
Your Environmental Mon~dHR~M~er 

l"TCR • #lolOUNlAIN LUS 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S 1504190-001 

Client Sample ID: SM578512-SW-1 

Analyses Result 

Catlon/Anlon-Mllllequivalents 
Bicarbonate as HCO3 12.99 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.82 

Fluoride 0.05 

Nitrate + Nitrite as N ND 

Sulfate 58.10 

Calcium 11.88 

Magnesium 34.61 

Potassium 0.55 

Sodium 19.77 

Cation I Anion Balance 
Cation Sum 66.84 

Anion Sum 72.14 

Calion-Anion Balance 3.81 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.5 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.06 

Lead ND 

Manganese 0.94 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.89 

Manganese 1.20 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

Date Reported: 4/21/2015 

Report ID: S1504190001 

Work Order: S1504190 

Collection Date: 4/14/2015 12:30:00 PM 

Date Received: 4/15/2015 8 :39:00 AM 

Sampler: RF 

Matrix: Water 

COC: 137350 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 meq/L 04/21/2015 1005 JJ SM 1030E 

0.01 % 04/21/2015 1005 JJ SM 1030E 

0.1 mg/L 04/15/2015 2006 DG EPA 200.7 

0.005 mg/L 04/15/2015 1649 MS EPA200.8 

0.1 mg/L 04/15/2015 1649 MS EPA200.8 

0.1 mg/L 04/15/2015 2006 DG EPA200.7 

0.001 mg/L 04/15/2015 1649 MS EPA 200.8 

0.01 mg/L 04/15/2015 2006 DG EPA200.7 

0.01 mg/L 04/15/2015 1649 MS EPA 200.8 

0.05 mg/L 04/15/2015 2006 DG EPA200.7 

0.02 mg/L 04/15/2015 1649 MS EPA 200.8 

0.02 mg/L 04/15/2015 2006 DG EPA200.7 

0.001 mg/L 04/16/2015 0939 AW EPA 245.1 

0.02 mg/L 04/15/2015 1649 MS EPA200.8 

0.01 mg/L 04/15/2015 2006 DG EPA 200.7 

0.005 mg/L 04/15/2015 1649 MS EPA 200.8 

0.01 mg/L 04/15/2015 2006 DG EPA 200.7 

0.05 mg/L 04/16/20151711 DG EPA200.7 

0.02 mg/L 04/16/20151711 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: d~ ~d.,,._-6a
John Jacobs, Project Manager 

April 2019 

S Spike Recovery outside accepted recovery limits 
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RAMACO ~~ * cf.all2 t>'Y'~ 
~WWCENGINEERING 

Surface Water Field Sheet 

Brook Mine 

~ 2.DI 'f I fi, 3 - '-'7 
~ ProjecUClient ~ r2&,,'8l!51 ,?7 
00 
~ Site Name. !?kt6 7BG'"'I?- - SW- / ~& rt>= FD- 51Wt -!!5,78Sl:2.-Sw-/ 

~ Date 1/;t/L,€" 
Technician/Engineer F ~ 
Devices 

Flow/Automatic sampler Device ~dhu2m~ 
Device Flow or Stage Reading ~d 
Device Battery Charge le(, tjJO 
Device Data Download Yes or@ 

CFS/FT 

Volts 
..:;f :3--d- o/ ;f ~w~ 
6o-t-~ 

Sample Collected by Device Yes or@-11F1 
Staff gage reading if installed ______ Ft 

Crest gage readings if installed __ - ___ Ft 

Instantaneous Flow 

Measured Flow Yes or @ -£.,t;~ - --t1~I ~ 64w lo M~ 

Measurement Device · ,ti -------'-------------------
Flow Rate ---~ 6)~ . ~:7-=0~--- CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or No 

Water Quality Field Parameters for Storm or Instantaneous Sample 
I I I I 

Time 
PII 

(unils) 

'8,0'f 

Temperature 
Corrected 

Conduclancr 
(µmhos/cm) 

l emp. 
1°C) I Turbidity (NTl ') 

60'70 1-Z I 1 //, 36 

00 mg1I 

~~/)"r~ 
Lab Information 

Lab COC # 137 3 5"0 
Date Samples to Lab t/t ¥1<: 

DO % ORP 

O:IAdministration1SHERIDANIADMIFORMS1Surface Watt:r Fit!ld Sheet.doc 
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,..~ Your Environmental Mon~JRR~Mi~er .:IJDC Inter-Mountain Labs--------------------------------------
'"'ut••ou"'•'" LA.as 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S 1504190-002 

Client Sample ID: FD-SM578512-SW-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Total Suspended Solids 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Turbidity 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

8.04 

5070 

11.30 

12.9 

8.3 0.1 

5090 5 

5060 10 

4340 10 

10 5 

641 5 

2360 

0.3 0.1 

8.2 0.1 

4.0 0.1 

774 5 

ND 5 

ND 5 

28 

0.9 0.1 

ND 0.1 

2790 

241 

427 

20 

453 

Qual 

Date Reported: 4/21/2015 

ReportlD: S1504190001 

Work Order: S1504190 

Collection Date: 4/14/2015 12:40:00 PM 

Date Received: 4/15/2015 8:39:00 AM 
Sampler: RF 

Matrix: Water 

COC: 137350 

Units Date Analyzed/lnit Method 

s.u. 04/14/2015 1240 Field 

µmhos/cm 04/14/2015 1240 Field 

NTU 04/14/2015 1240 Field 

·c 04/14/2015 1240 Field 

s.u. 04/15/2015 1912 BT SM 4500 H B 

µmhos/cm 04/15/2015 1912 BT SM 25108 

mg/L 04/15/2015 1407 IR SM 2540 

mg/L 04/21/2015 1005 JJ SM 1030E 

mg/L 04/15/2015 1617 IR SM 2540 

mg/L 04/15/2015 1912 BT SM 23208 

mg/L 04/21/2015 1005 JJ SM 23408 

mg/L 04/16/2015 1457 AMS EPA 350.1 

NTU 04/15/2015 1405 JJ SM 2130 

04/21/2015 1005 JJ Calculation 

mg/L 04/15/2015 1912 BT SM 23208 

mg/L 04/15/2015 1912 BT SM 23208 

mg/L 04/15/2015 1912 BT SM 23208 

mg/L 04/15/2015 2019 AB EPA300.0 

mg/L 04/15/2015 1912 BT SM 4500FC 

mg/L 04/20/2015 1014 AMS EPA 353.2 

mg/L 04/15/2015 2019 AB EPA300.0 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/15/2015 2008 DG EPA200.7 

mg/L 04/15/2015 2008 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:fl~ -'C __.,,e-a. 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 
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.,.~ Your Environmental Mon~JRRJ<M~er .:tJDI: Inter-Mountain Labs--------------------------------------
'"rc1111.-•ou"'"'" LA• s 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1504190-002 
Client Sample ID: FD-SM578512-SW-1 

Analyses 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate+ Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

12.68 

ND 

ND 

0.78 

0.04 

ND 

58.10 

12.02 

35.14 

0.52 

19.68 

67.39 

71 .74 

3.12 

ND 

ND 

ND 

0.4 

ND 

ND 

ND 

ND 

ND 

0.96 

ND 

ND 

ND 

ND 

ND 

0.94 

1.31 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 4/21/2015 
Report ID: S1504190001 

Work Order: S1504190 
Collection Date: 4/14/2015 12:40:00 PM 
Date Received: 4/15/2015 8:39:00 AM 

Sampler: RF 
Matrix: Water 

COC: 137350 

Units Date Analyzed/lnit Method 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

meq/L 04/21/2015 1005 JJ SM 1030E 

% 04/21/2015 1005 JJ SM 1030E 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 2008 DG EPA200.7 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 2008 DG EPA200.7 

mg/L 04/16/2015 0941 AW EPA 245.1 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/15/2015 1706 MS EPA 200.8 

mg/L 04/15/2015 2008 DG EPA 200.7 

mg/L 04/16/2015 1713 DG EPA200.7 

mg/L 04/16/2015 1713 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: c:!7~ ~_d,,,..,.,...6a. 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN6 2/~25 
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RAMACO 

121 

~/': 
~WWCENGINEERING 

Surface Water Field Sheet 

~ Project/Client t:?.~ - ;;l. O I '-ti fa3 - 0 Z 
N 

~ Site Name. 6 h1 ~ 7f3t or -? ly - I 
N 

~ Date W2 u/ 15 
121 

,;::- /h'l . Technician/Engineer __ __,_{_~ ~- --------------

Devices 

Flow/AutomaticsamplerDevice I=Ct? - A ~ ci-40 tyl~ 

Device Flow or Stage Reading - ---"""---=--1----- CFS/FT 

Device Battery Charge /;J. , !Pb Volts 

Device Data Download r No 

Sample Collected by Device Yes or ®J. 
Staff gage reading if installed __ ---n--'--'-A-....__ _ _ Ft 

Crest gage readings if installed 778- Ft 

1stantaneous Flow 

Measured Flow Yes or @ 
Measurement Device --------'~----------------
Flow Rate ___ _ --?}.........__/c_.__ _____ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes 

Water Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

unib 

Temperature 
Corrected 

Conductance 
( mhos/cm 

__; ___ 1-_ _ - __ D_ f<-__Y 

Lab Information 

Lab COC # ____ -----______ _ 

Temp. 
oc 

""'ate Samples to Lab _____________ _ 

Turbidi NTU DOm DO¾ 

Brook Mine 

ORP 

O:\Administration\SHERI DA N\A DM\FORMS\Surface _Water_ Field_ Sheet.doc 
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RAMACO /"~ ~ 
WWCENGINEERING 

Surface Water Field Sheet 

Project/Client - - ~"'--'-~- ---------_;},_O ..... ( ... t .... l._1/a,._,3_ -..... 0~7-----
Site Name. !zwt S 701f- t 8 - 71/J - / 

Date (d:1 <,/;EL 
Technician/Engineer _ __._h_.~ .... =---------------

Devices 

Flow/Automatic sampler Device -~-~"--""---& ______ 1 ..... 1 .... 1---_________ _ 
Device Flow or Stage Reading fl , O, /~ 07 CFS/FT 

( 

Device Battery Charge &oPd Volts 

Brook Mine 

Device Data Download es or No 

Sample Collected by Device @) or No; 

Staff gage reading if installed -

6:,~W 3 &~~ - c~~ w~ 
Ft ~ bo~ 4 / 6 ~ ~~ -Crest gage readings if installed _____ Ft 

.1stantaneous Flow 

Measured Flow Yes or @ 

Measurement Device __ ...;.?1 .......... /t:...___ ______ _ _______ _ 

Flow Rate ___ ----7'J__....._.>4--'------ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes o 

Field Parameters for Storm or Instantaneous Sam le 

Temperature 
Corrected 

PH Conductance Temp. 
Time u• lts mhos/cm oc Turbidi NTU DOm DO % 

{ B , .;z !:> 3>10 )L/. z_ 
Ot,.LA., 

/800 ~ 

Lab Information 

Lab COG # ___ / __ &...._(~2~o0----__ 
,ate Samples to Lab --=l,~/4= t,,,,__./;'"""~.;;.__ _ _ _ 

t 7 

ORP 

O:\Administration\SHERIDAN\ADM\FORMS\Surface _Water_ Field_ Sheet.doc 
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RAMACO 

----- --

~/"'-/"'
WWCENGINEERING 

Surface Water Field Sheet 

Project/Client _~~~~---- · .:Z_ O~t~4~l~W~.3~ --o_7 ____ _ 

Site Name. GIYI /:I' 7 ~6"/ t- - 5w - I 

Date ~/g'1//,-, @ 1/80 
I 

Technician/Engineer £~ 
Devices 

Flow/Automatic sampler Device .:;J;;~ 6~ l-/4~L__,. 
Device Flow or Stage Reading o2, i.S I O, ,:r CFS/FT 

t 
Device Battery Charge /,;:;, , -?v Volts 

Device Data Download @ or No 

Sample Collected by Device Yes or@ 

Staff gage reading if installed ~& Ft 

Crest gage readings if installed __ '?1~ /f: __ Ft 

1stantaneous Flow 

Measured Flow Yes o@ 
Measurement Device _ ___ --n--"---''-'-11:.....__ __________ _ _ _ _ 

F~R• ---~--d _ _ ___ c~ 
Include Stream Gaging Data 

Grab Sample Collected s or~ 

Water Field Parameters for Storm or Instantaneous Sam le 

Temperature 
Corrttted 

PH Conductance Temp. 
Time units mhos/c:m oc Tur bidi NHJ DO m DO % 

I 6~ ~ ~ 
Lab Information 

LabCOC# 11,I} 
""'ate Samples to Lab __ 7/...._ .... I}: ____ _ 

Brook Mine 

ORP 
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RAMACO ~/'/' 
WWCENGINEERING 

Surface Water Field Sheet 

Project/Client --"""'~-=--=-.:..-..;;......,==-=--_ -__,,2"---'-"0"""'1_t/-..L-4./ .....,tz""",,3 ___ -...... 0C-..47'-------

Site Name. ?J.11 17 6 '-I Oo/ - !3 w -J 

Date cJ/;7/tS- @/t/()0 

Technician/Engineer ~~ 
Devices 

Flow/Automatic sampler Device -::z:;;5<:L) -~~ cl.Row 14{~ 

Device Flow or Stage Reading O. tJ
1
/o,,o CFS/FT b~ 

Device Battery Charge I ,2. , '1 f Volts 

Device Data Download or No 

Sample Collected by Device Yes or@ 

Staff gage reading if installed 24 Ft 

Crest gage readings if installed __ -?Z .......... 0-__ Ft 

.,stantaneous Flow 

Measured Flow Yes ort@ 

Measurement Device ------'-'-'------------------
Flow Rate --- ~___._.A:.__,__ _ _ ___ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or ~ 

Water Field Parameters for Storm or Instantaneous Sam le 

Timt 

Lab Information 

Lab COC # ___ ?7__._-'-'ft ___ _ _ 

Ttmp. 
oc 

•ate Samples to Lab --~:c...L.,a4---- ---- -

T urbidi NT U DOm DO 0/e 

Brook Mine 

ORP 

O:\Admini strat ion\SHERIOAN\AOM\FORMS\Surface _ Water __ Field _ Sheet.doc 
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RAMACO /11'~~ 
WWCENGINEERING 

Surface Water Field Sheet 

Project/Client --""""~"""----":::...L.:c.~""""-- --'~~a..._/ -l-'t..t....l '""(ol-3~ -__,,0~ 7,L-- --

Site Name. !3 tvi 6'7 B'i:L:£ - :5>l,)..) - / 

Date ___ '7-t/__,_1 ....... 7-+/4..,._..t2.L.--------- --

Technician/Engineer _____ {2""""--~d-4,A.--1.::-d- -::,,L---=-~~:::::.....:.::-------

Devices 

Flow/Automatic sampler Device ----- --- - ---------
Device Flow or Stage Reading _ _____ CFS/FT 

Brook Mine 

Device Battery Charge Volts 

Device Data Download Yes or No 

Sample Collected by Device Yes or No; 

-?f-Co~~fv~~ 
~ fo ~ ~v~ 

Staff gage reading if installed ______ Ft 

Crest gage readings if installed Ft 

.,stantaneous Flow 

Measured Flow Yes or No 

Measurement Device 

- -
p~-

------------- - -------
FI ow Rate CFS ----- - -----
1 n c I u de Stream Gaging Data 

Grab Sample Collected Yes or No 

Water Oualitv Field Parameters for Storm or Instantaneous Samnle 

Temperalure 
Correcled 

PH Conducl11nce Temp. 
Time lunilsl (11mhos/cm) (OC) T urbid ily (NTU) DO ml!/l DO % 

-- -- - ~ 

Lab Information 

Lab COC # ________ _ 

•ate Samples to Lab _ _ ______ _ 

ORP 

~ 

O:\Administration\SHERI DA N\ADM\FORMS\Surface _ Water _Field_ Sheet.doc 
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RAMACO /"'-~~ 
WWCENGINEERING 

Surface Water Field Sheet 

ProjecUClient _ ___..~"'--''---'-'-"==----'-- - -- ;;."'--0 ...... 1_,t/.-f/ ...... /,_3.__- .... o'--7-#-------

Site Name. ?.11-1 57 8'f I B - .5W - I -~~----------
Date ------',1i,_____,/1 ...... 7t'+-l ......... 15' ________ _ 

Technician/Engineer _ _ e"'--""-''tH,(_~"'--d:......:;.,,,,,,,:;,~,;;;.=.;cc=,_ ________ _ 

Devices 

Flow/Automatic sampler Device _.;J;X£)~~-_t?_7-l _::2 _________ _ 

Brook Mine 

Device Flow or Stage Reading O,~/e, o CFS/FT t/~ 4~/4:f 6-ww -~ 
Device Battery Charge {2120d' Volts ~ 
Device Data Download @ or No 

Sample Collected by Device Yes or@ 

Staff gage reading if installed ~ ,if 

Crest gage readings if installed -,,;/{-

nstantaneous Flow 

Measured Flow Yes or 0 

Ft 

Ft 

Measurement Device ___ ?)--'--'ft'-'------------------

Flow Rate ___ :'7a_~/}-______ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or 

Water Quali Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

(unilsl 

Lab Information 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

Lab COC # ___ ·2/-~4 ___ _ 

Temp. 
(OC 

•ate Samples to Lab --~-'---'--'-ff+-------

Turbidity NTU) DOm 00% ORP 

O:\Administration\SHERIDAN\ADM\FORMS\Surface_ Water_Field_Sheet.doc 
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RAMACO /"-~/' 
WWCENG !NEERING 

Surface Water Field Sheet 

Project/Client --...C..~"'---=-----"--':;;_;;;;_- ---=-2'-"-0 ..... 1__,4_.l_,<e...__3..___.- o""--,"7 _ ____ _ 

Site Name. ~.wt 5 '185" I 2 - 'SL.J - I 

Date __ ___.~..,._/ ........ 1.......,7/,__1i....:.=r:;;..__---=@=-----1-=--~ .:......1-=o--

T echnicianlEngineer --~G?~ ...... &~~d- ~~~~~-------
Devices 

Flow/Automatic sampler Device :z;;;r; Gu 
Device Flow or Stage Reading (2,~ /p. c? 

I 

Device Battery Charge / 3 , o if 

~~'V~ 
CFS/FT ti,U Bif [)if 
Volts 

Device Data Download or No 

Sample Collected by Device Yes or o· 

Staff gage reading if installed ?114 Ft 

Crest gage readings if installed __ -'11~ 14--- Ft 

.1stantaneous Flow 

Measured Flow Yes 

Measurement Device _ _ ...:...,._.Q.._ ________________ _ 

Flow Rate _ _ 2:1--'--'-..... fl~---- - - CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or o -?t_c,-f ~~ L /-o &~4 

Water Field Parameters for Storm or Instantaneous Sam le 

Time 
PH 

units) 

Trmperalure 
Corrected 

Conductance 
mhos/em 

Temp. 
oc Tur bidi NTU DOm OO o/o 

I 

Brook Mine 

ORP 

_ , -----'-------

Lab Information 

Lab COC # _________ _ 

•ate Samples to Lab ___________ _ 

O:\Admin istration\SH ERI OAN\ADM\FORMS\Surface _ Water _ Field_ Sheet.doc 

April 2019 TF ~6 2/f;Z5 Addendum 06-6-87 
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RAMACO ~/"/" 
WWCENGI NEERING 

Surface Water Field Sheet 

Project/Client ~ 

Site Name. 2 01 51fd.4:0q - ;:511,) - / 

Date /o/;2l,/1~ r I 

Technician/Engineer ~d- ~ u/J~~~-------------
Devices 

Flow/Automatic sampler Device 73CL? ,/~~ d--la w~ 

Device Flow or Stage Reading t',~/4, "o CFS/FT l)~ 

Device Battery Charge /;; , L{O Volts 

Device Data Download @ r No 'i)4"J.._.c-;n,v'l'Y\,~~~~l£ 

Sample Collected by Device Yes or ~ -tu~ . 
Staff gage reading if installed -?2'4- Ft 

Crest gage readings if installed --~_....,_fl:...__ __ Ft 

Instantaneous Flow 

Measured Flow Yes or 

Measurement Device --~---+------------------
Flow Rate - - ~ ...... A--....._ _ _ ____ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes o~ 

Water Field Parameters for Storm or Instantaneous Sam le 

Lab Information 

r emperaturc 
Corrected 

Lab COC # ________ _ _ 

Temp. 
(OC 

Date Samples to Lab ________ _ 

T ur bidit NTI I) 

Brook Mine 

O:\Adm in istration\S 1-1 ER I DA N\A D M\ FORM S\Surface Water Fie Id Sheet .doc 

April 2019 T Ff' 6 2 / ~ 25 
Rrc • rJti Y 2J,201~ 

- - -
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RAMACO ~/': 
~WWCENGINEERI NG 

Surface Water Field Sheet 

ProjecUClient __ ___..(l"""--...... ~-"--"-...=.c.."-=-----',2--'-'~ 1.__of._/....,{:, .... ~- -~0 ...... 7~------

Site Name. ___ 5-=--M--'--"'fi'--1...1-=.6 ........ 4 ..... I ..... B'---__.SC....::..:::w'---........ I_ 

Date lo /rfttL/1 £J 
t ' 

Technician/Engineer _ __ J=--=~---"----------------

Devices 

Flow/Automatic sampler Device _r ____ ~"---"""C'"""tJ __ h=--1 .... I ..... Z-: _ _________ _ 

Device Flow or Stage Reading O, ()",/6 , u ) CFS/FT (.)~ 

Device Battery Charge 6, t.2 a J 
Device Data Download ~ r No 

Sample Collected by Device Yes or 

Volts 

Staff gage reading if installed 27 ,1 Ft 

Crest gage readings if installed __ 1 ........... 4:1--- Ft 

Instantaneous Flow 

Measured Flow Yes or @ 
Measurement Device __ __._.;J...._ ________________ _ 

Flow Rate _ ___ /]lf~ A-______ CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes or ~ 

Water Field Parameters for Storm or Instantaneous Sam le 

T ime 

Lab Information 

Lab COC # 

Temperature 
(_ 'orrec ted 

----------

Temp. 
(OC) 

Date Samples to Lab ________ _ 

T ur hidit (, T I I) I)() m /I 1)0 % 

Brook Mine 

ORP 

O:\Adm in istration\SH ERi DA N\A DM\FORM S\Surface Water Field Sheet.doc - -
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RAMACO ~~~ 
WWCENGINEERING 

Surface Water Field Sheet 

Project/Client-----'~"-----'"--___.._~"&'-"'----------------

Site Name. _ _ _ 6 _J1.1__;__;_5 __.7~ f3<-..,;£;';........;...../ 1::;___- .c...2 ...L-W"---- .._I _ 

Date /C? /2t,,/1~ 
I I 

Technician/Engineer ___ h..__-=-~.;...=;;:;...._::;c..__ ___________ _ 

Devices 

Flow/Automatic sampler Device -;JJ,o ,il~~ J/4~ 
Device Flow or Stage Reading tJ , tJo I ~,tJ() CFS/FT 

1 

Device Battery Charge I 3. 'ft,, 

Device Data Download ~ or No 

Sample Collected by Device Yes or @, 

Volts 

Staff gage reading if installed ___ 11~ :/t _ __ Ft 

Crest gage readings if installed ---11.A: Ft 

1stantaneous Flow 

Measured Flow Yes 

Measurement Device - --~--------------- --
Flow Rate __ ?;___.._..//:+-------- CFS 

Include Stream Gaging Data 

Grab Sample Collected Yes 

Water Field Parameters for Storm or Instantaneous Sam le 

PH 

Lab Information 

Temperature 
Corrected 

Conductance 
( mho!llcm) 

Lab COC # _ _ _ _____ _ 

Temp. 
(OC) 

•ate Samples to Lab ________ _ 

Turbidi (NTl l) . DO m DO ¾ 

Brook Mine 

ORP 

O:\Administration\SH ERIDAN\ADM\FORMS\Surface Water Field Sheet.doc - - -

April 2019 TF NB 2 /f25 Addendum D6-6-90 
r C O '" fj . , , ' ) 2 1 "' I .. Ill J-\ I l. V , ;J DEQ Ex. 3-354
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l~O . RrookMine ,.. lffl'I: Your Environmental 1Qfon1tonng'Partner 
Inter-Mountain Labs--------------------------------------

'"m.-.,ou"''"'" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1506643-001 

Client Sample ID: 578418-SW-1 BOT01 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Total Suspended Solids 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (As N) 

Turbidity 

Sodium Adsorption Ratio 

Anions 

Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

8.23 

3310 

over limit 

24.2 

8.5 0.1 

2860 5 

3160 10 

2800 10 

4800 5 

412 5 

1490 

0.3 0.1 

3070 0.1 

3.4 0.1 

459 5 

22 5 

ND 5 

13 1 

0.8 0.1 

0.2 0.1 

1790 

147 

272 

26 

298 

Qual 

Date Reported: 7/11/2015 

Report ID: S1506643001 

Work Order: S1506643 

Collection Date: 6/26/2015 1 :00:00 PM 
Date Received: 6/26/2015 3:22:00 PM 

Units 

s.u. 

µmhos/cm 

NTU 
oc 

s.u. 

µmhos/cm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

NTU 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Sampler: RF 

Matrix: Water 

COC: 161900 

Date Analyzed/lnit Method 

06/26/2015 1300 Field 

06/26/2015 1300 Field 

06/26/2015 1300 Field 

06/26/2015 1300 Field 

06/30/2015 0407 MRL SM 4500 H B 

06/30/2015 0407 MRL SM 2510B 

06/29/2015 1516 TS SM 2540 

07/10/2015 1014 JJ SM 1030E 

06/29/2015 1555 TS SM 2540 

06/30/2015 0407 MRL SM 2320B 

07/10/2015 1014 JJ SM 2340B 

07/09/2015 1618 AMB EPA 350.1 

06/26/2015 1647 NLG SM 2130 

07/10/2015 1014 JJ Calculation 

06/30/2015 0407 MRL SM 2320B 

06/30/2015 0407 MRL SM 2320B 

06/30/2015 0407 MRL SM 2320B 

07/08/2015 2040 LAB EPA300.0 

06/30/2015 0407 MRL SM 4500FC 

07/07/2015 1344 AMB EPA 353.2 

07/08/2015 2040 LAB EPA 300.0 

06/29/2015 2157 DG EPA 200.7 

06/29/2015 2157 DG EPA 200.7 

06/29/2015 2157 DG EPA200.7 

06/29/2015 2157 DG EPA 200.7 

l FN 6 2! 025 
REC D 09 -20- 19 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outs ide the Range of Dilutions 
X Matrix Effect 

. O,,.,&v~ ~ea. 
Reviewed by: c:7- La_ _ 

John Jacobs, Project Manager 

September 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Page 1 of 2 

Addendum D6-6-91 
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~O . RrookMine /lffl'I: Your Environmental IVfon1tonng·Partner 
Inter-Mountain Labs--------------------------------------

'"n ~- .. 0u"u'" LAH 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1506643-001 

Client Sample ID: 578418-SW-1 BOT01 

Analyses 

Cation/Anion-Mllliequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 
Cation Sum 

Anion Sum 

Calion-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

7.52 

0.72 

ND 

0.36 

0.04 

0.01 

37.33 

7.35 

22.37 

0.67 

12.94 

43.36 

46.00 

2.95 

ND 

ND 

ND 

0.3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

49.4 

3.32 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 7/11/2015 

Report ID: S1506643001 

Work Order: S1506643 

Collection Date: 6/26/2015 1:00:00 PM 
Date Received: 6/26/2015 3 :22:00 PM 

Sampler: RF 

Matrix: Water 

COC: 161900 

Units Date Analyzed/lnit Method 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

meq/L 07/10/2015 1014 JJ SM 1030E 

% 07/10/2015 1014 JJ SM 1030E 

mg/L 06/29/2015 2157 DG EPA 200.7 

mg/L 07/01/2015 0512 MS EPA200.8 

mg/L 07/01/2015 0512 MS EPA200.8 

mg/L 06/29/2015 2157 DG EPA 200.7 

mg/L 07/01/2015 0512 MS EPA 200.8 

mg/L 06/29/2015 2157 DG EPA200.7 

mg/L 07/01/2015 0512 MS EPA 200.8 

mg/L 06/29/2015 2157 DG EPA 200.7 

mg/L 07/01/2015 0512 MS EPA200.8 

mg/L 06/29/2015 2157 DG EPA 200.7 

mg/L 06/30/2015 1211 AW EPA 245.1 

mg/L 07/01/2015 0512 MS EPA 200.8 

mg/L 06/29/2015 2157 DG EPA200.7 

mg/L 07/01/2015 0512 MS EPA 200.8 

mg/L 06/29/2015 2157 DG EPA 200.7 

mg/L 07/01/2015 2050 DG EPA200.7 

mg/L 07/01/2015 2050 DG EPA200.7 

RL - Reporting Limit 
C Calculated Value 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL 

H 
L 

ND 
s 

Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

. 0~ ~ .d-~ 
Reviewed by: c:::r Co 

John Jacobs, Project Manager 

September 2019 

Spike Recovery outside accepted recovery limits 

Tfff S 2! 02. 
RECD 09-20-19 

Page 2 of 2 
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RAMACO Brook Mine 

ADDENDUM D6-7 

Monitor Well Completion Data 

TFN 6 2/025 
RECD JUL 30,2015 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary 
CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
lepth MONU'-ENT 

Project: Brook Mine Monitor Network Well: 578408-CRN .Feet) V RISERPIPE -'Z 
- ABOVE GROUND Location: N 1,394,415.5 E 1,941 ,809.9 EL3 ,887.7 

0 ,,, I.," 

~ l "--- SURFACE SEAL FILL NE /4, SE /4, Section 8 T. 57 N. R.84 W. - ~ 

>- ~ ~ Geologist: Swayne Redinger 

>- Drilling Summary Well Development 
S ILTSTONE - ~ Total Depth: 98' Began development on 9/3/13 at 2:15pm. 

JQ.. ~ ~ 
Hole Dia.: 5-1/8" Well produced very turbid mist. 

- 5, 
Driller: Inject water, little spray then mist from well . 

I 
J 

Shawn Ankney 

>- Cleaned up slightly. 
CLAYSTONE - Rig: Gardner Denver 1500 Cease development at 2:40pm. 

C1 -- Bit(s): 5-1 /8" core barrel 

~ ~ ~ 3/f5' BENTONITE CHIPS 

- ~ Fluid : Water and foam 

>-

- SILTSTONE Casing: 2" SCH 40 flush thread PVC 

>- ~ 

~ a ~ Well Data 

- Casing: C=Casing S=Screen 
~ 

>- J ~ C1- ~ - +2 I S1 -~-~ 8 SANDSTONE - Monument or Surface Casing: - ' 
6" Locking Steel 

~ 
80 CLAYSTONE 

4TH ~1 Centralizer: 
QTR 

~ 5 at 20' intervals 
2013 

>- ~ ~ = COAL Casing C1 : - S1 
~ 1Cl'20SILICASAND 

(CARNEY) 
2" SCH 40 flush thread PVC 

~ >- Screen S1 : 
J.QQ 2" SCH 40 flush thread PVC with 0.020" slots 

- CLAYSTONE Filter Pack: - 10/20 Colorado Silica Sand 

Depth: I- COAL 
98 - 85 

3/f5' BENTONITE CHIPS - (MASTERS) 
Bentonite: T .D. 

~ CLAYSTONE 
124' 

3/8" chips 

l - ~ 1 S ILTSTONE Depth: ~ - J1§___ Remarks 
85 - 2.0 

Cored to bottom of Masters - 124'. - Cement: 
Type 1 Chirped to bottom of Camey to install 

I-
Depth: wel - 98' (4 bags bentonite). 

2.0 - 0 - Wei lbore wash-out occurred, evident by 

...ill Other: volume of annular sealant required. 

44 bags bentonite in annulus 
I- TFN 6 2/025 -- RECD JUL 30,2015 
I-

J_§Q Construction Time Log 
Abandoned 

- Drilling: Start End Date: 
I- 8/30/13 1:00pm 3 :00pm Method: 

9/3/13 7 :00am 10:30am 

- Casing : Start End 
~ 9/3/13 11 :15am 2:50pm ~~ 

--
~WWCENGINEERING 

-- --
-K.\Sherldan\RAMAC0\13139\ACAO_WY83EC\OWGS_D6_RESPONSEMW_578406-CRN_R1.dwg 5/2012015 1 :34:45 PM dave jotvlson 

July 2015 Addendum 06-7-2 DEQ Ex. 3-358



RAMACO Brook Mine 

WELL WELL Well Construction Summary 
CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
epth MONU!IENT Project: Brook Mine Monitor Network Well: 578408-MST 'eet) RISER PIPE -'Z - ABOVE GROUND Location: N 1 ,394,423.1 E 1 ,941,802.4 EL 3,887 .9 

0 / ... , 

~ 
l1l ......___ SURFACE SEAL FILL NE /4, SE /4, Section 8 T. 57N. R.84 W. 

-

- Geologist: Swayne Redinger 

- Drilling Summary Well Development 
I',' S ILTSTONE 

- Total Depth : 118' Began development on 8/30/13 at 11 :30am. 
1Q_ I Hole Dia.: 5-5/8" Residua l drilling foam evident in produced 

water. - Driller: Shawn Ankne'.,' 
~ Flush wel l with water to remove foam. 

-
CLAYSTONE Blow dry - little spray, then mist. 

- Rig : Gardner Denver 1500 
C1 - Cleaned up slightly. 

- Bit(s ): 5-5/8" s11ade 
~ Ceased development at 12:00pm. 

~ 21 

-

! Fluid : Water and foam 

-

- i S ILTSTONE Casing: 2" SCH 40 flush thread PVC 

-
60 

"- 3/f!' BENTONITE CHIPS 

- Well Data 
1-l Casing : C=Casing S=Screen -

- C1 - !..!2 - +2 I s 1 - __!lL - J..!L 
SANDSTONE 

-
Monument or Surface Casing: 

~~ - ~ 6" Locking Steel 
80 a l 

CLAYSTONE 

~ Centralizer: 

5 at 25' intervals 

-
~ COAL Casing C1 : 

- (CARNEY) 
2" SCH 40 flu sh thread PVC 

~ -
Screen S1 : 

100 
- 4TH 2" SCH 40 flush thread PVC with 0.020" slots 

QTR 
- 2013 ~ CLAYSTONE 

Filter Pack: 
- -¥- ~ ~~ 10/20 Colorado Silica Sand 

T .D. Depth : 109 - 118 -
~ 

COAL 118' 

- S1 - ......___ 1<>'20 S ILICA SAND (MASTERS) 

I Bentonite : = CLAYSTONE 
J1Q 3/8" chi11s 

Depth: ~-~ Remarks -
- Cement: 

Type 1 -
Depth: 2.0 - 0 

-
~ Other: 

23 bags bentonite in annulus 

- TFN 6 2/ 02 5 -
- R F. C D JUL 30 , 2015 
-
j_§Q Construction Time Log 

Abandoned 

- Drilling : Start End 
Date: 

- 8/30/13 7:00am 8:00am 
Method: --

-- --

- Casing: Start End 

~ 8/30/13 9:00am 11:30am ~~ 
~WWCENGINEERING -- --

K.\Sh eridan\RAMAC0\13139\ACAO_WY83EC\DWGS_D6_RESPONSE'MW_578408-MST_R1.0Ng 512012015 1.35:01 PM dave johnsoo 

July 2015 Addendum D6-7-3 DEQ Ex. 3-359



RAMACO 

WELL 
CONSTRUCTION 

WELL 
LITHOLOGY 

Brook Mine 

Well Construction Summary 
suRFAcE Client: Ramaco 

Depth MONUMENT p • 
(Feet) roJect: Brook Mine Monitor Network Well: 578409-CRN 

EL 3 ,710.1 
/ _,,,,- RISER PIPE -:z 

- v AsovEGRouND Location : N 1 ,940,097.5 E 1,399,549.2 
.,_o __ ---</ i-"'>---------~---~--

r-..._ suRFAcEsEAL coLLuviAL SE /4, SE /4, Section_9_ T. 57 N . R.84 w. 
I--

I--

I--

C1 -
I-- I"- 318" BENTONITE CHIPS 

I--

4TH ,__ w~ 
....:sz.... 

I-- .... 

i"- 10120 SILICA SAND 

I--

1--

1--

I--

160 
t--

1--

October 2015 

FILL 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

COAL 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

COAL 
(CARNEY) 

CLAYSTONE 

T.D. 
109' 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth :-'1=09;:_' ______ _ 

Hole Dia .: _9::...•-'--'7/..::.8'_' _______ _ 

Driller: Shawn Ankney 

Rig : Gardner Denver 1500 

Bit(s) : 14-3/4" roller (surface) 

9-7/8" PDC 

Fluid : Water air, foam 

Casing : 5" Gerta-Lok SDR-17 PVC 

Well Data 
Casing : C=Casing S=Screen 

C1 - ~ - +2 I S1 -~-~ 
Monument or Surface Casing: 

8" Locking Steel 

Centralizer: 

1 on screen 

Casing C1 : 

5" Gerta-Lok SDR-17 PVC 

Screen S1 : 

5" PVC with 0.020" slots 

Filter Pack : 

10/20 Colorado Silica Sand 

Depth: ~ -~ 

Bentonite: 

3/8" chips 

Depth : _8_4_ - _1 __ 

Cement: 

Tvoe 1 

Depth : _1_- ..:!:QL 

Other: 

20 bags sand in annulus 

42 bags bentonite in annulus 

Construction Time Log 

Drilling: Start End 

10/1/13 3:00pm 3:30pm 

10/2/13 6:00am 7:55am 

Casing : Start End 

10/2/13 7:55am 8:45am 

--- --

Well Development 

Began development on 10/2/13 at 8:45am. 

~~~rout drilling fluid and begin injecting 

Blow out 

Well making approximately 1gpm. 

Sample at 9:00am: 
Turb: 167NTU 
~~'."c~102·c 
Conduct: 1157µS 
(residual river water) 

Let sit from 9:00am to 9:14am. 

Sample at 9:20am: 
Turb: 160NTU 
~~mcJig•c 
Conduct : 1303µ5 

Water from truck: 

~~'."Cs~e·c 
Conduct : 388µS 

Let sit from 9:22am to 9:33am. 

Sample at 9:38am: 
Turb: 96.4NTU 
~~'."C~4•c 
Conduct : 1480µS 

Cease development at 9:40am. 

Produced approximately 20 gallons from well 
during development. 

Remarks 
Filter pack slightly higher tan intended 
sandstone aoove Carney may be in 
communication w~h the filter pack. Low air 
development rates suggest that 
communication is not an issue. 

TFN 6 2/025 
RECD OCT 23,2015 

Abandoned 
Date: ____________ 

1 
Method: __________ 

1 

K \$heridan'RAMAC0.13139\ACAO_WY83EC\L:JM3S_D6_RESPONSE_2V.1Vv_578409-CRN_R2.<M'g 9/25/2015 8.42 09 AM lo,en ruttinger 

Addendum D6-7 -4 DEQ Ex. 3-360
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RAMACO 

WELL 
CONSTRUCTION 

SURFACE 
MONUMENT 

RISER PI PE - 2' 
~ ABOVE GROUND 

_, .... " 
~i-....._ SURFACESEAL 

WELL 
LITHOLOGY 

COLLUVIAL 
FILL 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

SANDSTONE 

1-- C1 - ~ ~ 
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Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network Well : 578409-CRN-OB 

Location: N1 940 108.4 E 1 ,399,537.8 EL 3 ,710.3 

SE /4, SE /4 , Section_9 _ T. 57 N . R.84 W. 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth :_1'--'1-=-o· ______ _ 

Hole Dia .: _9:;,__-7""'/-=-8" _______ _ 

Driller: Shawn Ankney 

Rig : Gardner Denver 1500 

Bit(s) : 14-3/4" roller (surface) 

9-7/8" PDC 

Fluid : Water, air, foam, polymer 

Casing : 5" Certa-Lok SDR-17 PVC 

Well Data 
Casing : C=Casing S=Screen 

C1 - ~ - +2 I S1 -~ -~ 

Monument or Surface Casing : 

8" Locking Steel 

Centralizer: 

1 on screen 

Casing C1 : 
5" Certa-Lok SDR-17 PVC 

Screen S1: 

5" PVC with 0.020" slots 

Filter Pack: 

10/20 Colorado Silica Sand 

Depth: ~ - ..1.!Q_ 

Bentonite: 

3/8" ch ips 

Depth: ~ - _1 __ 

Cement: 

Tvoe 1 

Depth: _1_-~ 

Other: 

18 bags sand in annulus 

49 bags bentonite in annulus 

Construction Time Log 

Drilling : Start End 

10/2/13 

Casing : 

10/2/13 

10:00am 

Start 

11 :30am 

End 

Well Development 

Began development on 10/2/13 at 12:25pm. 

Blow out drilling fluid and beg in injecting 
water. 

Blow out water. 

Well making approximately 3gpm (estimate) 

Sample at 12:45pm: 
Turb: 491 NTU 
Temp: 11 .9' C 
PH : 8.37 
Conduct : 3.23mS 

Cannot feel any pressure at adjacent CRN 
wellhead during development. 

Sample at 12:55pm: 
Turb: 895NTU 
~~7'C~b16' C 
Conduct: 2.75mS 

Let well sit from 12:55pm lo 1 :04pm. 
Well surged when development restarted . 

Sample at 1:08pm: 
Turb: 671 NTU 
Temp : 11 .7' C 
PH: 8.52 
Conduct : 2.63mS 

Let sit from 1 :11pm to 1:20pm. 

Sample at 1 :25pm: 
Turb: 788NTU 
~~7'C~17' C 
Conduct: 2.55mS 

Sample at 1 :30pm: 
Turb: 963NTU 

~~7'C~~ 1 B' C 
Conduct: 2.51mS 

Cease development at 1 :32 pm ~t~fci~~~'f1 approximately 90 gallons during 

Remarks 
Driller notes that he followed a fracture that 
threw him off course at approximately 40'. 

TFN 6 2/025 
RE CD OCT 23,201 5 

Abandoned 
Date: ____________ 

1 
Method: __________ 

1 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary 
CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
1epth MONUP,,ENT 

Project: Brook Mine Monitor Network Well: 578409-MST Feet) -v RISER PIPE-'l 
ABOVE GROUND Location: N 1,940,087.6 E 1,399,559.3 EL 3,709.8 

0 .,. i-,.... 

~ f'---_ SURFACE SEAL COLLUVIAL SE /4, SE /4, Section 9 T. 57 N. R. 84 W. 
,- ~ FILL 

~~ 
Geologist: Swayne Redinger - CLAYSTONE Drilling Summary Well Development 

,- SANDSTONE 

C 1 - Total Depth: 122· Began development on 1 0/1 /13 at 1 :45pm. 
20 ,__ 

i CLAYSTONE Hole Dia.: 9-7/8" Blow out drill fluid and inject water and blow 
out. 

,-

~ 
Driller: Shawn Ankney 

~ Well making approximately 1 gpm or less 
(estimate). 

,-

SANDSTONE Rig: Gardner Denver 1500 Sample at 1 :55pm: 
Turb: 852NTU - Temp: 14.1' C 

Bit(s): 14-3/4" roller (surface) Conduct: 866µS 
~ ~ 9-7/8" PDC 

PH : 8.38 

Sample at 2:05pm: - I Fluid: Water foam air Turb : 910NTU 
CLAYS TONE Temp: 13.5°C 

Conduct: 1833µS 
,- PH : 8.69 

t 
Casing: 5"Certa-Lok SDR-17PVC Sample at 2:25pm: - COAL Turb : 851NTU 

I'---- 3/f5' BENTONITE CHIPS 
(UNKNOWN) Temp: 14.0' C 

60 Conduct: 1912µS ,__ Well Data PH : 8.77 

CLAYSTONE Casing: C=Casing S=Screen Sample at 2:35pm: - Turb : 573NTU 

~ C1- I S1 - --2.!.L-~ 
Temp: 14.0' C 

115- +2 Conduc t: 1932µS ,-

I SANDSTONE PH : 8.82 

Monument or Surface Casing : Cease development at2:35pm. - 8" Locking Steel 
Produced approximate ly 40 gallons from well. 

8Q_ CLAYSTONE 

~ 
Centralizer: Parameters began to stabilize, may require 

2 
additional development when more time is 

SANDSTONE 
available. 

~ 
CLAYSTONE Casing C1: -

4TH 5" Gerta-Lok SDR-17PVC 

- QTR ~~ 20 13 Screen S1 : ....,. p COAL 100 -=- (CARNEY) - X 5" PVC with 0 .020" slots 

- ~ ~ Filter Pack: 
~ 

i 
10/20 Colorado Silica Sand - Depth: CLAYSTONE 115 - 122 

..._ T .D . 

I== ---

,.,. 
COAL 122 Bentonite: 

S1 
, _ 

,.11Q g I'--- 1CY20 SILICA SAND 
(MASTERS) j 3/8" chies 

CLAYS TONE Depth: 115 - 1 Remarks 
..._ 

Cement: 
..._ Tvoe 1 

Depth : 1 - ~ ..._ 

J.1Q Other: 
5 bags sand in annulus 

..._ 57 bags bentonite in annulus 

TFN 6 2/025 
- RECD JUL 30,2015 -
J.§Q Construction Time Log 

Abandoned 
Drilling : Start End Date: ..._ 

10/1/13 11 :20am 12:50am Method: - --- - --

- Casing: Start End 
~ 10/1/13 12:50am 1:45em ~/'; 

~WWCENGINEERING --- ---

K.\Sher1 dan\RAMAC0\13139\ACAD_WY83EC \DWGS_D6_RESPONSF-MW_578409-MST _R1.dwg 5/20/20 15 1 :35:50 PM dave )OIYlson 

July 2015 Addendum 06-7-6 DEQ Ex. 3-362



RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
epth MONU'-ENT Project: Brook Mine Monitor Network Well: 578409-MST-OB eet) / RISER PIPE -'Z - ABOVE GROUND Location: N 1,940,084.5 E 1,399,546.6 EL 3,710.3 

0 / I"" 

~ ,....____ SURFACE SEAL 
COLLUVIAL SE /4, SE /4, Section 9 T. 57N. R.84 W. - FILL 

~ 
Geologist: Swayne Redinger - 1 ~ ~ CLAYSTONE 

Drilling Summary Well Development - SANDSTONE 
Total Depth: 122· Began development on 10/2/13 at 4:30pm. 

2Q... 
Hole Dia .: 9-7/8" Blow out drilling fluid and inject water. CLAYSTONE 

- Driller: Shawn Ankne:t Blow dry. 

Well making approximately 1-2gpm. -
~ 

~ Rig: Gardner Denver 1500 Cease development at 4:55pm duetobme 
SANDSTONE constraints (weather). - ~ 

Bit(s ): 14-3/4" roller (surface) Produced approximately 10 gallons from well. 

~ ~ 9-7/8" PDC 
~ 
~ Fluid: Air water foam - CLAYSTONE 

- ~ 
~ Casing: 5" Gerta-Lok SDR-17PVC - COAL 

~ C1 -
~ '- 3/8" BENTONITE CHIPS Well Data 

:fll CLAYSTONE Casing : C=Casing S=Screen - ~ ~ 
;q: 

C1 - !...!§. - 1 s1 +2 - 116 • 121 - SANDSTONE --

~ Monument or Surface Casing: - 8" Locking Steel 
80 CLAYSTONE 

~ 
ii: ~ 

Centralizer: 
~ 1 on screen , 1 20' up 

~ SANDSTONE 

CLAYSTONE Casing C1: -
4TH 

5" Gerla-Lok SDR-17PVC - QTR 
2013 Screen S1: 

100..SZ.... ~ COAL ~ ..,,. (CARNEY) 5" PVC with 0 .020" slots ~ 

- ~ ~ Filter Pack: 
10/20 Colorado Silica Sand - I Depth: 122 - 115 CLAYSTONE 

- ~ T.D. 
c=:::: COAL 122 Bentonite: 

S1 

~ 
(MASTERS) l EQ ,....____ 1 <>'20 SILICA SAND 3/8" chips 

CLAYSTONE Depth : 115 - 1 Remarks ----- Cement: - Tvoe 1 

Depth : 1 - +0.5 -
~ Other: 

5 bags sand in annulus 

2/025 - 70 bags bentonite in annulus TFN 6 

- RECD JUL 30,2015 

-
J_§Q Construction Time Log 

Abandoned 
Drilling: Start End Date: - 10/2/13 1:55pm 3:30pm Method: 

-- --

Casing: Start End 
~ 10/2/13 3:30pm 4:30pm ,/',,.I'; 

~WWCENGINEERING -- - -
K:\Shen dan\RAMAC 0\13139\ACAD _ WY83EC\OWGS_D6_RESPCNSE'MW_578409-MST -OB_R1 DNg 5/20/20 15 1. 36:00 PM dave jol'Ylson 
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RAMACO Brook Mine 

WELL 
CONSTRUCTION 

WELL 
LITHOLOGY 

Well Construction Summary 
epth 
'eel) 

0 

40 -

- c 1 -

80 

100 -
4TH 
QTR 

- 201 3 
....5Z.... 

-

-

- S1 

-

-

-

/ 

., 

suRFAcE Client: Ramaco 
MONU'-'ENT p . w II roJect: Brook Mine Monitor Network e : 5784O9-MST-UB 

/ _,,,,,- RISER PIPE -z 
- / AsovE GROUND Location: N 1,940,076.6 E 1,399,568.3 EL 3,709.7 

,, ' '>----- - - --~---~----< 
~ .......__ s uRFAc E sEAL SE /4, SE /4, Section 9 T. 57 N. R.84 w. COLLUVIAL 

I 
'- 3/8" BENTONITE CHIPS 

FILL 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

COAL 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

COAL 
(CARNEY) 

CLAYSTONE 

COAL 
(MASTERS) 

CLAYSTONE 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth: _1_4_2· _______ _ 

Hole Dia.: ~9~-7~/8~"-------

Driller: Shawn Ankney 

Rig: Gardner Denver 1500 

Bit(s ): 14-3/4" roller (surface) 

9-7/8" PDC 

Fluid: Water, foam, polymer 

Casing: 5" Gerta-Lok SDR-17PVC 

Well Data 
Casing: C=Casing S=Screen 

C1 - 130 - +2 I S1 - ....1lQ___ -~ 

Monument or Surface Casing: 

8" Locking Steel 

Centralizer: 

3 at 20' intervals on bottom half of well 

Casing C1 : 

5" Gerta-Lok SDR-17PVC 

Screen S1 : 

5" PVC with 0.020" slots 

Filter Pack: 

10/20 Colorado Silica Sand 

Depth : 129 - 142 

Bentonite: 

3/8" chips 

Cement: 

Tvoe 1 

Depth: 129 - 1 --- ---

Depth: 1 - +o.5 

Well Development 

Began development on 10/1/13 at 10:15am. 

Begin by blowing out excess drilling fluid and 
then adding water. 

Blow until mist. 

Well making approximately 1-2gpm 
(estimate) 

Blow until 10:35am. 

Still very turbid - adding more water. 

Sample at 10:50am: 
Turb: 17.72NTU' ERROR 
Temp: 11 .2'C 
PH: 8.56 
Conduct: 3.45mS 

Cease development at 10:55am. 

Produced approximately 60 gallons from well. 

Additional development would be beneficial, 
however due to time constraints (weather)we 
ceased development at 10:55am. 

Remarks 
3 bags of chips from 119-129, may have 
small bridge in that interval. 

-,_i t: -...____ 1CY20SILICASAND 

""-~' 

T .D. 
142 

Other: 

12 bags sand in annulus 

July 2015 

60 bags bentonite in annulus 

Construction Time Log 

Drilling: Start End 

10/1/13 

Casing: 

10/1/13 

6:30am 

Start 

9:00am 

9:00am 

End 

10:10am 

TFN 6 2/025 
RECD JUL 30,2015 

Abandoned 
Date: _____ _______ 

1 

Method: ----------• 

/'-~ 
~ WWCENGINEERING 

K:\Shen dan\RAMAC0\13139\ACAD_WY83EC\DWGS_D6_RESPONSE'MW_578409-MST-UB_R1 .dwg 5/20/2015 1 :36:23 PM dave JOtv'lson 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary 
CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
epth MONU WENT Project: Brook Mine Monitor Network Well: 5 78415-CRN/MST eel) ~v- RISER PIPE -'Z 

ABOVE GROUND Location: N 1,936,077.6 E 1,404,291.8 EL 3,611.4 
0 ,, l,,r,._ 

P. f'--- SURFACE SEAL NW /4, SE /4, Section _1L T. 57N. R. 84 W. - Geologist: Swa)'.'.ne Redinger 
,_ 

~ 
Drilling Summary Well Development - ~ Total Depth: 182' Began development on 10/9/13 at 3:10pm. 

JQ... 
i Hole Dia.: 9-7/8" Blow out drilling fluid and inject water from 

3:24pm to 3:29pm. 
,_ Driller: Shawn Ankne~ 

Ul,-.,ONSO LIDATI D 
Well making approximately 1-2gpm. 

,_ BACKFILL Sample at 3:42pm: MATERIAL 
) (COAL AND Rig: Gardner Denver 1500 Turb: Error 

~ 
SCORIA Temp: 11 .4°C ,_ CHIPS IN Conduct: 1398µS 

S ILT/CLAY Bit(s ): 14-3/4"' roller PH : 8.17 

~ ~ MAT RIX 
9-7/8"' roller and PDC Injec t more water from 3:43pm to 3:54pm. 

- e Fluid: W ater, air, foam, gel Sample at 4:00pm: 
~ Turb: 319NTU 

Temp: 10.l°C 

- ~ 
Conduct: 1009µS 
PH : 8.40 

! Casing: 5" Gerta-Lok SDR-17PVC 
- CLAY Sample at 4:15pm: 

Turb: 144NTU 

_&Q_ Well Data 
Temp: 11.4°C 
Conduct: 1325µS c, -

"--- 318" BENTONITE CHIPS 
S ILTSTONE PH : 8.60 

Casing: C=Casing S=Screen - Cease development at4:16pm. 
CLAYSTONE 

- SILT~ trONE/SANDS ONE C1- 121 - +2 I S1 - ....!.?.!._ - _!±!_ Well produced approximately SO gallons during 
development 

~ Monument or Surface Casing : - 8" Locking Steel 
80 ~ SANDSTONE 

Centralizer: 
~ 4 at 30 ' intervals 
~ 

- s Casing C1 : 
i 5" Gerta-Lok SDR-17PVC 

CLAYSTONE -
-1.QQ 

~ Screen S1 : 

1~ 5" PVC with 0.020" slots 

- Filter Pack: 
} 

SILTSTONE/ 10/20 Colorado Silica Sand - f~ CLAYSTONE Depth: 142 - 120 

~~ i --- ---- i Bentonite: 
4TH 

120 QTR ~ 3/8" ch ies 
~~ I:= Depth : 120 - 1 Remarks 

= i.- § - !::: Carney 11 9' • 1 35'. 
COAL Cement: 

S1 -Ml (CARNEY) Master 136' -141'. 
,_ Tv= 1 Completing together in one well. 

~ 
I'--- 1<>'20SILICASAND Depth: 1 - +0.5 Drilled to 182' but did not intersect any other ,_ --- coal bands. 

.HQ 
COAL Other: Chipped back to 142' and complete well 121' (MASTERS) ,,., 

25 bags bentonite to elug back hole HS -141'. 

,...._ 21 bags sand in annulus Left 40' of 10" surface casing in hole as it 
SILTSTONE/ 70 bags bentonite in annulus separated from first joint. 
CLAYSTONE - TFN 6 2/02 5 

,...._ 
JUL 30, 2015 

,1§Q Construction Time Log RECD 
SANDSTONE Abandoned 

Drilling: Start End Date: - 318" BENTONITE CHIPS 

i CLAYSTONE 
10/3/13 7 :00am Method: --- ---
10/9/13 --- 1:30em 

T.D. 
S ILTSTONE 18-Z Casing: Start End 

j.!!Q j 10/9/13 2 :00em 3:10em 
,,/"'-,,,,....., 

~WWCENGINEERING --- ---
K:\Sheridan\RAMAC0\13139\ACAD_ WY83EC \DWGS_06_RESPONSE'MW_578415-MST_R10Ng 5/20/2015 1 :36:39 PM dave JOl'wi son 
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July 2015 

WELL 
LITHOLOGY 

CLINKER 

SILTSTONE 

CLAYSTONE 

SILTSTONE 

SILTSTONE 
& 

SANOSTONE 

SANDSTONE 

CLAYSTONE 

COAL 
(CARNEY) 

CLAYSTONE 

T .D. 
14a 

Brook Mine 

Well Construction Summary 
Client: Ramaco 
Project: Brook Mine Monitor Network Well: 578417-CRN 

EL_~3=9=26=·~4_ 

R.84 W. 

Location: N 1.391.364.2 E 1,939,152.3 

NW /4, NW /4, Section 17 T. 57 N. 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth : ....c1c..c4..c..1· _______ _ 

Hole Dia.: ~5~-5=/~8" _______ _ 

Driller: Shawn Ankney 

Rig: Gardner Denver 1500 

Bit(s ): 5 5/8" spade 

Fluid: Water and foam 

Casing: 2" SCH 40 flush thread PVC 

Well Data 
Casing: C=Casing S=Screen 

C1 - 120 - +2 I S 1 - __!_1L - J.iQ__ 

Monument or Surface Casing: 
6" Locking Steel 

Centralizer: 
5 at 25' intervals 

Casing C1 : 
2" SCH 40 flush thread PVC 

Screen S1 : 
2" SCH 40 flu sh thread PVC with 0.020" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Depth: 140 - 118 

Bentonite: 
3/8" chips 

Cement: 
Type 1 

Other: 

Depth: 

Depth: 

27 bags bentonite in annulus 

118 - 2.0 ----

2.0 - _o __ 

Construction Time Log 

Drilling : Start End 

8/21/13 2 :30pm 3:40pm 

- - --

Casing: Start End 

8/21/13 3:45pm 5:00pm 

-- --

Well Development 

Began development on 8/22 at 7:26am. 

Well producing approximately 0.5 gpm. 

Surged well in 15 minute increments. 

Ceased ai r development at 8:27pm, well 
producing approximately 0.25 gpm. 

Water very turbid. 

Remarks 
SWL = 131.67 on 8/26/13 at 8:00am. 

TFN 6 2/ 02 5 
RECD JU L 30, 2015 

Abandoned 
Date: 

Method: 

,,,....~ 
~ WWCENGINEERING 

K:\S herid an\RAMAC O\ 13139\ACAO _ WY83EC\DWGS_D6_RESPONSE'MW_578417-CRN_R1 .dwg 5/20(2015 1 .36.55 PM dave john son 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 
SURFACE Client: Ramaco 

epth MONU'-ENT Project: Brook Mine Monitor Network Well: 578417-MST eel) 
/ RISER PIPE -'Z 

~ ABOVE GROUND Location: N 1,391,382.0 E 1,939,174.6 EL 3925.9 
0 / 

,., 
~ Ii! ---.__ SURFACE SEAL NW /4, NW /4, Section 17 T. 57 N. R.84 W. 

f- ---

'- Geologist: Swa~ne Redinger 
CLINKER - J ~ Drilling Summary Well Development 

f- ~J Total Depth: 163' Began development on 8/21 /13 at 1 :00pm. 
19... ;,, Hole Dia.: 5-1/8" Well producing approximately 0.25-0.5 gpm 

- SILTSTONE 
during airlift. 

Driller: Shawn Ankne:t 

' 
Added water and blew out. - ~ 
Surged well in 15 minute increments. - Rig: Gardner Denver 1500 
Ceased development at 2:00pm. - Bit(s): 5-1 /8" core barrel 

~ 
.. ~ Cleaned up slightly, still very turbid . 

- Fluid: Water, air 
CLAYS TONE -

- Casing: 2" SCH 40 flush thread PVC 

- ~ 

~ .. 
Well Data 

- Casing: C=Casing S=Screen 

- ., 
C1 - 156 - +2 I S1 -~-~ S ILTSTONE 

- Monument or Surface Casing: 
- 21)1! 6" Locking Steel 
80 C 1 - ;I;"- 3/f!' BENTONITE CHIPS - Centralizer: 

SILTSTONE 
5 at 30' intervals & 

- ;.,< ~ a SANDSTONE 

Casing C1 : 
- ~ 

2" SCH 40 flush thread PVC 

- ! Screen S1 : 
100 SANDSTONE - 2" SCH 40 flush thread PVC with 0.020" slots 

- 3 Filter Pack: 
- 10/20 Colorado Silica Sand 

- )l ~ Depth: 163 - 155 --- ---

~ 
CLAYS TONE - ';} Bentonite: 

J1Q 3/8" chies 

~ ~ Depth: ~ - _2Q__ Remarks - ~ 

Cement: Poured 4 bags very slow (10min/bag). - ';} 

~~ ~ COAL 
Tvn<> 1 Bentonite at 90' after 4 bags, bridged. 

- Cannot assume Masters sealed. 
(CA RNEY) Depth: 2.0 - 0 

- SWL comparisons between wells may 

~ Other: demonstrate if communication exists 
between coals in this cluster. 

22 bags bentonite in annulus 
SWL = 160.66 on 8/26/13@ 8:00am. - ~ 

- CLAYSTONE TFN 6 2/ 02 5 I.~ -
30, 2015 - 4TH T.D. RF. CD JUL 

QTR 163' 

J.§Q ~ -
S1 COAL Construction Time Log 

= ::;::; - ~ (MASTERS) j Abandoned 
- - , .._ ---.__ 1 CY20 SILICA SAND CLAYSTONE Drilling: Start End Date: 
- 8/21/13 6 :30am 8:45am Method: ---

--- ---

Start End - Casing: 
1§Q 

8/21/13 9 :00am 12:30em 
,..,..,.,....., 

~WWCENGINEERING --- ---
K.\Sherldan\RAMAC 0\ 13139\ACAD _ WY83E C\DWGS_D6_RESPONSE'MW _578417-MST _R 1.dwg 5120/2015 1. 37.12 PM dave ,oMson 
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RAMACO 

WELL 
CONSTRUCTION 

SURFACE 
leplh MONUM=NT 

.Feel) RISER PIPE -'Z 

0 

3 

6 

9 

12 

15 

C1 

4TH 
QTR 

18 ~ 
,r 

21 

24 

27 

ABOVE GROUND 

SURF ACE SEAL 

3/8" BENTONITE CHIPS 

10/20 SILICA SAND 

July 2015 

WELL 
LITHOLOGY 

SCORIA 

TOPSOIL 

SCDRIA 
CHIPS IN 

SILTY 
CLAYSTONE 

ALLUVIUM 
AND 

SCORIA IN 
SILTY CLAY 

MATRIX 

CLAYSTONE 

SCORIA 

CLAYSTONE 
T .D. 
27 

Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network Well: 578418-AL-1 

Location: N 1,935,962 .2 E 1 ,386,058.5 EL 3,687.5 

NW /4, SW /4, Section_lL T. 57 N. R.84 W. 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth: ~2~1_· _ _____ _ 

Hole Dia.: --'9"----7'-'t=--8'_' _ _ _ ____ _ 

Driller: Shawn Ankney 

Rig: Gardner Denver 1500 

Bit(s ): 9-7/8" roller 

Fluid: _G~e=I _________ _ 

Casing: 5" Certa-Lok SDR-17 PVC 

Well Data 
Casing : C=Casing S=Screen 

C1 - L -~ I S1 - --1E__ - _5_ 

Monument or Surface Casing: 

8" Locking Steel 

Centralizer: 

none 

Casing C1 : 

5" Gerta-Lok SDR-17 PVC 

Screen S1: 
5" PVC with O .020" slots 

Filter Pack: 

10/20 Colorado Silica Sand 

Bentonite: 

3/8" chips 

Cement: 
T 

Other: 

Depth: 

Depth: 

Depth: 

16 bags sand in annulus 

27 - 10 - - --

10 - 2.0 - - --

2.0 - 0.5 ----

3-1/2 bags bentonite in annulus 

Construction Time Log 

Drilling: Start End 

9/30/13 10:30am 11 :15am 

Casing: Start End 

9/30/13 11 :15am 11:45am 

Well Development 

Begin development on 9/30/13 at 11 :45am. 

Blow out until 11:50. 

Add water and blow out until mist. 

Add more water and blow out until mist. 

Well is making very little water. 

Cease development at 12:30pm. 

Remarks 

TFN 6 2/025 
RF.CD JUL 30,2015 

Abandoned 
Date: - -------- ----
Method: ----------

,,I'~ 
~WWCENGINEERING 
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RAMACO 

WELL 
CONSTRUCTION 

WELL 
LITHOLOGY 

Brook Mine 

Well Construction Summary 
suRFAc E Client: Ramaco 

epth 
eel ) 

MONUp.,£NT p • roJect: Brook Mine Monitor Network Well: 578418-CRN 

EL 3,882.4 
/ ,,,,- RISER PIPE -'Z 

--/ A s ovE GROUND Location: N 1,936,927.8 E 1,387,102.2 
~o _ _ -r/ ~ r-.....,_ ____________ _ _ -----, 

Pl ~r--_ s u RFAcE sEAL F ILL NW /4, NW /4, Section 18 T. 57 N . R.84 W. 

80 

f-

f-

c1 -
~ 3/f5' BENTO NITE CHIPS 

~ 

§ ~ 

- s1 - ~ ~ 

~ 4TH I QTR 
2013 ~ ~ 

~ ~ . ~~I ...__ 10/20 SILICA SAND 

~ . ., ~ 
f-

~ 
f-

f-

July 2015 

S ILTY CLAY 

CLI NKER 

CLAYSTONE 

S ILTY 
CLAYSTONE 

SANDSTONE 

CLAYSTONE 

COAL 
(CARNEY) 

CLAYSTONE 

T .D. 
153' 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth: _1_53_• ______ _ 

Hole D ia .: ~9~-7~/~8" _______ _ 

Driller: Shawn Ankney 

Rig : Gardner Denver 1500 

Bit(s ): 14-3/4" roller (surface) 
9-7/8" PDC to ream 

Fluid : Water, foa m, bentonite gel, polymer 

Casing : 5" SDR-17 PVC 

Well Data 
Casing: C =Casing S=Screen 

C1 - 132 - +3 I S1 - ~ - ___lR_ 

Monument or Surface Casing: 

8" locking steel 

Centralizer: 

1 at top of screen 

Casing C1 : 

5" SDR-17 PVC 

Screen S1 : 

5" PVC with 0.020" slots 

Filter Pack: 

10/20 Colorado Silica Sand 
Depth: 153 - 132 

Bentonite: 

3/8" chips 

Cement: 
Tvne 1 

Depth : 132 - 2.0 ----

Depth: 2.0 - +0.5 

Other: 
71 bags be ntonite in annulus 

14 bags sand in f ilter pack 

Construction Time Log 

Drilling : Start End 

9/17 /13 4:00pm 5:00pm 

9/19/13 6 :30am 11 :45am 

Casing: Start End 

9/19/13 11:45am 12:45pm 

-- - -

Well Development 

Bega n development on 9/19/13 at 1:00pm. 

Inject wa ter and blow dry. 

Well appears dry or close to dry. 

Fine mist at end of development, not 
sufficient to co llect fie ld sample. 

Cease development @ 1 :25pm. 

Remarks 

TFN 6 2/ 025 
RF.CD JUL 30, 2015 

Abandoned 
Date: -------------

Method : ----------

~,,.,...., 
~ WWCENGINEERING 
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RAMACO Brook Mine 

WELL 
CONSTRUCTION 

WELL 
LITHOLOGY 

Well Construction Summary 
epth 
' eet) 

0 

60 -

80 

C1 -
-

-

-

-

-

-

/ 

i 

s uRFAc E Client: Ramaco 
MONU fvENT p . w 11 roJect: Brook Mine Monitor Network e : 5 78418-MST 

/ ,,,,- RISER PIPE - 'Z 

- / AsovE GROUND Location: N 1 ,936,922.9 E 1 ,387,130.9 EL 3 ,883.6 
.... , ,.,_ _______ ~---~ ---i 

Ii! .....___ suRFAc E s EAL FILL NE /4, sw /4, Section 1 a T. 57 N. R.84 w. 
'I; SILTY CLAY 

~ Geologist: Swayne Redinger r ,__ ___ D_n-.1-lin_g_ S_u_m_m_a_ry----~---W- e_l_l D- ev_e_l_o_p_m_e-nt ___ __ ! Total Depth : _,1=83:....' ______ _ 

~ Hole Dia. : ~9~-7~/8~"--------

~~ Driller: Shawn Ankney 

~ CLI NKER 

I 

~~ 

~ 

j 
~ 
"- 3~ BENTONITE CHIPS 

CLAYSTONE 

SILTY 
CLAYSTONE 

SANDSTONE 

CLAYSTONE 

COAL 
(CARNEY) 

CLAYSTONE 

SANDSTONE 

CLAYSTONE 

Rig: Gardner Denver 1500 

Bit(s): 14-3/4" roller (surface) 
9-7/8" PDC to ream 

Fluid : Water, foa m, POiymer, benton ite mud 

Casing : 5" Certa-Lok SDR-17 PVC 

Well Data 
Casing : C =Casing S=Screen 

C1 - 176 - +2 I S1 -~ - __!l§_ 

Monument or Surface Casing: 

8" Locking Steel 

Centralizer: 

1 above screen 

Casing C1 : 

5" Ce rta-Lok SDR-17 PVC 

Screen S1: 

5" PVC with 0.020" slots 

Filter Pack: 

10/20 Colorado Silica Sand 
Depth : 183 - 175 

Bentonite: 

3/8" ch ips 

Cement: 
Tvoe 1 

Other: 

Depth: 175 - 7.0 ----

Depth: 2.0 - o 

Construction Time Log 
Drilling: Start End 

9/16/13 

9/17/13 

9:00am 
9:30am 

5:00pm 
11 :15am 

Began development on 9/17/13. 

Blow 5 minutes - mist very black turbid. 

Inject water for 5 minutes, cleaning up. 

Blow dry, well appears dry. 

Let si t from 1:36 to1:48, no surge. 

Add water and blow dry, well dry or very 
close to it. 

Ceased development at 2:00pm. 

Remarks 
SWL = 182.05' on 9/19/13 at 11 :30am. 

Appears dry as scre en 176-1 82'. 

TFN 6 2/0 25 
R~CD JU L 30,2 015 

Abandoned 
Date: -------------• 
Method: ----------• 

" ~ T.D. 
183' 

J_!!Q S
1 -i i 1r--- Hl/20 SILICA SAND 

....5Z.... ~ - i~ .... 
4T H QTR2013 

J uly 20 15 

COAL 
(MASTERS) 

SANDSTONE 

Casing: 

9/17/13 

Start 

11 :30am 

End 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
epth MONU '-'ENT 

Project: Brook Mine Monitor Network Well: 578510-CRN eel) RISER PIPE -'l 
~ ABOVE GROUNO Location: N 1,941,542.1 E 1,371,807.2 EL 3,962.4 

0 / 
,., 

~ ii! .....____ SURFACE SEAL TOPSOIL NE /4, SW /4, Section 10 T. 57N. R.85 W. 
- l:; 

~ I 
Geologist: Swayne Redinger 

-
CLAYSTONE Drilling Summary Well Deve lopment 

-
Total Depth: 9 1' Began development on 9/24/13 at 2:35pm. 

1Q_ 
Hole Dia .: 9-7/8" Added water and blew dry. 

- Driller: Shawn Ankney Well appears dry. 

S ILTSTONE Cease Development at 3:00pm. 
-

COAL Rig : Gardner Denver 1500 
- C1 -

(MONARCH) Bit(s ): 9-7/8" PDC to ream 
~ fl! ~ ~ I"--- 3/8" BENTONITE CHIPS 

I SILTSTONE/ 
Fluid : - CLAYSTONE Air and water 

- ~ t 
Casing : 5" Certa-Lok SDR-17 PVC 

CARBONACEOUS - CLAYS TON: 

_§Q_ Well Data 
CLAYSTONE Casing : C=Casing S=Screen 

- __ ,,_ 
C1 -~ - +2 I s 1 -~ - ..l!L_ ?! (UPPER -

r'IRNFYl 

- i Monument or Surface Casing: 
~ CLAYSTONE 8" Locking Steel 

80 ~ 

§ Centralizer: S1 - - ;15, COAL T .D. 
4TH r-.__ 1Cl' 20 SILICA SAND (LOWER 91' 1 above screen 
QTR 
2013 = CARNEY) 

I - ~ Casing C1 : 
CLAYSTONE 

5" Certa-Lok SDR-17 PVC 
-

.!QQ 
Screen S1 : 
5" PVC with 0.020" slots 

- Filter Pack: 
10/20 Colorado Silica Sand 

- Depth: 91 - 78 -- --
- Bentonite: 
.11Q 3/8" chips 

Depth: 78 - 2.0 Remarks 
-

Cement: 
- Tvoe 1 

Depth : 2.0 - +0.5 
-

~ Other: 
43 bags bentonite in annulus 

TFN 6 2/025 - 10 bags sand in filter ~ack 

- RECD JUL 30,2015 
-

1§Q Construction Time Log 
Abandoned 

Drilling : Start End Date: -
9/24/13 1:15pm 2:00pm Method: 

-- --

Casing: Start End 
.!.!!Q 

9/24/13 2 :00pm 2:30pm ,,I'-~ 
~WWCENGINEERING -- --
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RAMACO Brook Mine 

WELL WELL Well Construction Summary 
CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
eplh MONU'-ENT Project: Brook Mine Monitor Network Well: 578510-MST 'eel) V RISER PIPE-'Z 

~ ABOVE GROUND Location: N 1,941 ,558.1 E 1,371,823.0 EL 3,962.4 
0 / I,," 

~ ~ SURFACE SEAL 
TOPSOIL NE /4, SW /4, Section _J_Q_ T. 57N. R.85W. - Geologist: Swa]'ne Redinger - ~ 3 CLAYSTONE Drilling Summary Well Development - ~ 

Total Depth: 146' Began development on 9/24/13 at 12:00pm. 
,1Q_ 

Hole Dia.: 9-7/8" Add water and blow dry. 
Ii:' 

I- Driller: Shawn Ankne~ Let sit for 20 minutes, no surge. 

SILTSTONE Well dry. "' - ,I Rig : Gardner Denver 1500 Cease development at 12:45pm. 
COAL 

I-
(MONARCH) Bit(s ): 9-7/8" PDC to ream 

~ 
~ 
~ SILTSTONE/ 

Fluid: I- CLAYSTONE A ir, water 

-
~ Casing: 5" Gerta-Lok SDR-17 PVC 

CARBONACJ:Ol..6 
I- CI.AYSlOf,£ 

~ Well Data 
C1-

I'--._ 3/f5' BENTONITE CHIPS CLAYSTONE Casing : C=Casing S=Screen 
I-

~ II 
----- C1 - !i!._ - +2 I s 1 - _!§__ -~ (UPPER - ,.... ,.,... .. ,r:v\ 

Monument or Surface Casing: 
I-

CLAYSTONE 8" Locking Steel 
80 1l' 

Centralizer: 
~ COAL 

~ (LOWER 1 above screen 
CARNEY) 

- Casing C1 : 
5" Gerta-Lok SDR-17 PVC 

I-

Screen S1 : 
J.QQ 

~ 5" PVC with 0.020" slots 
~ 

CLAYSTONE 

- ~ Filter Pack: 
~ 

10/20 Colorado Silica Sand 
I-

~ Depth : 146 - 141 

- ~ ~ SILTSTONE 
Bentonite: 

~ 
~ 

3/8" chies 

Depth: 141 - 2.0 Remarks - i;lj 

i 
Cement: 

I-- S ILTY Tvne 1 
HALYSTONE Depth : 2.0 - ~ 

I--
4TH 
QTR T.D. Other: 140 2013 

t---" '<"7 163' 
~ § • vVMC 

I 
72 bags bentonite in annulus 

S1 - +-- I'-- 10'20 SILICA SAND 
.. ' . 4 bags sand in filter eack TFN 6 2/025 I--

CLAYSTONE 

- R F. C D JUL 30, 2015 
I--

~ Construction Time Log 
Abandoned 

Drilling: Start End Date: -
9/24/13 9 :30am 10:45am Method: 

. 
-- --

- Casing : Start End 
~ 9/24/13 10:45am 12:00em ~~ 

~WWCENGINEERING 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 
SURFACE Client: Ramaco 

epth MONUPIENT Project: Brook Mine Monitor Network Well: 578511-CRN ' eel} V RISER PIPE - 2 
- - ABOVE GROUND Location: N 1,940,246.5 E 1,377,926.5 EL 3,893.8 

0 ,, .... ~ 

~ ~ ....._____ SURFACE SEAL SW /4, SE /4 , Section 11 T. 57N. R.85 W. 
-

BURNED Geologist: Swayne Redinger 
- ~ SILT/ 

i 
',= SANDSTONE Drilling Summary Well Development - Total Depth: 128' Began development on 9/23/13 at 3:30pm. 

22... 1,1 Hole Dia.: SILTY 9-7/8" Add water and blow out. 

CLAYS TONE Driller: Shawn Ankney Blow until 3:47pm. -
- Sample at 3:47pm: 

Turb: 909NTU 
CLAYSTONE Rig : Gardner Denver 1500 Temp: 12.4°C 

Conduct: 571µS 
>- PH : 8.05 

~ Bit(s ): 9-7/8" PDC for ream 
~ 14-3/4" roller (surfaoe) 

Let sit 15 minutes. 

COAL ~:~; ~~~nnqt ~~~;!'~;l attempted to blowoutard - (MONARCH) Fluid: Water, air, some foam at surface 
Well completely ciy. - ~ Cease development at4:05pm. 

1 Casing: 5" Gerta-Lok SDR-17 PVC -
60 CLAYSTONE Well Data -c1 -

['.__ 3/8" BENTONITE CHIPS Casing : C=Casing S=Screen - ~ 
~ C1 - ~ - +2 1 s1 - 127 - 119 - -- --

)I 

I 
SANDSTONE/ Monument or Surface Casing: - CLAYSTONE 

8" Locking Steel 
80 

SILT STONE/ Centralizer: 
- SANDSTONE 1 above screen 

- Casing C1 : 
COAL 5" Gerta-Lok SDR-17 PVC - ~ (UPPER 

~ 
CARNEY) Screen S1 : 

~ 5" PVC with 0 .020" slots 

>- Filter Pack: 
~ CLAYSTONE 

10/20 Colorado Silica Sand 
>- Depth : 4TH 

I 
128 - 119 

QTR 
SILT STONE/ - 2013 Bentonite: _:;;z__ ~ SANDSTONE 

J1Q "'=' ~ 

.= - T .D. 3/8" chips 
COAL Depth : 119 - 2.0 Remarks (LOWER 128' 

S1 I'---- 10/20 SILICA SAND 
----- ~ 

CARNEY) I CLAYSTONE Cement: - TvM 1 

Depth : 2.0 - +0.5 -
~ Other: 

- TFN 6 2/ 02 5 
>- RECD JUL 30,2 015 
>-

j_§Q Construction Time Log 
Abandoned 

Drilling: Start End Date: >-
9/23/13 12:45pm 2:30pm Method: 

-
-- --

-
Casing: Start End 

j_§Q 
9/23/13 2:30pm 3:30pm 

,,,,....~ 
~WWCENGINEERING -- --
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00 
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00 
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121 
N 
121 

RAMACO 

WELL 
CONSTRUCTION 

SURFACE 
epth MONU'-ENT 

eet) V RISER PIPE -'Z 
-~ ABOVE GROUND 

0 / ~" 
2 r----..._ SURFACE SEAL ! -

I ~ - ~ 

-
JQ_ ! 

>-

- t 
>-

~ ~ 
~ 
~ 

>-

-
>-

~ 

>-

-
>-

J 
C1-

~ 3/f!' BENTONITE CHIPS 80 
I' 

~ 

WELL 
LITHOLOGY 

BURNED 
S T/SA NDSTON~ 

CLAYSTONE 

COAL 
(MONARCH) 

CLAYSTONE 

~ 
SILTS ONE/SAN DST ~NE 

-
>-

J_QQ a ~ 
- i?l ~ 

~ 
>- ri ~ 

~ -
EQ 

~ 

- a 
-
~ 

4TH ~ 
QTR ~ 

= 2~ i Cl 

>- S1 
• ~ - < 

•= ~ ----- 1C>'20S ILICASAND 

July 20 15 

CLAYSTONE 

vUML 

(UPPER 
CARNEY) 

CLAYSTONE 

COAL 
LOWER 

CARNEY) 

CLAYSTONE 

T.D. 
157 

COAL 
(MASTERS) I 
CLAYSTONE 

Brook Mine 

Well Construction Summary 
Client: Ramaco 
Project: Brook Mine Monitor Network Well: 578511 -MST 

EL 3,894 Location: N 1,940,243.6 E 1 377 944.7 

SW /4, SE /4, Section_ 1_1 _ T. 57 N. R.85 W. 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth: _1_5_7' _______ _ 

Hole Dia.: ~9~-7~/~8" ___ ____ _ 

Driller: Shawn Ankney 

Rig : Gardner Denver 1500 

Bit(s ): 9-7/8" PDC to ream 

14-3/4" roller (surface) 

Fluid: Water, air, some foam at surface 

Casing: 5" Gerta-Lok SDR-17 PVC 

Well Data 
Casing : C=Casing S=Screen 

C1 - 152 - +2 I S1 - ~ - ....l_g_ 

Monument or Surface Casing: 
8" Locking Steel 

Centralizer: 
1 on screen 

Casing C1 : 
5" Gerta-Lok SDR-17 PVC 

Screen S1 : 
5" PVC with 0 .020" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Depth: 157 - 150 

Bentonite: 
3/8" chips 

Cement: 
Tvoe 1 

Other: 

Depth: 150 - 2.0 ----

Depth: 2.0 - +0.5 

89 bags bentonite in annulus 

Construction Time Log 

Drilling : Start End 

9/23/13 

Casing: 

9/23/13 

6:30am 

Start 

10:15am 

10:15am 

End 

11 :30am 

Well Development 

Began development on 9/23/13 at 11 :40am. 

Blow, add water and blow till mist. 

Well making less than 1 gpm. 

Let si t 10 minutes and blow out, slight surge. 

Sample at 12:05pm: 
Turb: 761 NTU 
Temp: 14.1 
Conduct : 656 µS 
PH: 7.95 

Cease developmen t at 12:1 0pm. 

Remarks 

TFN 6 2/025 
RF.CD JUL 30,2015 

Abandoned 
Date: ___________ _ 

Method: _________ _ 
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00 
0 RAMACO 

~ WELL ;:I CONSTRUCTION 
ID 
0. SURFACE 

epth MONUt.ENT 
eel) RISER PIPE -2 

ABOVE GROUND 
121 0 
N 

" 4TH 

N 
QTR 
2013 

00 _:sz._ 

" 
-

N 
121 c, 
N 3 3/fr' BENTONITE CHIPS 
121 

6 

9 

12 

10/20 SILICA SAND 

15 

18 

21 

24 

27 

July 2015 

WELL 
LITHOLOGY 

TOPSOIL 

COAL 
AND 

SCORIA 
CHIPS IN 

CLAY 
MATRIX 

SCORIA 

CLAYSTONE T.D. 
22 

Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network Well: 578512-AL 

EL 3,758 Location: N 1,940,880.3 E 1,381 ,530.1 

SE /4, sw /4, Section__!L T. 57 N. R.85 W. 

Geologist: Swayne Redinger 

Drilling Summary 

Total Depth :__,2=2· ______ _ 

Hole Dia.: _,9'---7'-'-/8,,_" _______ _ 

Driller: Shawn Ankney 

Rig: Gardner Denver 1500 

Bit(s ): 9-7/8" roller 

Fluid: -'G=e"'-I _ _ _______ _ 

Casing: 5" SDR-17 PVC 

Well Data 
Casing: C=Casing S=Screen 

C1 - L_ - __:_?__ I S1 -~ - _5 _ _ 

Monument or Surface Casing : 

8" Locking Steel 

Centralizer: 

None 

Casing C1: 

5" SDR-17 PVC 

Screen S1: 

5" PVC with 0.020" slots 

Filter Pack : 

10/20 Colorado Silica Sand 

Bentonite : 

3/8" chips 

Depth : 22 - 5 ----

Depth: _ 5_ - iQ____ 

Cement: 

T e1 

Depth: 2.0 - +0.5 ----

Other: 

2 bags bentonite in annulus 

16 bags sand in filter pack 

Construction Time Log 

Drilling: Start End 

9/25/13 

Casing: 

9/25/13 

Start End 

Well Development 

Began development on 9/25/13 at 3:45pm. 

Well making 15-20gpm (estimated) 

Sample at 4:16pm: 
Turb: 249NTU 
Temp: 11 .3°C 
Conduct: 4.25mS 
PH : 8.09 

Additional pumping may help clean well. 

Air development is difficult this shallow. 

Produced approximately 500 gallons. 

Cease development at 4:18pm. 

~i,7;'Pli i~,qinJearby surface water (pond): 

Temp: 140°C 
Conduct: 4.69mS 
PH : 8.59 

Remarks 

TFN 6 2/025 
RECD JUL 30,2015 

Abandoned 
Date: ___________ _ 

Method: _________ _ 

;.-~ 
~WWCENGINEERING 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
Iepth MONUWENT Project: Brook Mine Monitor Network Well: 578512 CRN =eel} V RISER PIPE-'Z 

-- ABOVE GROUND Location: N 1,943,160.0 E 1,382,757.o EL 3,931.o 
0 .,, ~rs. 

'l'l ~I'---- SURFACE SEAL SW /4, NE /4, Section 12 T. 57N. R.a5w. 
>- COLLUVIAL 

~ 
FILL Geologist: Swal'.ne Redinger - ~ 

>- t Drilling Summary Well Development 

I - Total Depth: 62' Began development on 9/20/13 at 4:00pm. 
JQ... 

Hole Dia.: 9-7/8" Blew out lots of drilling foam. 

>-
! S ILTSTONE Driller: Shawn Ankne:t Added water. 

- No returns to surface, well takes every thing 
we inject. 

>- Rig : Gardner Denver 1500 
Recommend cleaning in another way - ¥. Bit(s ): 9-7 /8" roller 
(bleach?} as po Ir mer was not cleaned out of 
hole, unless wel is dry and cannot be 

JQ__ c 1 - g ~ 3/8" BENTONITE CHIPS 
sampled. 

- ! BURNED 
Fluid: S ILTSTONE Air, water, foam, !1Ql:tmer 

>-

>- ¥. Casing: 5" Gerta-Lok SDR-17 PVC 

-
JQ__ ~ Well Data 

~ 

I Casing: C=Casing S=Screen -
>- C1- ~ - +2 I S1 - _2L - ~ 
>- Monument or Surface Casing: - 8" Locking Steel 
40 

CARNEY Centralizer: 
BURN 

1 in middle of screen 

>- Casing C1: - 7 105" SDR-17 PVC 

- S1-f-'--- Screen S1 : 
~ f'---- 1 CY20 S ILICA SAND 

5" PVC with 0 .020" slots 

>- Filter Pack: - DRY 10/20 Colorado Silica Sand 4TH 
QTR 
~ Depth: 62 - 38 >- 2013 

- ~-- Bentonite: ~-4-~ T.D. c~ ·H. 6'Z 
~ 

...,._. 
3/8" chies CLAYS TONE j . Depth : 38 - 2.0 Remarks -- Cement: A ir line stuck in hole after development 

and lifted screen 3' above intended 
Type 1 completion interval. Would not push back 

>-
Depth : down due to filter pack. 

2.0 - +0.5 -
~ Other: 

35 bags bentonite in annulus 
>- TF N 6 2/025 -- RECD JUL 30,2015 
-

~ Construction Time Log 
Abandoned 

- Drilling : Start End Date: 
- 9/20/13 2 :05em 3:30em Method: 

-- --

- Casing: Start End 
~ 

9/20/13 3:30em 3:50em 
,.,....~ 

~WWCENGINEERING -- --
K.\Shendan\RAMACO\ 13139\ACA D _ WY 83EC\DWGS_D6_RESPCt..lSE'MW_578512-CRN_R1.dwg 5/2012015 1.39:45 PM dave ,otr'lsoo 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 
SURFACE Client: Ramaco 

epth MONUM=NT Project: Brook Mine Monitor Network Well: 578512-MST eet) / RISER PIPE-'Z - ABOVE GROUND Location: N 1,943,171 .6 E 1,382,742.6 EL 3,930.9 
0 / 

,., 
~ I .....___ SURFACE SEAL COLLUVIAL SW /4, NE /4, Section 12 T. 57N. R.85 W. 

FILL ---
,-

Geologist: Swayne Redinger -
~ BURNED Drilling Summary Well Development - SILTSTONE/ 

SANDSTONE Total Depth: 115• Began development on 9/20/13 at 1:00pm. 
2Q... 

~ Hole Dia. : 9-7/8" Blow dry (Drilling fluid). 
SANDSTONE - Driller: Shawn Ankne:t Add water and blow dry. 

~ Let sit for 15 minutes and blow dry again. -
~ Rig : Gardner Denver 1500 No surge. 

- Well appears dry. 
Bit(s ): 14-3/4" roller (surface) 

JQ_ 9-7/8" PDC to ream Cease development at 1 :30pm. 
~ BURN 

- Fluid : Air, water, foam, 1221:tmer 

- ,, 
c 1 -

"--- 3/ff" BENTONITE CHIPS 

Casing: 5" Gerta-Lok SDR-17 PVC -
~ SILTSTONE Well Data 

Casing : C=Casing S=Screen - ~~ CLAYSTONE 

~ i; C1-109- +2 I s 1 - __!_!i_ - J..QL -
Monument or Surface Casing: -

;!I 8" Locking Steel 
80 CLAYSTONE 

\ Centralizer: 
~ 1 above screen 

- ~ ~ Casing C1 : 

5" Gerta-Lok SDR-17 PVC - .. ~ Screen S1: 
JQQ ~ 

SILTSTONE 

I~ 5" PVC with 0.020" slots 

,- 4TH ,. :! Filter Pack: QTR T.D. 
2013 11 S 10/20 Colorado Silica Sand - _..sz_ 

~ --- 1C:V20 S ILICA SAND COAL I Depth: - (MASTERS) 
115 - 105 

S1 = ,-
Bentonite: 

El) 3/8" chif>S 
Depth: ~ - ..1:Q_ Remarks -

Cement: Much more burn than expected. 

- TvnA 1 Exploration hole uphill from this location 

Depth: 2.0 - ~ had approximately 1 O' less bum than this 
location. -

~ Other: 
65 bags bentonite in annulus 

- TFN 6 2/025 

- RE CD JUL 30,2015 

-
,1.§.Q Construction Time Log 

Abandoned 
Drilling : Start End Date: ,-

9/20/13 7:00am 11 :45am Method: 
-- --

Casing: Start End 
J_§Q 

9/20/13 11:55am 1:00em 
,,,.._~ 

~WWCENGINEERING -- --
K.\Sheri dan\RAMACOl13139\ACAO_WY83ECIOWGS_D6_RESPONSE'MW_578512-MST _R1 .ctwg 5/20/20 15 1.40:01 PM dave _10trlson 
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RAMACO 

WELL 
CONSTRUCTION 

epth 
'eel) 

0 

3 

6 

9 

12 

15 

18 

21 

24 

27 

4TH 
QTR 
2013 

..sz_ 

July 2015 

WELL 
LITHOLOGY 

EATH ERED 
SOIL 

COLLUVIAL 
FILL, 

SCORIA 
CHI PS, 

EATHERED 
CLAYSTONE 

SCO RIA 
CHIPS 

IN 
CLAY 

MATRIX 

T.D. 

CLAYS TONE 22' 

Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network Well: 578513-AL-1 

Location: N 1,938,633.9 E 1,383,970.4 EL 3,721.9 

NE /4, NE /4, Section 13 T. 57 N . R.as w. 
Geologist: Swayne Redinger 

Drilling Summary 

Total Depth: _2_2_· _______ _ 

Hole Dia. : ~9~-7~/8~"-------

Driller: Shawn Ankney 

Rig : Gardner Denver 1500 

Bit(s ): 9-7/8" roller 

Fluid : _G=e=I _________ _ 

Casing: 5• Gerta-Lok SDR-17PVC 

Well Data 
Casing : C = Casing S = Screen 

C1 - ~ - ...:':?__ I S1 -~ - _5 __ 

Monument or Surface Casing: 

8" Locking Steel 

Centralizer: 

none 

Casing C1 : 

5" Gerta-Lok SDR-17 PVC 

Screen S1 : 

5" PVC with 0.020" slots 

Filter Pack: 

10/20 Colorado Silica Sand 

Bentonite : 

3/8" ch ips 

Depth : 22 - 5 ----

Depth : _ 5_ - _2 __ 

Cement: 

T 

Depth : 2.0 - +0.5 ----

Other: 

1 7 bags sand in annulus 

1 bags bentonite in annulus 

Construction Time Log 

Drilling: Start End 

9/30/13 

Casing : 

9/30/13 

7:15am 

Start 

7:55am 

7:55am 

End 

8:30am 

Well Development 

Began development on 9/30/13 at 8:30am. 

Blow out and then inject water to clean up. 

Surge several times. 

Well making approximately 20gpm 
(estimated). 

Sample at 8:50am: 
Turb: 655NTU 
Temp: 10.3'C 
Conduct: 3.58mS 
PH : 8.12 

Sample at 9:05am: 
Turb: 865NTU 
Temp: 10.2'C 
Conduct: 3.81mS 
PH : 8.19 

Surge well 9:05am -9:19am. 

Sample at 9:25am: 
Turb: 357NTU 
Temp: 10.4'C 
Conduct: 3.85mS 
PH : 8.20 

Sample at 9:30am: 
Turb: 223NTU 
Temp: 10.4'C 
Conduct: 3.91mS 
PH : 8.24 

Cease development at9:35am. 

Approximately 450 gallons developed from well. 

Remarks 

TFN 6 2/025 
RE CD JUL 30, 2015 

Abandoned 
Date: _____ _______ • 

Method : ----------• 

K:\S her idan\RAMAC 0\13139\ACAO _ WY83E C\OWGS_D6_RESPONSEll.1W_578513-AL• 1_R1 .dwg 5120/2015 1 :40:18 PM dall'e john son 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
epth MONUM:NT 

Project: Brook Mine Monitor Networl< Well: 578513-CRN 'eet) 1/ RISER PIPE -'Z 
-~ ABOVE GROUND Location: N 1,938,329.3 E 1,381 ,665.6 EL 3,847.7 

0 / !;rs._ 

~ ~I'-- S URFACE SEAL 
SANDSTONE 

SE /4, NW/4, Section 13 T. 57N. R.85 W. 
>-

I Geologist: Swayne Redinger -
Drilling Summary Well Development -

SANDSTONE 
Total Depth: 116' Began development on 9/24/13 at 12:30pm. 

2Q... 
Hole Dia.: 9-7/8" Blow dry and then add water and blowout. 

- \ Driller: Shawn Ankne~ Goes to mist and then dry. 

~ Hole appears dry. -
Rig: Gardner Denver 1500 Cease development at 1 :00pm. 

C1 - CLAYSTONE - ~ Bit(s): 9-7/8" PDC to ream 
40 

~ 3/!f' BENTONITE CHIPS 
,-

- ~ ~ Fluid: Air and water 
S ILTSTONE 

>- ~ 

COAL Casing : 5" Certa-Lok SDR-17 PVC - (UNKNOWN) SANDSTONE 

60 

I 
Well Data ,- CLAYSTONE 

Casing: C=Casing S=Screen - COAL 
(UP PER C1 - 101 - +2 I s 1 - _JJ_L - J.Q?__ >- CARNE Y) 

rl t Monument or Surface Casing: - Pt 8" Locking Steel 
80 ~ 

J 
Centralizer: CLAYSTONE 

1 above screen 

>- ~ ~ Casing C1 : 
~ SILTSTONE 5" Certa-Lok SDR-17 PVC - J ~ 

I 
Screen S1 : 

100 ,-
CLAYSTONE 5" PVC with 0.020" slots 

- ~ Filter Pack: 
= COAL T.D. 10/20 Colorado Silica Sand - S1 (LOWER 11 6" Depth: 116 - 106 

~ 
;'-- 1<>'20 SILICA SAND CARNEY) I ----

__sz__ 
>- .,_,. 

CLAYSTONE Bentonite: 
4TH 

120 QTR 
,_ 20 13 3/8" chies 

Depth: 106 - 2.0 Remarks - - --
>-

Cement: - Tvoe 1 

Depth: 2.0 - +0.5 -----
~ Other: 

55 bags bentonite in annulus TFN 6 2/025 - 7 bags sand in filter eack 

>- . D JUL 30, 201 5 

-
~ Construction Time Log 

Abandoned 
Drilling: Start End Date: >-

9/25/13 10:45am 11 :45m Method: -- --
-- --

Casing: Start End 
jJ!Q 

9/25/13 11:45am 12:30em ,,I'~ 
~WWCENGINEERING -- - -

K:\Shen dan\RAMAC 0\ 13139\ACAO _ WY8 3EC\O WGS_D6_RESPONSE'MW _578513-CRN_R1 .dwg 512012015 1 :40'.35 PM dave )ohnsoo 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary 
CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
Iepth MONUM:NT Project: Brook Mine Monitor Network Well: 578513-MST . =eel) V RISER PIPE -2' 

~ ABOVE GROUND Location: N 1,938,341.4 E 1,381 ,680.6 EL 3,848.4 
0 / 1.-r,.. 

~ IF I'---- SURFACE SEAL SE /4, NW /4, Section 13 T. 57N. R.85 W. 
SANDSTONE - Geologist: SwaJ1ne Redinger - Ii:' ~ 

~ Drilling Summary Well Development -
J 

SANDSTONE 
Total Depth: 142• Began development on 9/25/13 at 9:50am. 

2Q__ ~ ~ Hole Dia. : 9-7/8" Inject water and blow dry. 

- ~ Driller: Shawn Ankney Sample at 9:55am: 

~ Turb: 309NTU 
Temp: 13.5' C - Conduct: 3.46mS 

Rig : Gardner Denver 1500 
PH: 8.02 

- CLAYSTONE Driller injected water to help clean well out. 
Bit(s ): 9-7/8" PDC to ream 

~ Well making approximately 7gpm. 

Fluid: 
Sample at 10:07am: - Air and water Turb : 304NTU 

S ILTSTONE Temp: 11 .6' C 
Conduct: 3.SOmS - PH : 8.18 

COAL Casing : 5" Gerta-Lok SDR-17 PVC Sample at 10:20am: - (U NKNOWN) SANDSTONE Turb : 59.2NTU 

_§Q_ 
Temp: 11 .2' C 

Well Data Conduct: 3.49mS 
CLAYSTONE PH: 8.34 

Casing : C=Casing S=Screen 
Cease development at 10:17am. - COAL 

c1-

~ I"---- 3/f5" BENTONITE CHIPS 

(UPPER C1 - 137 - +2 I S1 -~ -Jlz_ Produced approximately 190 gal lons. - CARNEY) 

~ Monument or Surface Casing: - ~ 8" Locking Steel 
80 -

Centralizer: ' ~ CLAYSTONE 

' 
1 above screen and one 40' up 

- ~ 
~ ~ Casing C1: 

S ILTSTONE 5" Gerta-Lok SDR-17 PVC -
100 ?} 

Screen S1 : 
r-- 4TH CLAYSTONE 5" PVC with 0.020" slots 

QTR ! 20 13 Filter Pack: - ....:sz.... = 10/20 Colorado S ilica Sand COAL - ~ (LOWER Depth: 142 - 136 
CAR NEY) --- ---

I-- Bentonite: 
.1lQ 3/8" chips 

Q ; Depth: 136 - 2.0 Remarks --- ---
I-

CLAYSTONE Cement: - Tvoe 1 a T.D. 
Depth : 2.0 - ~ - 142' 

~ S1 
~ COAL I Other: 

! '- = I'---- 1(1'20 SILICA SAND (MASTERS) 65 bags bentonite in annulus 

- TFN 6 2/025 
- R F. C D JUL 30 ,2 015 
-
..1§.Q Construction Time Log 

Abandoned 
Drilling : Start End Date: - 9/25/13 7:30am 9:00am Method: ---

--- ---

Casing : Start End 
J.!!Q 

9/25/13 9:00am 9:45am 
,,,,....~ 

~WWCENGINEERING --- ---
K.\Shen dan\RAMAC0\131 39\ACAO_WY8 3EC\OWGS_D6_RESPONSE'MW_578513-MST_R1.dwg 5/20/2015 1 :40:52 PM dave ,otvison 
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RAMACO 

WELL WELL 
CONSTRUCTION LITHOLOGY 

Depth SCORIA 

Feet) RISER PIPE - 'Z 

0 

3 

6 

9 

1£... 

15 

18 

21 

24 

27 

C1 

ABOVE GROUND 

3/8" BENTONITE CHIPS TOPSOIL 

10/20 SILICA SAND 

October 2018 

ALLUVIAL 
GRAVEL 

CLAYSTONE 

T.D. 
20' 

Brook Mine 

Well Construction Summary 
Client: Ramaco 
Project: Brook Mine Monitor Network Well: 578420-AL-1 

Location: N 1,931,378.96 E 1,392,776.75 EL 3,634.4 

NE /4, SW /4, Section_lQ_ T. 57 N. R.84 W. 

Geologist: Chris McDowell 

Drilling Summary 

Total Depth:_2_0_· ______ _ 

Hole Dia.:_5~-_1I_2· _______ _ 

Driller: Kid Pronghorn 

Rig: Gardner Denver 1500 

Bit(s): 5-1/2" core barrel 

Fluid: Air and foarn 

Casing : 2" SDR17 flush thread PVC 

Well Data 
Ca~ng : C=Ca~ng S=Screen 

C1 -~ - 2.&_ I S1 - -22._-~ 

Monument or Surface Casing: 

Centralizer: 

Casing C1 : 
2" SOR 17 flush thread PVC 

Screen S1 : 
2" SDR17 flush thread PVC with 0.032" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Bentonite: 
3/8" chips 

Cement: 

Other: 

Depth : _5_- .1Q._ 

Depth : _ o_-_5 __ 

Depth : _ - _- _- _ 

Construction Time Log 

Drilling : Start End 

6/18/18 

Casing : 

6/18/18 

Start End 

Well Development 

Well developed on 6/19/18 -6/20/18. on 
6/19/18 well was bailed (3 casing volumes) 
water was turbid . on 6/20/18 well was airlifted 
for 4 hours turbid spray was produced and 
cleaned up slightly. 

Remarks 

n=i s 21°_s 
REC D 10- S- 1 

Abandoned 
Date: ___________ 

1 

Method:----------• 

~ ~CENGINEERING 

K:\Sheridan\RAMAC0\13139\ACAO_WY83EC\DWGS\DWGS_D6\MW_5784~N..-1.dwg 9/20/20 18 4:32:05 PM dave johnsoo 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

Client: Ramaco 
epth PVC SLIP CAP 

Project: Well: 578415-SPL-1 eel) V RISER PIPE -'Z 
Brook Mine Monitor Network 

"""" ABOVE GROUND Location: N 1,934,126.6 E 1,404,656.3 EL 3,603.7 
0 

d ~~ NE /4, NE /4, Section___1L T. 57 N. R .84W. 
I-- tl ,'.r 

- Geologist: 
,-.. ~ Drilling Summary Well Development 
I--

r 
Total Depth: 62' 

J.Q_ 
Hole Dia.: 5-1/2" 

,-.. Driller: Kurt Ta:i:lor 

I--

I--

~ i Rig : Gardner Denver 1500 

- Bit(s): 5-1/2" roller 
,.1Q... 

RUBBLE 

I--

~ ~ Fluid: Air foam 
C1-- f"- 3/8" BENTONITE CHIPS 

,-.. Casing: 2" Certa-Lok SDR-17 PVC 
,-.. 

' ,.1Q._ Well Data 

- :;..4, -= --~·~ Casing : C=Casing S=Screen 
;:...;,; i ~-5,{ ::<. 

1 s1 -_3_1_-_4_1_ 
,-.. 

~~\ 
:..~ .. 

C1-~ ""· - _3_1_ -;:-:; ;~· I-- S1 - ~ Monument or Surface Casing: ~-, i ;~) r-._ 10/20 SILICA SAND 
f- \.'.;~ i,r -

~~ ;; · 40 -5 •?.~ "..c.'-~ Centralizer: 
-

f- MUDSTONE 
Casing C1 : - 2" SDR-17 PVC 

- Screen S1 : 
50 ....- 2" PVC with 0.032" slots 

- 3/8" BENTONITE CHIPS Filter Pack: 
f-

COAL 
10/20 Colorado Silica Sand 

f- ~ Depth: _ 3_1_-_4_1_ 
~ 

I-- T.D. Bentonite: 
,_2Q_ 

62' 
3/8" chies ... MUDSTONE I Depth: _o_-_3_1_ Remarks ,-.. 

,-.. Cement: 

I-- Depth: _ - _- _- _ -
.BL Other: TF 6 2/ '!" -
,-.. REC O 10- 2r - 1s 
,-.. 

--
~ Construction Time Log 

Abandoned 
f-

Drilling: Start End Date: 
f-

- - - Method: -- --
-- ---

f- Casing: Start End 
jQ_ 

- - - ~~~ -- --
WWCENGrNEERING -- --

K.\She ridan\RAMAC0\13139\ACAD_WY83EC\DWGS\OWGS_D6\MW_578415-SPL-1.dwg 9/20/2018 4.31.30 PM dave Johnson 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

PVC SLIP CAP Client: Ramaco 
epth Project: Brook Mine Monitor Network Well: 578415-SPL-2 'eel) 1/ RISER PI PE - 'l 

- ABOVE GROUND Location: N 1,935,618.5 E 1,404,635.8 EL 3,611.5 
0 

I 
SE /4, SE /4, Section--1.§_ T. 57 N. R.84 W. 

t-

t- Geologist: 
t- Drilling Summary Well Development 

- Total Depth: 120· 
20 

t-- Hole Dia.: 5-5/8" 

t- Driller: Kurt Ta~lor 

-- Rig: Gardner Denver 1500 !)I 
RUBBLE 

t- Bit(s): 5 5/8" roller 
~ 

- Fluid: Water and foam 

t-

I t- Casing: 2" SCH 40 flush thread PVC 
!)I 

t-

i ..§Q_ C1 - Well Data 

- ~ I"- 3/8" BENTONITE CHIPS Casing : C=Casing S=Screen 
MUDSTONE I s 1 - -1.QL -__!.1Q_ 

t- C1 - :L - 100 
t-

Monument or Surface Casing: 
CLAY -

80 

I 
Centralizer: 

,Ii 

t-
Casing C1 : - 2" SCH 40 nush thread PVC 

t-

~ MUDSTONE Screen S1 : 
J.QQ 

'";~ / 10/20 SILICA SAND 2" SCH 40 flush thread PVC with 0.032" slots 
>; ~ 

t- ,:.,:, ~\. Filter Pack: -:~-.; ~ ..• 
t- ~};.w\ _ • ~ S1 10/20 Colorado Silica Sand ,,.,., 

- T.D. Depth: _!QQ_ - ...1.1Q__ 
120' - I Bentonite: 3/8" BENTONITE CHIPS CLAY 

120 3/8" chips t--

Depth: _ o_- J..QQ_ Remarks 
t-

t- Cement: 
Tvne 1 - Depth: __ -__ 

t-

~ 
Other: 

TF I 6 2/ 25 
t-

RECD 1 - .,-18 
t-

--
J..§Q Construction Time Log 

Abandoned 
t-

Drilling : Start End Date: 
t- -- -- Method: 

-- ---

- Casing: Start End 
180 ~~ t--

-- --
~CENGINEERING -- --

K.\Shenden\RAMAC0\13 139\ACAD_WY83EC\DWGS\DWGS_D6\MW_578415_SPL 2.ct,,yg 9/2012018 4.30.58 PM deve tohnson 
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RAMACO 

WELL 
CONSTRUCTION 

SURFACE 
MONUMENT 

RISER PIPE -2 
ABOVE GROUND 

SURFACE SEAL 

3/8" BENTONITE CHIPS 

10/20 SILICA SAND 

October 2018 

WELL 
LITHOLOGY 

TOPSOIL 

CLAY 

ALLUVIAL 
SAND 

ALLUVIAL 
GRAVEL 

CLAY 

SANDSTONE 
T.D. 
40' 

Brook Mine 

Well Construction Summary 
Client: Ramaco 
Project: Brook Mine Monitor Network Well: 578524-AL-1 

Location: N 1,934,064.7 E 1,381 ,955.2 EL 3,673.9 

NE /4 , NW /4, Section 24 T. 57 N. R.85 W. 

Geologist: _________________ _ 

Drilling Summary 

Total Depth .:_ 4.:.::0:.....' ______ _ 

Hole Dia.: _8'-·=3/""'4" _______ _ 

Driller: Kurt Taylor 

Rig : Gardner Denver 1500 

Bit(s): 8-3/4" roller/ 8-3/4" PDC 

Fluid: _M~ud~---------

Casing: 5" Certa-Lok SDR-17 PVC 

Well Data 
Ca~ng : C=Ca~ng S=Screen 

C1 - !1_ - .1.Q._ I S1 - _lQ_-~ 

Monument or Surface Casing: 

Centralizer: 

Casing C1 : 
5" SDR-17 PVC 

Screen S1 : 
5" PVC with 0 .032" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Bentonite: 
3/8" chips 

Cement: 
T e 1 

Other: 

Depth: ~ -~ 

Depth: _5_- _1Q__ 

Depth: _o_- _5 __ 

Construction Time Log 

Drilling : Start End 

Casing: Start End 

Well Development 

Remarks 

Tr 1 6 2/ .5 
RECD 1 5-1 

Abandoned 
Date: ___________ _ 

Method: _________ _ 

~~ 
~CENGINEERING 

K:\Sheridan\RAMAC0\131 39\ACAO_WY83EC\OWGS\OWGS_D61MW_578524-AL-1.dwg 9/20/20 18 4:33:55 PM deve Johnson 
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October 2018 

WELL 
LITHOLOGY 

TOPSOIL 

ALLUVIUM 

CLAYSTONE 

COAL 

CLAYSTONE 

T.D. 
75' 

Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network Wei 1 :578524-cRN-PUMF 

EL 3,672.9 Location: N 1,934,173.20 E 1,381 ,917.03 

NE /4, NW /4, Section-2.1._ T. 57 N. R.85 W. 

Geologist: Chris McDowell 

Drilling Summary 

Total Depth :---'8~o_· ______ _ 

Hole Dia. : """'8'---3"""/4-'--"-------
Driller: Kurt Taylor 

Rig : Gardner Denver 1500 

Bit(s): 8-3/4" roller / 8-3/4" PDC 

Fluid: ~M~u~d _________ _ 

Casing: 5" Gerta-Lok SDR-17 PVC 

Well Data 
Ca~ng : C=Ca~ng S=Scraen 

C1-::£_- _g__ jS1-~-~ 

Monument or Surface Casing: 

Centralizer: 
1 in middle of screen 

Casing C1 : 
5" SDR-17 PVC 

Screen S1 : 
5" PVC with 0.032" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Bentonite: 
3/8" chips 

Cement: 
Type 1 

Other: 

Depth : __g__ -~ 

Depth : _ o_-~ 

Depth:_- _-_- _ 

Construction Time Log 
Drilling : Start End 

6/5/18 
6/6/18 

Casing: 

6/6/18 

Start End 

Well Development 

Began development on 6/6/18 at 1220. Air 
lifted for 1.3 hours until 1340. 

Remarks 

Trl 6 2/ 25 
RECD 1 - 25 -1 8 

Abandoned 
Date: 6112118 

Method: removed casing and plugged 
with bentonite 

~~~• n• -r 
r VV VV C ENGINEERING 

K.\Shendan\RAMAC0\13139\ACAD_WYB3EC\DWGS\OWGS_D6\MW_578524-CRN PUMP.dwg 9/20/20 18 4.29.44 PM dave Johnson 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

Client: Ramaco 
Depth Project: Brook Mine Monitor Network Wei 1 :578420-cRN-PUMF Feet) V RISER PIPE-'Z 

- ABOVE GROUND Location: N 1,931 ,278.79 E 1,392,894.78 EL 3,633.5 
0 

~ "' NW/4, SE /4 , Section-1.Q_ T. 57 N. R .84 w. - ~ 
Geologist: Chris McDowell - ~ 

TOPSOIL Drilling Summary Well Development 
>--

~ 

~~ 
Total Depth : 30' Began develof,ment on 6/20/18. Well blew 

>-- ~ 
Hole Dia.: 

dry very quick y and was not producing 
8-3/4" enough water to ai rli ft continuously. 

C1 - X 
~ { I'---- 3/8" BENTONITE CHIPS Driller: Kurt Tallor 

~ 

l 
-

~ Rig : Gardner Denver 1500 
>--

~ Bit(s): 8-3/4" roller 
>--

S1 - ~ 

>-- ~ ~ -....._ 10/20 SILICA SAND Fluid : Mud 
~ 

I ~ 

~ 
Casing : 5" Certa-Lok SDR-17 PVC -

ALLUVIAL 

>--
~ GRAVEL Well Data 

~~ Casing : C=Casing S=Screen 
>--

,I 
C1 - :L - 17.5 I S1 - --11.2._-~ >-- fl_! 

,12.._ Monument or Surface Casing : 
-

- '-\ . Centralizer: ....... ,....., 
.._:.;.i. ;.,~ CLAYSTONE 

- i~~t 
~~ ~~ ~~:c ~ '.~\•, Casing C1 : - ~ :· ~ ... .., .. 
, ~;: ~ .J:, 5" SDR-17 PVC ~~ ~ ~"; 

>-- r;:;;_; ~ ~~.i. •f• ; :jl: Screen S1 : 
~ 

.. .... ...... 

~~~ t: 5" PVC with 0.032" slots 
.... = ~>-•, COAL 

Filter Pack: - ,..~. ~ ,,_;;;, 
~{"~" i.~ 

"'-~~ ~ ?; 1 0/20 Colorado Silica Sand 
>-- t:~\ ~ :..1'.:,: Depth: _1_6 _- ..lQ._ 1;~~ E ~c ,;,c g •. t· ,__ 

~ g :.;r:. Bentonite: 
- ~ ;.., 

~~.; ~ ~r 3/8" chies - ct:,~ -~ ..... 
;,,,;§ ~~ Depth: _o_- _1_6_ Remarks a ;~ § "',· ~,".'c i r-,; -~ t:t.~ ~~- Cement: J,.~ .:-..- --~: ,__ ::?t .. - ... - .• gl>c'-. '"~ g t,, '-~ 
•"'"•- ~·' Depth : __ -__ ,__ ~~~~~ ~t?; 
,·;,:g ,2. 

Other: i~§ -;.; - r, .... § Jr. , 
-~p;.. ~<; ,,~=~--- CLAYSTONE T.D. - ~~i 

30' 

I dQ_ 

Construction Time Log Abandoned 
Drilling : Start End Date: 

6/18/18 - - Method: -- --
-- --

Casing : Start End 

6/19/18 -- -- ~ ~c~GTNEFm.NG 
~~ "~ 

K:\Sheridan\RAMAC0\.13i<J9\AGAD V1A'S!E~l,l;G~WGS_D6\MW_57842~RN-PUMP.dwg 9/20/20 18 4:32:42 PM dave johnS011 
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RAMACO 

WELL WELL 
CONSTRUCTION LITHOLOGY 

f)epth PVC SLIP CAP 

Feet) V RI SER PIPE -'l 
,... ABOVE GROUND 

0 

--- ~ -
jQ_ 

~ --
,-

~ -
.1.Q... 

- ~ 
C1-

3 I"- 3/8" BENTONITE CHIPS -
- ~ ~ 
-
_1Q_ 

-
- CLAYSTONE 

-
-
40 

-
-

- ~ 
- I 2Q.. 

-
~ ~ 

-
-

p !:I: - ,;:-• ~"t"'' .•,;i ·",-

~ 
t;" .;....,< 

,.,,.;t:~ 

~ -::;~.§ - ~1~§ ....... ~~ 
-.:~ 

S1 
....... ~:-. - ~ § ~~,"t----..._ 10/20 SILICA SAND 

'!::~§ :f',.;':< - .r.> :.:,,§ ~·~ - !'°'."' § ~'\'. 
~~= g ~ 

.1Q... ..... \~ 
T.D. - 75• 

- 3/8" BENTONITE CHIPS I ,~· 
COAL -

,-

~ 

--
-

-
J!Q_ 

October 2018 

Brook Mine 

Well Construction Summary 
Client: Ramaco 
Project: Brook Mine Monitor Network Well: 578513-OVB-1 

Location: N 1,936,206.36 E 1,384,801.46 EL 3,753.2 

NE /4, SE /4, Section__JL T. 57 N. R.85 w. 
Geologist: Chris McDowell 

Drilling Summary Well Development 

Total Depth: 70' 

Hole Dia.: 5-112· 

Driller: Kurt Ta~lor 

Rig: Gardner Denver 1500 

Bit(s): 5-1/2" roller 

Fluid: Air foam 

Casing: 2" Gerta-Lok SDR-17 PVC 

Well Data 
Casing: C=Casing S=Screen 

C1 - +2 - 60 I S1- ~ -..lQ_ 

Monument or Surface Casing: 
-

Centralizer: 
-

Casing C1 : 
2" SDR-17 PVC 

Screen S1 : 
2" PVC with 0.032" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Depth: _2_- ..lQ__ 

Bentonite: 
3/8" chies 

Depth: _o_- 27__ Remarks 

Cement: Well cuttings dry in sceened interval. Hit 
coal at 75'. Plugged back with 1 bag of 
bentonite then set screen . 

Depth: _ - _-_- _ 

Other: 
-

Construction Time Log 
Abandoned 

Drilling: Start End Date: 
6/6/18 -- -- Method: 

-- --

Start End Casing: 

6/6/18 -

~ ~ C ENGINEERING -- --
_..'..L "\ ')..../-fMt: .. 

K:\Sheridan\RAMACO\ 13 139\ACAD W Y83Ec :111wGS\DWGS 06\MW 578513-0VB-1. 9/20 /20 18 4 :33:16 PM dave · hnson JO dwg 
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RAMACO 

WELL WELL 
CONSTRUCTION LITHOLOGY 

Depth SCOR IA 

(Feet) RISER PIPE -2' 
ABOVE GROUND 

0 

3/8" BENTONITE CHIPS 

3 C1 

6 

9 

12 

15 10/20 SILICA SAND 

18 

21 

24 

27 

April 2019 

TOPSOIL 

ALLUVIAL 
GRAVEL 

Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network Well: 578433-AL-1 

EL-Location: N 1,922,703.09 E 1,402,205.65 ------
SE /4, NE /4, Section--1.L_ T. 57 N. R.84 W. 

Geologist: J. Scyphers 

Drilling Summary 

Total Depth:_1_6' ______ _ 

Hole Dia. : _3'--~11~2" _______ _ 

Driller: Y-ENVIRONMENTAL 

Rig: Geoprobe 

Bit(s): 3-1/2" direct push drive shoe 

Fluid: 

Casing: 2" SDR17 flush thread PVC 

Well Data 
Casing: C=Casing S=Screen 

C1-+2.5-_s __ 1s1-_s __ -_1_s_ 

Monument or Surface Casing: 
5" lockable steel 

Centralizer: 

Casing C1 : 
2" SOR 17 flush thread PVC 

Screen S1: 
~-i· 2" SDR17 flush thread PVC with 0.032" slots 

I Filter Pack: 
10/20 Colorado Silica Sand 

Bentonite: 
3/8" chips 

Cement: 

Other: 

Depth : _5_- _1_s_ 

Depth: _o_- _5 __ 

Depth: _-_- _-_ 

Construction Time Log 

Drilling: Start End 

8/14/15 

Casing: 

8/14/15 

Start End 

Well Development 

Remarks 

TFN6 2/!J25 
RrCDM AY 23 ,2t!T5 

Abandoned 
Date: __________ _ 

Method:----------• 

K.\Sheridan\RAMAC0\13139\ACAO_WV83EC\DWGS\DINGS _D6\ROUNO _9_ COMMENTS\MW_578433-Al-1 .dwg 4/1512019 4:15:44 PM dave johnson 
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RAMACO 

Depth 
(Feet) 

0 

-
-
-

-
-
-

WELL 
CONSTRUCTION 

,,,,,,,,,- RISER PIPE -2' 
- / ABOVE GROUND 

I! I'-- 3/8" BENTONITE CHIPS 
~ .. 

April 2019 

WELL 
LITHOLOGY 

SCORIA 

TOPSOIL 

ALLUVIAL 
GRAVEL 

T.D. 

Brook Mine 

Well Construction Summary 
Client: Ramaco 

Project: Brook Mine Monitor Network 

Location: N 1,921,551.40 E 1,403,229.15 

NW /4, SE /4, Section__M_ T. 57 N. 

Geologist: J . Scyphers 

Well : 578434-AL-1 

EL-------

R.84 W. 

Drilling Summary Well Development 
Total Depth :_1_3• _______ _ 

Hole Dia.: --'3'---_-'-'-1I2=-"- - -----
Driller: Y-ENVIRONMENTAL 

Rig: Geoprobe 

Bit(s): 3-1/2" direct push drive shoe 

Fluid: 

Casing: 2" SDR17 flush thread PVC 

Well Data 
Casing: C=Casing S=Screen 

C1 - +2.5- 3.0 I S1 - 2,L-~ 

Monument or Surface Casing : 
5" lockable steel 

Centralizer: 

Casing C1 : 
2" SOR 17 flush thread PVC 

Screen S1: 
16' 2" SDR17 flush thread PVC with 0.032" slots 

I Filter Pack: 
10/20 Colorado Silica Sand 

Bentonite: 
3/8" chips 

Cement: 

Other: 

Depth: ____lL- _1_3_ 

Depth : _o_- _1_.5_ 

Depth:_-_-_-_ 

Construction Time Log 

Drilling : Start End 

8/14/15 

Casing: 

8/14/15 

Start End 

Remarks 

TF N6 2 / ~25 
1 C C D fr1 A Y 2 J , 2 O 1 S 

Abandoned 
Date: ------------
Method:---------

K.\Sheridan\RAMAC0\13139\ACAO_W183EC1D'v\'GS\OWGS_06\ROUNO _9_ COMMENTS\MW_5784J.1--Al-1.dwg 4/151201 9 4.17.07 PM dave ,lohnson 
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RAMACO 

WELL WELL 
CONSTRUCTION LITHOLOGY 

Depth SCOR IA 

(Feet) RISER PIPE -2· 
ABOVE GROUND 

0 

318" BENTONITE CHIPS 

3 C1 

6 

9 

12 

15 10/20 SILICA SAND 

18 

21 

24 

27 

April 2019 

TOPSOIL 

ALLUVIAL 
GRAVEL 

CLAY 
T.D. 

Brook Mine 

Well Construction Summary 
Client: Ramaco 
Project: Brook Mine Monitor Network 

Location: N 1,919,746.55 E 1,404,529.15 

NW /4, SE /4, Section___M_ T. 57 N. 

Geologist: J . Scyphers 

Well: 578434-AL-2 

EL-------
R.84 W. 

Drilling Summary Well Development 

Total Depth:_1_6' ______ _ 

Hole Dia. : _3'----""'11=-2" _______ _ 

Driller: Y-ENVIR0NMENTAL 

Rig : Geoprobe 

Bit( S): 3-1 /2" direct push drive shoe 

Fluid: Air and foam 

Casing: 2" SDR17 flush thread PVC 

Well Data 
Casing: C=Casing S=Screen 

C1-+2.5-_6 __ js1-_s __ -_1_s_ 

Monument or Surface Casing: 
5" lockable steel 

Centralizer: 

Casing C1: 
2" SDR 17 flush thread PVC 

Screen S1 : 
1s· 2" SDR17 flush thread PVC with 0.032" slots 

Filter Pack: 
10/20 Colorado Silica Sand 

Bentonite: 
3/8" chips 

Cement: 

Other: 

Depth: _5_- _1_s_ 

Depth: _o_- _5 __ 

Depth: _ - _-_-_ 

Construction Time Log 

Drilling: Start End 

8/14/15 

Casing: 

8/14/15 

Start End 

Remarks 

TFNB 2/C25 
R CD ,11 A y 2 3 , 2 1"" i1 

Abandoned 
Date: ------------
Method:---------

K.\Sher1dan\RAMAC0\13139\ACAD_WY83EC'lJVVGSVJvVGS_06\ROUND_9_COMMENTS\MW_578•34-Al-2.dwg 4/15/2019 4 14 19 PM dave johnson 
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RAMACO Brook Mine 

WELL WELL Well Construction Summary CONSTRUCTION LITHOLOGY 

SURFACE Client: Ramaco 
Depth MONUMENT Project: Brook Mine Monitor Network Well: 578421-3-MAS (Feet) / RISER PIPE -2' 

~ ABOVE GROUND Location: N - E- EL-
0 _; ~ ~ 

.....____ SURFACE SEAL COAL - /4 - /4 Section__11__ T. 57 N. R.84 W. -- ' -- ' -
1 ' Engineer: Loren Ruttinger 

-
~ Drilling Summary Well Development 

- GRAVELY 
SILT Total Depth : 135' DEVELOPED WITH AIR LIFT FOR 

20 ~ APPROXIMATELY 1.75 HOURS - Hole Dia. : 8-3/4" \MTH THE AIR LINE AT 120' 

- ~ Driller: KurtTa:r:lor 
SANDSTONE 

-
~ 

Rig: Gardner Denver 1500 
- ~ 

SAND 
Bit(s) : 14-3/4" roller {surface) 

~ 8-3/4" PDC to ream 

~ I Fluid: - SILT Water, foam, eol:r:mer, bentonite mud 

~ 3~ -
i Casing: 5" Gerta-Lok SDR-21 PVC 

- CLAY 

60 Well Data -
Casing : C=Casing S=Screen 

- ~ 

~ C1- ~ C1 - ~ - +2 I s 1 -~ -...!.!L - ); "'- 3/8" BENTONITE CHIPS 

~ 

I 
SILT Monument or Surface Casing: 

-
8" Locking Steel 

80 
Centralizer: 

- -

- Casing C1 : 
5" Gerta-Lok SDR-21 PVC 

-
~ 

COAL 

100 
Screen S1 : 

-
~ ~ 

5" PVC with 0.020" slots 

- ~~ ~! MUDSTONE Filter Pack: 
10/20 Colorado Silica Sand 

- Depth : __!.!L - .EL COAL 

I-- Bentonite: 
~ ·.~ MUDSTONE 3/8" chies 

S1--~ COAL Depth: _ 2_ -~ Remarks ·.= -
.....____ 10/20 SILICA SAND 

CARBONACEOS 
:~ CLAYSTONE T.D. Cement: BENTONITE CHIPS SWELLED IN 

- •!--!".;. 135' Tvoe 1 
ANNULUS AND BRIDGED. COULD 

·'• NOT GET FULL ANNULAR 
CLAYSTONE I Depth: _o_- _2 __ VOLUME OF BENTONITE IN HOLE. 

I--

,:,,"'"'~ 140 Other: 
I---

11.% \ 'c {~~<::) 
-

lt,DEQ\'--t::} 
I--

I--

j§Q RECEIVED Construction Time Log 
Abandoned 

Drilling : Start End Date: I--

FEB l .3 2020 12/2/14 -- -- Method: 
I--

-- --
WDEO-LQD -
CHEYENNE Casing : Start End 

r lo ?./o ?.5 
12/5/14 ~~ -- --

~CENGINEERING -- --
K.\Sheridan\RAMAC0\13139\ACAO_WY83EC\DVVGS\O'A-GS_06\ROUN0_9_COMMENTSIMW_578421-MAS.ct.Yg 411512019 4.13 46 PM dave Johnson 
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RAMACO Brook Mine 

O> 

~ 
C:' 
r--

l:i 
(!) 

5 z 
w 
f-
w 
<( 

a'. 
l'.) 

d, 

5 z 
w 

ti; 

AMERICAN 

ENGINEERING 

TESTING, INC. BORING LOG 

PROJECT NUMBER ~ 1~9-~2~0~11~9~------------ BORING/WELL NUMBER ~5~7~84~1=5~-A~L~-1~--------
PROJECT NAME WWC Monitoring Well DATE DRILLED __,_7-'--'/1'""9'--'/1=9 _____________ _ 

LOCATION Acme. Wyoming CASING TYPE/DIAMETER Flush Threaded 2" Sch. 40 PVC 

DRILLING METHOD _ 4_.2~5'_' H_S~A ____ _______ _ SCREEN TYPE 

PACKING TYPE 

Flush Threaded 2" PVC Screen 

SAMPLING METHOD -----'C~o=n=tin=u=o=us=------------

GROUND ELEVATION - ~3~5~7~3~.0~8~fi=e~et~-------

10-20 Silica Sand 

GROUT TYPE -~B~e=n=to=n=ite=------- --------
TOP OF CASING __ 3'-'-'--5-'--76-'----.'--'-0--'-0 --'--f e-'--e'-'-t _________ _ DEPTH TO WATER 29.80 feet from TOC @ 1300 on 7/ 19/ 19 

J . Huot GROUND WATER ELEVATION 3,546.20 feet -~----------LOGGED BY 

REMARKS L atitude: 44.912803 ; Longitude: -106.9783 I 6 Depth to bottom of well from TOC = 36.90 feet 

E c >- a::: .....I a::: ~ :; I::J' a. :J w VJ WW 
.e, 0 > Q) .....la.. I-('.) u o-5 ~~ 

a::: a.. CI) 
::> 3: w w . 
z 0 U .!:: I- 0~ 
I in 

w ~ 
Cl) ~ a::: 

NA NA 60 HSA 
1 

NA NA 60 HSA 
2 

NA NA 60 HSA 
3 

NA NA 60 HSA 
4 

NA NA 60 HSA 
5 

NA NA 60 HSA 
6 

NA NA 49.2 HSA 
7 

u (/) 
:i: C> ~ a..o 

~ ~.....I 
::> C) 

MATERIAL DESCRIPTION 

Lean Clay with gravel and organics, brown, moist (Fill) 
Gravelly Lean Clay with sand and trace organics, 
brown, moist (Fill) 

Silty-Sandy Lean Clay tan-brown, moist (Fill) 

Silty Lean Claywith sand, gravel, and cobbles, 
interbedded with coal and weathered shale fragments, 
brown-gray-black, moist (Fill) 

Note: Increased moisture content 

Weathered Fine Grained Sandstoneinterbedded with 
weathered shale and silty lean clay lenses, gray-tan, wet 
(Tongue River Member of the Fort Union Formation) 

End of Boring 

.....I 
3:w 
C) (ij 4"x4"Steel 

Protective 
.....I ,.--,, 

Concrete Seal 

2" PVC Riser 

Bentonite Seal 

2" PVC 0.010" 
Slot Screen 

10-20 Silica 
Sand 

<( .___...,__ _ _,_ _ _.__ _ __._,_ _ ___,'--_..___.__ ___ _____ ___________ __.__ _ ___. _ __ '--------' 

December 2019 TF N6 2/025 Addendum 06-7 -36 
.. 0 O.C 13 ,2019 
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ADDENDUM D6-8 

Pumping Test Report 
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RAMACO Brook Mine 
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RAMACO 

D6-8 

D6-8.1 

Brook Mine 

PUMPING TEST 

Introduction 

This report presents the results of the pumping test program conducted 

in support of the Brook Mine Permit Application. The program was conducted 

at the Section 9 baseline characterization well cluster located in the SESE 

quarter/quarter of Section 9, Township 57 north, Range 84 west. After 

discussion with WDEQ and analysis of historic well data surrounding the 

permit area, a cluster of wells in the eastern portion of permit was chosen 

because the coal seam aquifers in the western portion of the permit area were 

dry, or exhibited very little saturation. The Section 9 well cluster is depicted on 

Figure D6-1. 

The Section 9 cluster consists of five separate monitor wells. Two 

monitor wells are completed in the Carney Coal, two are completed in the 

Masters Coal, and one monitor well is completed in the underburden beneath 

the Masters Coal. Wells were not completed in the overburden and interburden 

because these units were dry. No alluvial material is present within the 

immediate vicinity of the cluster so alluvial monitor wells were not completed 

as part of the cluster. Separate pumping tests were conducted on wells 

completed in the Masters and the Carney Coal seams. Only one underburden 

well was used for the testing as the underburden was typically unsaturated. 

Figure D6-2 depicts the relative location of each of the wells in the cluster. 

D6-8.1.1 Purpose and Scope 

This report describes the methods and techniques used to measure the 

aquifer characteristics of hydraulic conductivity (K), transmissivity (T), and 

storativity (S) of the aquifers of interest and provides the test results. 

D6-8.2 Pumping Test Procedures 
TFN 6 2/025 
RECD OCT 23,2015 

Prior to performing the pumping tests, WWC Engineering (WWC) 

developed a pumping test plan to serve as an operational guide for field 

October 2015 Addendum D6-8-4 
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RAMACO Brook Mine 

personnel during the pumpmg test. The pumpmg tests were performed m 

accordance with this plan. This plan is included in Attachment D6-8-A. 

D6-8.2.1 Pumping Test Equipment/Discharge Management 

The pumped wells were equipped with a Grundfos Redi-Flo2 0.5 

horsepower submersible pump powered by a portable generator. The pump 

setting depth was approximately 119 feet below ground level (bgl) in the 

Masters well (MST-1), and 105 feet bgl in the Carney well (CRN-1). During 

each test the discharge rate was controlled with a ball valve, a pressure gage, 

and a 0.5 gpm Dole valve. The flow was manually controlled using the ball 

valve to maintain a constant pressure reading, which ensured a constant 

discharge rate. Flow rates were measured using a bucket and stop watch. A 

blank example field form is included in Attachment D6-8-B. Discharge 

measurement field data sheets for the Masters and Carney pumping test areas 

are provided in Attachments D6-8-C and D6-8-D, respectively. The flow rate 

was maintained at approximately 0.33 gpm during both pumping tests. 

Pumped water was contained onsite within excavated pits. No water was 

discharged to any drainages during the tests. 

D6-8.2.2 Background Monitoring 

Background monitoring for each test was conducted using a combination 

of transducers and manual depth measurements. Three transducers were 

used during each test. All three transducers were manufactured by In-Situ 

Inc. Two of the transducers had a full scale reading range of 15 psi and the 

other one had a 50 psi range. All the transducers were set to record water level 

on one minute increments prior to and during the pumping tests. 

D6-8.2.2.1 MST-1 Pumping Test Background Monitoring 

For the MST-1 pumping test, the 15 psi transducers were installed in the 

MST-1 and the Masters Observation well (MST-OB) approximately 

19 hours before the start of the pumping test. The 50 psi transducer was 

TFN 6 2/025 
RF.CD JUL 30,2015 
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RAMACO Brook Mine 

installed in the Masters underburden well (MST-UB) at the same time the 

Master's wells were instrumented. Manual groundwater level measurements 

were used to verify the transducer data prior to and during the pumping tests. 

Prior to the pumping test there had been no drilling, sampling, or pumping 

activities near the site for 35 days. Water levels measured over the 19 hour 

pre-test monitoring period demonstrated that the aquifer was stable prior to 

the pumping tests since no measurable changes in the water levels were 

observed. 

D6-8.2.2.2 CRN-1 Pumping Test Background Monitoring 

For the CRN- 1 pumping test, the 15 psi transducers were installed in the 

CRN-1 and the Carney Observation well (CRN-OB) approximately 

16 hours before the start of the pumping test. The 50 psi transducer was 

installed in MST-1 at the same time the Carney wells were instrumented. 

Manual groundwater level measurements were used to verify the transducer 

data prior to and during the pumping tests. The Carney Coal seam pumping 

test was conducted two days after the pumping test conducted in the Masters 

Coal seam; however, prior to, during, and after the Masters pumping test 

manual water level measurements were taken in the Carney wells. Water level 

data collected from the Carney wells demonstrated that water levels in the 

Carney Coal did not deviate during the Masters pumping test and were stable 

prior to the pumping test. 

D6-8.2.3 Test Procedures and Methods of Analysis 

Prior to conducting the pumping tests, discharge rates and resulting 

time-drawdown data were recorded at the designated pumping wells during 

routine water quality sample collection. Based on the drawdown response at 

each pumped well, a pumping rate that would effectively stress the aquifer for 

an appropriate test duration was determined, thus eliminating the need to 

conduct a step-drawdown analysis on the pumping wells to select the optimum 

pumping rates. TFN 6 2/025 
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The raw pressure transducer data were downloaded in the field and then 

converted into Microsoft Excel files. As applicable, manual water level 

measurements were added to transducer data in order to extend the data set. 

The time-drawdown data, along with the pumping rates and well completion 

information, were then imported into the AquiferWin32 program (ESI 2003) for 

analysis and presentation. 

D6-8.3 Pumping Tests 

D6-8.3.1 Well Locations and Completion Intervals 

The Cluster 9 wells are located within the same general vicinity (within a 

50 foot radius as shown on Figure D6-2). Completion information for each well 

is provided in Table D6-1. 

D6-8.3.2 Pumping Rate and Duration 

D6-8.3.2. l Masters Pumping Rate and Duration 

Within the Masters Coal seam, the pumping test commenced in MST-1 at 

11:12AM on November 12, 2013 and ended at 9:52PM on November 12, 2013 

for a total duration of 640 minutes. MST-1 was pumped at an average 

discharge rate of 0.33 gpm. Discharge measurement field data sheets are 

included in Attachment D6-8-C. After the pumping period, the transducers 

remained in MST- 1 and MST-OB until 4:30PM on November 13, 2013. Manual 

water level observations continued until 8:00AM on November 16, 2013. 

D6-8.3.2.2 Carney Pumping Rate and Duration 

Within the Carney Coal seam the pumping test commenced in CRN- 1 at 

8:41AM on November 14, 2013. After approximately 12 minutes the pump 

overloaded, and shut down. The pump was immediately restarted and then it 

shut down again at approximately 9:00AM (7 minutes). Believing that the 

pump may have been set in the mud at the bottom of the well the pump was 

raised four feet and restarted at 9:03AM. After raising the pump in the well, no 

further problems were encountered and the pump continued to pump at a 
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steady rate with no shut-downs until the test was terminated at 7:35PM. The 

total duration of the test was 632 minutes. CRN-1 was pumped at an average 
rate of 0.33 gpm. Discharge measurement field data sheets are included in 
Attachment D6-8-D. After the pumping period, the transducers remained in 
CRN-1 and CRN-OB until 8:00AM on November 16, 2013. 

D6-8.3.2.3 Well Responses 

Groundwater level hydrographs for the pumped well and the observation 
wells for the Masters and the Carney pumping tests are presented in 
Attachments D6-8-E and D6-8-F, respectively. Tables D6-2 and D6-3 
summarize the maximum amount of drawdown observed in each well during 
the pumping tests. 

The pumping test results demonstrate that the observation and pumped 
wells within each respective coal seam are in hydraulic communication with 
each other. When the Masters well (MST-1) was pumped, there was no 
response due to pumping in the Carney wells, and conversely when the Carney 
well (CRN-1) was pumped no response was observed in the Masters wells. In 
both cases no response due to pumping was recorded in the underburden well 
(MST-UB) which demonstrates that the Masters and Carney wells are not in 
hydraulic communication with each other nor are they in communication with 
the underburden. 

It is unlikely that a longer pumping period would have resulted in 
communication across the interburden between the coals because there are 
significant differences between the static water levels in the Carney coal and 
the Masters coal. As shown on Table D6-2, the initial water level in the Carney 
Coal was approximately 11. 5 feet higher than the water level in the Masters 
Coal and the initial water level in the Masters Coal was approximately 9 feet 
higher than the initial water level in the underburden well. If there were a 
hydrologic connection between the aquifers, it is likely that the water levels in 
the aquifers would have come into equilibrium. 

As noted on Tables D6-2 and D6-3, increased water levels were noted in 
the Carney Coal wells during the Masters Coal pumping test that are attributed 
to changes in barometric pressure. A similar rise in water levels due to the 
barometric pressure was noted in the Masters Coal wells during the Carney 
Coal pumping test although the rising water level may also be attributed to 
recovery from the previous pumping test in the Masters coal. Field water level 
measurements as compared to barometric pressure measurements collected at 
the Sheridan County Airport (approximately 10 miles south of the wells) 1s 
included as Attachment D6-8-K. 
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Only very minor water level variations in the Masters underburden well 
(MST-UB) were noted during both pumping tests . As shown on the well 
completion form in Addendum D6-7, MST-UB was completed in an interval 
that was predominately claystone with an estimated yield less than 2 gpm. 
Essentially, the strata in which MST-UB is completed is more of an aquitard 
than an aquifer. As a result, it takes a lot longer for the water levels in the well 
to adjust to changing atmospheric pressure because water does not enter or 
discharge from the formation very fast . The lack of barometric responses in the 
MST-UB are attributed to the fact that the low yielding aquitard in which the 
well is completed has a lower barometric efficiency than the wells completed in 
the coal aquifers. 

D6-8.4 Determination of Aquifer Parameters 

Drawdown data from pumping tests completed in each respective coal 
seam were used to determine the hydraulic coefficients of the Carney and 
Masters Coal. The AquiferWin32 , Version 3, software was used to analyze the 
drawdown and recovery data for the pumped wells and the observation wells. 

At the Section 9 cluster, the Masters Coal seam is approximately six feet 
thick and the Carney Coal seam is approximately 18 feet thick. As shown on 
Table D6-1 the screened interval in the Masters Coal wells is five feet. The 
screened interval in the Carney Coal wells is 20 feet. In a confined aquifer, the 
optimum screen length should be 80 to 90 percent of the aquifer's thickness 
(Driscoll 1986). Therefore, all the wells are considered to be fully penetrating 
wells. 

The aquifer coefficients of transmissivity (T) and storativity (S) for the 
pumped well and the observation well were calculated using the Cooper-Jacob 
( 1946) and Theis ( 1935) methods. The results are summarized in Table D6-4 
and plots of the time-drawdown data and analyses are included in Attachments 
D6-8-G through D6-8-J. The transmissivity estimates resulting from the 
various analysis methods were consistent and for the Carney Coal range from 
5.1 to 5.6 ft2 /day, and for the Masters Coal the transmissivity ranged from 2.9 
to 3.6 ft2 /day. The drawdown data for all four wells closely follow the Theis 
curve. No hydrologic boundary conditions were encountered and the hydraulic 
conductivity values presented in Table D6-4 are considered valid. No 
responses were observed across the interburden, therefore the vertical 
hydraulic conductivity of the interburden is too low to measure and no analysis 
were performed to assess the aquifer parameters in the interburden. 
Additionally, the differing static water levels in the Carney and Masters coal 
seams demonstrate that the vertical hydraulic conductivity of the interburden 
is very low. Storativity values were determined using the Theis drawdown 
analysis on the observation wells. The storativity estimated at the Carney 
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observation well (CRN-OB) is 3.6 x 10-4 and at the Masters Observation well 
(MST-OB) is 2.5 x 10-4 . These storativity values suggest confined aquifer 
conditions. 

There are several faults identified within the region, however no 
hydrologic boundary conditions were observed in the data, therefore it can be 
surmised that the faults did not have an impact on the results of the aquifer 
tests. As can be seen on Exhibit D6.2-2, the 578409 well cluster is located 
approximately 2,100 feet south and east of the nearest mapped fault. Since 
neither the Carney nor the Masters coal seams are very robust aquifers and 
have low transmissivity values, it is not surprising that the nearest fault would 
not influence the pumping test results. For example, using Theis drawdown 
equations and the aquifer characteristics measured in the Masters coal 
(transmissivity of 3.2 ft2 / day, storativity of 2.5 x 10-4, and a pumping rate of 
0.5 gpm) , it is estimated that it would take over 70 days of continuous 
pumping for a water level response greater than 0.5 feet to be observed 2,000 
feet away. Therefore the likelihood that the faults would have influenced the 
pumping test results is very low. 

D6-8.5 Summary and Conclusions 

The goals of the aquifer pumping test program were 1) to evaluate the 
aquifer hydraulic characteristics of the coals and develop baseline data to be 
used for modeling and permitting purposes, 2) to evaluate the level of hydraulic 
communication between the coals and the underburden beneath the Masters 
Coal. The pumping test program successfully met both goals. As shown in 
Table D6-4, data from the pumping test was able to be successfully used to 
estimate the hydraulic conductivity and the storativity of the coal aquifers. The 
test also demonstrated the lack of hydraulic communication between the coal 
seams and the underburden at the test site. 
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D6-8.7 Certification 

I, Michael J. Evers, hereby certify that this report was prepared by myself or 
under my direct supervision and that it correctly represents the conditions 
described in the accompanying addendum which is provided to meet the 
requirements of the Wyoming Environmental Quality Act and its accompanying 
regulations. 
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T bl D6 1 W 11 C a e - e 1 . I f, omp etlon n ormatlon 
Depth to Depth to 

Top of Bottom of Total 
Geologic Unit Screen Screen Depth 

Well ID Monitored Well Type (ft bgs) (ft bgs) (ft) 

CRN- 1 Carney Coal Pumped Well 88 108 109 
CRN-OB Carney Coal Observation 89 109 110 
MST-1 Masters Coal Pumped Well 115 120 122 

MST-OB Masters Coal Observation 116 121 122 
Masters Coal 

MST-UB Underburden Observation 130 140 142 
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Table D6-2. Pumping Test Drawdown and Response Summary for Masters Coal 
Pu T mpmg est 

Time After Radial 
Initial Pump On for Distance 

Initial Water First from 
Depth Level Maximum Drawdown Pumped 

to Water Elevation Drawdown Response Well 
Well ID Well Type (ft) (ft amsl) (ft) (min) fft) 

CRN-1 Observation 91.2 3621.5 +0.23 ft* No Response 14.1 

CRN-OB Observation 91.1 3621.9 +0.23 ft* No Response 29.8 
MST-1 Pumped 101.7 3610.7 10.4 0 0 

MST-OB Observation 102.3 3611.0 6.3 2 13.1 
MST-UB Observation 110.1 3602.0 0 No Response 14.1 

* Rising water levels during the test were attributed to changes in barometric pressure over the 
course of the test. Over the course of the test the barometric pressure measured at the Sheridan 
County Airport decreased by 0.31 feet. Assuming a similar change in barometric pressure occurred 
at the site, the water level in the observation wells would be expected to rise as a result. 
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Table D6-3. Pumping Test Drawdown and Response Summary for Carney Coal 

* 

Pu T t mpmg es 
Time After Radial 

Initial Pump On Distance 
Initial Water for First from 
Depth Level Maximum Drawdown Pumped 

to Water Elevation Drawdown Response Well 
Well ID Well Type (ft) (ft amsl) (ft) (min) (ft) 
CRN-1 Pumped Well 90.9 3621.8 6.1 0 0 

CRN-OB Observation 90.9 3622.1 2.9 2 15.7 
MST-1 Observation 101.8 3610.6 0 No Response 14.1 

MST-OB Observation 102.5 3610.8 +0.27* No Response 13.3 
MST-UB Observation 110.1 3602.0 +0.29* No Response 28.2 

The rise in water level recorded in the MST-OB and MST-UB wells is attributed to the 
combined effects of continued water level recovery and barometric pressure changes, over 
the course of the test. The barometric pressure is estimated to have decreased by 0.19 
feet which would result in a rise in the water levels in the well. In addition, the Masters 
Coal wells were still recovering from the pumping test two days earlier which may also 
explain the water level recovery observed in the wells. 
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Table D6-4. Masters and Carney Pumping Tests Summary of Hydraulic Characteristics 

Aquifer 
Transmissivity Thickness 

Well ID Well Type Interpretation Method (ft2/day) (ft) 

Carney Coal Hydraulic Characteristics 
578409-CRN- l Pumped Cooper Jacob Straight Line Drawdown 5.7 18 

Theis Drawdown (Confined) 5.1 18 

Theis Recovery 5 .2 18 

578409-CRN-OB Observation Cooper Jacob Straight Line Drawdown 6.0 18 

Theis Drawdown (Confined) 5 .9 18 

Theis Recovery 5.6 18 

Minimum 5.1 
Maximum 6 .0 
Average 5.6 

Masters Coal Hydraulic Characteristics. 
578409-MST-l Pumped Cooper Jacob Straight Line Drawdown 3.2 6 

Theis Drawdown (Confined) 3.2 6 

Theis Recovery 2.9 6 

578409-MST-OB Observation Cooper Jacob Straight Line Drawdown 3 .6 6 

Theis Drawdown (Confined) 3.3 6 

Theis Recovery 3.1 6 

Minimum 2.9 

Maximum 3.6 
Average 3.2 
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RAMACO Proposed Brook Mine Pumping Test Plan 
November 4, 2013 

INTRODUCTION 

This work plan details procedures to complete a pumpmg test on 

baseline monitor wells constructed as part of RAMACO's proposed Brook mine. 

The goal of the pumping test is to determine aquifer hydraulic properties for 

the Carney and Masters coal seams within the project area. 

PUMPING TEST PROGRAM 

Wells 

RAMACO has completed 2 wells in both the Carney and the Masters coal 

sea ms. In each coal seam one well will serve as a pumping well and the other 

will serve as an observation well. In both coal seams the observation well is 

located approximately 15 feet from the proposed pumping well. 

Antecedent Conditions 

The pumped well and the observation well will each be equipped with 

recording pressure transducers. These transducers will collect water level data 

continuously. The pressure transducers will be vented, which eliminates the 

barometric effects on the sensor. 

After the pressure transducers are installed in each well, water level data 

will be collected prior to the pumping test to establish antecedent conditions. 

Water level data will be collected for up to 24 hours prior to the test to 

demonstrate that aquifer conditions are stable. In order to evaluate aquifer 

stability, the pre-test hydrograph will be evaluated to determine if the otserved 

water level changes are beyond what can be attributed to naturally occurring 

barometric effects. If water level changes are greater than barometric effects, 

the pre-test monitoring period will continue until background water level 

trends can be determined to properly evaluate test data. 
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Test Discharge Rate and Duration 

Anticipated pumping test constant discharge rates will range from 0.25 

to 5 gpm. The duration of the test may range from 12 to 24 hours as field 

conditions merit. Ultimate test duration will be determined in the field with the 

test duration adjusted as necessary to ensure a drawdown response is 

observed in the observation well. Typically, the minimum acceptable response 

in an observation will be one foot. Field data will be collected and analyzed in 

real time to determine if boundary or equilibrium conditions are encountered. 

Example field forms are included in Attachment D6-8-B. 

Discharge Management 

Water will be collected in a stock tank and used for livestock or wildlife 

water or used for irrigation in those instances that it meets WQD rules and 

regulations, Chapter 8, Table 1, Class I, II or III. Water will not be directly 

discharged in a manner that allows it reach waters of the state. 

TEST PROCEDURES AND METHODS OF ANALYSIS 

Two separate pumping tests are planned, one of which will occur in the 

Carney Coal seam and the other will occur in the Masters Coal seam. The 

procedures for each test are described in detail below. 

Water Level Measurement 

During each pumping test water levels within the pumped well and the 

observation well completed in the same coal seam will be measured with 

recording pressure transducers. The pressure transducers will be installed in 

the observation wells prior to the pumping test and aquifer stabilization will be 

evaluated before the test commences. Table 1 provides proposed pressure 

transducer specifications. Prior to the test, water levels will be measured to the 

nearest hundredth foot with an electronic water level probe and pressure 

transducers will be set to record head changes once per minute. After pumping 
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has ceased, water level measurement will continue through recovery of the 

pumped well. Typically, recovery will be defined as the point at which water 

levels in the pumping well reach 90 percent of the pre-pumping test levels. 

Depending on the specific aquifer conditions and the location of the well, 

recovery levels may be adjusted as necessary. All well response and discharge 

data will be recorded on the field form, an example of which is provided in 

Attachment D6-8-B. 

T bl 1 a e . M ·t W 11 T on1 or e rans d ucer s .fi t· ipec1 1ca ions 
Well Type Transducer Parameters Accuracy 

Measured 
Pumping Well 50 psi Pressure level Press. ± 0.01 % 

Production Observation 
15 psi Pressure level Press. ± 0.01 % 

Wells 

In order to determine the degree of hydrologic continuity between each 

coal seam, periodic manual water level measurements will be taken throughout 

each pumping test in the observation well completed in the adjacent coal seam. 

In order to determine whether the pumping test is actually influencing water 

levels in the adjacent coal seam, manual water levels will be collected during 

each stage of the pumping test which includes the pre-pumping stabilization 

stage, pumping stage, and aquifer recovery stage. 

Discharge Measurement 

Dole Valves will be used to maintain constant flow rates during the 

pumping tests. For the first eight hours of the test the flow will also be 

manually recorded using a stop watch and container of known volume by field 

personnel on intervals not exceeding two hours. Depending on the 

performance of the pumping well during the initial pumping period, the 

frequency of the manual flow verification may be reduced for the remainder of 

the pumping test. 

Field Measurement and Samples 

Field parameters (pH) will also be measured m conjunction with flow 

measurements. 
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Field Operations and Schedule 

The pumping test will be conducted using a portable generator to provide 

power to a pump installed within the pumping well . A typical pumping test 

could take up to six days. The exact test schedule may vary depending on 

actual aquifer conditions encountered at the pumping test location. Table 2 

summarizes a typical pumping test schedule. 

Table 2. T 

Transducer 
Installation 

1 Da 

Flow Management 

Stability 
Monitorin 

1 Da 

Test Schedule 

Pump Test Recovery 

12-24 Hours U to 3 Da s 

A dole valve will be used to maintain a constant flow rate. Pressure 

upstream of the dole valve will be measured throughout the pumping test to 

ensure the pressure is appropriate for accurate flow regulation through the 

dole valve. A manual valve installed upstream of the both the dole valve and 

the pressure gauge will allow for adjustment of the pressure and ultimately 

flow through the dole valve to ensure flow is maintained at a constant rate. 

Manual flow measurements using a bucket and stopwatch will be used to verify 

flow rates. 

METHODS OF ANALYSIS 

Pumping test results will be analyzed using the Cooper and Jacob (1946) 

method for the drawdown portion of the test and the Theis ( 1935) for the 

recovery portion of the test. 

Data will also be evaluated usmg the method(s) appropriate to the 

observed well responses. Depending upon the response recorded m the 

observation and pumping wells (i.e. confined, unconfined, leaky confined, and 

partial penetration). One or more of the following techniques will be used: 

• Non-leaky confined, Theis (1935); Cooper and Jacob (1946) 

• Leaky confined, Han tush and Jacob ( 1955) 
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• Leaky confined with storage in confining layer, Han tush ( 1960) 

• Partial penetration, Hantush (1964) 

• Unconfined, Neuman (1972, 1975) 
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ATTACHMENT D6-8-B 

Example Field Form 

TFN 6 2/025 
RECD NOV 14,2014 

October 2014 Addendum D6-8 -24 DEQ Ex. 3-416



121 
N 

" N 
00 

" 

RAMACO 

/'/' 
~WWCENGINEERING 

AQUIFER TEST FIELD DAT A 

Brook Mine 

N 121 Project/Client ______________________________ _ 
N 
121 

Pumped Well No. ___________ Observation Well No. __________ _ 

Type of Pump Test: D Constant Discharge D Step-Drawdown 

Pumped Well Casing ID __________ inches 

Distance Between Pumped and Observation Wells ________ feet 

Water Level Measurements by: D electric tape D pressure transducer 

'lischarge Measurements by: D bucket/stopwatch D flow meter D flume/weir 

Screen/Perforation lnterval(s) (below land surface) _________________ _ 

Depth of Pump Intake (below land surface) _________ feet 

Depth of Static Water Level (from measurement point) _______ feet 

Height of Measurement Point (above land surface) ________ feet 

Elevation of Measurement Point ________ feet a.m.s.l. 

Pump On Date I I Time AM/PM 

Pump Off Date I I Time AM/PM 

Weather Conditions 
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RAMACO 

October 2014 

ATTACHMENT D6-8-C 

Masters Pumping Test 
November 12, 2013 
Discharge Rate Data 

Brook Mine 

TFN 6 2! 025 
ECI 19\' 14,2014 

Addendum D6-8 -27 DEQ Ex. 3-419
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RAMACO 

~~ 
~WWCEN GINEE RI N G 

AQUIFER TEST FIELD DATA 

Brook Mine 

121 Project/Client.:....: ---=-R-"'A-"M'"'-=-A=C;_;:O=-----------------------------
N 
121 

Pumped Well No. ___ M~S--'-T--'1 _____ Observation Well No. ---'-'-M"""S'--"T--O=-=-B....;_A..;.:..N=D:;.....:...:.;M=S-=-T---'-U=B=----

Type of Pump Test: [8J Constant Discharge D Step-Drawdown 

Pumped Well Casing ID ___ _;_4'_' ____ inches 

Distance Between Pumped and Observation Wells 12.8' TO MST-OB AND 14' TO MST-UB feet 

Water Level Measurements by: [8J electric tape [8J pressure transducer 

..... ischarge Measurements by: [8J bucket/stopwatch D flow meter D flume/weir 

0.5 gpm dole valve with constant pressure of 10 psi on valve. 

Screen/Perforation lnterval(s) (below land surface) _________________ _ 

Depth of Pump Intake (below land surface) -----=-1-=-1-=-9_' ___ feet 

Depth of Static Water Level (from measurement point) __ ....;_10-=-1..;...;.•-=-68-=-'-----feet 

Height of Measurement Point (above land surface) ---~2=•....;_64....;_' ___ feet 

Elevation of Measurement Point ________ feet a.m.s.l. 

Pump On Date 11 I 12 I 13 Time 11: 11 @PM 

Pump Off Date 11 I 12 I 13 Time 9:57 AM,@) 

Weather Conditions Cool and foggy early then sunny. 

Test Performed by Ray Moores and Rod Fuller 

TFN 6 2/025 
RECD NOV 14,2014 

October 20 14 Addendum D6-8-28 DEQ Ex. 3-420



Starting WL = 101.68 

~ Pump On @ 11 : 12 
0 er 
(b 
"1 

tv 
0 ..... 

/'/' 
~WWCENGINEERING 

AQUIFER TEST FIELD DATA 

..:. Project/Client _____ RA'-----'-'-'-M=-A"""'C'-O"'--____________________ Well No. MST-1 

Clock 
Date Time 

11-12-13 11 : 19 

11-12-13 11 :25 

11-12-13 11 :30 

11 -12-13 11 :31 

11-12-13 11:38 

11-12-13 11 :50 

11 -12-13 11 :56 

11-12-13 12:15 

11-12-13 12:22 

11-12-13 12:42 

11-12-13 13:09 

11-12-13 13:23 

~ 11-12-13 13:41 
.... 
g 11-12-13 14:24 
~ .... 3 11-12-13 15:10 

~ 11-12-13 15:24 

~ 11-12-13 15:42 
I.C 11-12-13 16:06 

TIME 

(t) 
Elapsed Time 

Since Pump ON or OFF (min) 

---,.,..,. 
"• -0, 

~-c;:,-< .. __ -_...., 
.... c.n 
~ 

"' --.,1::1,,, 

7 MINUTES 

13 MINUTES 

18 MINUTES 

19 MINUTES 

26 MINUTES 

38 MINUTES 

44 MINUTES 

63 MINUTES 

71 MINUTES 

80 MINUTES 

117 MINUTES 

131 MINUTES 

149 MINUTES 

192 MINUTES 

238 MINUTES 

252 MINUTES 

270 MINUTES 

294 MINUTES 

WATER LEVEL DATA Discharge 

(s) (Q) 
Pipe 

Pressure 
Depth to Water Drawdown/ Discharge (PSI ) BUCKET TESTS 
Below M.P. (ft) Recovery (ft) (qpm) COMMENTS 

104.67 2.99 0.32 10 PSI 3:05 FOR ONE GALLON 

105.10 3.42 

0.33 10 PSI 3:01 FOR ONE GALLON 

105.88 4.2 

106.63 4.95 

107.40 5.72 

107.73 6.05 0.33 10 PSI 3:02 FOR ONE GALLON 

108.46 6.78 

108.71 7.03 

109.19 7. 51 0.32 10 PSI 3:05 FOR ONE GALLON 

109.66 7.98 

109.87 8.19 

110.07 8.39 0.33 10 PSI 
3:02 FOR ONE GALLON. INCREASED 
PRESSURE SLIGHTLY TO GET 10 PSI 

110.58 8.9 0.34 10 PSI 2:56 FOR ONE GALLON 

110.93 9.25 10 PSI 

111 .02 9.34 10 PSI 

111 .08 9.4 0.32 10 PSI 3:06 FOR ONE GALLON 

111.20 9.52 10 PSI 

DEQ Ex. 3-421
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~WWCENGINEERING 

AQUIFER TEST FIELD DATA 

~ ProjecUClient _____ RA __ M_A_C_O _____________________ Well No. MST-1 

TIME WATER LEVEL DATA Discharge 

(t) (s) (Q) 
Pipe 

Pressure 
Clock Elapsed Time Depth to Water Drawdown/ Discharge (PSI) BUCKET TESTS 

Date Time Since Pump ON or OFF (min) Below M.P. (ft) Recovery (ft) (aom) COMMENTS 

11-12-13 16:50 338 MINUTES 111 .31 9.63 10 PSI 

11-12-13 17:07 355 MINUTES 111 .36 9.68 0.32 10 PSI 3:06 FOR ONE GALLON 

11-12-13 21 :47 635 MINUTES 112.00 10.32 0.32 10 PSI 3:10 FOR ONE GALLON 

11-12-13 21 :54 642 MINUTES 112.06 10.38 10 PSI 

Pulled pump out of well at approximately 21 :57. When we pulled the pump it was leaking water 
back into the well from the discharge line so there is a chance that until 21 :59, there could have 
been rapid increases in water levels from pull ing the pump. 

;;- "'..., --0: 11:::1110, 
(I) 

~ -c:::, ~ 

< ~ 
3 -~ t;:l ---c.n 
U' ~ 

~ Na 
I 

g ---
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RAMACO 

October 2014 

ATTACHMENT D6-8-D 

Carney Pumping Test 
November 14, 2013 
Discharge Rate Data 

Brook Mine 

TFN 6 2 / 025 
RECD NOV 14,2014 

Addendum D6-8 -3 l DEQ Ex. 3-423
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RAMACO Brook Mine 

/'/' 
~WWCENGINEERING 

AQUIFER TEST FIELD DAT A 

Project/Client : RAMACO 

Pumped Well No. CRN-1 Observation Well No. CRN-OB 

Type of Pump Test: [8J Constant Discharge D Step-Drawdown 

Pumped Well Casing ID 5" (nominal) inches 

Distance Between Pumped and Observation Wells 15.4' feet 

Water Level Measurements by: [8J electric tape 

,ischarge Measurements by: [8J buckeUstopwatch 

[8J pressure transducer 

D flow meter D flume/weir 

0.5 gpm dole valve continuously maintaining 10 psi ahead of dole valve. 

Screen/Perforation lnterval(s) (below land surface) _________________ _ 

Depth of Pump Intake (below land surface) ---=e=s=ti:....:..m=a=te=--=d=--a=t=--1.:....:0=--=5=--' .....,(n..:...:o=--a=c=t=ua=l:.....:.m.;.;..;:;.ea=s=u=-r=em:....:..=e..:....:n.:..,.t) __ feet 

Depth of Static Water Level (from measurement point) --=-90-=--=·=9....:..4' ___ feet 

Height of Measurement Point (above land surface) _____ 2 ___ .~5~5' ___ feet 

Elevation of Measurement Point feet a.m.s.l. --------

Pump On Date 11 I 14 I 13 Time 8:41 @PM 

Pump Off Date 11 I 14 I 13 Time 7:35 AM@ 

Weather Conditions Chilly in morning then partly cloudy, sunny warming into the 50's. 

TFN 6 2 / 025 
RECD NOV 14,201 4 

Test Performed by -----'-R=a""'"y--'-M:....:..o-"-o"""'r ___ e-"-s ...... a ____ n ..... d....:..R .... o"""'d"-'--Fu=l~le~r ________________ _ 

October 2014 Addendum D6-8 -32 DEQ Ex. 3-424



Starting WL = 90.94 

~ Pump On@ 8:41 
0 
O" 
(I) 
"1 
t,..) 

0 ...... 

~~ 
~WWCEN GINEERING 

AQUIFER TEST FIELD DATA 

..:. ProjecUClient ____ ....:.RA..=......:.:M..:.oA::......:.=C-=O;__ ___________________ Well No. CRN-1 

TIME WATER LEVEL DAT A Discharge 

(t) (s) (Q) 
Pipe 

Pressure 
Clock Elapsed Time Depth to Water Drawdown/ Discharge (PSI) BUCKET TESTS 

Date Time Since Pump ON or OFF (min) Below M.P. (ft) Recovery (ft) (i::iom) COMMENTS 

11-14-13 08:41 0 90.94 ~0.33 

11-14-13 08:50 9 MINUTES 0.32 10 PSI ONE GALLON FOR 3: 10 

11-14-13 08:52 PUMP SHUT OFF 

11-14-13 RESTARTED 

11-14-13 09:00 PUMP SHUT OFF PULLED PUMP OUT APPROX 4' TO GET OUT OF MUD 

11-14-13 09:03 RESTARTED 

11-14-13 09:08 27 MINUTES 93.56 2.62 0.33 10 PSI 

11-14-13 09:14 33 MINUTES 94.02 0.35 12 PSI 
2:50 FOR ONE GALLON REDUCED 
PRESSURE 

11-14-13 09:27 46 MINUTES 94.31 3.37 0.31 9 PSI 
3:14 FOR ONE GALLON ADJUSTED TO 
10 PSI 

11-14-13 09:39 58 MINUTES 94.70 3.76 0.33 3:00 FOR ONE GALLON 

11-14-13 10:01 80 MINUTES 95.47 4.53 10 PSI 

11-14-13 10:13 92 MINUTES 95.69 4.75 10 PSI 
~ 

~ 11-14-13 10:27 
:::ii:i-1 

106 MINUTES 95.87 4.93 ~..., 
(I) ---§" 11-14-13 11 :09 C, 148 MINUTES 95.96 5.02 0.32 10 PSI 3:06 FOR ONE GALLON a, 

3 11-14-13 11 :23 Qt.., 162 MINUTES 96.07 5.13 10 PSI _,., 

~ 11-14-13 11 :36 
~ 

175 MINUTES 96.18 5.24 10 PSI -~ I 

0 11 -14-13 
-- - -

11 :50 - 189 MINUTES 96.26 5.32 10 PSI ..... 
11 -14-13 12:22 ~ 221 MINUTES 96.40 5.1 0.32 3:05 FOR ONE GALLON --

DEQ Ex. 3-425
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~\VWCENGINEERING 

AQUIFER TEST FIELD DATA 

mzmZ/SZ/Zm ~peuu~~s 

~ Project/Client _____ RA __ M_A_C_O _____________________ Well No. CRN-1 

TIME WATER LEVEL DATA Discharge 

(t) (s) (Q) 
Pipe 

Pressure 
Clock Elapsed Time Depth to Water Drawdown/ Discharge (PSI) BUCKET TESTS 

Date Time Since Pump ON or OFF (min) Below M.P. (ft) Recovery (ft) (gpm) COMMENTS 

11-14-13 12:33 232 96.44 5.5 0.32 10 PSI 

11-14-13 16:40 479 96.95 6.1 10 PSI 

11-14-13 16:57 496 96.95 0.31 10 PSI 3:1 1 FOR ONE GALLON SLIGHTLY 
INCREASED FLOW 

11-14-13 17:55 554 97.15 6.21 10 PSI 

11-14-13 19:18 577 97.27 10 PSI 

11-14-13 19:33 592 97.26 0.33 10 PSI 3:00 FOR ONE GALLON 

Shut off pump at 19:35, 5.25 psi above transducer at the end . 

i ::a ..... 
""-C-,:::z: 

~ c,_ 

2 ::z:~ s c=_ 

~ 
-c::, 
~I'..) 

(X ~U'I 
I -r ·-
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RAMACO Brook Mine 

ATTACHMENT D6-8-E 

Masters Wells Groundwater Level Hydrographs 

TFN 6 2/ 025 
RECD NOV 14,2014 

October 2014 Addendum D6-8-35 DEQ Ex. 3-427
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RAMACO Brook Mine 

ATTACHMENT D6-8-F 

Carney Wells Groundwater Level Hydrographs 

TFN 6 2/ 025 
RECD NOV 14,2014 

October 2014 Addendum D6-8-38 DEQ Ex. 3-434
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RAMACO 

October 2014 

ATTACHMENT D6-8-G 

Section 9 Aquifer Pumping Test 
Observation Well 578409-MST-OB 

Plots of Time-Drawdown and Analyses 

Brook Mine 

TFN 6 2 / 025 
RECD KOY 14,2014 

Addendum D6-8-41 DEQ Ex. 3-437
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Observation Well 
Distance from Pumping Well: 12.8 ft 
Pump On: 11/12/13 at 11:12 am 
Pumping Duration: 644 minutes 

xx Pumping Rate: 0.33 gpm 
=:;: xxxx Transmissivity: 3.6 ftA2/day 
g:z xxx Aquifer Thickness: 6 feet 

°' Hydraulic Conductivity: 0.60 ft/day 
!:"" x x x x Storativity: 2.03 x 10A-4 
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Theis Recovery - 578409-MST-OB 
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578409-MST-OB 
Observation Well 

X 

Distance from Pumping Well: 12.8 ft 
Pump On: 11/12/13 at 11 :12 am 
Pumping Duration: 644 minutes 
Pumping Rate: 0.33 gpm 
Transmissivity: 3.1 W•2/day 
Aquifer Thickness: 6 feet 
Hydraulic Conductivity: 0.52 ft/day 
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t=Time since pumping started 

t=Tim since pumping stopped 
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Distance from Pumping Well : 12.8 ft 
Pump On : 11/12/13 at 11 :12 am 
Pumping Duration : 644 minutes 
Pumping Rate: 0.33 gpm 
Transmissivity: 3.3 ft"2/day 
Aquifer Thickness: 6 feet 
Hydraulic Conductivity: 0.55 ft/day 

-4 Storativi : 2.94 x 10"-4 
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RAMACO 

October 2014 

ATTACHMENT D6-8-H 

Section 9 Aquifer Pumping Test 
Pumped Well 578409-MST-1 

Plots of Time-Drawdown and Analyses 

Brook Mine 

TFN 6 2/025 
RECD NOV 14,201 4 

Addendum D6-8 -45 DEQ Ex. 3-441
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Transmissivity: 6.0 ftA2/day 
Aquifer Thickness: 18 feet 
Hydraulic Conductivity: 0.33 ft/day 
Storativity: 3.43 x 1 0A-4 

DEQ Ex. 3-446



-~ .._ 
C 
~ 
0 

"'O 
~ ro ,_ 
0 
ro 
::::, 

"'O 
en 
Q) 

0:: 

• p. ::a --t p. 
r'l"l""l'I (1) 

::l c:-:»:z 
p. = i::: en 
3 :z:N, 
~ 

0 c::;; 
°' I _....., 
00 .,:a.U'I I 
u, -...... 
~ 
C) -.,.. 

mzmZ/SZ/Zm ~peuu~~s 

Theis Recovery - 578409-CRN-OB 
4.0~--------------------------------------

X 

3.2 

2.4 

1.6 

0.8 

0.0 

10° 

Time, tit' 

x x xXX XX X 

578409-CRN-1 
Observation Well 

X X 

Distance from Pumping Well : 15.4 ft 
Pump On: 11/14/13 at 8:41 am 
Pumping Duration: 646 minutes 
Pumping Rate: 0.33 gpm 
Transmissivity: 5.6 ftA2/day 
Aquifer Thickness: 18 feet 
Hydraulic Conductivity: 0.31 ft/day 

DEQ Ex. 3-447



Theis - 578409-CRN-OB 
10

1~---------------------------------=:::::==----, 

10° 
X 

10-1 

-:::J --s 
10-2 

X X XXX 

I 
I 

I 

--

578409-CRN-1 
Observation Well 
Distance from Pumping Well : 15.4 ft 
Pump On : 11 /14/13 at 8:41 am 
Pumping Duration: 646 minutes 

5: Pumping Rate: 0.33 gpm 
~ ~:;: Transmissivity: 5.9 ftA2/day 
5. c:-,:z Aquifer Thickness : 18 feet 

3 : en Hydraulic Conductivity: 0.33 ft/day 
...... c:, N 

10
-4 Storativity: 3.84 x 1 0A-4 

u < ._ ._ ~----,,-,......,....,....,...,..,..,.,...----,----,.---,-...,.....,...,..,...-,----,----,---,-"T"""l ...-1 ......,.----,-...---.....,.....,....,...,..,...._---,--~--,-.....,....,...,.......-~~---,-~,....,....,...,..i 
9' c::, 

Cf - ~ 10-1 c;, ..s:-cn 
Iv -
~ 
~ -~ 

102 

1/u 

DEQ Ex. 3-448



RAMACO 

October 2014 

ATTACHMENT D6-8-J 

Section 9 Aquifer Pumping Test 
Pumped Well 578409-CRN-l 

Plots of Time-Drawdown and Analyses 

Brook Mine 

TFN 6 2,'025 
RECD NOV 14,2014 

Addendum D6-8 -53 DEQ Ex. 3-449



0 
() ...... 
0 
CT 
(b 
"1 

Iv 
0 ...... 
~ 

> p.. 
p.. 
(b 

::s 
p.. 
$:: 

3 
t, 
O'I 

I 

c.o 
I 

u, 
~ 

Cooper and Jacob - 578409-CRN-1 
7.0---.-------------------------------------~ 

5.6 

-~ 4.2 
C 
3: 
0 

"'O 
3: 
ro 
L.. 2.8 
0 

1.4 
::a--1 ,,.,,..., 
C:-,:z 
= ! en 
ZN I 
r.::) i 
<' ... I c::, -~ 0.9 ..r;a.c.n 
~ 

~ l 101 
~ - ! 
.,l:a. 

X 
X 

X 
X 

102 

Time (min) 

578409-CRN-1 
Pumping Well 
Pump On : 11 /14/13 at 8:41 am 
Pumping Duration: 646 minutes 
Pumping Rate: 0.33 gpm 
Transmissivity: 5.7 ft"2/day 
Aquifer Thickness: 18 feet 
Hydraulic Conductivity: 0.32 ft/day 

103 

to 
"1 
0 
0 
;,;--

~ s· 
(b 

DEQ Ex. 3-450



mzmZ/SZ/Zm ~peuu~~s 

0 ~ (') ,... s:: 0 
er • (l) 

Theis Recovery - 578409-CRN-1 (") "1 

tv 0 
0 ...... 
.j:> 

7.0 

X 

X 

5.6 
X 

X 
X - X 

4:= X -- X 
X 

C xx 
3: xx 
0 4.2 X 

"'C 
3: ro 
I,,_ 

0 
ro 2.8 :::J 

"'C 
en 
Q) 

578409-CRN-1 0:: Pumping Well 

1.4 Pump On: 11/14/13 at 8:41 am 

• .... Pumping Duration: 646 minutes 
p,. ,......, Pumping Rate: 0.33 gpm p,. 
(l) ::z: Transmissivity: 5.2 ft"2/day ::, 
p,. en Aquifer Thickness: 18 feet s:: -~ 3 ""~ Hydraulic Conductivity: 0.29 ft/day 0:, 

"1 :~ o.o 0 c:, 0 
0\ :,:;-' 

I .-..en s:: (X) 

.10° 101 102 103 I s· C/1 ~ C/1 
~ Time, Ut' 

(l) -.... 
DEQ Ex. 3-451



0 
('") ,.... 
0 er 
('b 
'"1 

Iv 
0 ...... 
~ 

-~ 

mzmZ/SZ/Zm ~peuu~~s 

Theis - 578409-CRN-1 
10

1---r-----------------------------------= ------. ---
~ 

I 

I 

.... ---•%•,__----~I" 

102 

1/u 

578409-CRN-1 
Pumping Well 
Pump On : 11/14/13 at 8:41 am 
Pumping Duration: 646 minutes 
Pumping Rate: 0.33 gpm 
Transmissivity: 5.1 ftA2/day 
Aquifer Thickness : 18 feet 
Hydraulic Conductivity: 0.28 ft/day 
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Attachment D6-8-K Field Water Level Measurements vs . Barometric Pressure 

Water Leve s Measure ct· m Dunng th M e asters C 1 Pu oa mpmg T C est ompare d B to . p arometnc ressure 

Measurement1 la (ft) lb le ld le lf lg 

Date 11/11/2013 11/12/2013 11/12/2013 11/12/13 11/12/2013 11/12/2013 11/13/2013 

Time 3:00 10:30 13:00 15:05 17:00 21:30 16:20 

MSTUB 110.08 110.07 110.05 110.07 110.09 110.08 110.08 

Depth to Water MST-1 101.67 101.68 102.26 

From Well TOC MST-OB 102.3 102.33 106.33 107.58 108.1 108.83 102.9 
(ft) 

CRN 91.17 91.16 91.12 91.09 91.08 91.05 90.94 

CRN-OB 91.1 91.1 91.07 91.04 91 91 90.87 
Barometric Pressure (ft) 

H2O3 34.44 34.50 34.45 34.45 34.40 34.27 34.13 

Pressure change (ft) 0.00 0.07 0.01 0.01 -0 .03 -0.17 -0.31 

w ater Le 1 M ve s easure dD h C urmg t e arney C lPu oa mpmg T C est ompare d B to . p arometnc ressure 

Measurement1 2a 2b 2c 2d 2e 2f 2g 

Date 11/14/13 11/14/13 11/14/13 11 /14/13 11/14/13 11/14/13 11/16/13 

Time 7:55 9:50 11: 16 12:26 17:00 19:22 8:09 

MSTUB 110.13 110.15 110.15 110.14 110.15 110.14 110.07 

MST-l2 101.83 101.8 101.76 101.72 101.6 101.56 100.87 
Depth to Water 
From TOC (ft) MST-OB2 102.48 102.45 102.4 103.35 102.24 102. 19 101.55 

CRN 90.94 95.37 90.37 

CRN-OB 90.88 92.09 92 .98 93 .31 93.83 93.97 90.42 
Barometric Pressure (ft) 

H2O3 34.09 34.09 34.04 34.02 33.96 33.89 33.24 

Pressure change (ft) 0.00 0.00 -0.05 -0.07 -0.12 -0 .19 -0.85 
1 All measurements were taken with a hand operated electronic depth meter. 
2 Water levels in the MST -1 and MST-OB wells were still recovering from the pumping test performed on 11/12 / 13. 
3 Barometric pressure recorded at the Sheridan County airport AWOS (approximately 10 miles south of the well cluster) . Data downloaded from NOAA. 

http://www.ncdc.noaa.gov/ data-access / land-based-station-data / land-based-datasets/ au tomated-weather-observing-system-awos 

Difference 
(lg- la) 

0 

-0.59 

-0.6 

0.23 

0.23 

-0.31 

-0 .31 

Difference 
(2g-2a) 

0 .06 

0.96 

0.93 

0.57 

0.46 

-0.85 

-0.85 

Note: The underbuden well (MST VB) did not respond to barometric changes to the same degree that the other wells did. Since the underburden water bearing 
unit has a very low yield , the well would not be able to respond to barometric pressure affects as quickly. Thus, the lack of barometric response in the 
underburden is attributed to the decreased barometric efficiency of the underburdern water bearing unit. Also , in between the Masters and Carney pumping 
tests, equipment was removed from the underburden well. The removal of the equipment and slow recovery rate in the well was attributed to the slight drop in 
water level in the MST VB well between tests. 
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N Table 06-1. Collected Groundwa ter Elevations 
0 ...... 
co 

StationName 
Measuring Point 

Elevation (ft) 

578408-CRN 3 ,890.0 
578408-MST 3 ,890.5 
578409-CRN 3 ,712.7 

578409-CRN-OB 3 ,713 .0 
578409-MST-OB 3 ,713.3 

578409-MST 3 ,712.4 
578409-UBN 3 ,712 .1 

578415-CRN-MST 3,614.3 
578417-CRN 3 ,929 .1 
578417-MST 3 ,928.7 
578418-AL 3,690.2 

578418-CRN 3,884.5 
578418-MST 3 ,885.8 
578510-CRN 3 ,965.4 
578510-MST 3 ,964.4 
578511-CRN 3 ,896 .1 
578511-MST 3 ,896.4 
578512-AL 3 ,760.5 

578512-CRN 3 ,932 .5 
578512-MST 3 ,932 .7 
578513-AL 3 ,724 .0 

578513-MST 3,850.6 
-4 ..., 578513-CRN 3 ,850.0 

= 0, 

"'-.> 
StationName 

Measuring Point 
Elevation (ft) .... ... 

:::~ 578418-AL 3 ,690 .2 
r-.;, 
c:.n 

578512-AL 3,760.5 
578513-AL 3,724.0 

578433-AL-1 3 ,645.0 
578434-AL-1 3,650.0 

)> 
a. 578434-AL-2 3,654.5 
a. 
CD 
::::, 
a. 
C 

3 
0 
0) 

I co 
I ...... 

Drill Hole TD 
Elevation (ft) 

3 ,791.7 
3 ,770 .3 
3 ,602 .2 
3 ,601.7 
3 ,589.5 
3 ,589.6 
3,570.9 
3,470.6 
3 ,786 .7 
3 ,764 .9 
3 ,665 .7 
3 ,730.7 
3 ,700 .1 
3 ,872 .7 
3 ,817.2 
3 ,767.2 
3 ,738.4 
3 ,739 .3 
3 ,882 .7 
3 ,817 .7 
3 ,703 .2 
3 ,706 .6 
3 ,732 .7 

Drill Hole TD 
Elevation (ft) 

3 ,665.7 
3 ,739 .3 
3 ,703.2 
3 ,628.4 
3 ,636.1 
3 ,637.3 

01-ound Coordinates 

Easting Northing 3Ql3 
1,394,416 1,941,810 3 ,802 .3 
1,394,423 1,941 ,802 3 ,786 .0 
1,399,549 1,940,097 3,622 .9 
1,399,538 1,940 ,108 3 ,627.0 
1,399,547 1,940,085 3,611.5 
1,399,559 1,940 ,088 3 ,611.2 
1,399,568 1,940 ,077 3 ,603 .7 
1,404,292 1,936,078 3 ,491.5 
1,391 ,364 1,939 ,152 3,796.0 
1,391,382 1,939 ,175 3 ,767.9 
1,386,058 1,935,962 3,669.6 
1,387,102 1,936 ,928 3 ,737.8 
1,387, 131 1,936 ,923 3 ,701.5 
1,371 ,807 1,941 ,542 3 ,873.2 
1,371,823 1,941 ,558 3,821.0 
1,377,926 1,940,246 3 ,776 .6 
1,377,945 1,940,244 3 ,746 .3 
1,381 ,530 1,940,880 3 ,756 .5 
1,382 ,758 1,943 ,160 Dry 
1,382 ,743 1,943 ,172 3,820.8 
1,383,970 1,938,634 3 ,714.5 
1,381,680 1,938,341 3 ,742.4 
1,381 ,665 1,938 ,329 3 ,733.5 

01-ound Coordinates 
Easting Northing 3Ql5 

1,386,058 1,935,962 
1,381 ,530 1,940 ,880 
1,383,970 1,938,634 
1,402,206 1,922 ,703 3637.80 
1,403,229 1,921,551 3644.64 
1,404,529 1,919,747 3648.66 

Water Elevation (ft MSL) 

4Ql3 1Ql4 
3 ,802 .3 3 ,802 .3 
3 ,784 .6 3,787.6 
3 ,622 .0 3 ,622.0 
3 ,622 .2 3,622.2 
3 ,611.6 3 ,611.2 
3 ,611.3 3,611.2 
3 ,601.9 3 ,601.9 
3 ,491 .6 3,492.3 
3 ,795 .8 3 ,796 .0 
3 ,768.2 3,768.5 
3 ,669.4 3,669.6 
3 ,738.0 3 ,737.9 
3 ,701.4 3 ,701.4 

Dry Dry 
3,818.3 3 ,818.1 
3 ,776 .5 3,776.5 
3,746.3 Dry 
3 ,756 .7 3,756.8 

Dry Dry 
3 ,820.8 3 ,820.8 
3 ,714.6 3,716 .3 
3,742.1 3,741.8 
3 ,733 .0 3 ,733.1 

Water Elevation (ft MSL) 
4Ql5 1Ql6 

3669.38 
3756.59 
3716.37 

3638.11 3637.85 
3644.96 3644.80 
3648.87 3648.81 

2Ql4 
3 ,802 .3 
3 ,790 .7 
3 ,622 .8 
3 ,623.1 
3 ,611.8 
3 ,611.5 
3 ,601.7 
3 ,493 .1 
3 ,795 .6 
3 ,768.2 
3 ,670.1 
3 ,737.9 
3 ,701.3 

Dry 
3 ,818.1 
3 ,776 .5 
3 ,746.5 
3 ,756 .9 

Dry 
3 ,820.8 
3 ,717 .8 
3 ,742 .7 
3 ,733 .2 

2Ql6 
3669.70 
3756 .75 
3717.20 
3638.71 
3645.41 
3649.74 

~ 
~ 
)> 
(') 
0 
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~ Table D6- l . Collected Groundwater Eleva tions s 
Ci 
~ 
'1 

tv 
0 

""""' ID 

• 0.. 
0.. 
~ 
::i 
0.. 
s:: s 
tJ 
0\ 
I 

ID 
I 
tv 

StationName 

578408-CRN 
578408-MST 
578409-CRN 

578409-CRN-OB 
578409-MST-OB 

578409-MST 
578409-UBN 

578415-CRN-MST 
578417-CRN 
578417-MST 
578418-AL 

578418-CRN 
578418-MST 
578510-CRN 
578510-MST 
578511-CRN 
578511-MST 
578512-AL 

578512-CRN 
578512-MST 
578513-AL 

r-- n r- 1 ,... ,,n,.,.. 
v, uv.10-1v.hJ.1 

578513-CRN 

=o --f 

"" 0 
..., 
,Z c::::, 
c::,') 

c:, 
~ 

~ 
....... 
c:, - ~ c..-, CJ1 

....., 
~ -c.::, 

Measuring Point 
Elevation (ft) 

3,890.0 
3 ,890.5 
3 ,712.7 
3 ,713 .0 
3 ,713.3 
3,712.4 
3 ,712.1 
3,614.3 
3,929.1 
3,928.7 
3,690.2 
3,884.5 
3 ,885.8 
3,965.4 
3,964.4 
3,896.1 
3,896.4 
3,760.5 
3 ,932.5 
3,932 .7 
3,724.0 
'l O r:' £"\ C 
v,uvv . v I 

3,850.0 

Drill Hole TD 
Elevation (ft) 

3,791.7 
3 ,770 .3 
3,602.2 
3,601.7 
3 ,589.5 
3 ,589.6 
3,570.9 
3,470.6 
3,786.7 
3 ,764.9 
3,665.7 
3,730.7 
3,700.1 
3,872 .7 
3 ,817.2 
3 ,767 .2 
3,738.4 
3,739.3 
3,882.7 
3 ,817.7 
3,703 .2 
,:, '7 AC. C. v,, VV,V 

3 ,732 .7 

Ground Coordinates Water Elevation (ft MSL) 

Eastine: Northing 3Ql3 4Ql3 1Ql4 2Ql4 
1,394,416 1,941,810 3,802.3 3,802.3 3,802.3 3,802.3 
1,394,423 1,941,802 3 ,786.0 3 ,784.6 3,787.6 3,790.7 
1,399,549 1,940,097 3,622.9 3 ,622 .0 3,622.0 3,622.8 

1,399,538 1,940,108 3,627.0 3,622.2 3,622.2 3,623 . 1 
1,399,547 1,940,085 3,611.5 3 ,611.6 3,611.2 3 ,611.8 
1,399,559 1,940,088 3,611.2 3 ,611.3 3,611.2 3 ,611.5 
1,399 ,568 1,940,077 3,603.7 3 ,601.9 3,601.9 3 ,601.7 
1,404,292 1,936,078 3,491.5 3 ,491.6 3,492.3 3,493.1 
1,391,364 1,939,152 3,796.0 3 ,795 .8 3,796.0 3 ,795.6 

1,391 ,382 1,939,175 3 ,767.9 3 ,768.2 3,768.5 3,768.2 
1,386,058 1,935,962 3,669.6 3,669.4 3,669.6 3,670.1 

1,387,102 1,936,928 3 ,737 .8 3 ,738.0 3,737.9 3,737.9 
1,387,131 1,936,923 3,701.5 3,701.4 3,701.4 3,701.3 
1,371 ,807 1,941,542 3,873.2 Dry Dry Dry 

1,371 ,823 1,941,558 3,821.0 3 ,8 18.3 3 ,818.1 3,818.1 
1,377,926 1,940,246 3,776.6 3 ,776.5 3 ,776.5 3 ,776.5 
1,377,945 1,940,244 3,746.3 3 ,746.3 Dry 3 ,746.5 
1,381,530 1,940,880 3,756.5 3,756.7 3 ,756.8 3,756.9 

1,382,758 1,943,160 Dry Dry Dry Dry 

1,382,743 1,943,172 3 ,820.8 3 ,820.8 3,820.8 3,820.8 
1,383,970 1,938,634 3,714.5 3,714.6 3 ,716.3 3,717.8 
1 ~0 1 &::on 1 (\ ~Q ~ ,,, 1 ~ 740 4 3 ,74'> . l ~ 741 ~ '.3,742.7 ... , ...,,...., .... ,.._,,_...., .... , .... ....,.._,,'-" ' ... ..... , .. . . - , .. - . -
1,38 1,665 1,938,329 3,733.5 3 ,733.0 3,733.1 3,733.2 

tl:l 
'1 
0 
0 
~ 

~ ..... 
::i 
~ 
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Table D6-2 . 2018-2019 Collected Groundwater Elevations 

StationName Measuring Point Drill Hole TD Ground Coordinates Water Elevation (ft MSL) 
Elevation (ft) Elevation (ft) Eastin2: Northin2: 1Q18 2Q18 3Q18 4Q18 

578524-AL- l 3 ,673.9 3 ,63 1.9 1,381 ,927 1,934,069 3661 .28 3661.66 3661.21 3661.13 
578415-SPL-l 3 ,603 .7 3 ,560.7 1,404 ,656 1,934,127 No Data 3587.78 3587.57 3585.56 
578415-SPL-2 3 ,611.5 3 ,499 .5 1,404 ,636 1,935,619 No Data 3547.23 3540.73 3540.58 
578420-AL- l 3 ,634.4 3,616.8 1,392 ,945 1,931,385 No Data 3626.91 3626.20 3624.49 

578524-CRN-PUMP 3 ,672 .9 3 ,602 .9 1,381 ,899 1,934 ,182 No Data 3659 .27 P&A 
578420-CRN-PUMP 3 ,633 .5 3 ,603 .0 1,393,062 1,931,289 No Data 3633 .53 3625.72 3624.33 

578513-OVB-l 3,753.2 3,681.2 1,384,174 1,936, 174 No Data No Data Dry Dry 
578511-CRN 3,896.1 3,896. 1 1,377,926 1,940,246 3776.53 
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StationName --------b - --.- ... -·--- ----- -- ------ ---------- .. ---- --- . ----- ,-- ---, 
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578513-OVB-1 3 ,753.2 3,681.2 1,384,174 1,936,174 Dry Dry 
578409-CRN 3,712 .7 3 ,602 .2 1,399 ,549 1,940,097 3 ,624 .0 

578409-CRN-OB 3 ,713 .0 3 ,601.7 1,399 ,538 1,940,108 3 ,624.4 

• 0.. 
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s TDAW-01 3,675 .0 No Data 1,381,761 1,934 ,264 No Data 
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Well found dry during March 2014 monitoring. 
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RAMACO Brook Mine 

ADDENDUM D6-10 

Groundwater Quality 

TFN 6 2/ 025 
RECD NOY 1.,2014 

October 2014 Addend um D6- 10- 1 DEQ Ex. 3-490



~RAMACO 

~/"WW (ENGINEERING 

SAMPLING INFORMATION 

Brook Min e 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point __ :5_ '11.~~~7~B_t/.,__0-8~--C_/U,/,~_--+-/ __ 
Location 

Project a~ 
W.0.# - ------ ----------- ---------------

Sample ID# .Sl'Jf 1£7 8 '/-08 -Cl()./-/ Date Sampled / O I er I '3 Time~/_!3_4_O ___ am~ 

Describe Sampling Point 6w ~ i,J ,d_,f 

Well Depth tB. 2 7 ft below MP 

Date I (J I Cf I I 3 

Depth to Water (below MP) B 1, (q (e ft 

Time /c.f/S- am§) 

At least - ~'h--4-~_bore volumes have been evacuated before sampling 

Sampling method ' Submersible pump '~~ ] 

'Tap ' Bailer 

Pump intake or bailer set at ft below MP. 

Casing Diameter 2- in 

Casing Volume -:;;oz ,4-- gal 

X 

DISCHARGE RATE 

_ _ ___ __ gpm 

0.00223 

cfs 

bing (type: _ ?,~~~~-· ____ ). ( New o{';reviously useJ was used to collect all samples @r no ) 

and all field measurements §r no ). Tubing used only for __ -i-t_ //~------- - - -----

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulatlve Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (1,1mhoa/cm} c·c> (NTU) (nearest 0.01 ft) (gallons) CaDm) 

/!130 7,'63 2'/-70 18.'3> 110 - l, /5011A✓3o 
;5'1-o 1, 1C( ~ 'f'fO I~-!;, 370 - ,;:1:::.3,a ~ 

Pumping Start Time /Si 5 WL ____ Pumping End Time ____ _ WL ---

Comments: W~ /~ - ?t O ~ 

/~tJ I B3 TFN 6 2/ 025 
RECD NOV 14, 2014 

Form completed by: Witnessed by: 

October 20 14 Addendum D6- 10-2 
K:IWWC\A0MIFORMS\Monitor WeU Sa"l)le Form.doc 

DEQ Ex. 3-491



~RAMACO 

~/'WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point --~6_/ll,f~=5_7~!3~'t_0~8_-_h1~ :2~T~- l~

Location 

Project __ a=->..!~!<=--='=-.-----------

------------------ W .0.#_~cx~ 0~ /~2,~ /~3~9~--O_7 ____ _ 

Sample ID# Date Sampled /0 I ( I I 3 Time /6tJO am~ 

Describe Sampling Point ______ G __ W____,~----__ ___,.+-'W~ _ _v.,R_ _____________ _ 

Well Depth /;o , 7) ft below MP Depth to Water (below MP) /gt/, 19 ft 

Date / tJ I 9 / / 3 Time I '/:IO am run) 

At least --??If 

Sampling method 

'Tap 

bore volumes have been evacuated before sampling 

' Submersible pump ' c6~ / 
' Bailer 

Pump intake or bailer set at ft below MP. 

Casing Diameter z.._... in 

Casing Volume nA gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

bing (type: -~f~~~~----)- ( New o{ ~eviously us0 was used to collect all samples ar no ) 

and all field measurements S>r no). Tubing used only for __ ~ __ ,4--______________ _ 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (um hos/cm) t°C) (NTU) 

/t/50 7,,fO .;1 ~Bo !'I, 2-- 7-7 9 
/5/JO 7. 30 .; ~BO /3,7 5~,;i. 

Pumping Start Time /L/!>S- WL ___ _ 

Comments: w~ ll~ i-1,lA,'k•~ 

Form completed by: 

October 2014 

(nearest 0.01 ft) (gallons) (aom) 

-- f I q;"" t./ ...3IJ 

- - -:::/::-3,o i 

Pumping End Time ____ _ WL ---

Witnessed by: 

TFN62/025 
RECD NOV 14 ,2014 

Addendum D6-10-3 
K:IWWCIA0M\FORMS\Mon;tor Well 5a!T1)1e Form.doc 

DEQ Ex. 3-492



~ RAMACO -if- -///,0 ,IJ~b_. 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point Sh 5'1 t:s tf O Cf - CM -/ Project ~ 
Location W.O.# ------------------
Sam p I e ID~- -~-~----- Date Sampled_ ~~-------- Time ______ am pm 

Describe Sampling Point -------------------------------

Well Depth / / /J, 5S- ft below MP Depth to Water (below MP) 8'1, 71 ft 

Date / /) I Cf I / 3 Time /t, ~0 am(@ 

At least bore volumes have been evacuated before sampling 
----

Sampling method 

' Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. 
----

Casing Diameter in ----

Casing Volume gal 

X 

----

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

1bing (type: _______ _ _ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (umhoa/cm) ("C) (NTU) (nearest 0.01 ft) (gallons) loom) 

Pumping Start Time ~ WL ---- Pumping End Time ____ _ WL ---
Comments: /)/1..__o Q!J~.& 4~-&.,£ 6N..£7B4(8 -C.i,AI -ot3-/ 

.SµJ~ ~ ~ ...btuz., ob w-<-U' w~ '2..t__ ~-lo 

Form completed by: , Witnessed by: 

October 2014 

TFN 6 2 /025 
RECD N9'/ 14,20 14 

Addendum D6- 10 -4 
K:IWWCIAOWORMSIMonitor Well Sa"1)1e Form.doc 

DEQ Ex. 3-493



~ RAMACO 

.~~ 
WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 5t,t,zS 7 '5'f 01 -CM ·tJf:2-/ Project __ ~--~- -----------

Location - ----- - ---------- W.O.# ;:?C)l 3/3q -07 
0 e, - / 

Sample ID# ~lA15'7Bt/tJC/-C~ ~ Date Sampled /0 I to I I 3 Time 1-S 093@pm 

Describe Sampling Point _ ___ _;;{::;:,c...._:u.)=--- ~"--"-------"----''---,--- ·-r+----=c.tJ-=---~- -"------------

Well Depth // /, -33 ft below MP Depth to Water (below MP) 85, 'o/:f ft 

Date I tJ I Cf I / 3 Time / t:, ~ fJ am(§i) 

At least ?zit bore volumes have been evacuated before sampling 

Sampling _m_e-th_._od-'---4--- ' Submersible pump '~ l 
' Tap ' Bailer 

Casing Diameter 8 in 

Casing Volume ?Zif gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

Pump intake or bailer set at /of£' ft below MP. - - - ----- cfs 

1bing (type: 'P~ ). ( New o{iiviously used j was used to collect all samples S,r no ) 

and all field measurements §r no ). Tubing used only for _ _ ?i~H~------------ --

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulatlve Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) <umhos/cm) (°C) (NTU) (nearest 0.01 ft) (gallons) taom) 

OC/~5' 7,q3 11q1 /(),'? 1'f. 7 - t /57:71,1,11-/ 30 

~935' ~ ,O'( lt::J 77 /(!).'; C/t I 1 - ~ 3.o J, 

Pumping Start Time O C/10 WL ____ Pumping End Time _ _ _ _ _ WL ---

Comments: tJ~ / ~ - ~ ~ 

Form completed by: Witnessed by: 

October 2014 

TFN 8 2/825 
D NOV 14,201 4 

Addendum 06- 10-5 
K:IWWCIADMIFORMS\Monitor Well Sa'1'1)1e Form.doc 

DEQ Ex. 3-494



~RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307} 672-0761 

Sampling Point 2ri-J ~18'-f OCf - M-:;,J:-/ 
Location 

Project 9~ -~-~-----------

------------------ W.O.# ,;l_p I 3 /,3 9 - 07 
Sample ID# 9nt ~78'1 PC/ -M.7[, I Date Sampled / 0 I 1 I I 3 
Describe Sampling Point f:;,u) ~ W_a_R 

Well Depth / 22 ,B ~ ft below MP 

Date I O I ci I I 3 

Depth to Water (below MP} / tJ/, 18 ft 

Time /, /0 am pm 

At least ~ It bore volumes have been evacuated before sampling 

Sampling method 

'Tap 

' Submersible pump 

' Bailer 

·13~ 

Pump intake or bailer set at LIS: ft below MP. 

Time_--'-/ _7_5_O __ 1_an® 

Casing Diameter S- in 

Casing Volume ?I~ gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

bing (type: _..,_f?j_,~'---- - · ___ ). ( New ~reviously used]was used to collect all samplesSr no} 

and all field measurements (3,r no }. Tubing used only for --~- /1-______________ _ 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (~mhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) faom) 

/720 8.'/7 ~q.eo l'f,2- ~1,Z- - ~ I 5l:JJ,1,t;/ 3 

11 ?)I) s.q'f 2. '/-6'0 13,1 76, I - ~::V3.tO ~ 

Pumping Start Time / 1 Ob WL ____ Pumping End Time ____ _ WL ---
Comments: W~ f~ - ~ ~ 

Form completed by: itnessed by: 

October 2014 

TFN 8 2/825 
CD NOV 14,201 4 

Addendum D6- 10-6 
K:\WWCIADMIFORMS\Monitor WeU Sa~e Form.doc 

DEQ Ex. 3-495



~ RAMACO --X- ;/l,O ~f_v 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ? 141 5" ~ B10C/ - 11,1 :;-r - 0 /!) - / Project __ a--"--~--______ _ ____ _ 

Location -------- --- - - --- -- W.0 .#_ .,:Z_ O_/ 3~ /.!J~C-f_-_ () _/'J _____ _ 

Sam p I e ID#~ Date Sampled _ _ _ / ___ / ___ _ Time _ _ _ ____ am pm 

Describe Sampling Point -------=-b--=lv=--"--'-~--'--'<--"--=-=-~~~~· --~w~.a£..~~----------- - --

Well Depth /~3.f:,O ft below MP Depth to Water (below MP) /C I , 83 ft 

Date I o I Cf I I 3 Time / Ii::, /J;? am pm 

At least bore volumes have been evacuated before sampling 
----

Sampling method 

' Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. 

Casing Diameter in ----

Casing Volume gal 

X 

--- -

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (1.1mhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) taom) 

Pumping Start Time WL - --- Pumping End Time ------ WL ----
Comments: 

TFN 6 2/0 25 
RECD HO V 14 ,2014 

Form completed by: 

October 2014 
~itnessedby: 

Addendum D6- 10-7 
K:IWWCIADMIFORMS\Monitor WeU Sa"1)1e Form.doc 

DEQ Ex. 3-496



w ~RAMACO 

I ~~WWCENGINEERING 

. SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point Sv11t G'7 Bt./:OCf- MAJ - I Project_ --'~---'------------ --

Location --- - - - ------------ W.0.#_ ~,;2_o~/~3~/_3~9~--0~7 _ ___ _ 

Sample ID# 6'1, 678'/tfl -{,(,b,J -/ Date Sampled / 0 I / 0 I I 3 Time / IJ 30 @pm 

Describe Sampling Point t:;,/.).} ~ l,J~ 

Well Depth /'-//, 20 ft below MP 

Date IO I 1 I I 3 

Depth to Water (below MP) 108, 'I-'/ ft 

Time /IR 30 amf!5) 
At least --,Z I}- bore volumes have been evacuated before sampling 

Sampling _m_e-th_,od,____..__ ' Submersible pump ' {3~] 
'Tap ' Bailer 

Pump intake or bailer set at /30 ft below MP. 

Casing Diameter & in ----

Casing Volume ?1/f gal 

X 

DISCHARGE RATE 

___ _ ____ gpm 

0.00223 

cfs 

bing (type:_?.~~-- -· _ __ ). ( New o previously used was used to collect all samples ~r no ) 

and all field measurements§r no). Tubing used only for ___ '}?_fr~- - - -------- - -

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (umhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) loom) 

/o If> 8. 72 11'10 I I, I 5,3'1 -- f /50Mt/ 

/030 S-7Lt ~//0 /o,1 1.&/ - ,::>c:_~.s-- ~ 

Pumping Start Time / o 00 WL ___ _ Pumping End Time ____ _ WL 

Comments: w~ C ~ 

TFN62/025 
RECD NOV 14 , 201A 

pleted by: = =x::r~WitnessOO by: 

October 201 4 Addendum D6- 10-8 
K:IWWCIADMIFORMS\Monitor Well Safr4)1e Form.doc 

DEQ Ex. 3-497



~ RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 8 fYL 5 18 'f IS - Jtt1S1 / CiUJ - / 
) 

Project __ =~=-='---..::....~---------

Location --- ---- -~~- ---- W.0.# e><~/3/31 ·C? 7 
Sample ID#~Ai 578'f/.6"-~~ iate Sampled /o I .1 / I /,2 Time 12 '/CJ 
DescribeSamplingPoint Gw ~ w~ 

Well Depth l'/-3. m ft below MP Depth to Water (below MP) /~.B61l 

Date / tJ I .J / I / ~ Time /~ ()CJ am(§) 

At least bore volumes have been evacuated before sampling 
----

Sampling method , Submersible pump ' [_~ 

' Tap ' Bailer 

Pump intake or bailer set at / .../-tJ ft below MP. 

Casing Diameter !:) in 

Casing Volume ?} 1/-- gal 

X 

DISCHARGE RATE 

_ ______ gpm 

0.00223 

cfs 

1bing (type: P~ ). ( New o{i_raviously used} was used to collect all samples~r no ) 

and all field measurements9r no ). Tubing used only for _ _:41.!l:c......s::._.__ ______________ _ 

Pumping 
PH Turbidity Waterlev I Rate 

Time units NTU nearest . 1 ft 

[!y, 68 ~e,?>o -f-(IJOO 
/ 

I :l.30 

I :J,'f() s.s-~ )...SC/0 l~.B 

Pumping Start Time / Z /() WL ----
Comments: Ca,,._~ Iv~ 

Form completed by: 

October 2014 

~30 - ~.6 

Pumping End Time WL 

Witnessed by: 

----

tJ..d.R {m~~iJ 

TFN 6 2/025 
RECD NO V 14 ,2014 

Addendum 0 6 - 10-9 
K:IWWCIADM\FORMS\Monitor Wel l Sa"l)te Fom1.doc 

DEQ Ex. 3-498



~ RAMACO * 11/) ~~ 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 6 /,kt ~ 7 fJd( q-/,ff~T7CR)I - I ---=-~~~-1+-,....a....cc---1,,_~~~--- Project ___ 6?t~~--~---------
Location - ----------------- W .0 .# __ -2,_ '0_l.3~/_3~C/~--o~7 _____ _ 

Sample ID# Date Sampled _ __ / _ __ / ___ _ 

Describe Sampling Point 

Well Depth ____ ft below MP Depth to Water (below MP) ft ----

Date 

At least 
----

Sampling method 

' Tap 

Time am pm 

bore volumes have been evacuated before sampling 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. ----

Time am pm -------

Casing Diameter in ----

Casing Volume gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (1,1mhos/cm) ("C) (NTU) (nearest 0.01 ft) (gallons) (aom) 

Pumping Start Time ____ WL ____ Pumping End Time ______ WL _ __ _ 

Comments: ..b~ 0~ ~ ~~ ~ w..ed ~ ~ ~f 

~,~ 2L-::::: dy, ~~' ~ ~ ~ 
TF~ 

~ RECD HOV 14,2014 

Form completed by: - '"'"'"---""--~'--'""----~ - ~ -~~ Witnessed by: 
October 2014 Addendum D6- 10-10 

K:IWWC\AOM\FORMS\Monitor Well Sa111)1e Form.doc 
DEQ Ex. 3-499



~RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 8 m 5 1(3 'f IS - JYl!!,1 / CIUJ - / 
I 

Project __ .c.~,,,.,,,=---'-~:__-=----=-=------

Location --- ---- ---.,--- ---- W.0 .# ~tJ/3/3'7-C) 7 
SamplelD#~~578'f/£°-~~JateSampled /o t.1/ I /,2 Time l2tCJ 

DescribeSamplingPoint Gw ~ w~ 

Well Depth l'/:.3. 7'2 ft below MP 

Date / ti I 3 t I I ~ 

Depth to Water (below MP) / ?Z.867t 

Time /:2. "0 am§) 

At least bore volumes have been evacuated before sampling 
----

Sampling method , Submersible pump 'l~ 
'Tap ' Bailer 

Pump intake or bailer set at I ~ ft below MP. 

Casing Diameter !3 in 

Casing Volume ?} 1/- gal 

X 

DISCHARGE RATE 

_ ______ _ gpm 

0.00223 

cfs 

bing (type: P~ ). ( New o{J.reviously used) was used to collect all samples~J:>r no ) 

and all field measurementsS,r no). Tubing used only for __ 4V/:_~--------- ------

Pumping 
PH Turbidity Water Lev I Rate 

Time units NTU nearest . 1 ft m 

8,,58 .2. ~?0 +(tJOO 
/ 

l:J..30 

l~'(-0 8.S"~ )..SC/0 IA,8 ~30 - ~.6 

Pumping Start Time / ~ /0 WL ____ Pumping End Time WL __ _ 

Comments: ~ ~ t,c./~ l:z~ -u- tJ..dR {m~~i:> 
- w~ -I~ - -1t,,o ~ 

#CF 

Form completed by: ,::;;;? ~~ Witnessed by: 

October 2014 

TFR 6 2/025 
RECD NOV 14 ,20 14 

Addendum D6-10-11 
K:\WWC\ADMIFORMS\MonitOI' Well Sa~e Form.doc 

DEQ Ex. 3-500



~ RAMACO 

~/"-WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 8 m 6 18 'f IS - JYIS,/C&AJ - / 
) 

Project __ ,L.C#Jt(k==-='----'-~---- -----

Location --- ---- -~r---- ---- W .O.# o<tJ/3/31-C> 7 
Sample ID#~lei 5'18'(-/i>-~ijcM Jate Sampled /o I--' I I 1.5 Time 12 '/:CJ 
DescribeSamplingPoint Gw ~ w~ 

Well Depth l'/-.3. 7t2 ft below MP Depth to Water (below MP) / ~.cBSlt 

Date / f I .3 f I / ~ Time /:J_ "0 am(§) 

At least bore volumes have been evacuated before sampling 
----

Sampling method , Submersible pump 'l~ 
' Tap ' Bailer 

Pump intake or bailer set at I .../-tJ ft below MP. 

Casing Diameter .!J in 

Casing Volume ?} I/- gal 

X 

DISCHARGE RATE 

_ _______ gpm 

0.00223 

cfs 

bing (type: P~ ). ( New o{f_reviously used) was used to collect all samples9r no ) 

and all field measurements Sr no). Tubing used only for - ~--11A:~~--------- ------

PH Turbidity Waterlev I 
Time units NTU nearest . 1 ft m 

[JJ. 5B .1. S?O +-( IJOD 
/ 

l:l.30 

l:1'f0 8.S-~ ~SC/0 IA,8 930 - ~.6 

Pumping Start Time 12 /0 WL Pumping End Time WL ---

Comments: ~~ ~~ h~ 
- w~ r~ - ?vo ~ 

tJ..d.R c~~~0 

TFN 6 2 /025 -#CF 

Form completed by: 

October 2014 

Witnessed by: 

RECD NOV 14,2014 

Addendum 06-1 0 - 12 
K:IWWCIADM\FORMS\Monit0< Well San-4>1e Foon.doc 

DEQ Ex. 3-501



~RAMACO 

~/"WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point --=!i:3'------'h-t ........... 5..______.7_.B""'---''1_.l'-'1..L..--....,.C, ..... /U.J____,=----........ / __ _ Project ~ 

Location ________________ W.O.# ~013139-07 

SamplelD#~S"'lf,c.f/7-G'lJJ-/ DateSampled lo I 7 I /3 Time /..3,;:?=, am~ 

DescribeSamplingPoint {-2lv ~- t.,J,u!,.£ 

Well Depth /'f: 2 ,"{/ ft below MP Depth to Water (below MP) /33. t,5]t 

Date / p I C/ I , 3 Time l,;230 am€) 
At least - ~~ /1-~_ bore volumes have been evacuated before sampling 

Sampling method ' Submersible pump ' {i:5~ ] 
'Tap ' Bailer 

Pump intake or bailer set at __._&f}......__ __ ft below MP. 

Casing Diameter 2- in ----

Casing Volume ?'l ,11(- gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

bing (type: :P~ ). ( New o~eviously used} was used to collect all samples[ ye"jor no) 

and all field measurements §r no). Tubing used only for --~-0_,t~--------------

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (1,1mhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) Caom) 

1316' S,tz. / l,f t,;;. i,f. B &,72-- - {, l~OJ,t,t✓ 

/3;:6 8.tl., 11" 2. I It/, l, ~0'2- - 3.o ~ 

Pumping Start Time / .3t2D WL ____ Pumping End Time ____ _ WL ---

Comments: W~ t/~ ~ - ~ ~ 

Form completed by: Q~~essed by: 

October 2014 

TFN 6 2/ 025 
RECD NOV 14 ,201 

Addendum D6-10-13 
K:IWWCIADMIFORMS\Monitor Well Sarr-.,re Form.doc 

DEQ Ex. 3-502



121 
N 

" 

~ RAMACO j{- j,w ~~ 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point 6M 57 et{- / '7 - IM-ST-1 " --~-~~~~~~~~-~-- Project_~ ~~~--~---------

N Location 
121 ------------------

W .0 .# __ ~~ tJ_/~8~/_3_1~-~CJ~? ___ _ _ 

~ Sample ID# Date Sampled ----------I I Time am pm -------

Describe Sampling Point _____ G,___::_t,,.J..;:.__.~e....::......::..::....1<..::..,:;_·==-==-:::..·-._..w=-=4-R.c..=...:::......,,, _____________ _ 

Well Depth /,3. 8Z.. ft below MP Depth to Water (below MP) //,0, Bb ft 

Date / o I Cf I / 'D Time / A ;i.S- am ~ 

At least bore volumes have been evacuated before sampling 
----

Sampling method 

' Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. 

Casing Diameter 2- in - - --

Casing Volume --;;1-z If gal 

X 

DISCHARGE RATE 

___ _____ gpm 

0.00223 

cfs 

bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) Cumhos/cm) c·c> CNTU) 

Pumping Start Time WL ----
Comments: 

Form compleled by: ~~ .._______,,, 
October 2014 

(nearest 0.01 ft) Caallons) faom) 

WL Pumping End Time - ----- ----

Witnessed by: 

TFN 6 2 /025 
RECD NOV 14,20 14 

Addendum D6-10-14 
K:IWWCIAOMIFORMS\Monilor Well Sar,l)le Form.doc 

DEQ Ex. 3-503



~RAMACO 

~/"WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point b>t-t 670'/-IB-JIL-/ Project_----""Qc;...__~ ___________ _ 

Location ________________ W.O.# ollJl.31~1--- c)7 
Sample ID#:5"<6/9/B'T IS-4£.. -/ Date Sampled /0 I q I I 3 Time /e;iO {fn)pm 
Describe Sampling Point c;,t,J ~~ ttJd..e 

Well Depth ~ '/, 5"0 ft below MP Depth to Water (below MP) .;;>o, ~S-tt 

Date / O I q I I 3 Time /tJ /0 ~pm 
------· 

At least - ~~~lf: __ bore volumes have been evacuated before sampling 

Sampling method 

'Tap 

' Submersible pump 

' Bailer 

Casing Diameter ~ in 

Casing Volume gal 

DISCHARGE RATE 

X 

_ _______ gpm 

0.00223 

Pump intake or bailer set at ~~_8 __ ft below MP. ----. cfs 

1bing (type: - ~e-~----· ___ ). ( New o§"viously us~ was used to collect all samples Sr no) 

and all field measurements Sr no). Tubing used only for __ 7l~lj-~~ --------------

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (um hos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) laom) 

/() J,O 0,72.-, /t?;l{, Ii,~ cil" ~ -- .. L- I 5"0Mt../ 3 

/6"1-0 feJ.?Z- // 71 I;;, 3 ,;. 57 - ~3.o t 

Pumping Start Time / (} /£; WL ____ Pumping End Time ____ _ WL ---
Comments: tJ~ ../-~ - -?t,U ~ 

mpleledby: ~~ Witnessed by: 

October 2014 

TFN 6 2/025 
RECD NOV 14,201 4 

Addendum D6- 10- l 5 
K:IWWCIADMIFORMS\Monitor Well 5arTl>le Form.doc 

DEQ Ex. 3-504



121 
N 

" 

~RAMACO *,UtJ ,(fa,,,,,y/4 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point 6141117 8'f 18 --Ct<i/ -[ " --------''-'-----'-----'----
Project _ __..G&~_.,_..,_._· 0-<-_ _ -0 ________ _ 

N Location W.O .# __ o/=c....L...C..tJ_._/-=3_1--=8'---j...._-_0 _;_7 ___ _ 
121 ------------------
N 
121 Sample ID# Date Sampled ___ / ___ / ___ _ Time _______ am pm 

Describe Sampling Point 

Well Depth / 5 8, Tf tt below MP 

Date / () I 1 I I 3 

Depth to Water (below MP) I 'II,, lo'f ft 

Time _ _,/~/_2'"'----"'Q __ am pm 

At least bore volumes have been evacuated before sampling 
----

Sampling method 

'Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. ----

Casing Diameter S- in 

Casing Volume gal 

X 

----

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 20 14 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
Conductance Temperature Turbidity Water Level Removed from Well Rate 
(umhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) laom) 

WL Pumping End Time _ _ ____ WL _ __ _ 

?t_~ ?f: ~tv w~ -1-o e()~/4 

TEN 6 2/02 5 
RECD NOV 14 ,2014 

~itnessedby: 
Addendum D6-10- 16 

K:IWWC\AOMIFORMS\Monitor Wel l Saf11)1e Fonn.doc 
DEQ Ex. 3-505



121 
N 

" 

~ RAMACO ~4'0 ~h 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point - - ~~~#f~5~7.--e ...... 1:,_l~B~-~Af.~W:~ -~I __ Project _ ___.{2--=c....+-~""---=------'-----=---------

" N Location W.O.# ___ c;,7~ P -=----/ 3-'----=--'I 3=----CJ_- _0_7...,___ ___ _ 
121 ---------- ----- ---

~ Sample ID# Date Sampled ___ / ___ / ___ _ Time _______ am pm 

Describe Sampling Point ------------ --- --------- --- -----

Well Depth /85. 75ft below MP Depth to Water (below MP) /8'/, ZB ft 

Date / () I q I / 3 Time / / 'f-S- ~ pm 

At least bore volumes have been evacuated before sampling --- -
Sampling method 

' Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. 

Casing Diameter in ----

Casing Volume gal 

X 

----

DISCHARGE RATE 

______ _ gpm 

0.00223 

cfs 

bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) --------- -
and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (umhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) laom) 

Pumping Start Time ____ WL ___ _ Pumping End Time ______ WL ___ _ 

Comments: ~ ~~ 

~h 
&2/-~ 4- w~ 1-o 

TFN62/025 
RECD NOV 14 , 2014 

Form completed by: 

October 2014 

~~ Witnessed by: 

Addendum D6- 10- 17 
K:IWWC\ADMIFORMS\Monitor Wei, Sa"l)le form.doc 

DEQ Ex. 3-506



~ MACO -X 41._i) rz')~h 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point --~~7~8~6~ /_0_ -_C_t(._ ~~ --/ __ _ Project ~ --~-------- - ----

Location W. O. # ,;JtJ/3/!:fi ---=-- ----=------ ------------- -------- - -

Sample ID# Date Sampled ----------I I Time _______ am pm 

Describe Sampling Point _______ G_ tu __ ._~___;;---'--- --~·.-:+-_,t,J::..=..__.,tLf-----=--=--------- - - --

l q:;.. 79' 
Well Depth ~ ft below MP Depth to Water {below MP} '11...J 8 ft 

Date jt} I ,2 I / 3 Time /lltJ (~m 
At least 

----

Sampling method 

'Tap 

bore volumes have been evacuated before sampling 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. ----

Casing Diameter S in - ---

Casing Volume gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

1bing (type: }. ( New or previously used } was used to collect all samples ( yes or no } ----------

and all field measurements ( yes or no }. Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (umhos/cm) ("C) (NTU) (nearest 0.01 ft) (aallons) (aom) 

Pumping Start Time WL ____ Pumping End Time ___ ___ WL _ __ _ 

Comments: lJ-<L,1! ~ ~ - ~f-~L w~-lo 
--d-~~ 

Form completed by: ~ essedby: 

October 2014 

JEN 6 2 /025 
R EC D NOV 14 , 2 0 1 ,· 

Addendum 06- 10 -18 
K:IWWC\ADMIFORMS\Monitor Well 5an1>le Fonn.doc 

DEQ Ex. 3-507



~RAMACO ~ ,pw ;;:(}_~,v 

"';>---~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ---=~=-t;-~-'--:i_1--=8-~_I_0_-_N_6--'--f _-__./'------ Project _ ___;_~ _____ o ________ _ 

Location _______________ __ _ W .O.#_ ,6c_:_0..:._I 3-'C........:...t --=-3_J'j'---_______ _ 

Sample ID# Date Sampled ___ / ___ / ___ _ Time _______ am pm 
-

Describe Sampling Point ------~8'""'--"'W-=--_.Jt4=-t'~""-==""'--=---c---=-=c.....c_· _,,,____tv--=----'d_fc___,__ __________ _ 

Well Depth 
If/JI /¥7.2'-f 

--'--'---'--- ft below MP Depth to Water (below MP) /~5 • f ft 

Date / o I o Z- I / ~ Time / / aO @ pm 

At least bore volumes have been evacuated before sampling 
----

Sampling method 

'Tap 

• Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. ----

Casing Diameter in ----

Casing Volume gal 

DISCHARGE RATE 

________ gpm 

X 0.00223 __ ____::_c_-=---=--:==-::___ __ 

cfs 

,bing (type: _____ _____ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (um hos/cm) (OC) (NT\J) (nearest 0.01 ft) (gallons) (aom) 

Pumping Start Time WL ---- Pumping End Time _____ _ WL ----

Comments: w.d.L ~ ~ - ~f ~ ~±o 
~1-< 

Form completed by: 

October 2014 

TFN 6 2/ 025 
RECD NOV 14,2014 

Addendum D6- 10- l 9 
K:IWWC\ADM\FORMS\Monitor Well Sa"l)le Form.doc 

DEQ Ex. 3-508



~ RAMACO 

'"';>---~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point _ __ 5_'1_8_.!:7_- _I I_- _C_t<-_ IJ_ -_I _ _ _ Project _ _ __:;__Y--'---~---- - ------
Location W.O.# o< tJ/ 3 13 'f -

------------------ -------- -------

Sample ID# 51f3;f/,/-Cf<&~ / Date Sampled Jo I ;l. I t 3 
DescribeSamplingPoint &W ~ v-)~ 

Well Depth /,t8, 1k ft below MP Depth to Water (below MP) / /Cf, 53:, ft 

Date I O I J. I t ? Time / l 5' 11 {aivpm 

At least ~ / /t: 
I 

bore volumes have been evacuated before sampling 

Sampling method ' Submersible pump 

' Tap 'Bailer~-

Time &50 am{§) 

Casing Diameter ~ in 

Casing Volume ?f/ ,1- gal 

X 

DISCHARGE RATE 

_ _ _____ gpm 

0.00223 

/l- 7 ft below MP. ________ cfs 

1bing (type: __ ?.~~- - -· _ _ __ ). ( New or€:~iously use_9was used to collect all samples@r no) 

Pump intake or bailer set at 

and all field measurements gr no). Tubing used only for ___ ?-1..........,./,_4:_.__ _ ___________ _ 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulatlve Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (µmhos/cm) (OC) (NTU) (nearest 0.01 ft) (aallons) (aom) 

/;J. ~ 0 8 . .z.tf 3:it:to /7,v; 2.00 I sr, 1,4,1.. L/ .3o 

1;..so B. 3:3 '3;;! so /(g , f) 9(q .7 - - ~ 3 s-~. -l 

Pumping Start Time / ~ :i. 0 Wl _ ___ Pumping End Time ____ _ Wl ---

Comments: W~ -/-~ - ~ ~ 

TFN 6 2 / 025 
RECD NO V 14,2614 

Form completed by: 

October 2014 Addendum D6- 10-20 
K:IWWCIADMIFORMS\Mootor Well Sal'll)le Form.doc 

DEQ Ex. 3-509



~ RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point - --=-5_'7_6~:J~ / _/ -~M~>~~- -~I _ __ _ Project ____ bG~-~-----------
W .O.# o20/ 3131 Location --- ---------------

Sample ID# Date Sampled / IJ I Z I I 3 Time_ ~/~ 3- 1_() __ an(@ 
Describe Sampling Point ------=(:;-,,;__:_i..J_..:....~----'-----"-"'----"--=---..:....·----_....w'-=--~---------------

Well Depth 15'8 .oO ft below MP DepthtoWater(belowMP) /S"tJ,/0 ft 

Date / 0 I ;<. I I 3 Time /;;.. tJO am@ 

At least 2J I}-- bore volumes have been evacuated before sampling 

Sampling _m_e-th~o~d-- ' Submersible pump ' {j;~ 7 
' Tap ' Bailer 

Casing Diameter ~ in 

Casing Volume --;;}[ 4- gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

Pump intake or bailer set at /5({.p ft below MP. - - --- cfs 

1bing (type: ~ ). ( New o~;viousty used j was used to collect all samples E}x no ) 

and all field measurements Sr no ). Tubing used only for __ "Pf_ ff~ - ------ ------ -

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (um hos/cm) (OC) (NTU) 

/330 8.iJ.0 ..:is-s-o /S:'o 3~,i 
/ ,:;¥,o B,~7 ;; 3~0 ,1.v 55",0 

Pumping Start Time I~ WL 
/. ,-~ "'-i ,. ,/ - .. -,.,-

Comments: CA-'~ ,-~ - "",\..O 

~ ~ ~ ~ f?~ 

Form completed by: 

October 2014 

(nearest 0.01 ft) (gallons) taom) 

,---- J, / "71);, '-/ .30 

- ~3.S- i 

Pumping End Time WL - --- - ---

Witnessed by: 

TFH 6 2!025 
RECD NO V 14,2014 

Addendum D6- 10-21 
K:IWWC\AOMIFORMS\Monitor Well Sa"l)le Form.doc 

DEQ Ex. 3-510



~RAMACO 

~/'WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 57 8'::JI-Z. - ,4 L-/ ----'------- - - ------- Project a~ 
Location ------------- - ---- W .O.# ,;;2tJ ( 3 /3 C/-0 7 
Sample ID# 5'7 8!:)/ ~ - /IL-. -/ Date Sampled ____,_/_O_ /_ ;i. _ _ / -----'l'--'.3-=----- Time /7~0 am~ 

Describe Sampling Point _ ____ 6_w __ ~----· _ _ · ____ W_ ~- ------------ --

Well Depth J. /, t/ ft below MP Depth to Water (below MP) ~. 03 ft 

Date / o I 2.. I / 3 Time / 4" '/0 am@ 

At least ~ bore volumes have been evacuated before sampling 

Sampling method 

• Tap 

' Submersible pump 

' Bailer 

Casing Diameter _ _ & _ _ in 

Casing Volume ?, !f= gal 

X 

DISCHARGE RATE 

______ __ gpm 

0.00223 

Pump intake or bailer set at / :::£: ft below MP. _ ____ __, cfs 

Ibing (type: p~ ). ( New o previously used was used to collect all sampleSr no ) 

and all field measurementsGr no). Tubing used only for __ --?-1...c......_c....,_d:__.__ ____________ _ _ 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (um hos/cm) ("C) (NTU) (nearest 0.01 ft) faallons) faom) 

17/D 7, C/5' 5~~0 ;.3.e .3. ~3 j /50"10 

_L7,J.O ~ .02- s,eo I 3,4 3,S-/ -- %3.!7 -i- I 

Pumping Start Time //g £0 WL ____ Pumping End Time _ ___ _ WL ---
Comments: W~ (!_~ - ~ ~ 

Form completed by: ~ ~ Witnessed by: 

October 2014 

TFN 6 2/025 
RECD NOV 14,20 14 

Addendum 06-10-22 
K:IWWCIADMIFORMS\Monitor Welt Sarrc:,te Fom,.doc 

DEQ Ex. 3-511



~ MACO ~ ,1/(_tJ ~~ 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 5 r; 8 5" I~ "C.l<..N -/ 

Location 

Project __ ,._~..::;____;:,::__ ________ __ _ 

------------------ W.O.#_~ca~ t'_(_.3~/~3~ q_ -_CJ_7~---

Sample ID# _________ Date Sampled _ __ / ___ / ___ _ Time am pm -------

Describe Sampling Point ______ &7=-.... W;_;;:____.~'---"=-"--'--=--=c:.=----=--=---"--· '74----=t,J."""-"~_c_= ----------

Well Depth "I-'/. g 5ft below MP Depth to Water (below MP) bl!% ft 

Date / () I 1--- I / 3 Time / ~ /0 am@§) 

At least bore volumes have been evacuated before sampling - ---

Sampling method 

' Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. - ---

Casing Diameter in 
----

Casing Volume gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
Conductance Temperature Turbidity Water Level Removed from Well Rate 
lumhos/cm) 1°c> (NTU) (nearest 0.01 ft) (gallons) loom) 

WL Pumping End Time _ ____ _ WL ----

~~essedby: 

TEN 6 2!0 25 
RECD NOV 14,20 14 

Addendum D6- 10-23 
K:IWWC\AOMIFORMS\Monitor Welt Sa"l)le Fom,.doc 

DEQ Ex. 3-512



~RAMACO -)(: /pf() ~./4!_ 

~/"WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ---=5_7--=-B_6_/---"2,'---A-'--}1,f.--=S~L--- - --
Location _________________ _ 

Project Q~ 
W .O.# o7ot3 l3C/ - 0 7 

Sample ID# Date Sampled I I Time am pm -------

Describe Sampling Point --- ---~(;:?~_W __ ~~~-----~· ,,,,_~W~~- --------- ---

Well Depth 1/'f, 1' ft below MP Depth to Water (below MP) / / /. q / ft 

Date / {} I Z- I I 3 Time /~/S- am{§) 

At least bore volumes have been evacuated before sampling 
--- -

Sampling method 

'Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. - ---

Casing Diameter_~ ? __ in 

Casing Volume gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (1,1mhos/cm) c·c> (NTU) (nearest 0.01 ft) (gallons) (aom) 

Pumping Start Time WL Pumping End Time _ _ ___ _ WL ----

Comments: W-??l ~/-~ 

~~ 

Form completed by: 

October 2014 

~ ~ltnessedby: 

TFN 6 2/025 
RECD NOV 14, 2014 

Addendum 06-10-24 
K:\WWCIADMIFORMS\Monitor Well Sanl)le Form.doc 

DEQ Ex. 3-513



~RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Project 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ~ H1 5"7 8 ~( ~ - Al.. - I ----=------''-----"'----"---------- ------------- --

Location W.O.# ~013/~Cj-07 
-----"----'--'----'-- -----''------ -------------------

Sample ID# .6"'157 85" / 3 -AL-I Date Sampled /o I 1 I I .3 

Describe Sampling Point Gw ;,,,,,~ LJ~ 

Well Depth o}D, 71 ft below MP Depth to Water {below MP) 'l, 5 I ft 

Time OC,/0 @pm Date /0 I ~ I I 3 

At least ~ Ir' bore volumes have been evacuated before sampling 

Sampling method 

'Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at I~. 00 ft below MP. 

i 

Time t> .,, !i D ~m 

Casing Diameter __ => _ _ in 

Casing Volume ?t. A- gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

, 1bing (type: P ~ ). ( New or@reviously used] was used to collect all samples @r no) 

and all field measurements ~r no). Tubing used only for ___ -n_lr_;_ _____________ _ 

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water level Removed from Well Rate 

Time (units) (1,1mhoa/cm) ("C) (NTU) (nearest 0.01 ft) (gallons) (gpm) 

0'7 '/-tJ 7,S7 ~770 IA•t 'f-,(> 7 - J I 5°0"-< t../ 
ocrso 7,e,5" '-IS ?o ,~.'$ 2, oS- - ~3.o .t 

Pumping Start Time O 1.2£ WL ____ Pumping End Time ____ _ WL 

Comments: W ~ C!. ~ - ~ ~ 

~C,# l~O I 8.3 

Formcompletedby: -~ Witnessed by: 

October 2014 

TFN 6 2 ,' 025 
RECD NOV 14 ,201 4 

Addendum D6-10-25 
K:IWWCIADMIFORMS\Monitor Well Safl1)1e Form.doc 

DEQ Ex. 3-514



I 

~RAMACO -}f-41..IJ ~h 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point -~5~'l~8~S-_ J_3_ -_ C._R-_ ll/_ -_ / _ _ _ Project o~ ----------------

Location ------------------ W. O. # __ e2~'1 t~3~/ .3-=----,CZ,__- _ ___ _ 

Sample ID# Date Sampled ----------I I Time am pm -------

Describe Sampling Point _______ &-_u.J_---=-~----''--'----=...,. """"'--=-='-"·C.....,,,.----'W"-"-_de _ ____ _ _ _______ _ 

Well Depth //'7. 28tt below MP 

Date IO I Z I / 3 

Depth to Water (below MP) / It ,5 / ft 

Time /cf 35"" am(§) 

At least bore volumes have been evacuated before sampling 
----

Sampling method 

'Tap 

' Submersible pump 

' Bailer 

Pump intake or bailer set at ft below MP. 

Casing Diameter 

Casing Volume 

~ in 

gal 

X 

DISCHARGE RATE 

________ gpm 

0.00223 

cfs 

1bing (type: _ _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

Pumping Start Time 

Form completed by: 

October 2014 

EVACUATION/ STABILIZATION TEST DATA 
Temperature 

Corrected 
Conductance Temperature 
(umhos/cml (OC) 

WL - ---

Cumulative Volume 
of Water Pumping 

Turbidity Water level Removed from Well Rate 
(NTUI (nearest 0.01 ftl (gallons) faDm) 

Pumping End Time WL ----- --- -

Witnessed by: 

TFN 6 2/025 
RECD NOV 14,20 14 

Addendum D6- 10-26 
K:IWWCIADMIFORMS\Monitor Well Sa""'e Foon.doc 

DEQ Ex. 3-515



~ RAMACO 

"";>---/"'WWCENGINEERING 

. SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point _ _ 5 _ 7-'-----'"'8-=~c......L../-=3'--- ----'M____,__,6"--'-T_-_.I __ _ Project_ ~ <d~~~~-~~--------

W .O.# _ _ c:?_~_/_.3_(3=---o/.__-_0 -'-7 ___ _ Location --- ---------------
Sample ID# 5""7BS/.3-M~T-/ DateSampled ~ (_O __ /_ Z __ /_ 1_ 3 _ _ Time /530 am@ 

Describe Sampling Point ______ (';._ 4,,1 __ ~----____ • +---41_ .,df ___ __________ _ 

Well Depth /~J./-, t,o ft below MP Depth to Water (below MP) / 0 8 . ;lD ft 

Date / tJ I '2 I I 3 Time / 'f ~S-- am~ 

At least '?'I!/- bore volumes have been evacuated before sampling 

Sampling method 

' Tap 

' Submersible pump 

' Bailer 

Casing Diameter ~ in 

Casing Volume -?t ,1: gal 

X 

DISCHARGE RATE 

___ _____ gpm 

0.00223 

Pump intake or bailer set at / 3S: 
1bing (type: ?~ 

ft below MP·--=----- ~ cfs 

). ( New oiP!eviously used]was used to collect all samples G.J,r no) 

and all field measurements Gi)cr no ). Tubing used only for -1-1. A-

EVACUATION/ STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Water Level Removed from Well Rate 

Time (units) (l.1mhos/cm) (OC) (NTU) (nearest 0.01 ft) (gallons) (aom) 

/G~O // . 'l<t L/130 I;;-, 0 I/. 3~ -- I I ~c:; N 1.../ 3o 

/530 7.5'( ;../-//0 /'{,(t, i , 82.. 
I 

~3,5 "1 

Pumping Start Time / 5'0 0 WL ____ Pumping End Time ___ _ _ WL 

Comments: tJ~ C..~ - --;,,-<J ~ 

~ / 60 I B 2-

Form completed by: Witnessed by: 

October 2014 

TFN 6 2/025 
RECD NOV 14 , 201 4 

Addendum D6- 10-27 
K:IWWC\ADMIFORMS\Monito, Well Sample Form.doc DEQ Ex. 3-516



RAMACO Brook Mine 

Sample Analysis Reports 

Premining water quality sampling was conducted m accordance 
with WDEQ/LQD Guideline No. 8 Hydrology Coal and Non-Coal. 
Constituents and associated units in these reports can be found in 
Appendix 1 of the aforementioned Guideline. Sampled zone 
nomenclature is defined as follows: MST = Masters, CRN = Carney, 
AL = Alluvium, OB = observation, and UBN = underburden. 

TFN 6 2/025 
RECD OCT 23,2015 

October 20 15 Addendum D6- 10-27A 
DEQ Ex. 3-517



w ~ ~ Rf MACO Brook Mine 
JI) Im I:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I ,,.no.-.. ou"'"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: RAMACO 
Lab ID: S1310062-001 
Client Sample ID: 578511-CRN-1 
COC: 150182 

Analyses Result 

Field 
pH 8.33 

Conductivity 3280 

Turbidity 86.7 

Temperature 16.8 

Static Water Level 119.53 

General Parameters 
pH 8.2 

Electrical Conductivity 3400 

Total Dissolved Solids (180) 2400 

Solids , Total Dissolved (Cale) 2220 

Alkalinity, Total (As CaCO3) 525 

Hardness, Calcium/Magnesium (As CaCO3) 565 

Nitrogen , Ammonia (As N) 6.8 

ium Adsorption Ratio 9.8 

s 
Alkalinity, Bicarbonate as HCO3 641 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 24 

Fluoride 1.1 

Nitrogen, Nitrate-Nitrite (as N) 7.9 

Sulfate 1110 

Cations 
Calcium 85 

Magnesium 86 

Potassium 26 

Sodium 535 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 
Collection Date: 10/2/2013 12:50:00 PM 
Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u . 10/02/2013 1250 Field 

µmhos/cm 10/02/2013 1250 Field 

NTU 10/02/2013 1250 Field 
oc 10/02/2013 1250 Field 

ft 10/02/2013 1250 Field 

0.1 s.u. 10/04/2013 0050 KV SM 4500 H B 

5 µmhos/cm 10/04/2013 0050 KV SM 2510B 

10 mg/L 10/03/2013 1329 EC SM 2540 

10 mg/L 10/15/20131429 JJ SM 1030E 

5 mg/L 10/04/2013 0050 KV SM 2320B 

mg/L 10/15/2013 1429 JJ SM 2340B 

0.1 mg/L 10/14/2013 1046 RH EPA 350.1 

0.1 10/15/2013 1429 JJ Calculation 

5 mg/L 10/04/2013 0050 KV SM 2320B 

5 mg/L 10/04/2013 0050 KV SM 2320B 

5 mg/L 10/04/2013 0050 KV SM 2320B 

mg/L 10/05/2013 2230 AMB EPA 300.0 

0.1 mg/L 10/04/2013 0050 KV SM 4500FC 

0.1 mg/L 10/08/2013 1304 RH EPA 353.2 

1 mg/L 10/05/2013 2230 AMB EPA 300.0 

mg/L 10/03/2013 1808 DG EPA 200.7 

mg/L 10/03/2013 1808 DG EPA 200.7 

mg/L 1 0/03/2013 1808 DG EPA 200.7 

mg/L 10/03/2013 1808 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

o Outside the Range of Dilutions T f ff 6 2 f O 2 5 
RECD NOV 14,2014 

Page 1 of 8 

Addendum D6-10-28 DEQ Ex. 3-518



w ,., ~ ~MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I iHnR •"'ouH,,.,,. uas 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID :Cl. Sample Analysis Report 

121 
N 

" N 
00 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

"- Project: 
N Lab ID: 

RAMACO 
S1310062-001 121 

N 
121 

Client Sample ID: 578511-CRN-1 
COC: 150182 

Analyses 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

· ,n Sum 

ion-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

10.50 

ND 
ND 

0.67 

0.05 

0.56 

23.14 

4.23 

7.06 

0.66 

23.28 

35.74 

34.94 

1.12 

ND 
ND 
ND 
0.3 

ND 
ND 
ND 
ND 
ND 

0.19 

ND 
ND 
ND 

0.005 

ND 

0.18 

0.24 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 
Collection Date: 10/2/2013 12:50:00 PM 
Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 % 10/15/2013 1429 JJ SM 1030E 

0.1 mg/L 1 0/03/2013 1808 DG EPA 200.7 

0.005 mg/L 10/03/2013 1417 MS EPA 200.8 

0.1 mg/L 10/03/2013 1417 MS EPA 200.8 

0.1 mg/L 10/03/2013 1808 DG EPA 200.7 

0.001 mg/L 10/03/2013 1417 MS EPA 200.8 

0.01 mg/L 10/03/2013 1808 DG EPA 200.7 

0.01 mg/L 10/03/20131417 MS EPA 200.8 

0.05 mg/L 10/03/2013 1808 DG EPA 200.7 

0.02 mg/L 10/03/20131417 MS EPA 200.8 

0.02 mg/L 10/03/2013 1808 DG EPA 200.7 

0.001 mg/L 10/04/20131345 cs EPA 245.1 

0.02 mg/L 10/03/20131417 MS EPA 200.8 

0.01 mg/L 10/03/2013 1808 DG EPA 200.7 

0.005 mg/L 10/03/2013 1417 MS EPA 200.8 

0.01 mg/L 10/03/2013 1808 DG EPA 200.7 

0.05 mg/L 10/08/2013 0246 DG EPA 200.7 

0.02 mg/L 10/08/2013 0246 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN62/025 

RECD NOV 14,2014 
6a. 

Reviewed by: -'""''-----=-'--''------------ Page 2 of 8 

Addendum D6- 10-29 
John Jacobs, Project Manager 

October 2014 DEQ Ex. 3-519



w ~ RAMACO Brook Mine 
fl~ ,,1m·1: Ill' Your Environmental Monitoring Partner 
;:I ..,;;;.,.i,,iii,,iiioiiiiii Inter-Mountain Labs---------------------------------------
;:I '"'0

· M
0

" " ' "'" LAa s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: RAMACO 
Lab ID: S 1310062-002 
Client Sample ID: 578511-MST-1 
COC: 150182 

Analyses Result 

Field 
pH 8.57 

Conductivity 2300 

Turbidity 35.0 

Temperature 17.6 

Static Water Level 150.10 

General Parameters 
pH 8.3 

Electrical Conductivity 2280 

Total Dissolved Solids (180) 1500 

Solids, Total Dissolved (Cale) 1430 

Alkalinity, Total (As CaCO3) 443 

Hardness, Calcium/Magnesium (As CaCO3) 382 

Nitrogen, Ammonia (As N) 4.5 

ium Adsorption Ratio 7.9 

s 
Alkalinity, Bicarbonate as HCO3 540 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 16 

Fluoride 0.9 

Nitrogen, Nitrate-Nitrite (as N) 8.0 

Sulfate 624 

Cations 
Calcium 59 

Magnesium 57 

Potassium 19 

Sodium 353 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: c::7~ ,C:-~6a. 
John Jacobs, Project Manager 

October 20 14 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 
Collection Date: 10/2/2013 1 :40:00 PM 
Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 10/02/2013 1340 Field 

µmhos/cm 1 0/02/2013 1340 Field 

NTU 10/02/2013 1340 Field 

·c 10/02/2013 1340 Field 

ft 10/02/2013 1340 Field 

0.1 S. U. 10/04/2013 0100 KV SM 4500 H B 

5 µmhos/cm 10/04/2013 0100 KV SM 2510B 

10 mg/L 10/03/2013 1330 EC SM 2540 

10 mg/L 10/15/20131429 JJ SM 1030E 

5 mg/L 10/09/2013 1313 KV SM 2320B 

mg/L 10/15/2013 1429 JJ SM 2340B 

0.1 mg/L 10/14/20131047 RH EPA 350.1 

0.1 10/15/2013 1429 JJ Calculation 

5 mg/L 10/09/2013 1313 KV SM 2320B 

5 mg/L 10/09/2013 1313 KV SM 2320B 

5 mg/L 10/09/2013 1313 KV SM 2320B 

mg/L 10/09/2013 1626 AMB EPA 300.0 

0.1 mg/L 10/04/2013 0100 KV SM 4500FC 

0.1 mg/L 10/08/2013 1305 RH EPA 353.2 

mg/L 10/09/2013 1626 AMB EPA 300.0 

mg/L 10/10/2013 0201 DG EPA 200.7 

mg/L 10/10/2013 0201 DG EPA 200.7 

mg/L 10/10/2013 0201 DG EPA 200.7 

mg/L 10/10/2013 0201 DG EPA200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN 6 2/025 

RECD NOV 14,2014 
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w ,, ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"Tf"•,.0 u" T"'" LAo s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 
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:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: RAMACO 

Lab ID: S 1310062-002 

Client Sample ID: 578511-MST-1 

COC: 150182 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 8.85 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 045 

Fluoride 0.04 

Nitrate+ Nitrite as N 0.57 

Sulfate 12.98 

Calcium 2.94 

Magnesium 4.69 

Potassium 0.48 

Sodium 15.36 

Cation I Anion Balance 
Cation Sum 23.80 

,n Sum 22.91 

on-Anion Balance 1.90 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.09 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.29 

Manganese 0.11 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times fo r preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 

Collection Date: 10/2/20131:40:00 PM 

Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 % 10/15/2013 1429 JJ SM 1030E 

0.1 mg/L 10/03/2013 1810 DG EPA 200.7 

0.005 mg/L 10/03/2013 1423 MS EPA 200.8 

0.1 mg/L 10/03/2013 1423 MS EPA 200.8 

0.1 mg/L 10/03/20131810 DG EPA 200.7 

0.001 mg/L 10/03/2013 1423 MS EPA 200.8 

0.01 mg/L 10/03/2013 1810 DG EPA 200.7 

0.01 mg/L 10/03/2013 1423 MS EPA 200.8 

0.05 mg/L 10/03/2013 1810 DG EPA 200.7 

0.02 mg/L 10/03/2013 1423 MS EPA 200.8 

0.02 mg/L 10/03/2013 1810 DG EPA 200.7 

0.001 mg/L 10/04/2013 1353 cs EPA 245.1 

0.02 mg/L 10/03/2013 1423 MS EPA 200.8 

0.01 mg/L 10/03/20131810 DG EPA 200.7 

0.005 mg/L 10/03/2013 1423 MS EPA 200.8 

0.01 mg/L 10/03/20131810 DG EPA 200.7 

0.05 mg/L 10/08/2013 0255 DG EPA 200.7 

0.02 mg/L 10/08/2013 0255 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/ 025 
RECD NOV 14,2014 
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w / ~ 1;:-MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I """!"ii,,iii,,iiii,,iiiilliiii~ Inter-Mountain Labs---------------------------------------
;:I '"Tf"'•"0""T"'" uas 1673 Terra Avenue , Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID 0. Sample Analysis Report 
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:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: RAMACO 
Lab ID: S1310062-004 
Client Sample ID: 578512-AL-1 
COC: 150182 

Analyses Result 

Field 
pH 8.02 

Conductivity 5180 

Turbidity 3.51 

Temperature 13.4 

Static Water Level 4.03 

General Parameters 
pH 8.0 

Electrical Conductivity 5650 

Total Dissolved Solids ( 180) 5210 

Solids, Total Dissolved (Cale) 4740 

Alkalinity, Total (As CaCO3) 638 

Hardness, Calcium/Magnesium (As CaCO3) 2840 

Nitrogen, Ammonia (As N) ND 

ium Adsorption Ratio 4.0 

s 
Alkal inity, Bicarbonate as HCO3 778 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 17 

Fluoride 1.0 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 2990 

Cations 
Calcium 369 

Magnesium 466 

Potassium 26 

Sodium 490 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Va lue 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 
Collection Date: 10/2/2013 5:20:00 PM 
Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 10/02/2013 1720 Field 

µmhos/cm 10/02/2013 1720 Field 

NTU 10/02/2013 1720 Field 
oc 10/02/2013 1720 Field 

ft 10/02/2013 1720 Field 

0.1 S.U. 10/04/2013 0119 KV SM 4500 H B 

5 µmhos/cm 10/04/20130119 KV SM 2510B 

10 mg/L 10/03/2013 1332 EC SM 2540 

10 mg/L 10/15/2013 1429 JJ SM 1030E 

5 mg/L 10/04/2013 0119 KV SM 2320B 

mg/L 10/15/2013 1429 JJ SM 2340B 

0.1 mg/L 10/14/2013 1049 RH EPA 350.1 

0.1 10/15/2013 1429 JJ Calculation 

5 mg/L 10/04/2013 0119 KV SM 2320B 

5 mg/L 10/04/20130119 KV SM 2320B 

5 mg/L 10/04/2013 0119 KV SM 2320B 

mg/L 10/05/2013 2311 AMB EPA 300.0 

0.1 mg/L 10/04/20130119 KV SM 4500FC 

0.1 mg/L 10/08/2013 1308 RH EPA 353.2 

mg/L 10/05/2013 2311 AMB EPA 300.0 

mg/L 10/03/20131815 DG EPA 200.7 

mg/L 10/03/2013 1815 DG EPA 200.7 

mg/L 10/03/2013 1815 DG EPA 200.7 

mg/L 10/03/2013 1815 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN 6 2/025 

RECD NOV 14,2014 
Page 7 of 8 
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w / ~ RfMACO Brook Mine 
JI) Im I:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"rc"•"'0 u"'"'" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 
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:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: RAMACO 
Lab ID: S 1310062-004 
Client Sample ID: 578512-AL-1 
COC: 150182 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 12.75 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.48 

Fluoride 0.05 

Nitrate + Nitrite as N ND 

Sulfate 62.21 

Calcium 18.40 

Magnesium 38.33 

Potassium 0.65 

Sodium 21 .32 

Cation I Anion Balance 
Cation Sum 78.72 

,n Sum 75.49 

on-Anion Balance 2.09 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.4 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.91 

Lead ND 

Manganese 2.28 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.96 

Manganese 2.20 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Ana lyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 
Collection Date: 10/2/2013 5:20:00 PM 
Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 % 10/15/2013 1429 JJ SM 1030E 

0.1 mg/L 10/03/20131815 DG EPA 200.7 

0.005 mg/L 10/03/2013 1434 MS EPA 200.8 

0.1 mg/L 10/03/2013 1434 MS EPA 200.8 

0.1 mg/L 10/03/20131815 DG EPA 200.7 

0.001 mg/L 10/03/2013 1434 MS EPA 200.8 

0.01 mg/L 10/03/20131815 DG EPA 200.7 

0.01 mg/L 10/03/20131434 MS EPA 200.8 

0.05 mg/L 10/03/2013 1815 DG EPA 200.7 

0.02 mg/L 10/03/2013 1434 MS EPA 200.8 

0.02 mg/L 10/03/20131815 DG EPA 200.7 

0.001 mg/L 10/04/2013 1357 cs EPA 245.1 

0.02 mg/L 10/03/20131434 MS EPA 200.8 

0.01 mg/L 10/03/20131815 DG EPA 200.7 

0.005 mg/L 10/03/2013 1434 MS EPA 200.8 

0.01 mg/L 10/03/20131815 DG EPA 200.7 

0.05 mg/L 10/08/2013 0300 DG EPA 200.7 

0.02 mg/L 10/08/2013 0300 DG EPA 200.7 

RL - Reporting Limit 
B 
E 

M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RF.CD NOV 14,2014 
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w ~ RAMACO Brook Mine 
JI) .... I m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I ""•~•"'ouNr,.,N uos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 
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:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: RAMACO 
Lab ID: S 1 310062-003 
Client Sample ID: 578513-MST-1 
COC: 150182 

Analyses Result 

Field 

pH 7.51 

Conductivity 4110 

Turbidity 9.82 

Temperature 14.6 

Static Water Level 108.20 

General Parameters 

pH 7.8 

Electrical Conductivity 4290 

Total Dissolved Solids (180) 3370 

Solids , Total Dissolved (Ca le) 3070 

Alkalinity, Total (As CaCO3) 604 

Hardness, Calcium/Magnesium (As CaCO3) 1040 

Nitrogen, Ammonia (As N) 10.6 

ium Adsorption Ratio 8.3 

s 

Alkalinity, Bicarbonate as HCO3 736 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 15 

Fluoride 0.6 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 1740 

Cations 

Calcium 128 

Magnesium 175 

Potassium 32 

Sodium 613 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/15/2013 

Report ID: S 1310062001 

Work Order: S1310062 
Collection Date: 10/2/2013 3:30:00 PM 
Date Received: 10/3/2013 8:28:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 10/02/2013 1530 Field 

µmhos/cm 10/02/2013 1530 Field 

NTU 10/02/2013 1530 Field 
oc 10/02/2013 1530 Field 

ft 10/02/2013 1530 Field 

0.1 s.u. 10/04/2013 0109 KV SM 4500 H B 

5 µmhos/cm 10/04/2013 0109 KV SM 2510B 

10 mg/L 10/03/20131331 EC SM 2540 

10 mg/L 10/15/2013 1429 JJ SM 1030E 

5 mg/L 10/04/2013 0109 KV SM 2320B 

mg/L 10/15/2013 1429 JJ SM 2340B 

0.1 mg/L 10/14/2013 1048 RH EPA 350.1 

0.1 10/15/2013 1429 JJ Calculation 

5 mg/L 10/04/2013 0109 KV SM 2320B 

5 mg/L 10/04/2013 0109 KV SM 2320B 

5 mg/L 10/04/2013 0109 KV SM 2320B 

mg/L 10/05/2013 2257 AMB EPA 300.0 

0.1 mg/L 10/04/2013 0109 KV SM 4500FC 

0.1 mg/L 10/08/2013 1307 RH EPA 353.2 

mg/L 10/05/2013 2257 AMB EPA 300.0 

mg/L 10/03/20131813 DG EPA 200.7 

mg/L 10/03/20131813 DG EPA 200.7 

mg/L 10/03/20131813 DG EPA 200.7 

mg/L 10/03/20131813 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN62/025 

RE CD NO V 14,2014 
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~ RAMACO Brook Mine 

~1 m I: Inter-Mountain Labs 
Your Environmental Monitoring Partner 

IMTf.R - MOUIHA IH LAD5 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: RAMACO 

Lab ID: S 1310062-003 

Client Sample ID: 578513-MST-1 

COC: 150182 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 12.07 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride 0.43 

Fluoride 0.03 

Nitrate + Nitrite as N ND 
Sulfate 36.31 

Calcium 6.37 

Magnesium 14.39 

Potassium 0.80 

Sodium 26.67 

Cation I Anion Balance 
Cation Sum 48.99 

on Sum 48.85 

ion-Anion Balance 0.15 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 

Iron 0.19 

Lead ND 

Manganese 0.09 

Mercury ND 

Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc 0.01 

Total Metals 
Iron 0.34 

Manganese 0.13 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: ~ ~~6-.;1-
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/15/2013 

Report ID: S1310062001 

Work Order: S1310062 

Collection Date: 10/2/2013 3 :30:00 PM 

Date Received: 10/3/2013 8 :28:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/15/20131429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/1 5/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 meq/L 10/15/2013 1429 JJ SM 1030E 

0.01 % 10/15/2013 1429 JJ SM 1030E 

0.1 mg/L 10/03/2013 1813 DG EPA 200.7 

0.005 mg/L 10/03/2013 1428 MS EPA 200.8 

0.1 mg/L 10/03/2013 1428 MS EPA 200.8 

0.1 mg/L 10/03/2013 1813 DG EPA 200.7 

0.001 mg/L 1 0/03/2013 1428 MS EPA 200.8 

0.01 mg/L 10/03/2013 1813 DG EPA 200.7 

0.01 mg/L 10/03/2013 1428 MS EPA 200.8 

0.05 mg/L 10/03/2013 1813 DG EPA 200.7 

0.02 mg/L 10/03/2013 1428 MS EPA 200.8 

0.02 mg/L 10/03/2013 1813 DG EPA 200.7 

0.001 mg/L 10/04/2013 1355 cs EPA 245.1 

0.02 mg/L 10/03/2013 1428 MS EPA 200.8 

0.01 mg/L 10/03/20131813 OG EPA 200.7 

0.005 mg/L 10/03/2013 1428 MS EPA 200.8 

0.01 mg/L 10/03/20131813 DG EPA 200.7 

0.05 mg/L 10/08/2013 0258 OG EPA 200.7 

0.02 mg/L 10/08/2013 0258 OG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NO V 14 ,2014 

Page 6 of 8 

Addendum 06- 10-35 DEQ Ex. 3-525



w / ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"n"'•""0

""'"'" u as 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID 
0. Sample Analysis Report 
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:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1310156-005 
Client Sample ID: SM578408-CRN-1 
COC: 150183 

Analyses Result 

Field 
pH 7.79 

Conductivity 2440 

Turbidity 370 

Temperature 13.3 

Static Water Level 87.66 

General Parameters 
pH 7.9 

Electrical Conductivity 2290 

Total Dissolved Solids (180) 1870 

Solids , Total Dissolved (Cale) 1760 

Alkalinity, Total (As CaCO3) 577 

Hardness, Calcium/Magnesium (As CaCO3) 1300 

Nitrogen, Ammonia (As N) ND 

ium Adsorption Ratio 1.0 

ns 
Alkalinity, Bicarbonate as HCO3 705 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 8 

Fluoride 0.7 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 918 

Cations 
Calcium 165 

Magnesium 214 

Potassium 27 

Sodium 82 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 
Collection Date: 10/9/2013 3:40:00 PM 
Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

s.u. 10/09/2013 1540 Field 

µmhos/cm 10/09/2013 1540 Field 

NTU 10/09/2013 1540 Field 
oc 10/09/2013 1540 Field 

ft 10/09/2013 1540 Field 

0.1 S.U. 10/11/2013 2016 KV SM 4500 H B 

5 µmhos/cm 10/11/2013 2016 KV SM 2510B 

10 mg/L 10/10/2013 1118 EC SM 2540 

10 mg/L 10/16/2013 1109 JJ SM 1030E 

5 mg/L 10/11/2013 2016 KV SM 2320B 

1 mg/L 10/16/2013 1109 JJ SM 2340B 

0.1 mg/L 10/14/2013 1149 RH EPA 350.1 

0.1 10/16/20131109 JJ Calculation 

5 mg/L 10/11/2013 2016 KV SM 2320B 

5 mg/L 10/11/2013 2016 KV SM 2320B 

5 mg/L 10/11/2013 2016 KV SM 2320B 

mg/L 10/10/20131651 AMB EPA 300.0 

0.1 mg/L 10/11/2013 2016 KV SM 4500FC 

0.1 mg/L 10/15/2013 1244 RH EPA 353.2 

1 mg/L 10/10/20131651 AMB EPA 300.0 

mg/L 10/10/2013 1613 DG EPA 200.7 

mg/L 10/10/20131613 DG EPA 200.7 

mg/L 10/10/2013 1613 DG EPA 200.7 

mg/L 10/10/2013 1613 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 

Value exceeds Monthly Ave or MCL T f N 6 2 / 0 2 5 
Outside the Range of Dilutions R [ C D N O V l 4 1 2 0 1 4 
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~ RAMACO Brook Mine 

~. m I:: Inter-Mountain Labs 
Your Environmental Monitoring Partner 

I HTCR. • MOUHTAIN LADS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1310156-005 
Client Sample ID: SM578408-CRN-1 
COC: 150183 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 11 .54 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.23 

Fluoride 0.03 

Nitrate + Nitrite as N ND 
Sulfate 19.11 

Calcium 8.25 

Magnesium 17.64 

Potassium 0.68 

Sodium 3.56 

Cation I Anion Balance 
Cation Sum 30.16 

· ,n Sum 30.94 

ion-Anion Balance 1.27 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.5 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 

Lead ND 

Manganese 0.44 

Mercury ND 
Molybdenum ND 

Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 4.57 

Manganese 0.54 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Ana lyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 
Collection Date: 10/9/2013 3:40:00 PM 

Date Received: 10/10/2013 8:06:00 AM 
Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 % 10/16/2013 1109 JJ SM 1030E 

0.1 mg/L 10/10/20131613 DG EPA 200.7 

0.005 mg/L 10/10/20131441 MS EPA 200.8 

0.1 mg/L 10/10/2013 1441 MS EPA 200.8 

0.1 mg/L 10/10/2013 1613 DG EPA 200.7 

0.001 mg/L 10/10/2013 1441 MS EPA 200.8 

0.01 mg/L 10/10/2013 1613 DG EPA 200.7 

0.01 mg/L 10/10/2013 1441 MS EPA 200.8 

0.05 mg/L 10/1 0/2013 1613 DG EPA 200.7 

0.02 mg/L 10/10/20131441 MS EPA 200.8 

0.02 mg/L 10/10/2013 1613 DG EPA 200.7 

0.001 mg/L 10/11/20131237 cs EPA 245.1 

0.02 mg/L 10/10/2013 1441 MS EPA 200.8 

0.01 mg/L 10/10/2013 1613 DG EPA 200.7 

0.005 mg/L 10/10/2013 1441 MS EPA 200.8 

0.01 mg/L 10/10/2013 1613 DG EPA 200.7 

0.05 mg/L 10/14/2013 1829 DG EPA 200.7 

0.02 mg/L 10/14/2013 1829 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 : 0 2 5 

RECD NOV 14,2014 
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w ~ RAMACO Brook Mine 
JI) "I m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I ,,.rc .. ... ou"'"'" LAD> 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 
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N 
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N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1310156-004 

Client Sample ID: SM578408-MST-1 

COC: 150183 

Analyses Result 

Field 
pH 7.38 

Conductivity 2380 

Turbidity 552 

Temperature 13.7 

Static Water Level 104.49 

General Parameters 
pH 7.6 

Electrical Conductivity 2230 

Total Dissolved Solids (180) 1720 

Solids, Total Dissolved (Ca le) 1650 

Alkalinity, Total (As CaCO3) 464 

Hardness, Calcium/Magnesium (As CaCO3) 1040 

Nitrogen, Ammonia (As N) 3.1 

ium Adsorption Ratio 1.9 

s 
Alkalin ity, Bicarbonate as HCO3 566 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 8 

Fluoride 0.5 

Nitrogen, Nitrate-Nitrite (as N) ND 

Su lfate 891 

Cations 
Calcium 129 

Magnesium 174 

Potassium 29 

Sodium 140 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Ana lyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 

Collection Date: 10/9/2013 3:00:00 PM 

Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 10/09/2013 1500 Field 

µmhos/cm 10/09/2013 1500 Field 

NTU 10/09/2013 1500 Field 

·c 10/09/2013 1500 Field 

ft 10/09/2013 1500 Field 

0.1 s.u. 10/11 /2013 2003 KV SM 4500 H B 

5 µmhos/cm 10/11 /2013 2003 KV SM 2510B 

10 mg/L 10/10/2013111 7 EC SM 2540 

10 mg/L 10/16/2013 1109 JJ SM 1030E 

5 mg/L 10/11/2013 2003 KV SM 2320B 

1 mg/L 10/16/20131109 JJ SM 2340B 

0.1 mg/L 10/14/20131148 RH EPA 350.1 

0.1 10/1 6/20131109 JJ Calculation 

5 mg/L 10/11 /2013 2003 KV SM 2320B 

5 mg/L 10/11 /2013 2003 KV SM 2320B 

5 mg/L 10/11/2013 2003 KV SM 2320B 

mg/L 10/10/20131638 AMB EPA 300.0 

0.1 mg/L 10/11/2013 2003 KV SM 4500FC 

0.1 mg/L 10/15/201 3 1243 RH EPA 353.2 

1 mg/L 10/10/20131638 AMB EPA 300.0 

mg/L 10/10/201 3 1611 DG EPA 200.7 

mg/L 10/10/20131611 DG EPA 200.7 

mg/L 10/10/2013 1611 DG EPA 200.7 

mg/L 10/10/20131611 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Month ly Ave or MCL 
0 Outside the Range of Dilutions 

TFN62/025 
RECD NOV 14,2014 
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w ,, ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"n "'-,.0

" "'"'" . ... . 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID 0. Sample Analysis Report 
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NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S1310156-004 

Client Sample ID: SM578408-MST-1 

COC: 150183 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 9.27 

Carbonate as C03 ND 
Hydroxide as OH ND 
Chloride 0.21 

Fluoride 0.02 

Nitrate + Nitrite as N ND 
Sulfate 18.56 

Calcium 6.45 

Magnesium 14.34 

Potassium 0.74 

Sodium 6.10 

Cation I Anion Balance 
Cation Sum 27.86 

n Sum 28.07 

on-Anion Balance 0.36 

Dissolved Metals 
Aluminum 0.8 

Arsenic ND 
Barium ND 
Boron 0.4 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.68 

Lead ND 
Manganese 0.92 

Mercury ND 

Molybdenum ND 

Nickel ND 
Selenium ND 
Zinc 0.02 

Total Metals 
Iron 5.95 

Manganese 0.94 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 

Collection Date: 10/9/2013 3:00:00 PM 

Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 % 10/16/2013 1109 JJ SM 1030E 

0.1 mg/L 10/10/2013 1611 DG EPA 200.7 

0.005 mg/L 10/10/2013 1435 MS EPA 200.8 

0.1 mg/L 10/10/2013 1435 MS EPA 200.8 

0.1 mg/L 10/10/2013 1611 DG EPA 200.7 

0.001 mg/L 10/10/2013 1435 MS EPA 200.8 

0.01 mg/L 10/10/20131611 DG EPA 200.7 

0.01 mg/L 10/10/2013 1435 MS EPA 200.8 

0.05 mg/L 10/10/20131611 DG EPA 200.7 

0.02 mg/L 10/10/2013 1435 MS EPA 200.8 

0.02 mg/L 10/10/20131611 DG EPA 200.7 

0.001 mg/L 10/11/20131235 cs EPA 245.1 

0.02 mg/L 10/10/20131435 MS EPA 200.8 

0.01 mg/L 10/10/20131611 DG EPA 200.7 

0.005 mg/L 10/10/2013 1435 MS EPA 200.8 

0.01 mg/L 10/10/2013 1611 DG EPA 200.7 

0.05 mg/L 10/14/2013 1826 DG EPA 200.7 

0.02 mg/L 10/14/2013 1826 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN 6 2 /025 

R CD NOV 14,2014 
Page 8 of 12 
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w ~ RAMACO Brook Mine 
JI) .,I ffl'I: Your Environmental Monitoring Partner 
;:I ..,;;ioiiiiooiiiiooiiioiiiii Inter-Mountain Labs--------------------------------------
;:I ,.,..,..,.,ouNT"'" uos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 
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00 
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N 
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.NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1310172-001 
Client Sample ID: SM578409-CRN-OB-1 
COC: 151960 

Analyses Result 

Field 
pH 8.04 

Conductivity 1977 

Turbidity 91 .9 

Temperature 10.3 

Static Water Level 85.99 

General Parameters 
pH 8.1 

Electrical Conductivity 2020 

Total Dissolved Solids (180) 1510 

Solids, Total Dissolved (Cale) 1480 

Alkalinity, Total (As CaCO3) 421 

Hardness, Calcium/Magnesium (As CaCO3) 879 

Nitrogen, Ammonia (As N) 1.5 

ium Adsorption Ratio 2.3 

s 
Alkalinity, Bicarbonate as HCO3 513 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 12 

Fluoride 0.5 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 778 

Cations 
Calcium 127 

Magnesium 136 

Potassium 18 

Sodium 156 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: c7~ --t:'~__.,,C,,a_ 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/16/2013 

Report ID: S1310172001 

Work Order: S1310172 
Collection Date: 10/10/2013 9:35:00 AM 
Date Received: 10/10/201312:00:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

s.u. 10/10/2013 0935 Field 

µmhos/cm 10/10/2013 0935 Field 

NTU 10/10/2013 0935 Field 
oc 1 0/1 0/2013 0935 Field 

ft 10/10/2013 0935 Field 

0.1 s.u. 10/12/2013 0016 KV SM 4500 H B 

5 µmhos/cm 10/12/2013 0016 KV SM 2510B 

10 mg/L 10/10/2013 1132 EC SM 2540 

10 mg/L 10/16/2013 1000 JJ SM 1030E 

5 mg/L 10/12/2013 0016 KV SM 2320B 

mg/L 10/16/2013 1000 JJ SM 2340B 

0.1 mg/L 10/14/2013 1205 RH EPA 350.1 

0.1 10/16/2013 1000 JJ Calculation 

5 mg/L 10/12/2013 0016 KV SM 2320B 

5 mg/L 10/12/2013 0016 KV SM 2320B 

5 mg/L 10/12/2013 0016 KV SM 2320B 

mg/L 10/10/2013 2347 AMB EPA 300.0 

0.1 mg/L 10/12/2013 0016 KV SM 4500FC 

0.1 mg/L 10/15/2013 1306 RH EPA 353.2 

1 mg/L 10/10/2013 2347 AMB EPA 300.0 

mg/L 10/11/20131330 DG EPA 200.7 

mg/L 10/11/20131330 DG EPA 200.7 

mg/L 10/11/2013 1330 DG EPA 200.7 

mg/L 10/11/20131330 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NO V 14,2014 
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w ~ RAMACO Brook Mine 
JI) /I m -1: Your Environmental Monitoring Partner 
;:I ... ioiiiioiiiioiiiiiiiiiii Inter-Mountain Labs--------------------------------------
;:I oNnR-Mou"r"'N "'"' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
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N 
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:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1310172-001 
Client Sample ID: SM578409-CRN-OB-1 
COC: 151960 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 8.41 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.33 

Fluoride 0.02 

Nitrate + Nitrite as N ND 
Sulfate 16.19 

Calcium 6.34 

Magnesium 11.22 

Potassium 0.46 

Sodium 6.79 

Cation I Anion Balance 
Cation Sum 24.94 

,n Sum 24.97 

on-Anion Balance 0.05 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.09 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 1.36 

Manganese 0.17 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Date Reported: 10/16/2013 

Report ID: S 1310172001 

Work Order: S1310172 
Collection Date: 10/10/2013 9:35:00 AM 
Date Received: 10/10/2013 12:00:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/20131000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 % 10/16/2013 1000 JJ SM 1030E 

0.1 mg/L 10/11/20131330 DG EPA 200.7 

0.005 mg/L 10/10/2013 2029 MS EPA 200.8 

0.1 mg/L 10/10/2013 2029 MS EPA 200.8 

0.1 mg/L 10/11/20131330 DG EPA 200.7 

0.001 mg/L 10/10/2013 2029 MS EPA 200.8 

0.01 mg/L 10/11/2013 1330 DG EPA 200.7 

0.01 mg/L 10/10/2013 2029 MS EPA 200.8 

0.05 mg/L 10/11/2013 1330 DG EPA 200.7 

0.02 mg/L 10/10/2013 2029 MS EPA 200.8 

0.02 mg/L 10/11/2013 1330 DG EPA 200.7 

0.001 mg/L 10/15/20131011 cs EPA 245.1 

0.02 mg/L 10/10/2013 2029 MS EPA 200.8 

0.01 mg/L 10/11/2013 1330 DG EPA 200.7 

0.005 mg/L 10/10/2013 2029 MS EPA 200.8 

0.01 mg/L 10/11/2013 1330 DG EPA 200.7 

0.05 mg/L 10/14/2013 1835 DG EPA 200.7 

0.02 mg/L 10/14/2013 1835 DG EPA200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2 / 025 
RE CD NO V 14,2014 . c3fo~/f-/~C,-a 
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w ,,, ~ ~MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I lllliiioiiioiiii ... ioiiii Inter-Mountain Labs---------------------------------------
;:I '"r<~-.. ou14r"1

" ...... 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 
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" N 
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N 
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NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S1310156-006 

Client Sample ID: SM578409-MST-1 

COC: 150183 

Analyses Result 

Field 
pH 8.49 

Conductivity 2450 

Turbidity 78.1 

Temperature 13.9 

Static Water Level 101 .18 

General Parameters 
pH 8.4 

Electrical Conductivity 2300 

Total Dissolved Solids ( 180) 1500 

Solids, Total Dissolved (Cale) 1470 

Alkalinity, Total (As CaCO3) 577 

Hardness, Calcium/Magnesium (As CaCO3) 171 

Nitrogen, Ammonia (As N) 2.0 

um Adsorption Ratio 16.1 

s 
Alkalinity, Bicarbonate as HCO3 685 

Alkalinity, Carbonate as CO3 9 

Alkalinity, Hydroxide as OH ND 

Chloride 10 

Fluoride 1.4 

Nitrogen, Nitrate-Nitrite (as N) 0.4 

Sulfate 560 

Cations 
Calcium 29 

Magnesium 24 

Potassium 15 

Sodium 484 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 

Collection Date: 10/9/2013 5:30:00 PM 

Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 10/09/2013 1730 Field 

µmhos/cm 10/09/2013 1730 Field 

NTU 10/09/2013 1730 Field 
oc 10/09/2013 1730 Field 

ft 10/09/2013 1730 Field 

0.1 s.u. 10/11/2013 2028 KV SM 4500 H B 

5 µmhos/cm 10/11/20132028 KV SM 2510B 

10 mg/L 10/10/20131119 EC SM 2540 

10 mg/L 10/16/20131109 JJ SM 1030E 

5 mg/L 10/11/2013 2028 KV SM 2320B 

mg/L 10/16/2013 1109 JJ SM 2340B 

0.1 mg/L 10/14/20131150 RH EPA 350.1 

0.1 10/16/2013 1109 JJ Calculation 

5 mg/L 10/11/20132028 KV SM 2320B 

5 mg/L 10/11/2013 2028 KV SM 2320B 

5 mg/L 10/11/2013 2028 KV SM 2320B 

mg/L 10/10/2013 1705 AMB EPA 300.0 

0.1 mg/L 10/11/2013 2028 KV SM 4500FC 

0.1 mg/L 10/15/2013 1245 RH EPA 353.2 

mg/L 10/10/2013 1705 AMB EPA 300.0 

mg/L 10/10/2013 1615 DG EPA 200.7 

mg/L 10/10/2013 1615 DG EPA 200.7 

mg/L 10/10/2013 1615 DG EPA 200.7 

mg/L 10/10/2013 1615 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RE CD NO V 14 ,2014 

Page 11 of 12 
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w ~ RAMACO Brook Mine 
JI) ,..Im I: Your Environmental Monitoring Partner 
;:I .... ioiiiiaiiiiooiiioiiiiii Inter-Mountain Labs--------------------------------------
;:I .......... 0 "" ' "•" ua s 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672·8945 

ID 0. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 

:NT: Western Water Consultants 

1849 Terra 

Project: 
Lab ID: 

Sheridan, WY 82801 

Ramaco 

S1310156-006 

N Client Sample ID: SM578409-MST-1 

121 COC: 150183 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

·on Sum 

ion-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

11 .22 

0.31 

ND 
0.29 

0.07 

0.02 

11 .65 

1.44 

1.98 

0.38 

21 .05 

25.01 

23.58 

2.94 

0.3 

ND 
ND 
0.2 

ND 
ND 
ND 

0.12 

ND 
0.08 

ND 
ND 
ND 
ND 
ND 

1.13 

0.11 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

NO Not Detected at the Reporting limit 
S Spike Recovery outside accepted recovery limits 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 

Collection Date: 10/9/2013 5:30:00 PM 

Date Received: 10/10/2013 8 :06:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 % 10/16/2013 1109 JJ SM 1030E 

0.1 mg/L 10/10/20131615 DG EPA 200.7 

0.005 mg/L 10/10/2013 1446 MS EPA 200.8 

0.1 mg/L 10/10/2013 1446 MS EPA 200.8 

0.1 mg/L 10/10/2013 1615 DG EPA 200.7 

0.001 mg/L 10/10/2013 1446 MS EPA 200.8 

0.01 mg/L 10/10/2013 1615 DG EPA 200.7 

0.01 mg/L 10/10/2013 1446 MS EPA 200.8 

0.05 mg/L 10/10/2013 1615 DG EPA 200.7 

0.02 mg/L 10/10/2013 1446 MS EPA 200.8 

0.02 mg/L 10/10/2013 1615 DG EPA 200.7 

0.001 mg/L 10/11/2013 1239 cs EPA 245.1 

0.02 mg/L 10/10/2013 1446 MS EPA 200.8 

0.01 mg/L 10/10/20131615 DG EPA 200.7 

0.005 mg/L 10/10/2013 1446 MS EPA 200.8 

0.01 mg/L 10/10/2013 1615 DG EPA 200.7 

0.05 mg/L 10/14/2013 1831 DG EPA 200.7 

0.02 mg/L 10/14/2013 1831 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 

RE CD NO V 14 ,2014 
~ 

Reviewed by: -""":__ ___ .=...__.:__ __________ _ 
Page 12 of 12 

Addendum D6-10-43 
John Jacobs, Project Manager 

October 2014 DEQ Ex. 3-533



w ~ RAMACO Brook Mine 
JI) --1 m -1: Your Environmental Monitoring Partner 
;:I ..,;;;ioiii,,iii,,iiiiiiiiiiii Inter-Mountain Labs---------------------------------------
;:I oHrcR - ><ouH r AoH LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1310172-002 
Client Sample ID: SM578409-UBN-1 
COC: 151960 

Analyses Result 

Field 

pH 8.74 

Conductivity 4110 

Turbidity 4.61 

Temperature 10.9 

Static Water Level 108.44 

General Parameters 

pH 8.5 

Electrical Conductivity 3880 

Total Dissolved Solids (180) 2860 

Solids , Total Dissolved (Cale) 2900 

Alkalinity, Total (As CaCO3) 435 

Hardness, Calcium/Magnesium (As CaCO3) 373 

Nitrogen, Ammonia (As N) ND 

ium Adsorption Ratio 18.0 

ns 

Alkalin ity, Bicarbonate as HCO3 505 

Alkalin ity, Carbonate as CO3 13 

Alkalin ity, Hydroxide as OH ND 

Chloride 34 

Fluoride 1.0 

Nitrogen, Nitrate-Nitrite (as N) 13.6 

Sulfate 1620 

Cations 
Calcium 67 

Magnesium 50 

Potassium 12 

Sodium 801 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

Reviewed by: 

C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Ana lyzed by a contract laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/16/2013 

Report ID: S1310172001 

Work Order: S1310172 
Collection Date: 10/10/2013 10:30:00 AM 
Date Received: 10/10/2013 12:00:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 10/10/2013 1030 Field 

µmhos/cm 10/10/2013 1030 Field 

NTU 10/10/2013 1030 Field 

·c 10/10/2013 1030 Field 

ft 10/10/2013 1030 Field 

0.1 s.u. 10/12/2013 0028 KV SM 4500 H B 

5 µmhos/cm 10/12/2013 0028 KV SM 2510B 

10 mg/L 10/10/20131133 EC SM 2540 

10 mg/L 10/16/2013 1000 JJ SM 1030E 

5 mg/L 10/12/2013 0028 KV SM 2320B 

mg/L 10/16/2013 1000 JJ SM 2340B 

0.1 mg/L 10/14/2013 1206 RH EPA 350.1 

0.1 10/16/20131000 JJ Calculation 

5 mg/L 10/12/2013 0028 KV SM 2320B 

5 mg/L 10/12/2013 0028 KV SM 2320B 

5 mg/L 10/12/2013 0028 KV SM 2320B 

mg/L 10/11/2013 0001 AMB EPA 300.0 

0.1 mg/L 10/12/2013 0028 KV SM 4500FC 

0.1 mg/L 10/15/2013 1305 RH EPA 353.2 

mg/L 10/11/2013 0001 AMB EPA 300.0 

mg/L 10/11/2013 1338 DG EPA 200.7 

mg/L 10/11/2013 1338 DG EPA 200.7 

mg/L 10/11/20131338 DG EPA 200.7 

mg/L 10/11/2013 1338 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/025 
RECD NOV 14,2014 

Page 3 of 4 

Addendum D6- 10-44 DEQ Ex. 3-534



w ~ RAMACO Brook Mine 
JI) /I ffl'I:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I IHTC1< - MouH•"

1
" LADS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1310172-002 

Client Sample ID: SM578409-UBN-1 

COC: 151960 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 8.28 

Carbonate as C03 0.41 

Hydroxide as OH ND 

Chloride 0.94 

Fluoride 0.05 

Nitrate + Nitrite as N 0.97 

Sulfate 33.70 

Calcium 3.33 

Magnesium 4.12 

Potassium 0.31 

Sodium 34.82 

Cation / Anion Balance 
Cation Sum 42.60 

· n Sum 44.37 

on-Anion Balance 2.03 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.04 

Mercury ND 
Molybdenum 0.03 

Nickel ND 
Selenium 0.012 

Zinc ND 
Total Metals 

Iron 0.09 

Manganese 0.05 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/16/2013 

Report ID: S1310172001 

Work Order: S1310172 

Collection Date: 10/10/201310:30:00 AM 

Date Received: 10/10/2013 12:00:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 meq/L 10/16/2013 1000 JJ SM 1030E 

0.01 % 10/16/2013 1000 JJ SM 1030E 

0.1 mg/L 10/11 /2013 1338 DG EPA 200.7 

0.005 mg/L 10/10/2013 2102 MS EPA 200.8 

0.1 mg/L 10/10/2013 2102 MS EPA 200.8 

0.1 mg/L 10/11/20131338 DG EPA 200.7 

0.001 mg/L 10/10/2013 2102 MS EPA 200.8 

0.01 mg/L 10/11/2013 1338 DG EPA 200.7 

0.01 mg/L 10/10/2013 2102 MS EPA 200.8 

0.05 mg/L 10/11/2013 1338 DG EPA 200.7 

0.02 mg/L 10/10/2013 2102 MS EPA 200.8 

0.02 mg/L 10/11/2013 1338 DG EPA 200.7 

0.001 mg/L 10/15/2013 1019 cs EPA 245.1 

0.02 mg/L 10/10/2013 2102 MS EPA 200.8 

0.01 mg/L 10/11 /20131338 DG EPA 200.7 

0.005 mg/L 10/10/2013 2102 MS EPA 200.8 

0.01 mg/L 10/11/2013 1338 DG EPA 200.7 

0.05 mg/L 10/14/2013 1840 DG EPA 200.7 

0.02 mg/L 10/14/2013 1840 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Month ly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 ,' 0 2 5 

RECD NO V 14,2014 

Page 4 of 4 

Addendum D6- 10-45 DEQ Ex. 3-535



w ~ RAMACO Brook Mine 
Ill' Your Environmental Monitoring Partner fl~ .,,,m-1: 
;:I ... iilliiilllliilllliiioiiiiiiii Inter-Mountain Labs---------------------------------------
;:I '"n"'•"'0 u"r"'" ..... , 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1310501-001 
Client Sample ID: SM578415-MST/CRN-1 
COC: 151965 

Analyses Result 

Field 

pH 8.56 

Conductivity 2590 

Turbidity 330 

Temperature 12.8 

Static Water Level 122.85 

General Parameters 
pH 84 

Electrical Conductivity 2720 

Total Dissolved Solids (180) 1640 

Solids , Total Dissolved (Cale) 1580 

Alkalinity, Total (As CaCO3) 958 

Hardness, Calcium/Magnesium (As CaCO3) 72 

Nitrogen, Ammonia (As N) 1.0 

ium Adsorption Ratio 29.0 

s 
Alkalinity, Bicarbonate as HCO3 1110 

Alkalinity, Carbonate as CO3 27 

Alkalinity, Hydroxide as OH ND 

Chloride 24 

Fluoride 1.7 

Nitrogen, Nitrate-Nitrite (as N) 1.2 

Sulfate 374 

Cations 
Calcium 15 

Magnesium 8 

Potassium 9 

Sodium 567 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 11/11/2013 

Report ID: S1310501001 

Work Order: S1310501 
Collection Date: 10/31/201312:40:00 PM 
Date Received: 10/31/2013 2:30:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 10/31/20131240 Field 

µmhos/cm 10/31/20131240 Field 

NTU 10/31/20131240 Field 
oc 10/31/20131240 Field 

ft 10/31/20131240 Field 

0.1 s.u. 11/01/20131836 KV SM 4500 H B 

5 µmhos/cm 11/01/20131836 KV SM 25108 

10 mg/L 11/01/20131021 EC SM 2540 

10 mg/L 11/08/2013 1057 JJ SM 1030E 

5 mg/L 11/01/20131836 KV SM 23208 

1 mg/L 11/08/2013 1057 JJ SM 23408 

0.1 mg/L 11/07/20131041 RH EPA 350.1 

0.1 11/08/2013 1057 JJ Calculation 

5 mg/L 11/01/20131836 KV SM 23208 

5 mg/L 11/01/20131836 KV SM 23208 

5 mg/L 11/01/20131836 KV SM 23208 

mg/L 11/03/2013 0338 AMB EPA 300.0 

0.1 mg/L 11/01/20131836 KV SM 4500FC 

0.1 mg/L 11/01/20131257 RH EPA 353.2 

1 mg/L 11/05/20131419 AMB EPA 300.0 

mg/L 11/04/2013 2020 DG EPA 200.7 

mg/L 11/04/2013 2020 DG EPA 200.7 

mg/L 11/04/2013 2020 DG EPA 200.7 

mg/L 11/04/2013 2020 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
O Outside the Range of Dilutions T f N 6 2 ,' 0 2 5 

RE CD NO V 14,2 014 

Page 1 of 2 

Addendum D6- 10-46 DEQ Ex. 3-536



w / ~ ~MACO Brook Mine 
JI) Im II: Your Environmental Monitoring Partner 
;:I ------- Inter-Mountain Labs---------------------------------------
;:I '"TC~ - --0 u"'"'" LAas 1673 Terra Avenue , Sheridan , Wyoming 82801 ph: (307) 672-8945 

: Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1310501-001 
Client Sample ID: SM578415-MST/CRN-1 
COC: 151965 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 18.25 

Carbonate as CO3 0.89 

Hydroxide as OH ND 

Chloride 0.66 

Fluoride 0.09 

Nitrate + Nitrite as N 0.08 

Sulfate 7.79 

Calcium 0.76 

Magnesium 0.67 

Potassium 0.22 

Sodium 24.67 

Cation I Anion Balance 
Cation Sum 26.41 

n Sum 27.78 

on-Anion Balance 2.52 

Dissolved Metals 
Aluminum ND 

Arsenic 0.007 

Barium ND 

Boron 0.1 

Cadmium 0.001 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.05 

Mercury ND 

Molybdenum 0.03 

Nickel ND 

Selenium 0.005 

Zinc ND 

Total Metals 
Iron 3.67 

Manganese 0.14 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 
October 2014 

Date Reported: 11/11/2013 

Report ID: S1310501001 

Work Order: S1310501 
Collection Date: 10/31/201312:40:00 PM 
Date Received: 10/31/2013 2:30:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/20131057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/2013 1057 JJ SM 1030E 

0.01 meq/L 11/08/20131057 JJ SM 1030E 

0.01 % 11/08/2013 1057 JJ SM 1030E 

0.1 mg/L 11/04/2013 2020 DG EPA 200.7 

0.005 mg/L 11/01/2013 2128 MS EPA 200.8 

0.1 mg/L 11/01/2013 2128 MS EPA 200.8 

0.1 mg/L 11/04/2013 2020 DG EPA 200.7 

0.001 mg/L 11/01/2013 2128 MS EPA 200.8 

0.01 mg/L 11/04/2013 2020 DG EPA 200.7 

0.01 mg/L 11/01/20132128 MS EPA 200.8 

0.05 mg/L 11/04/2013 2020 DG EPA 200.7 

0.02 mg/L 11/05/20131836 MS EPA 200.8 

0.02 mg/L 11/04/2013 2020 DG EPA 200.7 

0.001 mg/L 11/08/2013 1104 cs EPA 245.1 

0.02 mg/L 11/01/2013 2128 MS EPA 200.8 

0.01 mg/L 11/04/2013 2020 DG EPA 200.7 

0.005 mg/L 11/01/20132128 MS EPA 200.8 

0.01 mg/L 11/04/2013 2020 DG EPA 200.7 

0.05 mg/L 11/05/2013 0034 DG EPA 200.7 

0.02 mg/L 11/05/2013 0034 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2,' 025 
RECD NOV 14,2014 

Page 2 of 2 

Addendum D6- 10-47 DEQ Ex. 3-537



w ,, ~ 1::'MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"TCR-><ouHr .. ,H uos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

: Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1310156-003 
Client Sample ID: SM578417-CRN-1 
COC: 150183 

Analyses Result 

Field 

pH 8.16 

Conductivity 1421 

Turbidity 302 

Temperature 14.6 

Static Water Level 133.05 

General Parameters 
pH 8.3 

Electrical Conductivity 1420 

Total Dissolved Solids (180) 880 

Solids, Total Dissolved (Cale) 860 

Alkal inity, Total (As CaCO3) 465 

Hardness, Calcium/Magnesium (As CaCO3) 147 

Nitrogen, Ammonia (As N) 2.7 

um Adsorption Ratio 9.8 

s 
Alkal inity, Bicarbonate as HCO3 563 

Alkalinity, Carbonate as CO3 ND 

Alkal inity, Hydroxide as OH ND 

Chloride 7 

Fluoride 1.9 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 242 

Cations 
Calcium 19 

Magnesium 24 

Potassium 15 

Sodium 272 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 
Collection Date: 10/9/2013 1 :25:00 PM 
Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 10/09/2013 1325 Field 

µmhos/cm 10/09/2013 1325 Field 

NTU 10/09/2013 1325 Field 
oc 10/09/2013 1325 Field 

ft 10/09/2013 1325 Field 

0.1 s.u. 10/11/2013 1952 KV SM 4500 H B 

5 µmhos/cm 10/11/20131952 KV SM 25108 

10 mg/L 10/10/20131116 EC SM 2540 

10 mg/L 10/16/2013 1109 JJ SM 1030E 

5 mg/L 10/11/2013 1952 KV SM 23208 

mg/L 10/16/2013 1109 JJ SM 23408 

0.1 mg/L 10/14/20131147 RH EPA 350.1 

0.1 10/16/2013 1109 JJ Calculation 

5 mg/L 10/11/2013 1952 KV SM 23208 

5 mg/L 10/11/2013 1952 KV SM 23208 

5 mg/L 10/11/2013 1952 KV SM 23208 

mg/L 10/10/2013 1624 AMB EPA 300.0 

0.1 mg/L 10/11/20131952 KV SM 4500FC 

0.1 mg/L 10/15/20131242 RH EPA 353.2 

mg/L 10/10/2013 1624 AMB EPA 300.0 

mg/L 10/10/2013 1557 DG EPA 200.7 

mg/L 10/10/2013 1557 DG EPA 200.7 

mg/L 10/10/2013 1557 DG EPA 200.7 

mg/L 10/10/2013 1557 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions J f N 6 2 ,' 0 2 5 

RE CD NO V 14,2014 

Page 5 of 12 

Addendum D6- 10-48 DEQ Ex. 3-538



w ,, ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I ... iilliiiillllliiillllliiiilliiiiiiii Inter-Mountain Labs--------------------------------------
;:I .......... ou .. ,,.,,. LAos 1673 Terra Avenue , Sheridan , Wyoming 82801 ph: (307) 672·8945 

ID 0. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1310156-003 
Client Sample ID: SM578417-CRN-1 
COC: 150183 

Analyses Result 

Cation/Anion•Milliequivalents 
Bicarbonate as HC03 9.23 

Carbonate as C03 ND 

Hydroxide as OH ND 
Chloride 0.20 

Fluoride 0.10 

Nitrate + Nitrite as N ND 
Sulfate 5 02 

Calcium 0.93 

Magnesium 2.00 

Potassium 0.39 

Sodium 11 .85 

Cation I Anion Balance 
Cation Sum 15.37 

,n Sum 14.64 

on-Anion Balance 2.42 

Dissolved Metals 
Aluminum 0.9 

Arsenic ND 
Barium NO 
Boron 0.1 

Cadmium NO 

Chromium ND 
Copper NO 
Iron 0.21 

Lead ND 
Manganese 0.07 

Mercury NO 
Molybdenum NO 
Nickel ND 
Selenium ND 
Zinc NO 

Total Metals 
Iron 3.56 

Manganese 0.19 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 20 14 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 
Collection Date: 10/9/2013 1 :25:00 PM 
Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 1 0/16/2013 1109 JJ SM 1030E 

0.01 meq/L 1 0/16/2013 11 09 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 1 0/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 % 10/16/2013 1109 JJ SM 1030E 

0.1 mg/L 10/10/2013 1557 DG EPA 200.7 

0.005 mg/L 10/10/2013 1430 MS EPA 200.8 

0.1 mg/L 10/10/2013 1430 MS EPA 200.8 

0.1 mg/L 10/10/2013 1557 DG EPA 200.7 

0.001 mg/L 10/10/2013 1430 MS EPA 200.8 

0.01 mg/L 10/10/2013 1557 DG EPA 200.7 

0.01 mg/L 10/10/2013 1430 MS EPA 200.8 

0.05 mg/L 10/10/2013 1557 DG EPA 200.7 

0.02 mg/L 10/10/2013 1430 MS EPA 200.8 

0.02 mg/L 10/10/2013 1557 OG EPA 200.7 

0.001 mg/L 10/11/20131233 cs EPA 245.1 

0.02 mg/L 10/10/2013 1430 MS EPA 200.8 

0.01 mg/L 10/10/2013 1557 DG EPA 200.7 

0.005 mg/L 10/10/20131430 MS EPA 200.8 

0.01 mg/L 10/10/2013 1557 DG EPA 200.7 

0.05 mg/L 10/14/2013 1824 DG EPA 200.7 

0.02 mg/L 10/14/2013 1824 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN62/025 

RECD NO V 14,2014 
Page 6 of 12 

Addendum D6- 10-49 DEQ Ex. 3-539



w / ~ 1::'MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I tHmH •ouH1"'N uos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

: Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1310156-002 

Client Sample ID: SM578418-AL-1 

COC: 150183 

Analyses Result 

Field 
pH 8.72 

Conductivity 1179 

Turbidity 257 

Temperature 12.3 

Static Water Level 20.65 

General Parameters 
pH 8.4 

Electrical Conductivity 1160 

Total Dissolved Solids (180) 760 

Solids, Total Dissolved (Cale) 780 

Alkalinity, Total (As CaC03) 205 

Hardness, Calcium/Magnesium (As CaC03) 254 

Nitrogen, Ammonia (As N) ND 

ium Adsorption Ratio 4.3 

s 
Alkalinity, Bicarbonate as HC03 242 

Alkalinity, Carbonate as C03 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 9 

Fluoride 1.1 

Nitrogen, Nitrate-Nitrite (as N) 1.4 

Sulfate 393 

Cations 
Calcium 26 

Magnesium 46 

Potassium 13 

Sodium 159 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 
October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 

Collection Date: 10/9/2013 10:40:00 AM 

Date Received: 10/10/2013 8 :06:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

s.u. 1 0/09/2013 1 040 Field 

µmhos/cm 10/09/2013 1040 Field 

NTU 1 0/09/2013 1 040 Field 
oc 10/09/2013 1040 Field 

ft 10/09/2013 1040 Field 

0.1 S.U. 10/11/20131940 KV SM 4500 H B 

5 µmhos/cm 10/11/20131940 KV SM 2510B 

10 mg/L 10/10/20131115 EC SM 2540 

10 mg/L 10/16/20131109 JJ SM 1030E 

5 mg/L 10/11/20131940 KV SM 2320B 

mg/L 10/16/2013 1109 JJ SM 2340B 

0.1 mg/L 10/14/20131146 RH EPA 350.1 

0.1 10/16/20131109 JJ Calculation 

5 mg/L 10/11/2013 1940 KV SM 2320B 

5 mg/L 10/11/20131940 KV SM 2320B 

5 mg/L 10/11/2013 1940 KV SM 2320B 

mg/L 10/15/2013 2357 AMB EPA 300.0 

0.1 mg/L 1 0/11/2013 1940 KV SM 4500FC 

0.1 mg/L 10/15/20131241 RH EPA 353.2 

mg/L 10/15/2013 2357 AMB EPA 300.0 

mg/L 10/15/2013 1524 DG EPA 200.7 

mg/L 10/15/2013 1524 DG EPA 200.7 

mg/L 10/10/2013 1552 DG EPA 200.7 

mg/L 10/15/2013 1524 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN 6 2 /025 

RECD NOV 14,2014 
Page 3 of 12 

Addendum D6- 10-50 DEQ Ex. 3-540



w ~ RAMACO Brook Mine 
fl~ ,,1m-1: Ill' Your Environmental Monitoring Partner 
;:I "'!'!"!~'!!'!""~iliiiiiii! Inter-Mountain Labs--------------------------------------
;:I oH n k - .. ou"r"'" .,.., 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1310156-002 
Client Sample ID: SM578418-AL-1 
COC: 150183 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 3.97 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.24 

Fluoride 0.05 

Nitrate + Nitrite as N 0.09 

Sulfate 8.17 

Calcium 1.31 

Magnesium 3.75 

Potassium 0.32 

Sodium 6.92 

Cation I Anion Balance 
Cation Sum 12.32 

· ,n Sum 12.67 

ion-Anion Balance 1.43 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 

Iron ND 
Lead ND 
Manganese ND 
Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium 0.006 

Zinc ND 
Total Metals 

Iron 2.24 

Manganese 0.16 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 20 14 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 
Collection Date: 10/9/2013 10:40:00 AM 
Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 1 0/16/2013 11 09 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 1 0/16/2013 11 09 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 % 10/16/2013 1109 JJ SM 1030E 

0.1 mg/L 10/10/2013 1552 DG EPA 200.7 

0.005 mg/L 10/10/2013 1358 MS EPA 200.8 

0.1 mg/L 10/10/2013 1358 MS EPA 200.8 

0.1 mg/L 10/10/2013 1552 DG EPA 200.7 

0.001 mg/L 10/10/2013 1358 MS EPA 200.8 

0.01 mg/L 10/10/2013 1552 DG EPA 200.7 

0.01 mg/L 10/10/2013 1358 MS EPA 200.8 

0.05 mg/L 10/10/2013 1552 DG EPA 200.7 

0.02 mg/L 10/10/2013 1358 MS EPA 200.8 

0.02 mg/L 10/10/2013 1552 DG EPA 200.7 

0.001 mg/L 10/11/20131231 cs EPA 245.1 

0.02 mg/L 10/10/2013 1358 MS EPA 200.8 

0.01 mg/L 10/10/2013 1552 DG EPA 200.7 

0.005 mg/L 10/10/2013 1358 MS EPA 200.8 

0.01 mg/L 10/10/2013 1552 DG EPA 200.7 

0.05 mg/L 10/14/2013 1822 DG EPA 200.7 

0.02 mg/L 10/14/2013 1822 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 ,' 0 2 5 
RE CD NO V 14, 2014 

Page 4 of 12 

Addendum D6-10-5 1 DEQ Ex. 3-541



w ~ RAMACO Brook Mine 
JI) ..... m -1: Your Environmental Monitoring Partner 
;:I ...;;;i,,iiiio,iiiio,iiiioiiiiiiii Inter-Mountain Labs---------------------------------------
;:I 1"m .... ,ou" 1

"'" ..... 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1310156-001 

Client Sample ID: SM578513-AL-1 

COC: 150183 

Analyses Result 

Field 
pH 7.95 

Conductivity 4870 

Turbidity 2.05 

Temperature 12.3 

Static Water Level 9.51 

General Parameters 
pH 8.0 

Electrical Conductivity 4800 

Total Dissolved Solids (180) 4530 

Solids, Total Dissolved (Cale) 4500 

Alkalinity, Total (As CaCO3) 636 

Hardness, Calcium/Magnesium (As CaCO3) 2340 

Nitrogen, Ammonia (As N) ND 

um Adsorption Ratio 4.3 

A s 
Alkalinity, Bicarbonate as HCO3 776 

Alkalinity, Carbonate as CO3 ND 

Alkal inity, Hydroxide as OH ND 

Chloride 22 

Fluoride 0.9 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 2910 

Cations 
Calcium 275 

Magnesium 401 

Potassium 33 

Sodium 474 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 

October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 

Collection Date: 10/9/2013 9:50:00 AM 

Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 10/09/2013 0950 Field 

µmhos/cm 10/09/2013 0950 Field 

NTU 10/09/2013 0950 Field 
oc 10/09/2013 0950 Field 

ft 10/09/2013 0950 Field 

0.1 s.u . 10/11 /20131915 KV SM 4500 H B 

5 µmhos/cm 10/11/2013 1915 KV SM 25108 

10 mg/L 10/10/2013 1113 EC SM 2540 

10 mg/L 10/16/2013 1109 JJ SM 1030E 

5 mg/L 10/11/20131915 KV SM 23208 

1 mg/L 10/16/2013 1109 JJ SM 23408 

0.1 mg/L 10/14/2013 1145 RH EPA 350.1 

0.1 10/16/2013 1109 JJ Calculation 

5 mg/L 10/11/20131915 KV SM 23208 

5 mg/L 10/11/20131915 KV SM 23208 

5 mg/L 10/11 /20131915 KV SM 23208 

mg/L 10/10/2013 1556 AMB EPA 300.0 

0.1 mg/L 10/11/20131915 KV SM 4500FC 

0.1 mg/L 10/15/2013 1239 RH EPA 353.2 

mg/L 10/10/2013 1556 AMB EPA 300.0 

mg/L 10/10/2013 1550 DG EPA 200.7 

mg/L 10/10/2013 1550 DG EPA 200.7 

mg/L 10/10/2013 1550 DG EPA 200.7 

mg/L 10/10/2013 1550 DG EPA 200.7 

RL - Reporting Limit 
B 
E 
J 
M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 1 of 12 

Addendum 06- 10-52 DEQ Ex. 3-542



w ~ RAMACO Brook Mine 
JI) ,., m -11: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I iHmH ,ouH,,.,,. '"" ' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1310156-001 
Client Sample ID: SM578513-AL-1 
COC: 150183 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 12.71 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.62 

Fluoride 0.04 

Nitrate + Nitrite as N ND 

Sulfate 60.54 

Calcium 13.73 

Magnesium 33.03 

Potassium 0.84 

Sodium 20.63 

Cation I Anion Balance 
Cation Sum 68.24 

n Sum 73.93 

on-Anion Balance 4.00 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.4 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.37 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.10 

Manganese 0.62 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 10/17/2013 

Report ID: S1310156001 

Work Order: S1310156 
Collection Date: 10/9/2013 9:50:00 AM 
Date Received: 10/10/2013 8:06:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/20131109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 meq/L 10/16/2013 1109 JJ SM 1030E 

0.01 % 10/16/2013 1109 JJ SM 1030E 

0.1 mg/L 10/10/2013 1550 DG EPA 200.7 

0.005 mg/L 10/10/2013 1352 MS EPA 200.8 

0.1 mg/L 10/10/2013 1352 MS EPA200.8 

0.1 mg/L 10/10/2013 1550 DG EPA 200.7 

0.001 mg/L 10/10/2013 1352 MS EPA200.8 

0.01 mg/L 10/10/2013 1550 DG EPA 200.7 

0.01 mg/L 10/10/2013 1352 MS EPA 200.8 

0.05 mg/L 10/10/2013 1550 DG EPA 200.7 

0.02 mg/L 10/10/2013 1352 MS EPA 200.8 

0.02 mg/L 10/10/2013 1550 DG EPA 200.7 

0.001 mg/L 10/11/2013 1229 cs EPA 245.1 

0.02 mg/L 10/10/2013 1352 MS EPA 200.8 

0.01 mg/L 10/10/2013 1550 DG EPA 200.7 

0.005 mg/L 10/10/2013 1352 MS EPA 200.8 

0.01 mg/L 10/10/2013 1550 DG EPA 200.7 

0.05 mg/L 10/14/2013 1813 DG EPA 200.7 

0.02 mg/L 10/14/2013 1813 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions 

TFN 6 2/025 
RECD NO V 14,2014 

Page 2 of 12 

Addendum D6-10-53 DEQ Ex. 3-543
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-Inter-Mountain Labs 
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This is a legal document: any misrepresentation may be construed as fraud. This is a legal document: any misrepresentation may be construed as fraud. is is a legal document: any misrepresentation may be construed as fraud. 
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Sample Disposal: Lab 

1oV1A1W intArmnauitAinlab1ux1m Rev4.6 

DEQ Ex. 3-546
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~ RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

1 

SAMPLING INFORMATION 

Sampling Point _ 5_ '{..,__B_tf~o~B_ - ~C~/(, ..... 1.j_---£-! _ _ _ Project_~a~~~~--~--------

Location ----------- - ----- W.O.# elo/3l ;!)c::::; -(1') 7 
Sample ID# 5:10'1-oPJ ~~Af-1 Date Sampled / .:2 I / !!7 I I 3 Time / '/' 2 cJ amfEJ 
Describe Sampling Point ----=G~ tJ- ---'-~--'---C..---"'-. .... ~..,_-""-"'--""--' . ..,.._---"-'tJ~ <LL.--=--"-=----- ----- -----

Well Depth 9 [!; . Z-7tt below MP Depth to Water (below MP) 87. '10 ft 

Date / ;J., / / S- I / 3 Time / 3 '/:.3 am(§v 

At least "'11 ft bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

{aladder pump (low flow) ) 

Pump intake or bailer set at ft below MP. 

Casing Diameter IJ.2. in 

Casing Volume 17 A, gal 

')[ i.\l ll .",A TER LE\,f L <\f- ,\ )')(JI l~\TE ( l \',ELLS 

1bing (type: ?~ ). ( New orEiously use~ ~was used to collect all samples §}x no ) 

and all field measurements§r no). Tubing used only for --~-~- --------- -----

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) b1mhos/cm) (OC) (NTU) (gallons) faDm) 

I'/ /o b,BB Z{Rl/-0 /0,'f- ,,;2 I 7 ~ /~01,,,-,~/ ..30~ . 

t'fzo ,.80 ,:i (p!>O /o,t 3 S--5"""' ~3.D -+ 

Pumping Start Time / 3 55' WL _ _ __ Pumping End Time ___ _ _ WL - - - -
Comments: W~ --/-~ - ~ ~ 

I-IC.I=" 

Form completed by: •= ~~essed by: 

October 2014 

TFN 6 2/025 
RECD HOV 14,2014 

Addendum D6-10-58 
K:ICOMMONIRod F\Monitor Well Sa"l)le Form_ 12·1 1-13.doc 

DEQ Ex. 3-548



Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

- SAMPLING INFORMATION 

Sampling Point - -=?__.1~rJ~Lf~0_8_- _fbl=~c....of'_ - ._{ _ _ _ _ Project ~ - ~ ~ ~------- - - - --

Location - ---- ------------ w .O.# _ _ ;;!L)-----'-/_.3-'--/-~ _Cf-'----- -0~7~ ----

Sample ID# 516tfC:/o -M.S1· / Date Sampled / ;i. I IS:- I I 3 

Describe Sampling Point Gt..J ~ J,J& 

Well Depth /o2t', ~ft below MP Depth to Water (below MP) /(JS, Bf ft 

Date / ~ I / 6 I I 3 Time /f 30 amE] 
At least "11 Fl- bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at / / ~ ft below MP. 

Bladder pump (low flow) 

1 ,,:::-oo Time JIU --- --- amf§J 

Casing Diameter - - -- in 

Casing Volume 47,1- gal 

<..; J.\Tl1 / J•HER l E'vf l C'\ f- ,\")")(,c J,\ 11 1> '.".El L'::l 

1bing (type: P ~ ). ( New o§viously useflwas used to collect all samples§r no) 

and all field measurements E},r no). Tubing used only for __ ..-n, _ _ ft~ ---------------

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhos/cm) (OC) (NTU) (gallons) loom) 

/'-/50 (p, '5~ 'Z '7 10 /e.2-- ~~~ l l50Mt/3~ 

I €"oO 1,.5~ 2 'f 30 /(J.!:, ,,g :::/:::; .3, 0 ~ 

Pumping Start Time / 'f ..35"' WL ____ Pumping End Time _ _ __ _ WL 

Comments: W~ -f-~ -~ ~ 

HG£ 

Fonn completed by: ~~a _ Witnessed by: 

October 2014 

TFN 6 21025 
RECD NOV 14,2014 

Addendum D6 - 10-59 
K:ICOMMON\Rod F\Monltor Well Sarrpe Form_ 12-11-13.doc 

DEQ Ex. 3-549



SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ,?1 l?}t{:Oq-C/Uy - / Project __ ___L~-=--.... ~=.L.::...:=--..=.:=----------

Location ------------ ------ W.0 .# _ __..,,,2,,_.().c...J/.__,,.3~/_,.,..3c._q.,___---=0'-------'7'------

Sample ID# Date Sampled _ _ ----'/'----_ ___:..../ _ __ _ Time - ----- am pm 

Describe Sampling Point ------ --=6,~t,J=--~-C.....=--:....::..,0::....;-"'-"'-....,..-"'· __ --"'-W-"'---".d.£.-:.:=------------- --

Well Depth //o,£5tt below MP Depth to Water (below MP) qd, 7Z ft Casing Diameter ---- in 

Date /:Z I /!) I / 3 Time /~ "!JO am@§) Casing Volume gal 

At least bore volumes have been evacuated before sampling 'l T ,\ T 11 ,'.' ,\ ! I R l E v EL ( r .\~>SC, - I \ I t I 1 ;, EL L 1 

--- -

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ____ ft below MP. 

Bladder pump (low flow) 

Jbing (type: ____ ___ _ __ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (um hos/cm) (OC) (NTU) (aallons) lnnm) 

Pumping Start Time WL Pumping End Time _ _ ___ _ WL - - --

Comments: 

TFN 6 2/ 925 
RECD NOV 14,2014 

Form completed by: ~~nessed by: 

October 2014 Addendum D6- 10-60 
K:ICOMMON\Rod FIMonitorWeU Sa~le Fonn_12-11-13.doc 

DEQ Ex. 3-550



~RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point fl1B'i OCf ,CK.,u - Of) - / 

Location 

Project. __ .c.~=----..:=~=-:::....:.......e:::..=...,=--------

- ----------------
W.O.# _ _________ _____ _ 

Sample ID# 270£/0C/ -u'lA/·0/J-J Date Sampled / :Z I I~ I / 3 Time / :8,ZO am(§) 

Describe Sampling Point ______ (?>o£.... .... W:,,c___;~~'-=-="--=ic....""""""z:...,I"'-• .---=vJ.,,,,.,__--=~=-=~----------

Well Depth /// • .3E ft below MP Depth to Water (below MP) 9P, 7'7 ft Casing Diameter G ---- in 

Date / z_ I / 5' I / 2 Time / :1. : 5 .2 am e£} Casing Volume _,,,,, 4- gal 

At least "'1 11-" bore volumes have been evacuated before sampling -.,r,\r1, \'.~TErs? LE-..Et UI- ,\'-)')1)1 l,\TE[J .',l::tl') 

Sampling method Submersible pump {j1adder pump (low flow)) 

Tap Bailer 

Pump intake or bailer set at / v' ~ ft below MP. 

Jbing (type: -~p- ~----=----=--· ___ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) lumhos/cm) ,oc) lNTU) laallons) lnnm) 

7,z3 ~t,70 /O.~ - ~ / S-0 IML-/ &;) ~Jl..L,,, /3/0 Io,,~ 

13::20 7-2-? -Z 3'10 /t:J,Z- IS". I'?:> ~3.o 7!llr. 4-

Pumping Start Time /2 5"~ WL ____ Pumping End Time ____ _ WL ----
Comments: wc..;;6__ C ~- - ~ ~ 

l-eF 

Foon completed by: ~d~ Witnessed by: 

October 2014 

JEN 6 2/ 025 
REC D NO V 14 , 201 4 

Addendum D6-10-6 l 
K:ICOMMON\Rod F\MonitorWell Sa"1)1e Fonn_1 2-11-13.doc 

DEQ Ex. 3-551



~RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point S-7 M- 01 - hl2r- I Project_---1<.~=...:,o==--=cAl:-=-=-C:..:::...c-:tfJ.><---- ------

Location _ _ ______ _______ _ W.O.# ;le;/313? -0"7 

Sample ID# 57 e1-01- hf!!;;[-l Date Sampled /;? / / ~/ / 3 Time / ~ 1-'~ am§] 
Describe Sampling Point 0 tv ~ wdfi' 

Well Depth /;;l.;?. e3ft below MP Depth to Water (below MP) /(!)/. /I) ft Casing Diameter 5 in 

Date I~ I I 5 I I 3 Time / ~ / fJ am@) Casing Volume ?J ,I!/-- gal 

At least _ ?7_ /r __ bore volumes have been evacuated before sampling 
I 

':ifi\Tlt W~TER Lt ✓ t. L r 11- 1\S~Ut✓ l,\ fE O\'.E LL') 

Sampling method Submersible pump @adder pump (low flow)} 

Tap Bailer 

Pump intake or bailer set at ;,s- ft below MP. 

Jbing (type: -~p-~ ___ _ · ___ ). ( New or€eviously used )jwas used to collect all samples ~r no) 

and all field measurements ~r no ). Tubing used only for ~ft 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhoa/cm) (OC) (NTU) (aallona) (aom) 

/-;;_3~ '7,'70 2L/W /0,1 2,54, J l"57?1-t-1t../.30 :5~ 

I 2 ,p;;- 7,70 -Z'-1 ?0 /0.7 , • £/-IS" -::t:-::,.o 11' 

Pumping Start Time / o2. ~ 0 WL ____ Pumping End Time _ ___ _ WL 

Comments: ?c./~ <!.,~ -~~ 

L--e-F 

Form completed by: £:2b-ffld ~ Witnessed by: 

October 2014 

TFN62 / 025 
RE CD NO Y 14 ,201 4 

Addendum D6- 10-62 
K:ICOMMON\Roc:t F\Monitor Well Sa~e Foon_ 12-11-13.doe 

DEQ Ex. 3-552



.. RAMACO 

r .~ ~ 41,() .tJ~~ 

~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 5 7 B'ft21- Mq-f"-('Jf!? - I --~~~~...._~---~~~-.-- Project_~~~~~~~~~---------

Location 

Sample ID# 

W.O.#_--',?'--"--,!;_/ _3_ /""'""3__.9'----- -"--0 _7 ____ _ 

Date Sampled ___ / ___ / _ _ _ _ Time --- --- am pm 

Describe Sampling Point _____ C:7 __ tJ_~~-~~~~-· .,...._~W~_,iLf _ _____________ _ 

Well Depth /;:l..5. SQ ft below MP 

Date /1-. I / !/ I / 3 

At least bore volumes have been evacuated before sampling - - --

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. ----

Bladder pump (low flow) 

I 

Casing Diameter _ _ .:?~
Casing Volume 

in 

gal 

'-i T~\T 11 -·, \ffk l f 1Jtl (JF:..'.')S()( 1~\TE(1\'1E l l~J 

1bing (type: _____ _____ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Temperature 
Corrected 

Conductance Temp. 
(1,1mhos/cm) ,·ci 

WL 

Volume 
of Water Pumping 

Turbidity Removed Rate 
(NTU) (gallons) loam) 

Pumping End Time ___ __ _ WL ----

TFN 6 2/025 
RECD NO V 14,20 14 

Fonn completed by: ~ d ~--Witnessed by: 

October 2014 Addendum 06-10-63 
K:ICOMMON\Rod F\MonitorWell 5afr4)1e Form_12-11-13.doc 

DEQ Ex. 3-553



~ RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

SamplingPoint ~'lt,t./()1-a,e;}J-/ Project __ ~~~--~-------

Location __________ ____ ___ W .O.# _______________ _ 

Sample ID# 5'78tf:(7! -u/31J -/ Date Sampled 12 I 15""' I I '8 Time /,2()0 am§} 
Describe Sampling Point ----~?_ W~-~~~--~~-·- ~ u..)~ ~~~------------

Well Depth / 4 /. U> ft below MP Depth to Water (below MP) / / 0. 2() ft 

Date I ~ I I 5 I I ;, Time /I ~7 @pm 

At least bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump Edder pump (low flow) j 
Bailer 

Pump intake or bailer set at ;,-S-- ft below MP. 

Casing Diameter __ ? __ in 

Casing Volume ~ A- gal 

S l ,\TI( \'..l.TEP l ! 1.l l \)F~\)'-i()1~! ,\ II I J \', Ell') 

Jbing (type: __ p_L---C.-~- .c.c...._--=-· ___ ). ( New ort._eviously use'!Jwas used to collect all samples {E)r no) 

and all field measurementsB,r no ). Tubing used only for --'nc......L-'d'-+----------------

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhos/cm) (OC) (NTU) (gallons) (aom) 

ll50 1,lt>2' '-/-'22-0 I/, (q ~- 5'°0 t / 5"0 h,fl./ & ~ 

rJ..oo 1 I 7(p 'f'ZZ-0 //,'I ~ . ft,z...,, 3.0 -i. 

Pumping Start Time / /;3 5 WL ____ Pumping End Time ____ _ WL ----
Comments: Nuh- <3.,~ - ~o ~ 

J..-C._+: 

C o{!__.:Jt- 1 5""o I e; '1 

Fonn completed by: ~~~ilnessed by: 

October 2014 

TFN S 2/025 
RECD NOV 14,2014 

Addendum D6-10-64 
K:ICOMMON\Rod F\Monitor Well Sa"l)le Form_ 12-11 -13.doc 

DEQ Ex. 3-554



~RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point Project -'?~ ------~------- --
Location _______________ W.O.# e?0/3131-07 

Sample ID# 5'16'r/5"'- ""1~-/ Date Sampled /Z I /S I I 3 Time /CJ</~ 

Describe Sampling Point ----~&~w~~~~~~~-~ ..... · -~W~~~~~-----------

Well Depth / 'f ~, 7Pft below MP Depth to Water (below MP) / Z :;?, ~B ft 

Date / Z I I 5 I / 3 Time /0/0 @pm 

At least 

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump (s1adder pump (low flow) ] 

Bailer 

Pump intake or bailer set at / ~ 8 ft below MP. 

Casing Diameter 5 ---- in 

Casing Volume 71 A gal 

<-;TA!lf~'-:,,HERLEV fl r)l-1\'1',(}r l~\Tf lJ\', tLL S 

Jbing (type: P~ ). ( New orEiously usaj was used to collect all samples §or no ) 

and all field measurements ~or no ). Tubing used only for - - ~---':....:A=----------------

EVACUATION/ STABILIZATION TEST DATA 

Temperature 
Corrected 

PH Conductance Temp. 
Time (units) (1.1mhoa/cm) ,·c> 

/b36 7,'73 2-s-2.0 /t). 7 

/Def':> /7,&f;> l1 "'5'Z- (~.'!, 

Pumping Start Time /020 WL 

Comments: 

Form completed by: 

October 2014 

Volume 
of Water 

Turbidity Removed 
(NTU) (gallons) 

+/oe>D J, 
,Z.2~ '3. 0 

Pumping End Time 

Witnessed by: 

Pumping 
Rate 

(gpm) 

15"0 44(/ ~ ~ · 

J✓ 

WL ----- --- -

TFN62/025 
RECD NOV 14,2014 

Addendum D6- 10-65 
K:ICOMMON\Rod FIMonitorWell Sa"1)1e Fonn_12-11-13.doc 

DEQ Ex. 3-555



~ RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

. SAMPLING INFORMATION 

Sampling Point __ 5_7_8~i~l_7~ -_c_~-~-~I __ _ Project a~ ----------------
Location W.0.# c?tJ/3/3~ -6-7 --~~------------
Sample ID# 576'117-CM-/ Date Sampled / 'J,. I I 5' I J 3 Time I~ 0() am@ 

Describe Sampling Point _ _____ _.6""'--W"-=-__,~"--'--___.c..._--=.;_~=---,,;· - ..... W=---~------ ------

Well Depth />/-~,'//ft below MP Depth to Water (below MP) / q,5,3/ ft 

Date / :2 I I 6 I / ~ Time / 5 2€:7 am&iii) 

At least ""h ,4- bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ~/ 2~·=:e; __ ft below MP. 

Bladder pump (low flow) 

Casing Diameter 2 in 

Casing Volume '?/ H gal 

ubing (type: _ P.~ ~~~~ oc_,cc-=--·"-----)- ( New oEeviously used J was used to collect all samples Sr no ) 

and all field measurements ~or no ). Tubing used only for __ 11__._L-<l/:f------ ----------

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (11mhoa/crn) (•C) (NTU) (gallons) loom) 

l~tf§ 7,~?:, /'/'fl /(J),0 (,q"~ {I /5tJ ""1L/ 3o~ 

1&00 7-31 l'-/S ?:> t:t ' '1 ~,~ :3.o ~ 

Pumping Start Time / r':!,"g () WL ____ Pumping End Time _ _ __ _ WL 

Comments: /A.,/~ -f ~ - ~ ~ 
HCF 

150 /Cf{,, 

Form completed by: 

October 2014 

TFN62 / 02 5 
RECD NOV 14 ,2014 

Addendum 06-10-66 
K:ICOMMON\Rod F\MonilorWell 8ar,1)1e Form_ 12-11-13.doc 

DEQ Ex. 3-556



~ RAMACO ~~ ~h 

~/'--WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point !57 e'f t 7 - M!?r- / 

Location 

Project ~ 

------------------ W.O.# ;;2 () I 3 J 8tf -tJ z 
Sample ID# ________ Date Sampled I I Time am pm -------

Describe Sampling Point ______ C?_ W_~~----__ ·.,,,.__w~ ~----------------

Well Depth / ~7. 'd'Z-tt below MP Depth to Water (below MP) / t,tJ , 'fltt Casing Diameter Z, -~-- in 

Date /:;. I / !5' I / 3 Time /4"~ 2-,, am~ Casing Volume ~Ir gal 

At least bore volumes have been evacuated before sampling ----
)f,\ TII~ ,'oHER LE'.EL r, r ,\')")~1 1,\ 11 11,",I I I -.., 

Sampling method Submersible pump (Bladder pump (low flow) J 
Tap Bailer 

Pump intake or bailer set at ft below MP. ----

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

Conductance Temp. Turbidity Removed Rate 
(a,mhos/cm) (OC) (NTU) (gallons) taom) 

WL Pumping End Time ____ _ WL ----

- ~f ~4-,W~ /~ ~~--to~ 

TFN 6 2/025 
RECD NOV 14 ,2014 

~~-)Nitnessed by: 

Addendum 0 6-10-67 
K:ICOMMON\Rod F\Monilor Well SalllJle Form_ 12-11 -13.doc 

DEQ Ex. 3-557



~ RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ 5_1_0_'1_(_0_-_ ~~l------i-/,___ _ __ _ Project_~a~ ~~-- ----- -----

Location W.0 .# ------------ ----- ----- ----- ------
Sam p I e ID# !:7'1'8'/- IB -A-L -/ Date Sampled -----"/.-=-~--/ _/_/.,_ /_ /_3 __ Time /50-S--~-- -- arr@ 
Describe Sampling Point ___ __ &__,µ<=--- ~- =....c....=·~'-"""-'~·---==w;..,,,c.___cd../-=--~ - - ----- ------

Well Depth 24/, 5lJ ft below MP Depth to Water (below MP) '20, 78 ft 

Date / P- I ~ 6 I I 3 Time 1111P am@ 

At least 11 ./1 bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

&ladder pump (low flow1] 

Pump intake or bailer set at 2 Z- ft below MP. 

Casing Diameter _ _,5=""'-_ in 

Casing Volume ~ If: gal 

"IT..\TI( ,', ,\ff r' 11 Jl- l 1Jr A'J'.'J()l 1,\11 l l / ,E L LS 

bing (type: -P £~ ). ( New o~reviously used ywas used to collect all samples ~r no ) 

and all field measurementsSr no ). Tubing used only for _ -'1/1--'---"_,,_fr.....__ _______ _____ __ _ 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water 

PH Conductance Temp. Turbidity Removed 
Time (units) h.1mhos/cm) (OC) (NTU) (gallons) 

I'/~ 7,fJJZ "3060 q.1 ftttf, 'I- ,I; 
l70b 7.1,7 3o5'0 q.~ 3~.2- 3,o 

Pumping Start Time / 'I 'fO WL Pumping End Time 

Comments: 

(:.L;G,# I ffO IC/ 7 

Form completed by: -~- Witnessed by: 

October 2014 

Pumping 
Rate 

(gpm) 

l50tc-<t-/ 30 s~ 

~ 

WL --- -- ----

TFN62 / 025 
RECD NO V 14,2014 

Addendum D6- 10-68 
K:ICOMMON\Rod F\Monitor Well Sanl)le Form_ 12-11-13.doc 

DEQ Ex. 3-558



~ RAMACO ~ ~ ~~h 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ !:!~7~&'--------~lf3_-_&~./2AJ~~--...... / __ _ Project __ -~~~- -----------

Location W.O.#_ ~oZ~cJ~/-s2~f.~'-8~~~ -<2~Z-----
I I Time Sample ID# Date Sampled -------- -- - - ---- am pm 

Describe Sampling Point _ __ _.{;__:z'--"~ ..... ),c__"-'~ ::.....=;..:::.....o....,c...:,'--""--"--"'-..c....c_. ---W~_d-1 ___ ______ _____ _ _ 

Well Depth I 5!J. 7'1 ft below MP Depth to Water (below MP) /~ ,55'ft 

Date / :2 I IS I I 3 Time / ~'fO am(EJ 

At least - ---

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter ~ in 

Casing Volume gal 
----

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------
and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (~mhos/cm) (°C) (NTU) (gallons) {aom) 

Pumping Start Time WL Pumping End Time WL -----

Comments: ____:_n.:-t?~_...,,.~::w:::..,::~.oc:h=----- ~~:+--/-----'~"""""""~ ..... '<-<J~? ..... ,'--'-<~&""""'k~--"----"--6_.,,'Q~ 4u:::~:::.:=.:;~~~---->=--.,:.d;z,,'""""'""'"""'----

~ ~ ~ ~ tf.e/ T F N 6 2 / 0 2 5 

Form completed by: .--Grj ~ Witnessed by: 

October 2014 

RE CD NOV 14.2014 

Addendum D6-1 0-69 
K:\COMMON\Rod F\MonitorWell Sa~e Form_ 12-11 -13.doc 

DEQ Ex. 3-559



121 
N 

" 

~MACO -;(/JU) ~h_, 

~/'WW CENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point - ---'~:;__7--=6~f_,_l ....... 8"----=M:...c:...=b__.C'----_,_/ __ _ Project Q~ 

" N Location W.O.# cf??/.3/39 -~7 
121 ----------- ------

~ Sample ID# Date Sampled I I Time - - ---- am pm 

Describe Sampling Point - - --~-tu=------"-'~"----"''--- · --=----'--,,,.· !>---'&.)"-""'-_a,,/::...=..;;..._ ____ _ ________ _ 

Well Depth /f36,75'tt below MP Depth to Water (below MP) /Bf. fS'"'tt 

Date / ,J_. I I '8 I I 3 Time / .3;, tf ~ anv(§}) 

At least ___ _ bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ____ ft below MP. 

Bladder pump (low flow) 

Casing Diameter 

Casing Volume 

~ in 

gal 

._.., r ., 1 1 ( 1,•, , r I i-.: LE • EL 1 1 r ., "1 ~ 1 11 1 , r t r J ,·, E: L L .., 

bing (type: _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

Pumping Start Time 

Form completed by: 

October 2014 

EVACUATl:::>N / STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

Conductance Temp. Turbidity Removed Rate 
(umhos/cm) (OC) (NTU) (aallons) laam) 

WL Pumping End Time ____ _ WL ----

=/J~fi RECD NOV 14,2014 ~ Witnessed by: 

Addendum D6- 10-70 
K:ICOMMON\Rod f\Monitor Welt SafTl)le Form_ 12-11-13.doc 

DEQ Ex. 3-560



121 
N 

" 

X MACO * ~ ~h_ 

~~WWCENGINEERING 

. SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point 5'165/0 -- Cl'U./ -/ 
" 

Project __ =~=--:;__----'----------

W .0.# __ c-'l_ ttJ~/~3_ /~ 3_-f_-_ 0~7~---N Location 
121 
N 
121 Sample ID# ________ Date Sampled ___ / ___ / ___ _ Time --- --- am pm 

Describe Sampling Point - -------------------------------

Well Depth 'f~, 7f ft below MP 

Date /:Z I /8 I /:3 

Depth to Water (below MP) 9..2 ,C:,tJ ft 

Time //3l) @m 

At least 
----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter ~ 
----''---

in 

Casing Volume -"114- gal 

1bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhos/cm) (OC) (NTU) laallons) (gpm) 

Pumping Start Time WL Pumping End Time Wl -----

Comments: 

~ ~ ~ ~ ~-<L TFN 6 2/ 025 
RECD NOV 14,20 14 

Form completed by: 

October 2014 

Witnessed by: 

Addendum D6 - 10-71 
K:ICOMMON\Rod F\Monitor Well Sa1r4>le F0ffl1_ 12-11-13.doc 

DEQ Ex. 3-561



ENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point ---"~'---'>!l'-------'-'5 ........... 1 .... B""'--'"'5~/ (J""-----'M,'--'-""~""--r_ -___ , __ Project __ .,.~a;.....>1=..,::;...::c..===-=-----------

Location W.O.# __ t:57_ e:1_/ 3~ /_.3_ o/~ -_ t'_7 ____ _ 

Sample ID# Date Sampled ___ / ___ / ___ _ Time ---- -- am pm 

Describe Sampling Point ______ 61,i; __ ~~~-"----·---=-~-=---1·-~w~~~ - -------------

Well Depth /'17. zf ft below MP 

Date /Z,. I /~ I / ';? 

Depth to Water (below MP) /14,,/2- ft 

Time //Z.5 ~ pm 

At least --- -

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter 5""' in 

Casing Volume -:11,f gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------
and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water 

PH Conductance Temp. Turbidity Removed 
Time (units) I (um hos/cm) (OC) (NTU) (gallons) 

I 
I 

I 

I 

l I 
Pumping Start Time WL Pumping End Time 

Comments: 

Form completed by: ~ _witnessed by: 

October 2014 

Pumping 
Rate 

(gpm) 

--

--

--

--

--

WL ----- ----

RECD NOV 14 ,2014 

Addendum D6- 10-72 
K:\COMMON\Rod F\MonilOf Well Sa~e Form_12-11-13.doc DEQ Ex. 3-562



_XMACO 

~,,>---WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point _ _..f;'--'"!.___,8"'-'5=....L-/L-/ _-....... C<.L~___,,._-+/----- 

Location 

Project_ --"'ac........,,:~'----"'------CC--"'--=------ ---

W.O.# c:2 tJ I 31 .:3 1 - tJ 7 
Sample ID# 5185'!/-C&J-J 

• 
Date Sampled /:J- I I(.,, I ( 3 Time 09f0 (§}pm 

Describe Sampling Point _ ____ (-?.~W~-~~~~~·~~·~-IA-2~-~--------- -----

Well Depth /;?8 ,qz ft below MP Depth to Water (below MP) //9, (;5ft. 

Date I ;2 I / /, I I :3 

At least --}11/ 

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump {;adder pump (low flow) ] 

Bailer 

Pump intake or bailer set at / .;:;~ ft below MP. 

Casing Diameter -S- in 

Casing Volume gal 
----

') l,\ TII \.'/AT Er~ L [\t I \)~ ,\')'-i\)1 l ~ Tl:: f) ,'JI I!:) 

1bing (type: p~ ). ( New o previously used was used to collect all samples ~or no ) 

and all field measurements§r no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhos/cm) (°C) (NTU) (gallons) loom) 

O'f30 1, 2'1 3B3o /D,'f 12¥ 

"" 
l~t'J>-u .. /.30 ~ 

OCflfO 7• tf I 3SOO /(9,0 7z.&, ~..3.0 -I 

Pumping Start Time 0'1 /~ WL ____ Pumping End Time ____ _ WL 

Comments: ?<./~ -/~ - ?t,j ~ 

Ht:J= 
CdX:---,# I 5'0 I Cf 7 

Witnessed by: 

October 2014 

TFN 6 2/025 
RECD NOV 14,201 4 

Addendum D6-10-73 
K:ICOMMON\Rod F\Monitor Well Safll)le fom,_ 12·11-13.doc 

DEQ Ex. 3-563



~RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ 5"_7~8_5i~ I l_-_ hf~'!!:i~rt:- -~'~-- -- Project _ _ _,~"'---'-'~"-~-=-;c....wc. _____ ___ _ 

Location _____ ___________ W.O.# c:ltfJ/ 3 I 39 -~ 7 

Sample ID# 5"796//-m~T- / Date Sampled /,2 I/~ I I 3 Time /P .3£ 
-

Describe Sampling Point Gr W ~ w./ff 

Well Depth /5"/J. t:JO ft below MP Depth to Water {below MP) / 5tJ. /2- ft Casing Diameter ~ ---=--- in 

Date / 't-- I I I, I I 3 Time 9:'67.- @®pm Casing Volume -t,p lJ- gal 

At least ?/ If' bore volumes have been evacuated before sampling <--,f,\Tl1 V,;..TER I t \I I (J I- ,\'::i'::,(1~ l~ TE O 1."1l:. L l '.-, 
----'--'--'--

Sampling method Sub mer s i b I e pump (!radder pump {low flow) J 
Tap Bailer 

Pump intake or bailer set at /~ ft below MP. 

1bing (type: ~ ). ( New o previously used was used to collect all samples§r no) 

and all field measurements~r no ). Tubing used only for - -~--'--'fr_._ ___ _____ _____ _ _ 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhos/cm) (OC) (NTU) (gallons) (aom) 

/O;l~ 1, /,If> :;/'{00 e,ep I B. ~ "I, i /5l?'4-1'-/3oS~ 
/()3~ 7.52- ~,so Cf,1 /7/ ~3.0 ~ 

Pumping Start Time / O IO WL ____ Pumping End Time ____ _ WL --- -
Comments: w~ WA/4_.., c~ l<uJ- f~ I~ -

Form completed by: .,.~ d~ Witnessed by: 

October 2014 

TFN 6 2 I 825 
RECD NOV 14,2014 

Addendum D6-10-74 
K:ICOMMON\Rod F\Monllor Well Sa"l)le Form_ 12-11-13.doc 

DEQ Ex. 3-564



~ RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point -~2_'1~ 8_!5~ /~;!._-...... 11-__ L~-- ,,_/ ___ _ Project a~ --- -------------

Location --- -------------- W.O.# ~Cl/ :3/ 8o/ -t>7 ---------~------
Sample ID# fJ'lB 18 I 2 -A-L - I Date Sampled /;2. I /{s, I !3 Time l.300 am(§] 

Describe Sampling Point - ----~G~w~~~- ~ ~-~ ~~·....,,.,_~w~ «I~~----- ------

Well Depth 2-/. 2/tt below MP Depth to Water (below MP) ~. 8 / ft Casing Diameter ---- in 

Date /,?. I I i I I 3 Time / :::i 2. 7 am(!§) Casing Volume ~ .,tJ- gal 

At least _ ?Z~~d:~_bore volumes have been evacuated before sampling 

Sampling method Submersible pump {madder pump (low flow)/ 

Tap Bailer 

Pump intake or bailer set at --./~S:~_ ft below MP. 

1bing (type: _ -;E:~~~~~=· ____ ). ( New o[previously used J was used to collect all samples (jE}r no ) 

and all field measurements §r no ). Tubing used only for - ~~~&~-- ------- ------

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (umhos/cm) (OC) (NTU) (aallona) (aom) 

I ;z S-o '7 I ,er S-f{RO /0,7 .a ~.B 4- /50/;<,11/&J~ 

/300 1. ~2- 5''/&0 /(),? ~o.o ~-3,0 t' 

/2-~5' WL Pumping End Time ----- WL - - ---Pumping Start Time 

Comments: ~~~f~-;lw~ 

ta::.At /50197 

Form completed by: ~1=uL~ 
""--.._../ 

October 20 14 

Witnessed by: 

TFN62 / 025 
RECD NOV 14.2014 

Addendum D6- 10 -75 
K:ICOMMON\Rod F\Monitor Well Sal'fl)le Form_ 12-11-13.doc 

DEQ Ex. 3-565



~ RAMACO --,(-~ ~~ 

~/"WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point --~-7-'---"""8'--'B=-----/.....,~=-----_::CAU/=~--_./ ___ _ Project __ ----'-~----""'----'-------"----------

Location W.O.#_--=-~ ;__c>_,_/ _;::8;__/=--~~ ?- ---=-()-'7L--___ _ 

Sample ID# Date Sampled ___ / ___ / ___ _ Time ------- am pm 

Describe Sampling Point ------~l?~ W~-~~~~~· ~~·----,.___W_ ~-------------

Well Depth ,st f. ~ft below MP Depth to Water (below MP) ~ ft 

Date / -Z, I I B I I 3 Time / ~ 4"0 am@ 

At least ----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter ~ in 

Casing Volume ?r A gal 

1bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

Temperature 
Corrected 

Conductance Temp. 
(umhos/cm) (OC) 

WL 

Volume 
of Water 

Turbidity Removed 
(NTU) (gallons) 

Pumping End Time 

Witnessed by: 

Pumping 
Rate 

tanm) 

WL ---- - --- -

TFN 6 2/025 
RE CD NOV 14,2014 

Addendum D6- 10-76 
K:ICOMMON\Rod F\MonitorWell Sarrpe Form_12-11 -13.doc 

DEQ Ex. 3-566



121 
N 

" 

~RAMACO ~~~Le_ 

~~WWCENGINEERING 

- SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point _ ..... ~~7_._B,:;..:5'=-----l_.:1..t:....__--=--ln"-"-~,c;_r,____- ... / __ 

" 
Project __ --'AJ'----""'~:::::....,:_____=c--=-=------ - ---

N Location 121 ------------------ W.O.# _ _.e<==tJ.L..l/.8~/-=~:::...._f#-----0"----'l...J.__ _ _ _ _ 

~ Sample ID# Date Sampled _ __ / ___ / ___ _ Time --- --- am pm 

Describe Sampling Point ______ ?::;__,,w"'-"'--'C.~.::...:wc....,c_::_=,----""""---"""'~"""'-'i-~-W""""--'.dt'"""""'=+------ ----------

Well Depth //f.9/;tt below MP Depth to Water (below MP) ///,9t,tt 

Date /2,- I /8 I .,20/ 3 Time /~ot? am(§] 

At least ----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. - ---

Casing Diameter ---- in 

Casing Volume gal 

1bing (type: _ _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

EVACUATION/ STABILIZATION TEST DATA 

Temperature 
Corrected 

Conductance Temp. 
('-'mhos/cm) ("C) 

WL 

Volume 
of Water Pumping 

Turbidity Removed Rate 
(NTUl laallonsl tnnml 

Pumping End Time ___ _ _ WL --- -

== Witnessed by: 

TFN 6 2/0 25 
RE CD NO V 14,20 14 

Addendum D6- 10-77 
K:\COMMON\Rod F\MonitorWell ~e Form_12-11-13.doc 

DEQ Ex. 3-567



~RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 5'1 as-I .!J - /It. -/ --- -----~--- --- Project ~ 
Location ----------------- W.O.# ,;:ltJ/ 3 I ~1 - tJ 7 
Sample ID# .57B5l :3, ~ lfL- I Date Sampled /:2 I I I, I I 3 Time / "/ / !j am(!§) 
Describe Sampling Point _ _ ____ _,G"""'-'wic.=---C....~-'-------"-L.>::..l<.CWM:.....M<..l"-Al·'-"""1 __ ::...Jwoc........:~=c....=c=... ______ ____ _ 

Well Depth ,?,&, 77 ft below MP Depth to Water (below MP) 9, 3fa ft 

Date I :J. I I(; I / 2 Time /: 12- am~ 

At least -?llf bore volumes have been evacuated before sampling _ _ ..c.....,__ 

Sampling method Submersible pump (s1adder pump (low flow) I 
Tap Bailer 

Pump intake or bailer set at I f3 ft below MP. - - --

Casing Diameter 5 in 

Casing Volume ?14--: gal 

'">LHl1 1'/,\Tf R 1 1 'Jf ! flF •\'1S0( l.l.TE[.1 \',[IL S 

1bing (type: _ __._e....:..~----·-- ->· ( New oEeviously usei}was used to collect all samples Sr no }. 

and all field measurements f y;~or no). Tubing used only for _ _ '11-fr:--'-"--+---- ------- ----

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (1,1mhoa/cm) (OC) (NTU) (gallons) faom) 

I '/0!5 '1 .,~ 51 s-o /o.65' '2.,oS- t /~o;,,,,t../30~ 

/'/-/EJ 7.18 5/30 1t,,2- 0,51 --:};__ 3 . 0 J-

Pumping Start Time / :3 50 WL ____ Pumping End Time ____ _ WL ----
Comments: l,v~ c!~ - 21-iJ ~ 

1..-C,F 

Form completed by: _ _Q;~~t?%6--, Witnessed by: 

October 2014 

TFN 6 2/0 25 
RECD NOV 14 ,2014 

Addendum D6-10-78 
K:ICOMMONIRod F\MonilorWetl Sa~le Fonn_12-11·13.doc 

DEQ Ex. 3-568



121 
N 

" 

~ co -)f-?lt7~ 

~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

~ Sampling Point _ ......::S=--7.:........a.,8c..=~::;__i_l.-::;2:...__-_~--"-------'tf.l~--+-1--- - Project {?~ 
"-
N Location W .O.# c:2~/,2/39 -{)7 
121 ------ ---------- --

~ Sample ID# Date Sampled I I Time - ----- am pm 

Describe Sampling Point ------------ - - ------------ ------

Well Depth /('7, t f3 ft below MP Depth to Water (below MP) / /'7, t>.S ft 

Time 1,/~o am,@ Date /;;.. I l (L I / 'p 

At least bore volumes have been evacuated before sampling ----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. - - --

Bladder pump (low flow) 

Casing Diameter 5 - ~~- in 

Casing Volume gal 
----

'.i T ATtC ~·.,\ I f~ t f ~f I UF A':,S()( 1,-HE[l\',E L L'-, 
I 

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) - --- - - - ---
and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water 

PH Conductance Temp. Turbidity Removed 
Time (units) (1,1mhos/cm) (OC) (NTU) (aallons) 

Pumping Start Time WL Pumping End Time 

Comments: 

Form completed by: ~-_,-Witnessed by: 

October 2014 

Pumping 
Rate 

taom) 

WL ----- --- -

TF N 6 2/ 025 
RE CD NO V 14,201 4 

Addendum 0 6- 10-79 
K:ICOMMON\ROd F\Monitor Well SafT4)1e Form_12-11 -13.doc 

DEQ Ex. 3-569



~RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ 8_ 7_,,f3"-'!;;c.......i....,/2,£....._-~#f~~"-r..._-_/....__ __ _ Project ~ 

Location W.O.# ~c:>/3/ 3<::f - C) 7 ------ ------- ----

Sample ID# 5785/3,-m~r-/ Date Sampled / ;2 / //, / I 3 Time / .2 c:>C) am§] 

Describe Sampling Point --- -----=6=----W~- ~_:;..IC:.J<=-~--="'-·..:;,--.__,W=-_;_~-=-----'--- - ---------

Well Depth / it ,CJ(Jft below MP Depth to Water (below MP) / oe I S'f: ft 

Date I~ I I~ I I 3 Time //,;;1,eF @m 
I 

At least '?)fl bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ~L_40~ __ ft below MP. 

Bladder pump (low flow) 

Casing Diameter_~!2--- in 

Casing Volume ?, A- gal 

') f ,\T!1 ~·. ,\fFI\ L E'JEL <it A:-,'3()1 1,\1! fl \',( L L':> 

1bing (type: ~ ). ( New o[J'reviously used j was used to collect all samples {EJ>r no ) 

and all field measurements§r no). Tubing used only for -----'~'--'-'-A_.__ _ _____ _______ _ 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) ('-lmhos/cm) (°C) (NTU) (gallons) (gpm) 

II 150 {;,,7/ '/~/D /(),Cf ;lC/, I 

"" 
I oo a,rt../ Bo~-

/ .Zc;O (,,11 'f 2 ">0 /0' ~ :2. I 'f (p ~3.0 Jr 

Pumping Start Time / 1:, 5 WL ____ Pumping End Time ____ _ WL 

Comments: W~ C ~ - ~ ~< 

L-,c,;:-

Form completed by: ~ c;:4 ~ Witnessed by: 

October 2014 

TEN 6 2/ 025 
REC D NO V 14,2014 

Addendum 06- 10-80 
K:ICOMMON\Rod F\Monitor Well Sa"l)le Form_ 12-11 -13.doe 

DEQ Ex. 3-570



w ~ RAMACO Brook Mine 
JI) 'I m I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I '"m ..,.,ouHr Ao H LAo s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

ENT: Western Water Consultants Date Reported: 12/24/2013 
1849 Terra Report ID: $1312200001 
Sheridan, WY 82801 

Work Order: S1312200 
Project: Ramaco Collection Date: 12/15/2013 2:20:00 PM 
Lab ID: S 1312200-005 Date Received: 12/16/2013 8:16:00 AM 

Client Sample ID: 578408-CRN-1 Sampler: RF 
COC: 150196 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 6.88 S.U. 12/15/2013 1420 Field 

Conductivity 2650 µmhos/cm 12/15/2013 1420 Field 

Turbidity 355 NTU 12/15/2013 1420 Field 

Temperature 10.4 ·c 12/15/2013 1420 Field 

Static Water Level 87.70 ft 12/15/2013 1420 Field 

General Parameters 

pH 7.9 0.1 s.u. 12/17/2013 2153 KV SM 4500 H B 

Electrical Conductivity 2470 5 µmhos/cm 12/17/2013 2153 KV SM 2510B 

Total Dissolved Solids (180) 2000 10 mg/L 12/16/2013 1208 EC SM 2540 

Solids, Total Dissolved (Cale) 1830 10 mg/L 12/20/2013 1056 BC SM 1030E 

Alkalinity, Total (As CaCO3) 584 5 mg/L 12/17/2013 2153 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 1380 mg/L 12/20/2013 1056 BC SM 2340B 

Nitrogen, Ammonia (As N) 0.2 0.1 mg/L 12/23/20131456 RH EPA 350.1 

ium Adsorption Ratio 0.9 0.1 12/20/2013 1056 BC Calculation 

ns 
Alkalinity, Bicarbonate as HCO3 712 5 mg/L 12/17/2013 2153 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 12/17/2013 2153 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 12/17/2013 2153 KV SM 2320B 

Chloride 9 mg/L 12/17/2013 2246 AMB EPA 300.0 

Fluoride 0.7 0.1 mg/L 12/1 7/2013 2153 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) ND 0.1 mg/L 12/19/2013 1107 RH EPA 353.2 

Sulfate 963 mg/L 12/17/2013 2246 AMB EPA 300.0 

Cations 
Calcium 173 mg/L 12/16/2013 1904 DG EPA 200.7 

Magnesium 232 mg/L 12/16/2013 1904 DG EPA 200.7 

Potassium 30 mg/L 12/16/2013 1904 DG EPA 200.7 

Sodium 79 mg/L 12/16/2013 1904 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: _B __ .;._S)_Cl_>_G_ ~'::~:::~;: ;;=---------
Bill Courtney, Project Manager 

October 2014 

B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Ana lyte detected below quantitation limits 

M Value exceeds Monthly Ave or MCL T f N 6 2 1 Q 2 5 
0 Outside the Range of Dilutions R E C D No' V 14 ' 2 0 1 4 

Page 9 of 14 

Addendum D6-10-81 DEQ Ex. 3-571



w / ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I ..,;;;i,,iiio,iiiiio,iiiiiiiiiiiiiii Inter-Mountain Labs---------------------------------------
;:I ,,.,.,,_,..ou"'"'" L""' 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S 1312200-005 

Client Sample ID: 578408-CRN-1 

COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 11 .67 

Carbonate as C03 ND 
Hydroxide as OH ND 
Chloride 0.24 

Fluoride 0.03 

Nitrate + Nitrite as N ND 
Sulfate 20.04 

Calcium 8.61 

Magnesium 19.08 

Potassium 0.75 

Sodium 3.42 

Cation I Anion Balance 
Cation Sum 31 .87 

n Sum 31 .99 

on-Anion Balance 0.19 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 

Boron 0.5 

Cadmium ND 

Chromium ND 
Copper ND 
Iron 0.05 

Lead ND 
Manganese 0.64 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 2.85 

Manganese 0.81 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 

Collection Date: 12/15/2013 2:20:00 PM 

Date Received: 12/16/2013 8 :16:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/2013 1904 DG EPA 200.7 

0.005 mg/L 12/16/20131454 MS EPA 200.8 

0.1 mg/L 12/16/20131454 MS EPA 200.8 

0.1 mg/L 12/16/20131904 DG EPA 200.7 

0.001 mg/L 12/16/2013 1454 MS EPA 200.8 

0.01 mg/L 12/16/2013 1904 DG EPA 200.7 

0.01 mg/L 12/16/2013 1454 MS EPA 200.8 

0.05 mg/L 12/16/2013 1904 DG EPA 200.7 

0.02 mg/L 12/16/20131454 MS EPA 200.8 

0.02 mg/L 12/16/2013 1904 DG EPA 200.7 

0.001 mg/L 12/17/20131418 cs EPA 245.1 

0.02 mg/L 12/16/2013 1454 MS EPA 200.8 

0.01 mg/L 12/16/2013 1904 DG EPA 200.7 

0.005 mg/L 12/16/2013 1454 MS EPA 200.8 

0.01 mg/L 12/16/2013 1904 DG EPA 200.7 

0.05 mg/L 12/18/20131942 DG EPA 200.7 

0.02 mg/L 12/18/20131942 DG EPA 200.7 

RL - Reporting Limit 
B 
E 

M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RE CD NOV 14,2014 

Page 10 of 14 

Addendum D6-10-82 DEQ Ex. 3-572



w ~ RAMACO Brook Mine 
JI) /I ffl'I: Your Environmental Monitoring Partner 
;:I ---------- Inter-Mountain Labs---------------------------------------
;:I ,,.n~•"'0 ""'"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672·8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1312200-006 
Client Sample ID: 578408-MST-1 
COC: 150196 

Analyses Result 

Field 
pH 6.53 

Conductivity 2430 

Turbidity 518 

Temperature 10.3 

Static Water Level 105.89 

General Parameters 

pH 7.8 

Electrical Conductivity 2230 

Total Dissolved Solids (1 80) 1690 

Solids, Total Dissolved (Cale) 1610 

Alkalinity, Total (As CaCO3) 472 

Hardness, Calcium/Magnesium (As CaCO3) 1040 

Nitrogen, Ammonia (As N) 4.2 

ium Adsorption Ratio 1.7 

s 
Alkalinity, Bicarbonate as HCO3 576 

Alkalinity, Carbonate as CO3 ND 

Alkalin ity, Hydroxide as OH ND 

Chloride 7 

Fluoride 0.5 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 858 

Cations 
Calcium 124 

Magnesium 177 

Potassium 30 

Sodium 129 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: $1312200001 

Work Order: $1312200 
Collection Date: 12/15/2013 3:00:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/15/2013 1500 Field 

µmhos/cm 12/15/2013 1500 Field 

NTU 12/15/2013 1500 Field 
oc 12/15/2013 1500 Field 

ft 12/15/2013 1500 Field 

0.1 s.u. 12/17/2013 2204 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2204 KV SM 2510B 

10 mg/L 12/16/20131209 EC SM 2540 

10 mg/L 12/20/2013 1056 BC SM 1030E 

5 mg/L 12/17/2013 2204 KV SM 2320B 

mg/L 12/20/2013 1056 BC SM 2340B 

0.1 mg/L 12/23/20131457 RH EPA 350.1 

0.1 12/20/2013 1056 BC Calculation 

5 mg/L 12/17/2013 2204 KV SM 2320B 

5 mg/L 12/17/2013 2204 KV SM 2320B 

5 mg/L 12/17/2013 2204 KV SM 2320B 

1 mg/L 12/17/2013 2259 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2204 KV SM 4500FC 

0.1 mg/L 12/19/2013 1108 RH EPA 353.2 

1 mg/L 12/17/2013 2259 AMB EPA 300.0 

mg/L 12/16/2013 1917 DG EPA 200.7 

mg/L 12/16/2013 1917 DG EPA 200.7 

mg/L 12/16/2013 1917 DG EPA 200.7 

mg/L 12/16/20131917 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/025 
RECD NOV 14,2014 

Page 11 of 14 

Addendum D6-1 0 -83 DEQ Ex. 3-573



00 
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ID 
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121 
N 
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00 

" N 
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N 
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~ MACO Brook Mine 

/I m -11: Inter-Mountain Labs 
Your Environmental Monitoring Partner 

IHTUl - MOUHTAIH LADS 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1312200-006 
Client Sample ID: 578408-MST-1 
COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 9.44 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.20 

Fluoride 0.02 

Nitrate + Nitrite as N ND 
Sulfate 17.85 

Calcium 6.17 

Magnesium 14.53 

Potassium 0.77 

Sodium 5.59 

Cation I Anion Balance 
Cation Sum 27.07 

n Sum 27.54 

on-Anion Balance 0.85 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.4 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.61 

Lead ND 
Manganese 0.29 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 3.53 

Manganese 0.36 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/2013 3:00:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/201 3 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1 056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/2013 1917 DG EPA 200.7 

0.005 mg/L 12/16/2013 1459 MS EPA 200.8 

0.1 mg/L 12/16/2013 1459 MS EPA 200.8 

0.1 mg/L 12/16/20131917 DG EPA 200.7 

0.001 mg/L 12/16/2013 1459 MS EPA 200.8 

0.01 mg/L 12/16/2013 1917 DG EPA 200.7 

0.01 mg/L 12/16/2013 1459 MS EPA 200.8 

0.05 mg/L 12/16/2013 1917 DG EPA 200.7 

0.02 mg/L 12/16/2013 1459 MS EPA 200.8 

0.02 mg/L 12/16/20131917 DG EPA 200.7 

0.001 mg/L 12/17/20131426 cs EPA 245.1 

0.02 mg/L 12/16/2013 1459 MS EPA 200.8 

0.01 mg/L 12/16/20131917 DG EPA 200.7 

0.005 mg/L 12/16/20131459 MS EPA 200.8 

0.01 mg/L 12/16/2013 1917 DG EPA 200.7 

0.05 mg/L 12/18/2013 1944 DG EPA 200.7 

0.02 mg/L 12/18/2013 1944 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/0 25 
RECD NOV 14,2014 

Page 12 of 14 

Addendum 06- 10-84 DEQ Ex. 3-574



w ~ RAMACO Brook Mine 
JI) ,..I ffl'I: Your Environmental Monitoring Partner 
;:I !""!!'!"ii~i!iiillliii!i!! Inter-Mountain Labs---------------------------------------
;:I iHmH •ou"r"'" '"0' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1312200-004 

Client Sample ID: 578409-CRN-OB-1 

COC: 150196 

Analyses Result 

Field 
pH 7.25 

Conductivity 2390 

Turbidity 15.13 

Temperature 10.2 

Static Water Level 90.76 

General Parameters 

pH 8.2 

Electrical Conductivity 2200 

Total Dissolved Solids (180) 1560 

Solids, Total Dissolved (Cale) 1540 

Alkalinity, Total (As CaCO3) 509 

Hardness, Calcium/Magnesium (As CaCO3) 730 

Nitrogen, Ammonia (As N) 4.2 

·um Adsorption Ratio 3.6 

A s 
Alkalinity, Bicarbonate as HCO3 621 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 11 

Fluoride 0.6 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 753 

Cations 
Calcium 110 

Magnesium 111 

Potassium 22 

Sodium 226 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 

Collection Date: 12/15/2013 1 :20:00 PM 

Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/15/2013 1320 Field 

µmhos/cm 12/15/2013 1320 Field 

NTU 12/15/2013 1320 Field 
oc 12/15/2013 1320 Field 

ft 12/15/2013 1320 Field 

0.1 S.U. 12/17/2013 2130 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2130 KV SM 2510B 

10 mg/L 12/16/2013 1207 EC SM 2540 

10 mg/L 12/20/2013 1056 BC SM 1030E 

5 mg/L 12/17/2013 2130 KV SM 2320B 

mg/L 12/20/2013 1056 BC SM 2340B 

0.1 mg/L 12/23/2013 1455 RH EPA 350.1 

0.1 12/20/2013 1056 BC Calculation 

5 mg/L 12/17/2013 2130 KV SM 2320B 

5 mg/L 12/17/2013 2130 KV SM 2320B 

5 mg/L 12/17/2013 2130 KV SM 2320B 

mg/L 12/17/2013 2232 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2130 KV SM 4500FC 

0.1 mg/L 12/19/2013 1106 RH EPA 353.2 

1 mg/L 12/17/2013 2232 AMB EPA 300.0 

mg/L 12/16/2013 1859 DG EPA 200.7 

mg/L 12/16/2013 1859 DG EPA 200.7 

mg/L 12/16/2013 1859 DG EPA 200.7 

mg/L 12/16/2013 1859 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
O Outside the Range of Dilutions T f N 6 2 11 0 2 5 

RE CD NO V 14,2014 

Page 7 of 14 

Addendum 06- 10-85 DEQ Ex. 3-575



w ~ RAMACO Brook Mine 
JI) /I m I: Your Environmental Monitoring Partner 
;:I llllliiiillllliiil!iiiiil!iiiiiliiiiiiiiii! Inter-Mountain Labs---------------------------------------
;:I tHmH,ouH,,. ,H ..... 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S 1312200-004 

Client Sample ID: 578409-CRN-OB-1 

COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HC03 10.18 

Carbonate as C03 ND 
Hydroxide as OH ND 
Chloride 0.30 

Fluoride 0.03 

Nitrate + Nitrite as N ND 
Sulfate 15.67 

Calcium 5.49 

Magnesium 9.09 

Potassium 0.55 

Sodium 9.83 

Cation I Anion Balance 
Cation Sum 24.97 

,n Sum 26.19 

on-Anion Balance 2.38 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.19 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc 0.01 

Total Metals 
Iron 0.19 

Manganese 0.23 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 

Collection Date: 12/15/2013 1 :20:00 PM 

Date Received: 12/16/2013 8 :16:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/2013 1859 DG EPA 200.7 

0.005 mg/L 12/16/2013 1448 MS EPA 200.8 

0.1 mg/L 12/16/2013 1448 MS EPA 200.8 

0.1 mg/L 12/16/2013 1859 DG EPA 200.7 

0.001 mg/L 12/16/2013 1448 MS EPA 200.8 

0.01 mg/L 12/16/2013 1859 DG EPA 200.7 

0.01 mg/L 12/16/20131448 MS EPA 200.8 

0.05 mg/L 12/16/2013 1859 DG EPA 200.7 

0.02 mg/L 12/16/20131448 MS EPA 200.8 

0.02 mg/L 12/16/2013 1859 DG EPA 200.7 

0.001 mg/L 12/17/2013 1409 cs EPA 245.1 

0.02 mg/L 12/16/20131448 MS EPA 200.8 

0.01 mg/L 12/16/2013 1859 DG EPA 200.7 

0.005 mg/L 12/16/2013 1448 MS EPA 200.8 

0.01 mg/L 12/16/2013 1859 DG EPA 200.7 

0.05 mg/L 12/18/2013 1939 DG EPA 200.7 

0.02 mg/L 12/18/2013 1939 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions TFN 6 2,'0 25 

RECD NOV 14,2014 
Page 8 of 14 

Addendum D6-1 0-86 DEQ Ex. 3-576



w ~ RAMACO Brook Mine 
JI) /I m I:: Your Environmental Monitoring Partner 
;:I '•-"!i!ii!lii~~-iii~ Inter-Mountain Labs---------------------------------------
;:I ,NnR-.. ouNr"'" .,.., 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1312200-003 
Client Sample ID: 578409-MST-1 
COC: 150196 

Analyses Result 

Field 

pH 7.70 

Conductivity 2470 

Turbidity 1.45 

Temperature 10.7 

Static Water Level 101 .10 

General Parameters 

pH 8.4 

Electrical Conductivity 2260 

Total Dissolved Solids (180) 1510 

Solids , Total Dissolved (Cale) 1430 

Alkalinity, Total (As CaCO3) 655 

Hardness, Calcium/Magnesium (As CaCO3) 91 

Nitrogen , Ammonia (As N) 4.0 

ium Adsorption Ratio 22.0 

s 

Alkal inity, Bicarbonate as HCO3 773 

Alkalinity, Carbonate as CO3 12 

Alkal inity, Hydroxide as OH ND 

Chloride 9 

Fluoride 1.5 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 497 

Cations 

Calcium 16 

Magnesium 12 

Potassium 16 

Sodium 484 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/201312:45:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/15/2013 1245 Field 

µmhos/cm 12/15/2013 1245 Field 

NTU 12/15/2013 1245 Field 

·c 12/15/2013 1245 Field 

ft 12/15/2013 1245 Field 

0.1 S.U. 12/17/2013 2116 KV SM 4500 H B 

5 µmhos/cm 12/17/20132116 KV SM 2510B 

10 mg/L 12/16/2013 1206 EC SM 2540 

10 mg/L 12/20/20131056 BC SM 1030E 

5 mg/L 12/17/2013 2116 KV SM 2320B 

mg/L 12/20/2013 1 056 BC SM 2340B 

0.1 mg/L 12/23/2013 1454 RH EPA 350.1 

0.1 12/20/2013 1056 BC Calculation 

5 mg/L 12/17/2013 2116 KV SM 2320B 

5 mg/L 12/17/20132116 KV SM 2320B 

5 mg/L 12/17/20132116 KV SM 2320B 

mg/L 12/17/2013 2219 AMB EPA 300.0 

0.1 mg/L 12/17/20132116 KV SM 4500FC 

0.1 mg/L 12/19/2013 1058 RH EPA 353.2 

1 mg/L 12/17/2013 2219 AMB EPA 300.0 

mg/L 12/16/20131857 DG EPA 200.7 

mg/L 12/16/2013 1857 DG EPA 200.7 

mg/L 12/16/2013 1857 DG EPA 200.7 

mg/L 12/16/2013 1857 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
O Outside the Range of Dilutions T f N 6 2 ,' 0 2 5 

RECD NOV 14 ,2014 
Page 5 of 14 

Addendum D6-1 0-87 DEQ Ex. 3-577



w ~ RAMACO Brook Mine 
JI) --1 m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"m ... ,ou"'"'" LAos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1312200-003 
Client Sample ID: 578409-MST-1 
COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 12.67 

Carbonate as CO3 0.41 

Hydroxide as OH ND 

Chloride 0.26 

Fluoride 0.07 

Nitrate + Nitrite as N ND 

Sulfate 10.35 

Calcium 0.80 

Magnesium 1 01 

Potassium 0.40 

Sodium 21 06 

Cation I Anion Balance 
Cation Sum 23.29 

,n Sum 23.78 

on-Anion Balance 1.04 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.1 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.21 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selen ium ND 
Zinc ND 

Total Metals 
Iron 0.06 

Manganese 0.22 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/2013 12:45:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/20131857 DG EPA 200.7 

0.005 mg/L 12/16/2013 1443 MS EPA 200.8 

0.1 mg/L 12/16/20131443 MS EPA 200.8 

0.1 mg/L 12/16/2013 1857 DG EPA 200.7 

0.001 mg/L 12/16/2013 1443 MS EPA 200.8 

0.01 mg/L 12/16/20131857 DG EPA 200.7 

0.01 mg/L 12/16/2013 1443 MS EPA 200.8 

0.05 mg/L 12/16/20131857 DG EPA 200.7 

0.02 mg/L 12/16/2013 1443 MS EPA 200.8 

0.02 mg/L 12/16/20131857 DG EPA 200.7 

0.001 mg/L 12/17/2013 1407 cs EPA 245.1 

0.02 mg/L 12/16/2013 1443 MS EPA 200.8 

0.01 mg/L 12/1 6/2013 1857 DG EPA 200.7 

0.005 mg/L 12/16/2013 1443 MS EPA 200.8 

0.01 mg/L 12/16/2013 1857 DG EPA 200.7 

0.05 mg/L 12/18/2013 1937 DG EPA 200.7 

0.02 mg/L 12/18/2013 1937 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Va lue above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions TF N 6 2:025 

RECDMO V 14 , 20 14 
Page 6 of 14 

Addendum D6-10-88 DEQ Ex. 3-578



w ~ RAMACO Brook Mine 
JI) --1 ffl'I: Your Environmental Monitoring Partner 
;:I ""'!!~i!iiiiii!iiilliiiiiii! Inter-Mountain Labs---------------------------------------
;:I i HnR- Mou"

1
"

1
" •"• • 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1312200-002 
Client Sample ID: 578409-UBN-1 
COC: 150196 

Analyses Result 

Field 
pH 7.76 

Conductivity 4220 

Turbidity 3.62 

Temperature 11.4 

Static Water Level 110.20 

General Parameters 
pH 8.3 

Electrical Conductivity 4010 

Total Dissolved Solids (180) 2820 

Solids, Total Dissolved (Cale) 2850 

Alkalinity, Total (As CaCO3) 459 

Hardness, Calcium/Magnesium (As CaCO3) 395 

Nitrogen, Ammonia (As N) 0.7 

um Adsorption Ratio 16.9 

s 
Alkalinity, Bicarbonate as HCO3 553 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 32 

Fluoride 1.0 

Nitrogen, Nitrate-Nitrite (as N) 7.5 

Sulfate 1600 

Cations 
Calcium 70 

Magnesium 53 

Potassium 14 

Sodium 771 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/201312:00:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 12/15/2013 1200 Field 

µmhos/cm 12/15/2013 1200 Field 

NTU 12/15/2013 1200 Field 

·c 12/15/2013 1200 Field 

ft 12/15/2013 1200 Field 

0.1 S.U. 12/17/2013 2104 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2104 KV SM 25108 

10 mg/L 12/16/2013 1205 EC SM 2540 

10 mg/L 12/20/2013 1056 BC SM 1030E 

5 mg/L 12/17/2013 2104 KV SM 23208 

mg/L 12/20/2013 1056 BC SM 23408 

0.1 mg/L 12/23/2013 1453 RH EPA 350.1 

0.1 12/20/2013 1056 BC Calculation 

5 mg/L 12/17/2013 2104 KV SM 23208 

5 mg/L 12/17/2013 2104 KV SM 23208 

5 mg/L 12/17/2013 2104 KV SM 23208 

mg/L 12/17/2013 2206 AMS EPA 300.0 

0.1 mg/L 12/17/2013 2104 KV SM 4500FC 

0.1 mg/L 12/19/2013 1057 RH EPA 353.2 

mg/L 12/17/2013 2206 AMS EPA 300.0 

mg/L 12/16/20131855 DG EPA 200.7 

mg/L 12/16/2013 1855 DG EPA 200.7 

mg/L 12/16/2013 1855 DG EPA 200.7 

mg/L 12/16/2013 1855 DG EPA 200.7 

RL - Reporting Limit 
B 
E 
J 
M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 5 
Outside the Range of Dilutions T f N 6 2 ,' 0 2 

RECD NOV 14,2014 

Page 3 of 14 

Addendum D6- 10-89 DEQ Ex. 3-579



w ~ RAMACO Brook Mine 
JI) /I ffl'I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"m..,•ou"'"'" LAos 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1312200-002 
Client Sample ID: 578409-UBN-1 
COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 9 06 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.91 

Fluoride 0.05 

Nitrate + Nitrite as N 0.53 

Sulfate 33.31 

Calcium 3.49 

Magnesium 4.39 

Potassium 0.35 

Sodium 33.54 

Cation I Anion Balance 
Cation Sum 41 .79 

,n Sum 44 01 

on-Anion Balance 2.58 

Dissolved Metals 
Aluminum ND 
Arsenic ND 

Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.16 

Mercury ND 
Molybdenum 0.03 

Nickel ND 
Selenium 0.010 

Zinc ND 
Total Metals 

Iron ND 

Manganese 0.19 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/2013 12:00:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/20131056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/201 3 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/20131855 DG EPA 200.7 

0.005 mg/L 12/16/2013 1427 MS EPA 200.8 

0.1 mg/L 12/16/2013 1427 MS EPA 200.8 

0.1 mg/L 12/16/2013 1855 DG EPA 200.7 

0.001 mg/L 12/16/2013 1427 MS EPA 200.8 

0.01 mg/L 12/16/2013 1855 DG EPA 200.7 

0.01 mg/L 12/16/2013 1427 MS EPA 200.8 

0.05 mg/L 12/16/2013 1855 DG EPA 200.7 

0.02 mg/L 12/16/2013 1427 MS EPA 200.8 

0.02 mg/L 12/16/2013 1855 DG EPA 200.7 

0.001 mg/L 12/17/20131405 cs EPA 245.1 

0.02 mg/L 12/16/2013 1427 MS EPA 200.8 

0.01 mg/L 12/16/2013 1855 DG EPA 200.7 

0.005 mg/L 12/16/2013 1427 MS EPA 200.8 

0.01 mg/L 12/16/2013 1855 DG EPA 200.7 

0.05 mg/L 12/18/2013 1923 DG EPA 200.7 

0.02 mg/L 12/18/2013 1923 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN62 /0 25 
RE CD NOV 14,2014 

Page 4 of 14 

Addendum D6-10-90 DEQ Ex. 3-580



w ~ RAMACO Brook Mine 
JI) ✓, m ·1:: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I """''""'0""'"'" L"" ' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1312200-001 
Client Sample ID: 578415-MST/CRN-1 
COC: 150196 

Analyses Result 

Field 
pH 7.68 

Conductivity 1952 

Turbidity 225 

Temperature 105 

Static Water Level 122.68 

General Parameters 
pH 8.4 

Electrical Conductivity 1950 

Total Dissolved Solids (180) 1180 

Solids, Total Dissolved (Cale) 1180 

Alkalinity, Total (As CaCO3) 707 

Hardness, Calcium/Magnesium (As CaCO3) 56 

Nitrogen, Ammonia (As N) 1.6 

ium Adsorption Ratio 25.1 

ns 
Alkalinity, Bicarbonate as HCO3 831 

Alkalin ity, Carbonate as CO3 16 

Alkalinity, Hydroxide as OH ND 

Chloride 13 

Fluoride 1.9 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 280 

Cations 
Calcium 12 

Magnesium 6 

Potassium 10 

Sodium 431 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/201310:45:00 AM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/15/2013 1045 Field 

µmhos/cm 12/15/2013 1045 Field 

NTU 12/15/2013 1045 Field 

·c 12/15/2013 1045 Field 

ft 12/15/2013 1045 Field 

0.1 s.u. 12/17/2013 2052 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2052 KV SM 2510B 

10 mg/L 12/16/2013 1204 EC SM 2540 

10 mg/L 12/20/2013 1056 BC SM 1030E 

5 mg/L 12/17/2013 2052 KV SM 2320B 

mg/L 12/20/2013 1056 BC SM 2340B 

0.1 mg/L 12/23/2013 1452 RH EPA 350.1 

0.1 12/20/2013 1056 BC Calculation 

5 mg/L 12/17/2013 2052 KV SM 2320B 

5 mg/L 12/17/2013 2052 KV SM 2320B 

5 mg/L 12/17/2013 2052 KV SM 2320B 

1 mg/L 12/17/2013 2152 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2052 KV SM 4500FC 

0.1 mg/L 12/19/2013 1056 RH EPA 353.2 

1 mg/L 12/17/2013 2152 AMB EPA 300.0 

mg/L 12/16/2013 1852 DG EPA 200.7 

mg/L 12/16/2013 1852 DG EPA 200.7 

mg/L 12/16/2013 1852 DG EPA 200.7 

mg/L 12/16/2013 1852 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions 

TFN 6 2/0 25 
RE CD UO V 14,2014 

Page 1 of 14 

Addendum D6-10-91 DEQ Ex. 3-581



w ~ MACO Brook Mine 
JI) ,,. M 'II: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I ,,.,.~·"'0 ""'" '" •"•• 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1312200-001 
Client Sample ID: 578415-MST/CRN-1 
COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 13.62 

Carbonate as CO3 0.52 

Hydroxide as OH ND 
Chloride 0.36 

Fluoride 0.09 

Nitrate + Nitrite as N ND 
Sulfate 5.82 

Calcium 0.60 

Magnesium 0.51 

Potassium 0.25 

Sodium 18.74 

Cation I Anion Balance 
Cation Sum 20.12 

,n Sum 20.43 

on-Anion Balance 0.77 

Dissolved Metals 
Aluminum 0.7 

Arsenic ND 
Barium ND 
Boron 0.1 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.21 

Lead ND 
Manganese 0.10 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.95 

Manganese 0.17 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ G ~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/2013 10:45:00 AM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1 056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/2013 1852 DG EPA 200.7 

0.005 mg/L 12/16/20131406 MS EPA 200.8 

0.1 mg/L 12/16/2013 1406 MS EPA 200.8 

0.1 mg/L 12/16/2013 1852 DG EPA 200.7 

0.001 mg/L 12/1 6/2013 1406 MS EPA 200.8 

0.01 mg/L 12/16/2013 1852 DG EPA 200.7 

0.01 mg/L 12/16/20131406 MS EPA 200.8 

0.05 mg/L 12/16/2013 1852 DG EPA 200.7 

0.02 mg/L 12/16/2013 1406 MS EPA 200.8 

0.02 mg/L 12/16/2013 1852 DG EPA 200.7 

0.001 mg/L 12/17/20131403 cs EPA 245.1 

0.02 mg/L 12/16/2013 1406 MS EPA 200.8 

0.01 mg/L 12/16/2013 1852 DG EPA 200.7 

0.005 mg/L 12/16/2013 1406 MS EPA 200.8 

0.01 mg/L 12/16/2013 1852 DG EPA 200.7 

0.05 mg/L 12/1.8/2013 1919 DG EPA 200.7 

0.02 mg/L 12/18/2013 1919 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Ana lyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NO Y 14 ,2014 

Page 2 of 14 

Addendum D6- 10-92 DEQ Ex. 3-582



w / ~ MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I '"m,-,.,ouHT"'" LAns 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1312200-007 
Client Sample ID: 578417-CRN-1 
COC: 150196 

Analyses Result 

Field 
pH 7.39 

Conductivity 1483 

Turbidity 615 

Temperature 9.9 

Static Water Level 133.31 

General Parameters 
pH 8.3 

Electrical Conductivity 1450 

Total Dissolved Solids (180) 880 

Solids, Total Dissolved (Cale) 890 

Alkalinity, Total (As CaCO3) 508 

Hardness, Calcium/Magnesium (As CaCO3) 150 

Nitrogen, Ammonia (As N) 3.6 

ium Adsorption Ratio 9.2 

s 
Alkalinity, Bicarbonate as HCO3 607 

Alkalinity, Carbonate as CO3 6 

Alkalinity, Hydroxide as OH ND 

Chloride 8 

Fluoride 1.9 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 255 

Cations 
Calcium 19 

Magnesium 25 

Potassium 17 

Sodium 258 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6 ~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/2013 4:00:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/15/2013 1600 Field 

µmhos/cm 12/15/2013 1600 Field 

NTU 12/15/2013 1600 Field 
oc 12/15/2013 1600 Field 

ft 12/15/2013 1600 Field 

0.1 S.U. 12/17/2013 2218 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2218 KV SM 2510B 

10 mg/L 12/16/20131210 EC SM 2540 

10 mg/L 12/20/2013 1056 BC SM 1030E 

5 mg/L 12/17/2013 2218 KV SM 2320B 

mg/L 12/20/2013 1056 BC SM 2340B 

0.1 mg/L 12/23/2013 1458 RH EPA 350.1 

0.1 12/20/2013 1056 BC Calculation 

5 mg/L 12/17/2013 2218 KV SM 2320B 

5 mg/L 12/17/2013 2218 KV SM 2320B 

5 mg/L 12/17/2013 2218 KV SM 2320B 

mg/L 12/17/2013 2312 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2218 KV SM 4500FC 

0.1 mg/L 12/19/2013 1110 RH EPA 353.2 

1 mg/L 12/17/2013 2312 AMB EPA 300.0 

mg/L 12/16/2013 1920 DG EPA 200.7 

mg/L 12/16/2013 1920 DG EPA 200.7 

mg/L 12/16/2013 1920 DG EPA 200.7 

mg/L 12/16/2013 1920 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 f Q 2 5 
RECD NOV 14,2014 

Page 13 of 14 

Addendum 06- 10-93 DEQ Ex. 3-583



w ~ RAMACO Brook Mine 
JI) /I m -1: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I , .. rc~-,.0 u"'"'" •"05 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1312200-007 
Client Sample ID: 578417-CRN-1 
COC: 150196 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 9.95 

Carbonate as CO3 0.19 

Hydroxide as OH ND 

Chloride 0.21 

Fluoride 0.09 

Nitrate + Nitrite as N ND 

Sulfate 5.30 

Calcium 0.92 

Magnesium 2.08 

Potassium 0.42 

Sodium 11 .23 

Cation I Anion Balance 
Cation Sum 14.66 

n Sum 15.76 

on-Anion Balance 3.60 

Dissolved Metals 
Aluminum 0.4 

Arsenic ND 

Barium ND 

Boron 0.1 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.22 

Lead ND 

Manganese 0.06 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 12.7 

Manganese 0.18 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Report ing Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 20 14 

Date Reported: 12/24/2013 

Report ID: S1312200001 

Work Order: S1312200 
Collection Date: 12/15/2013 4:00:00 PM 
Date Received: 12/16/2013 8:16:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1 056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1 056 BC SM 1030E 

0.01 meq/L 12/20/2013 1 056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/201 3 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 meq/L 12/20/2013 1056 BC SM 1030E 

0.01 % 12/20/2013 1056 BC SM 1030E 

0.1 mg/L 12/16/2013 1920 DG EPA 200.7 

0.005 mg/L 12/16/2013 1504 MS EPA 200.8 

0.1 mg/L 12/16/2013 1504 MS EPA 200.8 

0.1 mg/L 12/16/2013 1920 DG EPA 200.7 

0.001 mg/L 12/16/2013 1504 MS EPA 200.8 

0.01 mg/L 12/16/2013 1920 DG EPA 200.7 

0.01 mg/L 12/16/201 3 1504 MS EPA 200.8 

0.05 mg/L 12/16/2013 1920 DG EPA 200.7 

0.02 mg/L 12/16/2013 1504 MS EPA 200.8 

0.02 mg/L 12/16/2013 1920 DG EPA 200.7 

0.001 mg/L 12/1 7/20131428 cs EPA 245.1 

0.02 mg/L 12/16/201 3 1504 MS EPA 200.8 

0.01 mg/L 12/16/2013 1920 DG EPA 200.7 

0.005 mg/L 12/16/2013 1504 MS EPA 200.8 

0.01 mg/L 12/16/2013 1920 DG EPA 200.7 

0.05 mg/L 12/18/2013 1946 DG EPA 200.7 

0.02 mg/L 12/18/2013 1946 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Ana lyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 14 of 14 

Addendum D6- 10-94 DEQ Ex. 3-584



w ~ RAMACO Brook Mine 
JI) /I m·a: Your Environmental Monitoring Partner 
;:I ..,;;;ioiiiioiiiioiilliiiii Inter-Mountain Labs---------------------------------------
;:I '"m ... ,ouHTAIH LAD> 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1312211-006 
Client Sample ID: 578418-AL-1 
COC: 150197 

Analyses Result 

Field 
pH 7.67 

Conductivity 3050 

Turbidity 38.2 

Temperature 9.6 

Static Water Level 20.78 

General Parameters 
pH 8.3 

Electrical Conductivity 2800 

Total Dissolved Solids (180) 2220 

Solids , Total Dissolved (Cale) 2080 

Alkalinity, Total (As CaCO3) 411 

Hardness, Calcium/Magnesium (As CaCO3) 909 

Nitrogen , Ammonia (As N) ND 

ium Adsorption Ratio 4.8 

s 
Alkalinity, Bicarbonate as HCO3 501 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 14 

Fluoride 1.2 

Nitrogen, Nitrate-Nitrite (as N) 0.2 

Sulfate 1200 

Cations 
Calcium 114 

Magnesium 152 

Potassium 22 

Sodium 332 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 3:05:00 PM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/16/2013 1505 Field 

µmhos/cm 12/16/2013 1505 Field 

NTU 12/16/2013 1505 Field 
oc 12/16/2013 1505 Field 

ft 12/16/2013 1505 Field 

0.1 S.U. 12/18/2013 0007 KV SM 4500 H B 

5 µmhos/cm 12/18/2013 0007 KV SM 2510B 

10 mg/L 12/17/2013 1209 EC SM 2540 

10 mg/L 12/20/2013 0811 BC SM 1030E 

5 mg/L 12/18/2013 0007 KV SM 2320B 

mg/L 12/20/2013 0811 BC SM 2340B 

0.1 mg/L 12/23/2013 1510 RH EPA 350.1 

0.1 12/20/2013 0811 BC Calculation 

5 mg/L 12/18/2013 0007 KV SM 2320B 

5 mg/L 12/18/2013 0007 KV SM 2320B 

5 mg/L 12/18/2013 0007 KV SM 2320B 

mg/L 12/18/2013 0233 AMB EPA 300.0 

0.1 mg/L 12/18/2013 0007 KV SM 4500FC 

0.1 mg/L 12/19/20131117 RH EPA 353.2 

mg/L 12/18/2013 0233 AMB EPA 300.0 

mg/L 12/17/20131533 DG EPA 200.7 

mg/L 12/17/20131533 DG EPA 200.7 

mg/L 12/17/2013 1533 DG EPA 200.7 

mg/L 12/17/2013 1533 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 11 of 12 

Addendum D6- 10-95 DEQ Ex. 3-585



w ~ RAMACO Brook Mine 
JI) /I m -1:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I oHm,- .. ouHrAoH LAas 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

' N 
00 

' N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1312211-006 
Client Sample ID: 578418-AL-1 
COC: 150197 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 8.21 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.39 

Fluoride 0.06 

Nitrate + Nitrite as N 0.01 

Sulfate 2503 

Calcium 5.68 

Magnesium 12.49 

Potassium 0.57 

Sodium 14.44 

Cation I Anion Balance 

Cation Sum 33.20 

· ,n Sum 33.73 

on-Anion Balance 0.79 

Dissolved Metals 

Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.03 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.80 

Manganese 0.07 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ ~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 3:05:00 PM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 % 12/20/2013 0811 BC SM 1030E 

0.1 mg/L 12/17/2013 1533 DG EPA 200.7 

0.005 mg/L 12/17/2013 1340 MS EPA 200.8 

0.1 mg/L 12/17/20131340 MS EPA 200.8 

0.1 mg/L 12/17/2013 1533 DG EPA 200.7 

0.001 mg/L 12/17/2013 1340 MS EPA 200.8 

0.01 mg/L 12/17/20131533 DG EPA 200.7 

0.01 mg/L 12/17/20131340 MS EPA 200.8 

0.05 mg/L 12/17/2013 1533 DG EPA 200.7 

0.02 mg/L 12/17/2013 1340 MS EPA 200.8 

0.02 mg/L 12/17/2013 1533 DG EPA 200.7 

0.001 mg/L 12/23/2013 0915 cs EPA 245.1 

0.02 mg/L 12/17/2013 1340 MS EPA 200.8 

0.01 mg/L 12/17/2013 1533 DG EPA 200.7 

0.005 mg/L 12/17/20131340 MS EPA 200.8 

0.01 mg/L 12/17/2013 1533 DG EPA 200.7 

0.05 mg/L 12/20/2013 1255 DG EPA 200.7 

0.02 mg/L 12/20/2013 1255 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 12 of 12 

Addendum D6- 10-96 DEQ Ex. 3-586



w ~ RAMACO Brook Mine 
JI) /I m -1: Your Environmental Monitoring Partner 
;:I ..,;;;ii,,iiioiiiiioiiiiioiiiiii Inter-Mountain Labs--------------------------------------
;:I ,,.n~• .. ou"r"'" uas 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1312211-001 
Client Sample ID: 578511 -CRN-1 
COC: 150197 

Analyses Result 

Field 
pH 7.41 

Conductivity 3800 

Turbidity 72.6 

Temperature 100 

Static Water Level 119.63 

General Parameters 
pH 8.2 

Electrical Conductivity 3570 

Total Dissolved Solids ( 180) 2910 

Solids, Total Dissolved (Cale) 2530 

Alkalinity, Total (As CaCO3) 678 

Hardness, Calcium/Magnesium (As CaCO3) 552 

Nitrogen, Ammonia (As N) 6.7 

ium Adsorption Ratio 11 .6 

ns 
Alkalinity, Bicarbonate as HCO3 827 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 26 

Fluoride 1.1 

Nitrogen , Nitrate-Nitrite (as N) 1.7 

Sulfate 1270 

Cations 
Calcium 79 

Magnesium 86 

Potassium 28 

Sodium 625 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Report ing Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6~ G~ 
Bill Courtney, Project Manager 

October 201 4 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 9:40:00 AM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

S.U. 12/16/2013 0940 Field 

µmhos/cm 12/16/2013 0940 Field 

NTU 12/16/2013 0940 Field 
oc 12/16/2013 0940 Field 

ft 12/16/2013 0940 Field 

0.1 S.U. 12/17/2013 2253 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2253 KV SM 2510B 

10 mg/L 12/17/2013 1204 EC SM 2540 

10 mg/L 12/20/20130811 BC SM 1030E 

5 mg/L 12/17/2013 2253 KV SM 23208 

mg/L 12/20/2013 0811 BC SM 2340B 

0.1 mg/L 12/23/2013 1459 RH EPA 350.1 

0.1 12/20/2013 0811 BC Calculation 

5 mg/L 12/17/2013 2253 KV SM 23208 

5 mg/L 12/17/2013 2253 KV SM 23208 

5 mg/L 12/17/2013 2253 KV SM 23208 

mg/L 12/18/2013 0126 AMS EPA 300.0 

0.1 mg/L 12/17/2013 2253 KV SM 4500FC 

0.1 mg/L 12/19/2013 1111 RH EPA 353.2 

1 mg/L 12/18/2013 0126 AMB EPA 300.0 

mg/L 12/17/20131509 DG EPA 200.7 

mg/L 12/17/2013 1509 DG EPA 200.7 

mg/L 12/17/2013 1509 DG EPA 200.7 

mg/L 12/17/2013 1509 DG EPA 200.7 

RL • Reporting Limit 
B 
E 
J 
M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / Q 2 5 
RECD NOV 14,2014 

Page 1 of 12 

Addendum D6- 10-97 DEQ Ex. 3-587



w ,, ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I -----• Inter-Mountain Labs---------------------------------------
;:I '"n"•"'0

"" ' "'" uos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , 1/1/Y 82801 

Project: Ramaco 
Lab ID: S1312211-001 
Client Sample ID: 578511-CRN-1 
COC: 150197 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 13.56 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.74 

Fluoride 0.05 

Nitrate + Nitrite as N 0.12 

Sulfate 26.50 

Calcium 3.92 

Magnesium 7.11 

Potassium 0.71 

Sodium 27.17 

Cation I Anion Balance 
Cation Sum 38.92 

n Sum 40.99 

on-Anion Balance 2.58 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.2 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 048 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 1 03 

Manganese 0.66 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 9:40:00 AM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 % 12/20/2013 0811 BC SM 1030E 

0.1 mg/L 12/17/2013 1509 DG EPA 200.7 

0.005 mg/L 12/17/20131247 MS EPA 200.8 

0.1 mg/L 12/17/20131247 MS EPA 200.8 

0.1 mg/L 12/17/2013 1509 DG EPA 200.7 

0.001 mg/L 12/17/20131247 MS EPA 200.8 

0.01 mg/L 12/17/20131509 DG EPA 200.7 

0.01 mg/L 12/17/20131247 MS EPA 200.8 

0.05 mg/L 12/17/2013 1509 DG EPA 200.7 

0.02 mg/L 12/17/20131247 MS EPA 200.8 

0.02 mg/L 12/17/2013 1509 DG EPA 200.7 

0.001 mg/L 12/23/2013 0855 cs EPA 245.1 

0.02 mg/L 12/17/20131247 MS EPA 200.8 

0.01 mg/L 12/17/20131509 DG EPA 200.7 

0.005 mg/L 12/17/20131247 MS EPA 200.8 

0.01 mg/L 12/17/2013 1509 DG EPA 200.7 

0.05 mg/L 12/20/2013 1230 DG EPA 200.7 

0.02 mg/L 12/20/2013 1230 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
O Outside the Range of Dilutions J f N 6 2 ,' Q 2 5 

RE CD NO V 14,2014 

Page 2 of 12 

Addendum D6- 10-98 DEQ Ex. 3-588



w / ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"n~-.. ouNr"'" .... , 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S1312211-002 

Client Sample ID: 578511-MST-1 

COC: 150197 

Analyses Result 

Field 

pH 7.52 

Conductivity 4180 

Turbidity 171 

Temperature 9.9 

Static Water Level 150.12 

General Parameters 

pH 8.3 

Electrical Conductivity 3970 

Total Dissolved Solids (180) 2740 

Solids, Total Dissolved (Cale) 2790 

Alkalinity, Total (As CaCO3) 1230 

Hardness, Calcium/Magnesium (As CaCO3) 506 

Nitrogen, Ammonia (As N) 6.9 

ium Adsorption Ratio 15.3 

s 

Alkalinity , Bicarbonate as HCO3 1470 

Alkalinity, Carbonate as CO3 11 

Alkalinity, Hydroxide as OH ND 

Chloride 30 

Fluoride 1.1 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 1050 

Cations 

Calcium 74 

Magnesium 78 

Potassium 29 

Sodium 793 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 

Collection Date: 12/16/2013 10:35:00 AM 

Date Received: 12/16/2013 3 :50:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U . 12/16/2013 1035 Field 

µmhos/cm 12/16/2013 1035 Field 

NTU 12/16/2013 1035 Field 
oc 12/16/2013 1035 Field 

ft 12/16/2013 1035 Field 

0.1 S.U. 12/17/2013 2307 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2307 KV SM 2510B 

10 mg/L 12/17/20131205 EC SM 2540 

10 mg/L 12/20/2013 0811 BC SM 1030E 

5 mg/L 12/17/2013 2307 KV SM 2320B 

mg/L 12/20/20130811 BC SM 2340B 

0.1 mg/L 12/23/2013 1500 RH EPA 350.1 

0.1 12/20/2013 0811 BC Calculation 

5 mg/L 12/17/2013 2307 KV SM 2320B 

5 mg/L 12/17/2013 2307 KV SM 2320B 

5 mg/L 12/17/2013 2307 KV SM 2320B 

mg/L 12/18/2013 0139 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2307 KV SM 4500FC 

0.1 mg/L 12/19/20131112 RH EPA 353.2 

mg/L 12/18/2013 0139 AMB EPA 300.0 

mg/L 12/17/2013 1511 DG EPA 200.7 

mg/L 12/17/2013 1511 DG EPA 200.7 

mg/L 12/17/2013 1511 DG EPA 200.7 

mg/L 12/17/20131511 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN 6 2/0 25 

RE CD NOV 14,2014 

Page 3 of 12 

Addendum 06-10-99 DEQ Ex. 3-589



w ~ RAMACO Brook Mine 
JI) ;I ffl'I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I ,,.rc~•"'0 ""'"' " uos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1312211-002 
Client Sample ID: 578511-MST-1 
COC: 150197 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 24.17 

Carbonate as CO3 0.35 

Hydroxide as OH ND 
Chloride 0.84 

Fluoride 0.05 

Nitrate + Nitrite as N ND 
Sulfate 21 .82 

Calcium 3.71 

Magnesium 6.40 

Potassium 0.74 

Sodium 34.47 

Cation I Anion Balance 
Cation Sum 45.33 

·on Sum 47.25 

ion-Anion Balance 206 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.47 

Lead ND 
Manganese 0.23 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 25.6 

Manganese 0.68 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 10:35:00 AM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 % 12/20/2013 0811 BC SM 1030E 

0.1 mg/L 12/17/20131511 DG EPA 200.7 

0.005 mg/L 12/17/20131308 MS EPA 200.8 

0.1 mg/L 12/17/2013 1308 MS EPA 200.8 

0.1 mg/L 12/17/20131511 DG EPA 200.7 

0.001 mg/L 12/17/2013 1308 MS EPA 200.8 

0.01 mg/L 12/17/20131511 DG EPA 200.7 

0.01 mg/L 12/17/2013 1308 MS EPA 200.8 

0.05 mg/L 12/17/2013 1511 DG EPA 200.7 

0.02 mg/L 12/17/20131308 MS EPA 200.8 

0.02 mg/L 12/17/2013 1511 DG EPA 200.7 

0.001 mg/L 12/23/2013 0903 cs EPA 245.1 

0.02 mg/L 12/17/2013 1308 MS EPA 200.8 

0.01 mg/L 12/17/2013 1511 DG EPA 200.7 

0.005 mg/L 12/17/2013 1308 MS EPA 200.8 

0.01 mg/L 12/17/2013 1511 DG EPA 200.7 

0.05 mg/L 12/20/2013 1232 DG EPA 200.7 

0.02 mg/L 12/20/2013 1232 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 : 0 2 5 

RECD NOV 14,201 4 

Page 4 of 12 

Addendum D6-10-100 DEQ Ex. 3-590



w ~ RAMACO Brook Mine 
JI) ~1 M 'I:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I unc1< -MouHr"'" •"0

' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S1312211-004 

Client Sample ID: 578512-AL-1 

COC: 150197 

Analyses Result 

Field 
pH 7.22 

Conductivity 5460 

Turbidity 20.0 

Temperature 10.5 

Static Water Level 3.81 

General Parameters 

pH 8.0 

Electrical Conductivity 5370 

Total Dissolved Solids (180) 5150 

Solids, Total Dissolved (Cale) 4780 

Alkalinity, Total (As CaCO3) 662 

Hardness, Calcium/Magnesium (As CaCO3) 2560 

Nitrogen , Ammonia (As N) ND 

ium Adsorption Ratio 4.0 

s 
Alkalinity, Bicarbonate as HCO3 807 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 17 

Fluoride 1.0 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 3130 

Cations 
Calcium 322 

Magnesium 427 

Potassium 23 

Sodium 465 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 

Collection Date: 12/16/2013 1 :00:00 PM 

Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 12/16/2013 1300 Field 

µmhos/cm 12/16/2013 1300 Field 

NTU 12/16/2013 1300 Field 

·c 12/16/2013 1300 Field 

ft 12/16/2013 1300 Field 

0.1 s.u . 12/17/2013 2330 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2330 KV SM 2510B 

10 mg/L 12/17/20131207 EC SM 2540 

10 mg/L 12/20/2013 0811 BC SM 1030E 

5 mg/L 12/17/2013 2330 KV SM 2320B 

mg/L 12/20/2013 0811 BC SM 2340B 

0.1 mg/L 12/23/2013 1508 RH EPA 350.1 

0.1 12/20/2013 0811 BC Calculation 

5 mg/L 12/17/2013 2330 KV SM 2320B 

5 mg/L 12/17/2013 2330 KV SM 2320B 

5 mg/L 12/17/2013 2330 KV SM 2320B 

mg/L 12/18/2013 0206 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2330 KV SM 4500FC 

0.1 mg/L 12/19/20131114 RH EPA 353.2 

mg/L 12/18/2013 0206 AMB EPA 300.0 

mg/L 12/17/20131529 DG EPA 200.7 

mg/L 12/17/20131529 DG EPA 200.7 

mg/L 12/17/20131529 DG EPA 200.7 

mg/L 12/17/20131529 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitalion range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2,'0 25 
RE CD ua v 14 , 2014 

Page 7 of 12 

Addendum D6- 10- 101 DEQ Ex. 3-591



w ~ RAMACO Brook Mine 
JI) ,.,, M 'I: Your Environmental Monitoring Partner 
;:I ------• Inter-Mountain Labs---------------------------------------
;:I '"TC"' •""0""'"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1312211-004 
Client Sample ID: 578512-AL-1 
COC: 150197 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 13.23 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 048 

Fluoride 0.05 

Nitrate + Nitrite as N ND 
Sulfate 65.18 

Calcium 16.08 

Magnesium 35.12 

Potassium 0.57 

Sodium 20.20 

Cation I Anion Balance 
Cation Sum 71 .99 

,n Sum 78.95 

on-Anion Balance 4.60 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 04 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.92 

Lead ND 
Manganese 1.92 

Mercury ND 
Molybdenum ND 
Nickel 0.01 

Selenium ND 
Zinc ND 

Total Metals 
Iron 5.29 

Manganese 2.69 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 0 ~ G-..uua~lb... 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 1 :00:00 PM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 % 12/20/2013 0811 BC SM 1030E 

0.1 mg/L 12/17/20131529 DG EPA 200.7 

0.005 mg/L 12/17/2013 1329 MS EPA 200.8 

0.1 mg/L 12/17/2013 1329 MS EPA 200.8 

0.1 mg/L 12/17/2013 1529 DG EPA 200.7 

0.001 mg/L 12/17/20131329 MS EPA 200.8 

0.01 mg/L 12/17/20131529 DG EPA 200.7 

0.01 mg/L 12/17/2013 1329 MS EPA 200.8 

0.05 mg/L 12/17/2013 1529 DG EPA 200.7 

0.02 mg/L 12/17/2013 1329 MS EPA 200.8 

0.02 mg/L 12/17/20131529 DG EPA 200.7 

0.001 mg/L 12/23/2013 0907 cs EPA 245.1 

0.02 mg/L 12/17/2013 1329 MS EPA 200.8 

0.01 mg/L 12/17/2013 1529 DG EPA 200.7 

0.005 mg/L 12/17/20131329 MS EPA 200.8 

0.01 mg/L 12/17/20131529 DG EPA 200.7 

0.05 mg/L 12/20/2013 1246 DG EPA 200.7 

0.02 mg/L 12/20/2013 1246 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
REC D NO V 14,2014 

Page 8 of 12 

Addendum D6-10-102 DEQ Ex. 3-592



w ~ RAMACO Brook Mine 
JI) .,..1 m ·1: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I '"""··"'0 u"TAIN ua s 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1312211-005 
Client Sample ID: 578513-AL-1 
COC: 150197 

Analyses Result 

Field 
pH 7.18 

Conductivity 5130 

Turbidity 0.57 

Temperature 10.2 

Static Water Level 9.36 

General Parameters 
pH 8.0 

Electrical Conductivity 4980 

Total Dissolved Solids (180) 4790 

Solids, Total Dissolved (Cale) 4290 

Alkalinity, Total (As CaCO3) 674 

Hardness, Calcium/Magnesium (As CaCO3) 2240 

Nitrogen, Ammonia (As N) ND 

ium Adsorption Ratio 4.1 

s 
Alkalinity, Bicarbonate as HCO3 823 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 22 

Fluoride 0.8 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 2740 

Cations 
Calcium 267 

Magnesium 383 

Potassium 26 

Sodium 448 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 
Collection Date: 12/16/2013 2:15:00 PM 
Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 12/16/20131415 Field 

µmhos/cm 12/16/2013 1415 Field 

NTU 12/16/20131415 Field 
oc 12/16/20131415 Field 

ft 12/16/20131415 Field 

0.1 S.U. 12/17/2013 2343 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2343 KV SM 2510B 

10 mg/L 12/17/2013 1208 EC SM 2540 

10 mg/L 12/20/2013 0811 BC SM 1030E 

5 mg/L 12/17/2013 2343 KV SM 2320B 

1 mg/L 12/20/2013 0811 BC SM 2340B 

0.1 mg/L 12/23/2013 1509 RH EPA 350.1 

0.1 12/20/2013 0811 BC Calculation 

5 mg/L 12/17/2013 2343 KV SM 2320B 

5 mg/L 12/17/2013 2343 KV SM 2320B 

5 mg/L 12/17/2013 2343 KV SM 2320B 

mg/L 12/18/2013 0220 AMB EPA 300.0 

0.1 mg/L 12/17/2013 2343 KV SM 4500FC 

0.1 mg/L 12/19/20131116 RH EPA 353.2 

1 mg/L 12/18/2013 0220 AMB EPA 300.0 

mg/L 12/17/2013 1531 DG EPA 200.7 

mg/L 12/17/2013 1531 DG EPA 200.7 

mg/L 12/17/2013 1531 DG EPA 200.7 

mg/L 12/17/2013 1531 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/0 25 
RE CD NO V 14 , 20 14 

Page 9 of 12 
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00 
0 

~ 
;:I 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

~ MACO Brook Mine 

/I ffl'I: Inter-Mountain Labs 
Your Environmental Monitoring Partner 

IHTCR - MOUHTAIH LAD S 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1312211-005 

Client Sample ID: 578513-AL-1 

COC: 150197 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 13.48 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride 0.60 

Fluoride 0.04 

Nitrate+ Nitrite as N ND 

Sulfate 57 07 

Calcium 13.34 

Magnesium 31 .53 

Potassium 0.67 

Sodium 19.49 

Cation I Anion Balance 
Cation Sum 6504 

,n Sum 71 .21 

ton-Anion Balance 4.52 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.4 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.35 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.08 

Manganese 0.47 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 

Collection Date: 12/16/2013 2:15:00 PM 

Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 % 12/20/2013 0811 BC SM 1030E 

0.1 mg/L 12/17/2013 1531 DG EPA 200.7 

0.005 mg/L 12/17/2013 1335 MS EPA 200.8 

0.1 mg/L 12/17/2013 1335 MS EPA 200.8 

0.1 mg/L 12/17/2013 1531 DG EPA 200.7 

0.001 mg/L 12/17/20131335 MS EPA 200.8 

0.01 mg/L 12/17/20131531 DG EPA 200.7 

0.01 mg/L 12/17/20131335 MS EPA 200.8 

0.05 mg/L 12/17/2013 1531 DG EPA 200.7 

0.02 mg/L 12/17/20131335 MS EPA 200.8 

0.02 mg/L 12/17/20131531 DG EPA 200.7 

0.001 mg/L 12/23/2013 0909 cs EPA 245.1 

0.02 mg/L 12/17/2013 1335 MS EPA 200.8 

0.01 mg/L 12/17/20131531 DG EPA 200.7 

0.005 mg/L 12/17/2013 1335 MS EPA 200.8 

0.01 mg/L 12/17/2013 1531 DG EPA 200.7 

0.05 mg/L 12/20/2013 1253 DG EPA 200.7 

0.02 mg/L 12/20/2013 1253 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions TFN62/025 

RECD NOV 14,2014 
Page 10 of 12 
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w ~ RAMACO Brook Mine 
fl~ "'Im-• ... Ill' L Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I 1tmR• MouNr

111
• •

11
•• 1673 Terra Avenue, Sheridan , Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1312211-003 

Client Sample ID: 578513-MST-1 

COC: 150197 

Analyses Result 

Field 
pH 6.77 

Conductivity 4230 

Turbidity 2.96 

Temperature 10.6 

Static Water Level 108.54 

General Parameters 
pH 7.8 

Electrical Conductivity 4010 

Total Dissolved Solids (180) 3120 

Solids, Total Dissolved (Cale) 3080 

Alkalinity, Total (As CaCO3) 611 

Hardness, Calcium/Magnesium (As CaCO3) 1030 

Nitrogen , Ammonia (As N) 9.1 

um Adsorption Ratio 7.9 

s 
Alkalinity, Bicarbonate as HCO3 745 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 16 

Fluoride 0.7 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 1780 

Cations 
Calcium 124 

Magnesium 175 

Potassium 34 

Sodium 586 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 

Collection Date: 12/16/2013 12:00:00 PM 

Date Received: 12/16/2013 3 :50:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U . 12/16/2013 1200 Field 

µmhos/cm 12/16/2013 1200 Field 

NTU 12/16/2013 1200 Field 

·c 12/16/2013 1200 Field 

ft 12/16/2013 1200 Field 

0.1 s.u. 12/17/2013 2319 KV SM 4500 H B 

5 µmhos/cm 12/17/2013 2319 KV SM 25108 

10 mg/L 12/17/20131206 EC SM 2540 

10 mg/L 12/20/20130811 BC SM 1030E 

5 mg/L 12/17/2013 2319 KV SM 23208 

mg/L 12/20/2013 0811 BC SM 23408 

0.1 mg/L 12/23/2013 1507 RH EPA 350.1 

0.1 12/20/2013 0811 BC Calculation 

5 mg/L 12/17/2013 2319 KV SM 23208 

5 mg/L 12/17/2013 2319 KV SM 23208 

5 mg/L 12/17/2013 2319 KV SM 23208 

mg/L 12/18/2013 0153 AMS EPA 300.0 

0.1 mg/L 12/17/2013 2319 KV SM 4500FC 

0.1 mg/L 12/19/2013 1113 RH EPA 353.2 

1 mg/L 12/18/2013 0153 AMS EPA 300.0 

mg/L 12/17/20131516 DG EPA 200.7 

mg/L 12/17/20131516 DG EPA 200.7 

mg/L 12/17/20131516 DG EPA 200.7 

mg/L 12/17/20131516 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/0 25 
RE CD NOV 14,2014 

Page 5 of 12 

Addendum D6- 10-1 05 DEQ Ex. 3-595



w ~ RAMACO Brook Mine 
JI) ,.I m -1: Your Environmental Monitoring Partner 
;:I lllliiiilliiiiiiiliiiiliiioiiiiiii Inter-Mountain Labs---------------------------------------
;:I '"n~-.. ou"T"'" "'"' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S1312211-003 

Client Sample ID: 578513-MST-1 

COC: 150197 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 12.21 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.44 

Fluoride 0.03 

Nitrate + Nitrite as N ND 
Sulfate 37.10 

Calcium 6.19 

Magnesium 14.42 

Potassium 0.87 

Sodium 25.47 

Cation I Anion Balance 
Cation Sum 46.96 

n Sum 49.79 

on-Anion Balance 2.92 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.40 

Lead ND 
Manganese 0.08 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.51 

Manganese 0.09 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

NO Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 12/24/2013 

Report ID: S1312211001 

Work Order: S1312211 

Collection Date: 12/16/2013 12:00:00 PM 

Date Received: 12/16/2013 3:50:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 meq/L 12/20/2013 0811 BC SM 1030E 

0.01 % 12/20/2013 0811 BC SM 1030E 

0.1 mg/L 12/17/20131516 DG EPA 200.7 

0.005 mg/L 12/17/20131324 MS EPA 200.8 

0.1 mg/L 12/17/20131324 MS EPA 200.8 

0.1 mg/L 12/17/20131516 DG EPA 200.7 

0.001 mg/L 12/17/20131324 MS EPA 200.8 

0.01 mg/L 12/17/20131516 DG EPA 200.7 

0.01 mg/L 12/17/2013 1324 MS EPA 200.8 

0.05 mg/L 12/17/20131516 DG EPA 200.7 

0.02 mg/L 12/17/20131324 MS EPA 200.8 

0.02 mg/L 12/17/2013 1516 DG EPA 200.7 

0.001 mg/L 12/23/2013 0905 cs EPA 245.1 

0.02 mg/L 12/17/2013 1324 MS EPA 200.8 

0.01 mg/L 12/17/2013 1516 DG EPA 200.7 

0.005 mg/L 12/17/20131324 MS EPA 200.8 

0.01 mg/L 12/17/20131516 DG EPA 200.7 

0.05 mg/L 12/20/2013 1241 DG EPA 200.7 

0.02 mg/L 12/20/2013 1241 DG EPA 200.7 

RL - Reporting Limit 
B 
E 
J 
M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RE CD NO V 14,2014 

Page 6 of 12 
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·• 1nter•Mountaln Labs 
IMTla- MOUNTAIN L.Aal 

• Fed Express 
• USMail 
• Hand Carried 
• Other __ _ 

Inter-Mountain Labs, Inc. 

Filter 

Other 

SD 
FT 

OT 

Standard turnaround 
RUSH - 5 Working Daya 
URGENT - < 2 Working Days 

Ru•h & Urgent Surr:harge9 will be appll«I 

WNW.intermouotaiolabs.com 

REMARKS 

I., /t> I 

0 ---------------+-----+-----1 ~ 

Rev4.6 

DEQ Ex. 3-597



Inter-Mountain Labs 

• Fed Express 
• USMail 
• Hand Carried 
• Other..:...- __ 

Inter-Mountain Labs, Inc. 

Filter 

Other 

/2-00 

SD 
FT 

OT 

~18!:JI 3 - '1 L - I 
;I=- 7, IB EC= 

Standard tumaround 
-~ RUSH - 5 Working Daya 

,.'.;~ : URGENT - < 2 Working Days 

Rwh & Urgent Surc/Jar'gtM will be applied 

www.intermountainlabs.com 

REMARKS 

Rev4.6 
DEQ Ex. 3-598



SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point Swl57fYtofp -C,,6,.N_,.__- ,_/ __ _ 
--:;; 

Project_~_✓,:,t._._~ _ ____ .. _ ______ _ 

w .o.#_.._,___.:::?_oJ-1~22'---'-1__,_5_,__r_--=u_· Z-f------Location ------------------

samp1e ID# ?J6'f{)8-CIUJ -/ Date Sampled _ __ ?_ /~ &'_· - ~l-+-t/__ Time C.--C/jL{,, ~pm 

Describe Sampling Point 

Well Depth q 8 · Z. 7 ft below MP 

Date .3 1 &J I i t 
Depth to Water (below MP) 87 7C ft 

Time 0'9~g-· ~ rp 1pm 

At least _ 27_,,_.g'-+--_bore volumes have been evacuated before sampling 

Sampling method Submersible pump @_adder pump (low fl~i!l] 

Tap Bailer 

Pump intake or bailer set at ~ t f ft below MP. 

Casing Diameter in ----

Casing Volume ?z.fl-- gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

Jbing (type: P~ ). ( New o&;eviously used J was used to collect all samples[__yespr no) 

and all field measurements pe-qor no ). Tubing used only for __ 'fl,-'--'-~'H1--. • ______________ _ 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (µmhos/cm) (•C) (NTU) (gallons) (gpm) 

c:q3u 7. 2-i, '2 <o c,C' ct.'/ ~r;,, o f ___ f 5'u·t u '=i-.-3..oSk._ --------

t,;,"C/ 1-u 7, 2. 2 Z- & r:;C 9 , I 1P ~; t .3, [__ , f 
- ----- -· ·-------

t-------+-------+-------·-·· --- -

+------+------~-- - -

Pumping Start Time Oo/15 
Comments: 

WL 

/6 /5 IC/ 

Form completed by: 

October 201 4 

Pumping End Time _ ___ _ WL ----

TFN 6 2/025 
RECD NOV 14,2014 

Witnessed by: 

DEQ Ex. 3-599



~RAMACO 

~~ c-..., WW ~ENGINEERING 
SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point .5JvJ5 78t/:() B- fi1~, -I ~ 
Project / -:~c--c, - ~-- ---- - -------

Location W .O.# J?t,;/ '3- I ?'1 - 0 7 
Sample ID# Date Sampled 3 & I I f Time C 'O ~s· <§ypm 

Describe Sampling Point ______ 6-o_··~_t~0_·~w~vtTlA--:~~·cn_~.o--~k<--~1c-··~-LoOJ--~u~-~·· ·~--d_~ ={_~· ___________ _ 

Well Depth /c?,O, ,9.l ft below MP 

Date .3 I & I I f 
Depth to Water (below MP) / oz. o/.5 ft 

Time OB c}..,.;2__ (~ pm 

At least - ---

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

(Bladder pump (low flow)) 

Pump intake or bailer set at _L'-'/ :2~-'---ft below MP. 

Casing Diameter _ _ ~-- in 

Casing Volume Jfft- gal 

STATIC WATER LEVEL OF ASSOCIAT ED WELLS 

ibing (type: __ -.._/ 7_..-~--=-· --=·-'-·-· ___ ). ( New o~ was used to collect all samples~r no) 

and all field measurements §r no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
i 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (µmhos/cm) (•C) (NTU) (gallons) (gpm) 

i 

f. C BL{-!:t &.B~ i /'1"7y q , 5 ~ 5.l,. /5?:,u,L./ 3 c.-~.£c.. I 
-- ---- --· .. 

uftv._5· &.<"b7 ;'fb Lf 1 .<1 ? 3 . 7 3. c.- ~ - - . -· - - ----- · .. 

·- - - · ----- . ----
I 

I 

' I I 
-- .. --- ------ -- -- -·- .. . 

I 
: i -- - - -----·- . . . . .. -- ·--

I 

Pumping Start Time O B 3 [, WL Pumping End Time WL -----

Comments: 

TFN 6 2/ 025 
RECD NOV 14,2014 

Form completed by: - -.-cd~·· ~ =(ti),_......, _ _ ~.....,,,_~ J!/4-~·'i_/_._e.._..___ .... _ Witnessed by: 

October 2014 DEQ Ex. 3-600



~MACO ~ ~tJ 4~/ {_,c 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point QJi,f,(f 7 f:/ {·(/ J - Cl?A/ -/ 

Location -------------------

Project _ _ _,._·~---=- =-c&t,~--=-~..=.:....--'e-c,'-=-,-------

W .0 .#_ -==2=-?::_Jt"-'3::,,c__c_l :,,,,c3 _.q_--=C-_'+-Z- ----

Sample ID# Date Sampled ___ _:__ _ ___;/ ___ _ Time am pm --------
Describe Sampling Point _ _______ (..__,,-""--•-'&.~./--=-~-~~~"---'=-=--=-·-+-_____,,lu'-"""--;-,d_,{_~· _ _______ _ 

Well Depth / ( 0 , 55}t below MP 

Date 3 I 6 I 13/: 
Depth to Water (below MP) t'a, 7 / ft 

Time / vc:25 - ~ pm 

Casing Diameter 

Casing Volume 

5 in - ---

gal 

At least _____ bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOC IATE D WELL S 

Sampling method 

Tap 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ____ ft below MP. 

ibing (type: ___ _ _____ _ ). ( New or previously used) was used to collect all samples ( yes or no) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

-

--

- -t -

Pumping Start Time 

Comments : 

Form completed by: 

October 201 4 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

Conductance Temp. Turbidity Removed Rate 
(LJmhos/cm) (OC) (NTUl ' (gallons) (apm) 

---- --- ---- ---

------ -- ---- --

-- --~- - ----

~-- --- =t- - -- -

- ..._ - -

I I 

WL Pumping End Time _____ _ WL 

TEN 6 2!025 
RECD NOV 14 ,2014 

Arldendum D6- 10- 111 
K. ICOMMON\Rod F\Monitor Wel l Sa"1)1e Form 12-11-13.doc 

DEQ Ex. 3-601



~MACO 

~~ ( -"" WW _.1ENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point St.v/ 5'1Bt./:G1 - C,,/(_/\/- 08-/ Project __ _,do=--c...u-~=--<..::..==-"-.,- -------

W .O.# c£C / 3 13o/-C- '7 Location - -----------------

Sample ID# 57 8'-/:u9 -CRA/-~ate Sampled 3 / 5 / J 1: Time I 2,;?.0 

Describe Sampling Point __ 
1 
______ ~_·--=·w-=-_· --'-J-'Y.'--------'~~-=-=--=-"----=-=~· . .14-------"'u"-"-)--',eLt_=--""-'' _______ _ _ 

V 

Well Depth ///. 3,3 ft below MP 

Date 3 I !:J I Ji 
Depth to Water (below MP) f C . 7 B ft 

Time /0 ].0 & pm 

At least ,,--11 fl bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at / 0 s · ft below MP. 

Bladder pump (low fl~_j 

Casing Diameter 5 - --=~ - in 

Casing Volume ~lft: gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

,bing (type: _ _,_p-------'C~"""-·"=-· '--=--·-_._·""--. _ __ ) . ( New o€eviously us~d- j was used to collect all samples§}r no ) 

and all field measurements §r no ). Tubing used only for 

PH 
Time (units) 

l :Z ! O ?-~'-/ 
/ .:2 .2 () 7, 02-

---· 

Temperature 
Corrected 

Conductance 
µmhos/cm) 

Temp. 
(•C) 

Turbidity 
(NTU 

Volume 
of Water 
Removed 
(gallons 

Pumping 
Rate 

pm) 

Pumping Start Time 

Comments : 

11 ~s~:r wL Pumping End Time _ ___ _ WL - ---

LC£-- TFN 6 2/0 25 
RECD NOV 14,201 4 

Form completed by: ,>~~d &:t{ -·-,-1 ~ Witnessed by: 

October 2014 Arldendum D6- 10- 112 
K:\COMMON\Rod F\Mon,tor Well Sample Form_ 12-11 -13.doc 

DEQ Ex. 3-602



~RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point S; "'157 f '-/ C 1 -?- 1461--/ Project __ ~;,-:.=· ~~~~~~~~ -U~ -'--- -----

Location _____ _ _____ _____ W .O.# c:l CI 3 / :1/l ---c 7 
Sample ID# 'i'7B'f OC/ -ft.1.61'-/ Date Sampled 3 / ~ / If- Time_{~pm 

Describe Sampling Point C7u ) t~-1--1; w df · 

Well Depth /a?. 83ft below MP 

Date 3 1 .fJ I Ii 

Depth to Water (below MP) / o {, 2./ ft 

Time / O 35 ,~ pm 

At least ,,,-7114- bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ._!~L~:::i~-, _ _ ft below MP. 

.. --, 

Bladder pump (low flow) , 

- --
Casing Diameter .~ in 

Casing Volume ?/ 1-/-- gal 

STATIC WATER LE VEL OF ASSOC IATED WELLS 

1bing (type: P ~~ ). ( New oreeviously usedjwas used to collect all samples~>•~ .pr no ) 

and all field measurements §r no ). Tubing used only for __ ✓7~'_.__,_,__ _____ _____ ____ _ 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time units) (µmhos/cm) oc) (NTU (gallons (gpm) 

//~5- B.o s- .J°3?(., 

~ -/ 
Lf. 76 _ _± I 

/ScJhft-.. 3o SRe. ---- -· --t--=--

/136' 8. e, S -- p(_. ~IL- ~ _; . B&_ 3.u ±----·· --· ---

----· ----

---- ----- - --

·---

Pumping Start Time / / / C WL Pumping End Time WL -----

Comments: 

TFN 6 2/025 
RECD NOV 14,2014 

Form completed by: ---?~ -:=!: J C <.»4--- + - '= -
Witnessed by: 

October 2014 Addendum 06- 10- 113 
K:ICOMMONIRod F\Mon,tor Well Sample Form_ 12-11 -13.doc 

DEQ Ex. 3-603



SAMPLING INFORMATION 

Sampling Point ,5n-, 5'7B'fC1 ~ ln6r- of) -/ 
• 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Location W .0 .# _ _..,~"'-- -=-0,_.._y.3=-=--/=3 '--9_,__--=C'--· _,_7 ____ _ 

Sample ID# 

Describe Sampling Point 

Well Depth / 23. 9,C ft below MP 

Date 3 I !3 I / 'f 

Date Sampled ____ / ___ / ___ _ 

Depth to Water (below MP) /oZ, I/ ft 

Time /03l, @pm 

At least bore volumes have been evacuated before sampling -----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. --- -

Bladder pump (low flow) 

Time am pm 

Casing Diameter __ ::-= __ ::) __ 
Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ibing (type: _________ _ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

I PH 
Time I (units) 

--

--

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

I 

I 
--

EVACUATION/ STABILIZATION TEST DATA 

Temperature \ Volume 
I 

Corrected of Water Pumping 
Conductance 

I 
Temp. Turbidity Removed Rate 

(µmhos/cm) (OC) (NTU) (gallons) (gpm) 

i --· - - ----

--- --- --

-- ·- -· 

----~ . ·- -----
' 

L 
WL Pumping End Time WL ----- - - - --

TFN 6 2/ 025 
RECD NOV 14,2014 

Witnessed by: 

DEQ Ex. 3-604



~RAMACO 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 
·· ·7 

Sampling Point .5 vv/ 5 7 B 'i C 1 - U 8N -/ Project ;.d>,. tJ.-i, v 1.o./ G-t, - --'--'--=~--=-~- ------ --

Location ------- ----------- W .0 .# __ ;?"'-'· · '--0 -'-/ ....,.,3'-'/.__,_,3_,,_7+-·· - --=l,,'--7+--- - --

Sample ID# 5'7f3'-/:0C/ -MN -I 
Describe Sampling Point 

Date Sampled _ ~3~ _/ ~5~-!~l -+-t/-__ Time __ /_6_~-5~6_' _ _ evpm 

Well Depth / q /, 2t,,'ft below MP 

Date 3 I _? I l'-f 

G u. ) ~~tiu,,~ U I ·4!1' 

Depth to Water (below MP) / fu, zslt 

Time /0 / ~ --(~ ~, pm 

At least --?] ft bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at / 35 ft below MP. 

Casing Diameter_~5~_ in 

Casing Volume ?1ff gal 

STATIC WAllR LEVEL OF ASSOC IATED WELLS 

1bing (type: -e,£-ev;i<-<--• ). ( New o~reviously us;-{1 was used to collect all samples ~ pr no ) 

and all field measurements [i~{?r no ). Tubing used only for 

Temperature 
Corrected 

PH Conductance 
Time (units (µmhos/cm 

€,c3 3 9 I C 
------

8 ,o'f 3i ,;i l 

Pumping Start Time / O;;; 5--: WL 

Comments: 

Form completed by: 

October 201 4 

Temp. 
(°C) 

/~ 

/ ,;/ , 1 

Turbidity 
(NTU) 

7!; .3 

scr.1 

Volume 
of Water 
Removed 
(gallons 

Pumping End Time 

Witnessed by: 

Pumping 
Rate 

(gpm) 

--- -- WL 

TEN 6 2/025 

--- -

RECD NOV 14,2014 

Addendum D6- 10- 11 5 
K.ICOMMONIRod F\Mon,tor Well Sample Form_ 12-11-13.doc 

DEQ Ex. 3-605
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~MACO 

~~WWCENGINEERING 

Brook Min e 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point ,S1,t,,15'7Btf!S - M?T)f;.1<4' - I 
Location 

Project_~z=:~~~~-~ ~----- ---- 

W .0 .# _ _ ,-2_0'--/.__3~/_.39=----._· _-_C_·~7'------ -

Sample ID# ?76'/- /8 -fa1~T/ C<?/{--j Date Sampled 3 5 I / f Time U o/ 3? 
I 

Describe Sampling Point { -zl <.) -21,,-~r,,.~-,y- IA./·_c,L.(: 

Well Depth / '/-3 , 7u ft below MP Casing Diameter __ 5 _ _ in 

Date _? I 5 .. I / f 

Depth to Water (below MP) / 2 Z. c ( ft 

Time o 8 5 . .'S- 0 m pm Casing Volume --;I/ff- gal 

At least _ 72'--"--'/}:"+-__ bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIATED WELLS 

Sampling method Submersible pump {~dder pump (low-~~ii,7 

Tap Bailer 

Pump intake or bailer set at /3S- ft below MP. 

ubing (type: _ -p_~~----· ___ ). ( New o~~viously us~;;J was used to collect all samples ~br no ) 

and all field measurements §r no ). Tubing used only for __ "71_ ~/_,4~------ ---- ---- --

Time 
PH 

(units) 

OC/ .2 c· B. c cf 

0 3 c+g -~---u-· 
----- - ---·-

Temperature 
Corrected 

Conductance Temp. 
(µmhos/cm) °C) 

Pumping Start Time C-jO 5' WL 

Comments: 

Turbidity 
NTU) 

I/, 2 / 

B .3f 

1-
- ~ -

Volume 
of Water 
Removed 
(gallons) 

Pumping 
Rate 

pm) 

/ X1-vt~3C!0~-
i:__ 

Pumping End Time _____ _ WL 

1-.~r TFN 6 2/025 
- --<-~-----------------RE'CD NOV 14 , 2014 

CvC :it 

Form completed by: Witnessed by: 

October 20 14 Addendum D6-1 0- 116 
K:ICOMMONIRod FIMonilor Well Sarr'4)1e Form_ 12· 11 -13.doc 

DEQ Ex. 3-606



~RAMACO 

~~WWCENGINEERING 

SAMPLING INFORMATION 
.. --- ) 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point :701 6 ,Z 6:/: L 7 - C!/<,A/ - ( Project __ ~v:Z:i...<----0---~~~~~t!~·--------

Location ----- ----- -------- W.O.# c20 / ,3 13 '1 - () 1? 
Sample ID# !:; 78 c/( '? -C-RAL -/ Date Sampled _? I l-- I Ii Time /uiu @!,,; pm 

Describe Sampling Point 

Well Depth / tf Z- , '{/ft below MP 

Date 3 I l, I / t 
Depth to Water (below MP) 132, / ~ ft 

Time / O O S ( ~ IJ)) pm 

At least ?'/fl: bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bai ler 

Pump intake or bailer set at / 88 ft below MP _ 

Bladder pump (low flow) i 

Casing Diameter 2. in - ---

Casing Volume ?14 gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ibing (type: __ £~~~~ - ~-·-• ___ )- ( New or§viously ~sed y-was used to collect all samples~"'ye;13r no) 

and all f ield measurements §r no )- Tubing used only for __ ----Z--_l __.__ _ _ _________ ___ _ 

Temperature 
Corrected 

PH Conductance 
Time (units) (µmhos/cm) ' 

7 ,76 / 707 : / 0 3 0 ------- -i 

/~'fp --- 7, 7& / 3'-f7 
-------- -- -

- ----·--- --------

Pumping Start Time /0 l :L 
Comments: 

WL 

• 

Temp. 
(•C) 

<7 ,5-
·- -- -·-------

?j,5-

--------

Volume 
of Water Pumping 

Turbidity Removed Rate 
(NTU ( allons (gpm 

1 5~ ~ / 5 Z ML/ 3C ,,J_LC 

'1 r; I 3 ,o + 
··-- -- - - --·--

Pumping End Time ___ _ _ WL ----

TFN 6 2/ 025 
RECD NOV 14,2014 

Form completed by: _-;;;;: f!:6' . ~--4~ ~----- Witnessed by: 
~ ./ 

October 201 4 DEQ Ex. 3-607



~~co *-no ~ -4 

~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point :;z'11:£7B'//'7 -JU6-C:-/ 

Location 

Project ~ ; 

W.O.# -=20/ 3/3 Cj - 0 ,7 
Sample ID# _________ Date Sampled / Time am pm -------

Describe Sampling Point -------------------------- -------

Well Depth 

Date 3 

I (p 3, BL ft below MP Depth to Water (below MP) ; (eo, / 1 ft 

Time / cJ '-/ ::;- -C !P) pm / (p / 11: 
At least bore volumes have been evacuated before sampling -----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 

Bladder pump (low flow) 

Casing Diameter 2---~-- in 

Casing Volume gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
i 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (µmhos/cm) 1·c1 (NTU) I (gallons) (gpm) 

I 
i I 

t i - - ---

- ·-- -- -- ·-----

--- - ------ ·- - -----

--- -- --- . ----
I 

i -- -- --- -- ----

' 

Pumping Start Time ____ WL _ ___ Pumping End Time ______ WL ___ _ 

Comments : / / -1 ··; ✓, / --?A J / L 1 . 1 / _ ~ 61-:~ 6--/ - v 1.-?T ..v:'.a-~ tu l v >;. ,(L,c _ re, -61Cl--'-'¥' -k..f · 

TFN 6 2/025 
RECD NO V 14,2014 

Form completed by: Witnessed by: 

October 201 4 DEQ Ex. 3-608



~~co jf P(o ~ -U 

';>--WW CENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point __ .:j_J/l/~/_5~ 1~8"'----4---'f~(~z:?~· --~ft~L~-~L~
Location 

Project ___ ;Z~~-'.--~~~~~~· _ ______ _ 
--------------- -·--- W.0 .#_~cl-_o~/~3=--+---! ~3___,Cj,__-~u=--,.·7 ____ _ 

Sample ID# Date Sampled ____ / ______ _ Time ------- am pm 

Describe Sampling Point 

Well Depth ,d ±-5D ft below MP Depth to Water (below MP) ,:,?o, W ft 

Date Time / 5,;z2c) amd.>_rn ) 

Casing Diameter _ _ S_--_ 

Casing Volume 

in 

gal 

At least bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIATED WELLS 
-----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 

Bladder pump (low flow) 

ubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Temperature 
Corrected 

Conductance 
(µmhos/cm) 

Pumping Start Time / 5:? 5 WL 

Temp. 
(•C) 

Turbidity 
NTU 

Volume 
of Water 
Removed 
(gallons) 

Pumping 
Rate 

(gpm) 

Pumping End Time _____ _ WL 

.St-~ ~ /~~-- TFN 6 2/0 
--~-- ~J _- - RECD ROY l4, 2014 

Form completed by: c-: ); ,t-z{ 1 d1✓, Witnessed by: 
-=--- ·----- 4<.=1-

October 2014 DEQ Ex. 3-609



~RAMACO -){- /f''CO ~~✓ 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point :?i'VI 5 7 <f?; '{- (?5 -CfU.j - I Project ___ y. ____ ;_~-~-----· _______ _ 

Location W.O.#_~"'_7_0~/-~3_._/-~3-'f_· _- ~(_)_( ____ _ 

Sample ID# _________ Date Sampled ____ / ______ _ 

Describe Sampling Point 

Well Depth /53, 'if ft below MP 

Date 3 / & / / /--

Depth to Water (below MP) /i &z , W ft 
Time am pm 

------

At least ___ __ bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 

Bladder pump (low flow) 

Time - ------ am pm 

Casing Diameter . 5 in 

Casing Volume gal 
----

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: _ _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and al l field measurements ( yes or no ). Tubing used only for 

Time 

+ 

PH 
(units) 

Pumping Start Time 

Form completed by: 

October 2014 

Temperature 
Corrected 

Conductance 
(µmhos/cm) 

WL 

Temp. 
(OC) 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
(gallons) 

j 

Pumping 
Rate 

(gpm) 

Pumping End Time _ ____ _ WL 

RECD NO V 14 ,2014 

Witnessed by: 

DEQ Ex. 3-610



~RAMACO 7t 1i£,· ~ L,e~ 

~~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyom ing 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 2h'./ c5'16 tf ( B - tv/ -S r· -I Project ;;)~~· 

Location W .O.# .-:--{{)13 1 3'j - {) 7 

Sample ID# _________ Date Sampled I I Time ----- - - am pm 

Describe Sampling Point 

Well Depth /8 6 ,p ft below MP 

Date 3 / {e I / J 
Depth to Water {below MP) / Bf, lf3 tt 

Time am pm 

At least bore volumes have been evacuated before sampling -----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 
----

Bladder pump (low flow) 

Casing Diameter ___ _ in 

Casing Volume gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Pumping Start Time 

Temperature 
Corrected 

Conductance 
mhos/cm) 

WL 

Temp. 
(•C) 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
(gallons) 

Pumping End Time 

Comments : ?i.c ,61.. a/ rv<-j!-&: -· --ilc/- ~~ ~. 0~ 

4) £l/_ ~L~ « -;t,;,U 4~ ,µ_f-- d--r~ 

/ 

Form completed by: Witnessed by: 

October 201 4 

Pumping 
Rate 

(gpm) 

------ WL 

la -!o--,,-vy/4 -
~ ~( -~ 

RE CD NO V 14,2014 

DEQ Ex. 3-611



~MACO ~ ,0,£) ~ /,,:_· 

';A~ c·~ WW _)ENGINEERING 
SAMPLING INFORMATION 

Sampling Point :::ZtNI 5'786 / 0 - Cl?N - / 
Location W .O.# 

Sample ID# Date Sampled _ _ _ ~ __ / ___ _ 

Describe Sampling Point 

Well Depth P , ?f ft below MP 

Date 3 I U I I f 

~ 

~ 

Depth to Water (below MP) h·ug . 
Time am pm 

At least bore volumes have been evacuated before sampling -----

ft 

Sampling method 

Tap 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. 
----

Time 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

am pm 

Casing Diameter ___ _ in 

Casing Volume gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) -------- --

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance : Temp. Turbidity Removed Rate 
Time (units) (l.1mhos/cm) (OC) (NTU) (gallons) (gpm) 

I 

- ·- --- -- - --
I 

- - - - - - - -- -·- ----

I 
: 

- - ·-

- - -
I 

Pumping Start Time _ ___ WL _ _ _ _ Pumping End Time ___ _ _ _ WL 

Comments : ,,,!( o ~.,& - -1:c.,o / ~e-'1{._, u )e,£~ ±o d~ ¼' - ~~ 
~ ~ 4 ~ 2 -~ / U:.--e.~L-

TFN 6 2/ 025 
REC D N9'1 14,20 14 

Form completed by: 
I __,/ 

Witnessed by: 

October 20 14 DEQ Ex. 3-612



RAMACO 

~~ }(:-,rlo ~ /4 

~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Project _ _ .£..~---""'~~'-"----=--""'----------

Location W.O.#_ ~c2~ a~· L~3~ L 3~'1~ --b--L- '~7 ____ _ 
Sample ID# _________ Date Sampled ____ / ___ / ___ _ Time - ------ am pm 

Describe Sampling Point 

Well Depth 117,Z'/ft below MP Depth to Water (below MP) / '/&;, 3/ ft 
Date 3 t & 1 It Time am pm 

At least bore volumes have been evacuated before sampling -----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 

Bladder pump (low flow) 

Casing Diameter ,_5 -~~- in 

Casing Volume gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

1bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Temperature 
Corrected 

Conductance Temp. 
( mhos/cm) 1 •c 

Turbidity 
(NTU) 

--· - --- - ----t--------1-----

Volume 
of Water 
Removed 
(gallons) 

Pumping 
Rate 

(gpm) 

Pumping Start Time WL Pumping End Time _____ _ WL ----

Comments: 

TFN 6 2/025 
RECD NOV 14,2014 

Form completed by: Witnessed by: 

October 201 4 Addendum D6- 10 - 123 
K:\COMMON\Rod F\Monitor Well Sample Form_ 12-11- t 3.doc 

DEQ Ex. 3-613



~RAMACO 

--;>---~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point _ _ ;:;:>_1,t,f~ 5~ Z~B_S-_(~/_ -_C~'/?.4~-----I _ _ _ 

Location w.o.# MC / 3/3 '1 -o 'Z 

Sample ID# 5 7 95// -CRA.j-/ Date Sampled .3 I 'l I Ii Time / c;3u (am pm 

Describe Sampling Point 

Well Depth l,28, Cf;z ft below MP 

Date 3 I f- I / '/ ---=c.__ _ _ _,__ ____ _ 

-
b u > .t-~>~ -- --z.-c. -

Depth to Water (below MP) / l f 57 ft 

Time C''7 C5- 6 m pm 

Casing Diameter __ .5~- 

Casing Volume ~ II/ 

in 

gal 

At least _ ?~7_-/i_,._r __ bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIATED WELLS 

Sampling method 

Tap 

Submersible pump 

Bailer 

(a1adder pump (low flow),· 

Pump intake or bailer set at I ;Z 6 ft below MP. 

1bing (type: ?£~ ~ ). ( New or€eviously us~d~:) was used to collect all samples~or no) 

and all field measurements ~or no ). Tubing used only for 

Time 
PH 

units) 

--=r· 

Temperature 
Corrected 

Conductance 
mhos/cm) 

Temp. 
(OC) 

Turbidity 
(NTU 

Volume 
of Water 
Removed 
(gallons) 

Pumping 
Rate 

(gpm) 

L ... I q-o h1 L. Bo ,S..£<_ 

~ : 3,i> _{:__ 

Pumping Start Time / Q o 6 -- WL ____ Pumping End Time _ ____ _ WL 
--- -

Comments: 11-C E
I 

Coe # I S7 s ·-; 7 
TFN62/025 
RECD NOV 14,201 4 

Form completed by: ., ___ _ . Witnessed by: 

October 201 4 Addendum 06- 10- 124 
K:ICOMMON\Rod FIMon,torWell Sample Form_ 12- 11 -13.doc 

DEQ Ex. 3-614



~RAMACO * 1-1_?' ~ f1U 

~~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 6 tv;g ·7s~ II ✓ Jtt.S1 - I 
----'---"''--'-~-"=--L...L--"'---"'~--.--- -

Project __ --',,-,t;:"----~~_,,_,:·~"-'--=----=--=-'-'C,,::c._ ______ _ 

Location 

Sample ID# 

W .O.# ___ c2_· _C_,_( =3__,l---=3=--,...<j_·-C-,-'--·-: '_,_7 ___ _ 

Date Sampled ____ / ___ / ___ _ Time am pm 

Describe Sampling Point 

Well Depth / :-f°&' ft below MP 

Date _3 __ 1~/ __ I ~!_,'-/..---

Depth to Water (below MP) / 5?, c& ft 

Time / ~ 1 fj C '21.J pm 

-------

Casing Diameter 6 
-----"~-

in 

Casing Volume -7t.f/ gal 

At least bore volumes have been evacuated before sampling STATIC WA TE R LEVEL OF ASSOCIATED WELL S 
- - ---

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. ----

Bladder pump (low flow) 

Jbing (type: _ _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and al l field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Temperature 
Corrected 

Conductance 
(µmhos/cm 

Temp. 
(•C) 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
(gallons) 

Pumping 
Rate 

(gpm) 

Pumping Start Time ____ WL _ ___ Pumping End Time ____ __ WL ___ _ 

Comments: ----;Ju d e½wfl ,( ~ -nd y ~uJl, ,. ¼_, & /4< · _f O -du---z.-¥ :~ --
i1::t.r0f1 £d / o.--, a --;s· ·lt1-<-P1 C&1<t.c:r ~ C£,,(__(.., r - cy l-<.,,,-•c;__,,e:__L.. 

l (' 

..d. ~ ~-- ; c.L- c?<-c{_,✓tCJ - -t _ . I EN 6 2 ,' O 2 5 
·. v - RECD NOV 14,2 014 

Form completed by: ,- . . -:\~ --4 W / C« <1 
. > 

October 20 14 

Witnessed by: 

Arlrl.en rlu m D6- 10- 12 5 
K:ICOMMbm°Ffod AMon,IOf Well San'1)le Form_ 12-11-1 3.doc 

DEQ Ex. 3-615



Brook Mine ~RAMACO 

~~ c~ WW ENGINEERING 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point J h-t :I:Z B~l.::2 -1/:L - / Project_ ----'d""'·"'-·=~c.......:..-~---==---=......,;;_· _______ _ 

Location _____ ____ ________ _ W.O.# ~0/ .3 /39 - C 7 
Sample ID# 578(:;/c} -1/-L · / Date Sampled 3 I i I I f Time / 3 5° §"- am~.) 

Describe Sampling Point ______ ....:::~=--,0-=-·_,,p,'-'-;,-.'-'?-t:t:~Z~L""-f'-'-""~-"'k:LL..<t:..c;✓t""''<2:z..?)=,:~,:..-...,_,Lt~~.,.,_, ·_.c,.c= ·-===11/::o...·_· _________ _ _ 

Well Depth a /, c2 I ft below MP Depth to Water (below MP) 3. ~ 7 ft 

Date g I t/ I / i Time .3 ~ S-- am(furv 

Casing Diameter 5 

Casing Volume ?/ /I-

in 

gal 

At least ~d bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIATED WELLS 

Sampling method 

Tap 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at / £ - ft below MP. 

bing (type: p~ ). ( New o~reviously used] was used to collect all samples§r no ) 

and all field measurements ~r no ). Tubing used only for 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (µmhos/cm) ·c (NTU) allons) (gpm) 

/ 3 'f5- 7, :i"l .. 5"t/'-f l- q, &, ,,2 5 .2 ._j, ~ I _"Jo M L/ 3_k-:S-"L 

/3 ~S- 7 ,51 -5"3 7 l · 1 ,~ / 7 3 -:1::: 3 ,o -J.:. -- - - -·- -- -

!--
Pumping Start Time / 3 3 c WL ____ Pumping End Time ___ _ _ WL 

Comments: w~ /YAAL c~ 
./l(j:: 

TFN62!025 
REeB NB 'J 14,2014 

Form completed by: 

October 20 14 Arldendum D6-1 0- 126 
K:ICOMMONIRod F\Monitor Well Sample Form 12-11-13.doc 

DEQ Ex. 3-616



~RAMACO -X -'t1tJ ~ ,U} 

~~ ( -"" WW _)ENGINEERING 
SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point tzh1 5 7 BS /;2 - UN -( 
Location 

Project __ ~<~<~e· ~~a~-~-:,.t-.~' _______ _ 
W .0 .#_ --'-"-,2"'---"-O___,-('-'-'-' __ 3=c........,..-=/3=-'o/-1-- _---"--{)-+-· ·z ____ _ 

Sample ID# _________ Date Sampled _________ _ Time am pm 

Describe Sampling Point 

Well Depth 1--1. 8.5 ft below MP 

Date 3 / & / ; f 
Depth to Water (below MP) 12/ua 

Time am pm 

ft Casing Diameter __ S __ 

Casing Volume 

in 

gal 

At least bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIATED WELLS 
----

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 
----

Bladder pump (low flow) 

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 
: 
I Temperature Volume 

Corrected of Water Pumping 
PH Conductance Temp. Turbidity Removed Rate 

Time i (units) (µmhos/cm) (·ci (NTU) (gallons) (gpm) 
' I 

- - -- -

--- - - - --- - . -• --· 
I 

' 
- --

Pumping Start Time WL Pumping End Time WL ------

Comments : 

JEN 6 2/025 
REC D NO V 14, 2014 

Form completed by: - ....,.c..-,c--=··: .-"--~~_,_....fr6.~ ' _· --il~lb,A-L~(,..._C....__.- -'--· Witnessed by: 

October 201 4 DEQ Ex. 3-617



~RAMACO -X-~ ~ vvf L 

~~. c·.., WW __J ENGINEERING 

SAMPLING INFORMATION 
.--- ··7 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point S@67 B5 u -.;ll1W · I Project __ ~L~-:::t--~~ --'---"--=-_,_,_) _______ _ 

Location W.O.# ,_-:? 0 I 3 !-31/ - {) 7 
Sample ID# _________ Date Sampled ____ / ______ _ Time - - ----- am pm 

Describe Sampling Point _____ ____,_(;_.-.?~&V~--· ~l~n--M'i~~ vth~ =~~~~--t,,1--r&,,.,.-t,,...,<~d~· =j ___________ _ 

Well Depth //i, o/& ft below MP 

Date 

Depth to Water {below MP) // /, '75°'-ft 

At least -----

Sampling method 

Tap 

Time am pm 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump {low flow) 

Pump intake or bailer set at ft below MP. 
----

Casing Diameter_~Jj~_ 

Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ibing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) 
----------

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Temperature 
Corrected 

Conductance 
(µmhos/cm 

Temp. 
(OC) 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
( allons) 

Pumping 
Rate 

( pm) 

Pumping Start Time WL Pumping End Time ______ WL ___ _ 

Comments: __ --'---1 -=-Z=-c----'-q=· =-~--'-Y-'--v __,..'f= .... -=G:..,,_____....:;_-;?_,,L=d-+--· _£_~~---'~=· l..=--- ?<=---<..!✓- U.,,"'-'-'.l,,t ..... cc...:cLc::__• --~,:;>---~--f-F--V----'-"----
T F N 6 2/025 

Form completed by: 

October 201 4 

·:) / ~ -r" 
✓ ·_ ~ ----~ L .< _ii_ c., ~ _ Witnessed by: 

_,./ 

RECD NOV 14,2014 

DEQ Ex. 3-618



~RAMACO 

~,,,..._WW C ENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ 5_h--f_ 5~ 7_S~ S---_ /_3_ - ~ft~L~ -~I ___ _ Project _ _ _.._1."""2:::::·.··.....,· ~~-J-"=-t.--!2-::....::.....-=·C-::...;C==---- ------

Location - --------- --- ------ w.o.# c2 c;1 :2 ; 3<J -a z 
Sample ID# 57ffl 3 -Ill -/ Date Sampled :3 I ,' I I t Time /~S-0 am~ 

Describe Sampling Point ___ _ (,..;~1,,, ,,_.i___,~c....:.....::....=..::...=..:::::..... ='-"'-~,,-e""'~--''!.,,.___,W~ -..::::LLL:= "'"-----------------

Well Depth _;Jo, 77ft below MP Depth to Water (below MP) 7, '1 b ft 

Date 3 I '-/ I I'-/ Time / 'I ;z_o am&ffi,, 

At least ?ZA: bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump (s!adder pump (low flow) , 

Bailer 

Pump intake or bailer set al !5 ft below MP. 

Casing Diameter S------ in 

Casing Volume '714- gal 

I 

STATIC WATER LEVE L OF ASSOCIATED WELLS 

1bing (type: ~?~~e....c..._-_ __ · =------). ( New o(P"reviously us~d J was used to collect all samples~r no ) 

and all field measurements§or no ). Tubing used only for ---'-11-L.<Cld .... ·_. _____ _ _____ _ ___ _ 

Temperature 
Corrected 

PH Conductance 
Time (units) (µmhos/cm) 

I 'fi t · 7. 5'-f 1C/( C, 

l'/-5Z 7,57 i1 cc 

Temp. 
(·c1 

I D ,u 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
(gallons 

Pumping 
Rate 
(gm 

_ I S-C1~ vr L/ j3 o ✓ -cLL.c... 

__ f 

j, 3:5 ' __ __1_ 
&',9 3 I '};; 3 _0 

---;~-----1 .. ~--J . -·-'--· -~------_-
Pumping Start Time / '/;l O:: WL Pumping End Time _ ____ _ WL 

Comments: 

TFN 6 2/ 025 
RECD NOV 14,2014 

Form completed by: - --'2'---·-...... ·- =-M~..LL>..-: _-_·-_·_,_~---"-<w'--=-'""""L=--............ ---=--=---. Witnessed by: 

October 201 4 Addendum D6- 10- 129 
K:ICOMMON\Rod F\Monilor Wel l Sample Form_ 12-1 1-13.doc 

DEQ Ex. 3-619



SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ------'----~----'--ht___,___""'5_'7'-"'S....,,~~/3""'---c__,_,V/...,__.L__-+I--

Location 

Project_--'-•~=---·=«-"""'~~=-=-------; ________ _ 

W.O.# ~ o/ 31.31 -o/ 
Sample ID# Date Sampled ____ / ___ / ___ _ Time am pm 

Describe Sampling Point 

Well Depth // 7, 2£ft below MP Depth to Water (below MP) / / £ 7%· ft 

Date 3 

At least - - ---

Sampling method 

Tap 

Time / c?, 15 ·· am@ri · 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. 

Casing Diameter _:2,__ in 

Casing Volume gal 
----

STATIC WATER LEVEL OF ASSOCIATED WELL S 

Jbing (type: ___ _ ______ ). ( New or previously used) was used to collect all samples ( yes or no) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

units) 

Temperature 
Corrected 

Conductance 
(µmhos/cm 

---1-= 
!----· I --

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

WL 

Temp. 
(oc 

Turbidity 
NTU) 

Volume 
of Water 
Removed 
(gallons) 

Pumping 
Rate 

m) 

Pumping End Time _____ _ WL 

TFN 6 2;'025 
RECD NOV 14,2014 

Witnessed by: 

Arldendum D6- 10- 130 
K:\COMMON\Rod F\Moni tor Well Sample Form_ 12-11 -1 3.doc 

DEQ Ex. 3-620



~RAMACO 

~~WWCENGINEERING 

Brook Min e 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point .!3}/1 ~t 7f:fi}_3 ~ #1.S r,- / 
Location 

Project .v.~C--C-/ -~- -'-'----...c...._ ________ _ 

Sample ID# 57f3§/3 ~b1:7[-/ Date Sampled _ ~3_ t_ '/~-' ~ /_,_f __ 

Describe Sampling Point 

Well Depth 

Date .3 

/ if ft below MP 

I ~ I / '?_) 
-------~--

Depth to Water (below MP) / t? 8 . B z. ft 
Time /c?,2C/ am ~T 

At least ~>f: bore volumes have been evacuated before sampling 

Sampl ing method 

Tap 

Submersible pump 

Bailer 

~dder pump {lo~ flo~~' 

Pump intake or bailer set at / ~ (,,, ft below MP. 

Casing Diameter ~ -~~- in 

Casing Volume __ /;~11/--...,__ gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: -p~ 
' 

). ( New or(G;;viou.sly ~sedJ was used to collect all samples§r no ) 

and all field measurements §or no ). Tubing used only for --~~~- _ _____________ _ 

EVACUATION/ STABILIZATION TEST DATA 

Temperature 
Corrected 

PH Conductance 
Time (units) (µmhos/cm) 

/ ~ '-f~ 7, I( tf oBu 
.. 

r 
Pumping Start Time / .2 3 {,: WL 

Comments: LC.£ 
I 

Form completed by: 

October 20 14 

Volume 
of Water Pumping 

Temp. Turbidity Removed Rate 
(OC) (NTU) (gallons) (gpm) 

/ C-, o/ I t) z_ J I l_5C#1L/ ..:?o 

I O • 7 2- . o 0 1 -;::t: 3, t 
- -+-- -----L -

o.-•- -··-

Pumping End Time ____ _ WL 

TFN62/025 
REC D NO V 14 ,2 014 

Arlrl enrlum 06- 10 -13 1 
K:ICOMICinflliRod ~Moni tor Well Sample Form_ 12-11-13.doc 

DEQ Ex. 3-621



w ~ RAMACO Brook Mine 
JI) ~, m I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I '"TCA • ""

0 u"'"'" L""' 1673 Terra Avenue, Sheridan , Wyoming 82801 ph : (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1403082-001 
Client Sample ID: 578408-MST-1 
COC: 151519 

Analyses Result 

Field 
pH 6.87 

Conductivity 1984 

Turbidity 53.7 

Temperature 9.4 

Static Water Level 102.93 

General Parameters 
pH 7.6 

Electrical Conductivity 2120 

Total Dissolved Solids (180) 1650 

Solids, Total Dissolved (Cale) 1510 

Alkalinity, Total (As CaCO3) 496 

Hardness, Calcium/Magnesium (As CaCO3) 1020 

Nitrogen, Ammon ia (As N) 5.4 

ium Adsorption Ratio 1.6 

s 
Alkalinity , Bicarbonate as HCO3 605 

Alkalinity , Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 7 

Fluoride 0.5 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 767 

Cations 
Calcium 120 

Magnesium 175 

Potassium 28 

Sodium 114 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6 ~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/17/2014 

Report ID: S1403082001 

Work Order: S1403082 
Collection Date: 3/6/2014 8:55:00 AM 
Date Received: 3/6/2014 11 :35:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 03/06/2014 0855 Field 

µmhos/cm 03/06/2014 0855 Field 

NTU 03/06/2014 0855 Field 
oc 03/06/2014 0855 Field 

ft 03/06/2014 0855 Field 

0.1 S.U. 03/10/2014 1956 KV SM 4500 H B 

5 µmhos/cm 03/10/2014 1956 KV SM 2510B 

10 mg/L 03/07/20141312 EC SM 2540 

10 mg/L 03/13/2014 1443 JJ SM 1030E 

5 mg/L 03/10/2014 1956 KV SM 2320B 

mg/L 03/13/2014 1443 JJ SM 2340B 

0.1 mg/L 03/13/2014 0850 RH EPA 350.1 

0.1 03/13/2014 1443 JJ Calculation 

5 mg/L 03/10/2014 1956 KV SM 2320B 

5 mg/L 03/1 0/2014 1956 KV SM 2320B 

5 mg/L 03/10/2014 1956 KV SM 2320B 

mg/L 03/10/2014 2149 AMB EPA 300.0 

0.1 mg/L 03/10/2014 1956 KV SM 4500FC 

0.1 mg/L 03/12/2014 0754 RH EPA 353.2 

mg/L 03/10/2014 2149 AMB EPA 300.0 

mg/L 03/07/2014 2005 DG EPA 200.7 

mg/L 03/07/2014 2005 DG EPA 200.7 

mg/L 03/07/2014 2005 DG EPA 200.7 

mg/L 03/07/2014 2005 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 

RECD NOV 14,2014 

Page 1 of 6 

Addendum D6- 10- 132 DEQ Ex. 3-622



w , ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I oHn~ - "'0 ""' "'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, W( 82801 

Project: Ramaco 
Lab ID: S1403082-001 
Client Sample ID: 578408-MST-1 
COC: 151519 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 9.91 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.18 

Fluoride 0.02 

Nitrate + Nitrite as N ND 
Sulfate 15.96 

Calcium 5.98 

Magnesium 14.38 

Potassium 0.72 

Sodium 4.95 

Cation I Anion Balance 

Cation Sum 26.43 

n Sum 26.09 

on-Anion Balance 0.64 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.4 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.59 

Lead ND 
Manganese 0.15 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 1.41 

Manganese 0.16 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/17/2014 

Report ID: S1403082001 

Work Order: S1403082 
Collection Date: 3/6/2014 8:55:00 AM 
Date Received: 3/6/2014 11 :35:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 % 03/13/2014 1443 JJ SM 1030E 

0.1 mg/L 03/07/2014 2005 DG EPA 200.7 

0.005 mg/L 03/07/2014 1500 MS EPA 200.8 

0.1 mg/L 03/07/20141500 MS EPA 200.8 

0.1 mg/L 03/07/2014 2005 DG EPA 200.7 

0.001 mg/L 03/07/20141500 MS EPA 200.8 

0.01 mg/L 03/07/2014 2005 DG EPA 200.7 

0.01 mg/L 03/07/2014 1500 MS EPA 200.8 

0.05 mg/L 03/07/2014 2005 DG EPA 200.7 

0.02 mg/L 03/07/2014 1500 MS EPA 200.8 

0.02 mg/L 03/07/2014 2005 DG EPA 200.7 

0.001 mg/L 03/14/2014 1034 CJB EPA 245.1 

0.02 mg/L 03/07/2014 1500 MS EPA 200.8 

0.01 mg/L 03/07/2014 2005 DG EPA 200.7 

0.005 mg/L 03/07/2014 1500 MS EPA 200.8 

0.01 mg/L 03/07/2014 2005 DG EPA 200.7 

0.05 mg/L 03/11/20141529 DG EPA 200.7 

0.02 mg/L 03/11/20141529 DG EPA 200.7 

RL - Reporting Limit 
B 
E 

M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / Q 2 5 
RECD NO V 14,2014 

Page 2 of 6 

Addendum D6-10-133 DEQ Ex. 3-623



w ~ RAMACO Brook Mine 
JI) /I m·a: Your Environmental Monitoring Partner 
;:I !"'!"'!i!lllii'!'!!'"!iiiilliiii~ Inter-Mountain Labs---------------------------------------
;:I 1toru<-1•ou"1

"
1
" .... , 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S 1403082-002 

Client Sample ID: 578408-CRN-1 

COC: 151519 

Analyses Result 

Field 
pH 7.22 

Conductivity 2600 

Turbidity 65.9 

Temperature 9.1 

Static Water Level 87.70 

General Parameters 

pH 7.9 

Electrical Conductivity 2480 

Total Dissolved Solids (180) 2040 

Solids, Total Dissolved (Cale) 1870 

Alkalinity, Total (As CaCO3) 605 

Hardness, Calcium/Magnesium (As CaCO3) 1430 

Nitrogen, Ammonia (As N) 0.4 

ium Adsorption Ratio 0.9 

s 
Alkalin ity, Bicarbonate as HCO3 738 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 8 

Fluoride 0.7 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 973 

Cations 
Calcium 177 

Magnesium 240 

Potassium 29 

Sodium 82 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Hold ing times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/17/2014 

Report ID: S1403082001 

Work Order: S1403082 

Collection Date: 3/6/2014 9:40:00 AM 

Date Received: 3/6/2014 11 :35:00 AM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 03/06/2014 0940 Field 

µmhos/cm 03/06/2014 0940 Field 

NTU 03/06/2014 0940 Field 
oc 03/06/2014 0940 Field 

ft 03/06/2014 0940 Field 

0.1 S.U. 03/1 0/2014 2007 KV SM 4500 H B 

5 µmhos/cm 03/10/2014 2007 KV SM 2510B 

10 mg/L 03/07/20141313 EC SM 2540 

10 mg/L 03/13/2014 1443 JJ SM 1030E 

5 mg/L 03/10/2014 2007 KV SM 2320B 

mg/L 03/13/2014 1443 JJ SM 2340B 

0.1 mg/L 03/13/2014 0851 RH EPA 350.1 

0.1 03/13/2014 1443 JJ Calculation 

5 mg/L 03/10/2014 2007 KV SM 2320B 

5 mg/L 03/10/2014 2007 KV SM 2320B 

5 mg/L 03/10/2014 2007 KV SM 2320B 

mg/L 03/10/2014 2202 AMB EPA 300.0 

0.1 mg/L 03/10/2014 2007 KV SM 4500FC 

0.1 mg/L 03/12/2014 0755 RH EPA 353.2 

mg/L 03/10/2014 2202 AMB EPA 300.0 

mg/L 03/07/2014 2007 DG EPA 200.7 

mg/L 03/07/2014 2007 DG EPA 200.7 

mg/L 03/07/2014 2007 DG EPA 200.7 

mg/L 03/07/2014 2007 DG EPA 200.7 

RL - Reporting Limit 
8 Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 3 of 6 

Addend um D6- 10-134 DEQ Ex. 3-624



w ~ RAMACO Brook Mine 
JI) ~1 m ·1: Your Environmental Monitoring Partner 
;:I .,.iii,,iiioiiiioiiiioiiiiii Inter-Mountain Labs---------------------------------------
;:I iHn~-"'0""''"'H uas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1403082-002 
Client Sample ID: 578408-CRN-1 
COC: 151519 

Analyses 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Ca lcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

· ,n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selen ium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

12.10 

ND 
ND 

0.23 

0.03 

ND 
20.26 

8.81 

19.74 

0.74 

3.57 

32.90 

32.63 

040 

0.2 

ND 
ND 
0.5 

ND 
ND 

ND 
0.14 

ND 

0.51 

ND 
ND 
ND 
ND 
ND 

1.05 

0.50 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/17/2014 

Report ID: S1403082001 

Work Order: S1403082 
Collection Date: 3/6/2014 9:40:00 AM 
Date Received: 3/6/2014 11 :35:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/1 3/2014 1443 JJ SM 1030E 

0.01 meq/L 03/1 3/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 % 03/13/2014 1443 JJ SM 1030E 

0.1 mg/L 03/07/2014 2007 DG EPA 200.7 

0.005 mg/L 03/07/20141516 MS EPA 200.8 

0.1 mg/L 03/07/2014 1516 MS EPA 200.8 

0.1 mg/L 03/07/2014 2007 DG EPA 200.7 

0.001 mg/L 03/07/20141516 MS EPA 200.8 

0.01 mg/L 03/07/2014 2007 DG EPA 200.7 

0.01 mg/L 03/07/20141516 MS EPA 200.8 

0.05 mg/L 03/07/2014 2007 DG EPA 200.7 

0.02 mg/L 03/07/20141516 MS EPA 200.8 

0.02 mg/L 03/07/2014 2007 DG EPA 200.7 

0.001 mg/L 03/14/2014 1036 CJB EPA 245.1 

0.02 mg/L 03/07/20141516 MS EPA 200.8 

0.01 mg/L 03/07/2014 2007 DG EPA 200.7 

0.005 mg/L 03/07/20141516 MS EPA 200.8 

0.01 mg/L 03/07/2014 2007 DG EPA 200.7 

0.05 mg/L 03/11/2014 1533 DG EPA 200.7 

0.02 mg/L 03/11/20141533 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 4 of 6 

Addendum D6- 10- 135 DEQ Ex. 3-625



w ~ RAMACO Brook Mine 
JI) /I m -1: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I '"H"- .. ou"1"'" LAa s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

121 
N 

" N 
OJ 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1403049-004 
Client Sample ID: 578409-CRN-OB-1 
COC: 151518 

Analyses Result 

Field 
pH 7.62 

Conductivity 1960 

Turbidity 4.36 

Temperature 11 .9 

Static Water Level 90.78 

General Parameters 
pH 8.1 

Electrical Conductivity 2100 

Total Dissolved Solids (180) 1450 

Solids , Total Dissolved (Cale) 1430 

Alkalinity, Total (As CaCO3) 473 

Hardness, Calcium/Magnesium (As CaCO3) 665 

Nitrogen, Ammonia (As N) 5.1 

ium Adsorption Ratio 4.3 

s 
Alkalinity , Bicarbonate as HCO3 577 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 12 

Fluoride 0.6 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 655 

Cations 
Calcium 101 

Magnesium 100 

Potassium 21 

Sodium 253 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ G, ........ -"->OJCVUl.l.... 

Bill Courtney, Project Manager 
October 2014 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 12:20:00 PM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/I nit Method 

S.U. 03/05/2014 1220 Field 

µmhos/cm 03/05/2014 1220 Field 

NTU 03/05/2014 1220 Field 

·c 03/05/2014 1220 Field 

ft 03/05/2014 1220 Field 

0.1 s.u. 03/06/2014 2058 KV SM 4500 H B 

5 µmhos/cm 03/06/2014 2058 KV SM 2510B 

10 mg/L 03/06/2014 1613 EC SM 2540 

10 mg/L 03/10/2014 1211 JJ SM 1030E 

5 mg/L 03/06/2014 2058 KV SM 2320B 

mg/L 03/10/2014 1211 JJ SM 2340B 

0.1 mg/L 03/07/2014 0921 RH EPA 350.1 

0.1 03/10/2014 1211 JJ Calculation 

5 mg/L 03/06/2014 2058 KV SM 2320B 

5 mg/L 03/06/2014 2058 KV SM 2320B 

5 mg/L 03/06/2014 2058 KV SM 2320B 

mg/L 03/09/2014 0338 AMB EPA 300.0 

0.1 mg/L 03/06/2014 2058 KV SM 4500FC 

0.1 mg/L 03/07/20141130 RH EPA 353.2 

mg/L 03/09/2014 0338 AMB EPA 300.0 

mg/L 03/07/2014 1809 DG EPA 200.7 

mg/L 03/07/2014 1809 DG EPA 200.7 

mg/L 03/07/2014 1809 DG EPA 200.7 

mg/L 03/07/2014 1809 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Month ly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/0 25 
RECD NO V 14,2014 

Page 7 of 8 
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w ~ RAMACO Brook Mine 
JI) .,1 m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"n R-Mou"'"'H L"" ' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1403049-004 
Client Sample ID: 578409-CRN-OB-1 
COC: 151518 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 9.46 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.33 

Fluoride 0.03 

Nitrate+ Nitrite as N ND 
Sulfate 13.63 

Calcium 5.03 

Magnesium 8.26 

Potassium 0.53 

Sodium 10.99 

Cation I Anion Balance 
Cation Sum 25.19 

· ,n Sum 23.47 

on-Anion Balance 3.53 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 
Iron ND 
Lead ND 
Manganese 0.14 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.12 

Manganese 0.15 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G,'<>l'Uuui""'~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 12:20:00 PM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 % 03/10/2014 1211 JJ SM 1030E 

0.1 mg/L 03/07/2014 1809 DG EPA 200.7 

0.005 mg/L 03/07/2014 0500 MS EPA 200.8 

0.1 mg/L 03/07/2014 0500 MS EPA 200.8 

0.1 mg/L 03/07/2014 1809 DG EPA 200.7 

0.001 mg/L 03/07/2014 0500 MS EPA 200.8 

0.01 mg/L 03/07/2014 1809 DG EPA 200.7 

0.01 mg/L 03/07/2014 0500 MS EPA 200.8 

0.05 mg/L 03/07/2014 1809 DG EPA 200.7 

0.02 mg/L 03/07/2014 0500 MS EPA 200.8 

0.02 mg/L 03/07/2014 1809 DG EPA 200.7 

0.001 mg/L 03/11/2014 1251 cs EPA 245.1 

0.02 mg/L 03/07/2014 0500 MS EPA 200.8 

0.01 mg/L 03/07/2014 1809 DG EPA 200.7 

0.005 mg/L 03/07/2014 0500 MS EPA 200.8 

0.01 mg/L 03/07/2014 1809 DG EPA 200.7 

0.05 mg/L 03/10/2014 2038 DG EPA 200.7 

0.02 mg/L 03/10/2014 2038 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions TFN 6 2/025 

RECD NOV 14,2014 

Page 8 of 8 

Addendum D6- 10-137 DEQ Ex. 3-627



w ~ RAMACO Brook Mine 
JI) "I m -1: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"n"•"'ou"'"'" LAa s 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan, 1/1/Y 82801 

Project: Ramaco 
Lab ID: S 1403049-003 
Client Sample ID: 578409-MST-1 
COC: 151518 

Analyses Result 

Field 
pH 8.05 

Conductivity 2310 

Turbidity 1.86 

Temperature 12.8 

Static Water Level 101 .21 

General Parameters 
pH 8.4 

Electrical Conductivity 2230 

Total Dissolved Solids (180) 1430 

Solids , Total Dissolved (Cale) 1420 

Alkal inity, Total (As CaCO3) 658 

Hardness, Calcium/Magnesium (As CaCO3) 89 

Nitrogen , Ammon ia (As N) 3.3 

ium Adsorption Ratio 24.2 

s 
Alkalin ity, Bicarbonate as HCO3 775 

Alkalinity, Carbonate as CO3 13 

Alkal inity, Hydroxide as OH ND 

Chloride 9 

Fluoride 1.5 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 449 

Cations 
Calcium 16 

Magnesium 12 

Potassium 15 

Sodium 525 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 11 :35:00 AM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S. U. 03/05/2014 1135 Field 

µmhos/cm 03/05/2014 1135 Field 

NTU 03/05/2014 1135 Field 
oc 03/05/2014 1135 Field 

ft 03/05/2014 1135 Field 

0.1 s.u. 03/06/2014 2047 KV SM 4500 H B 

5 µmhos/cm 03/06/2014 2047 KV SM 2510B 

10 mg/L 03/06/2014 1612 EC SM 2540 

10 mg/L 03/10/2014 1211 JJ SM 1030E 

5 mg/L 03/06/2014 2047 KV SM 2320B 

mg/L 03/10/2014 1211 JJ SM 2340B 

0.1 mg/L 03/07/2014 0920 RH EPA 350.1 

0.1 03/10/2014 1211 JJ Calculation 

5 mg/L 03/06/2014 2047 KV SM 2320B 

5 mg/L 03/06/2014 2047 KV SM 2320B 

5 mg/L 03/06/2014 2047 KV SM 2320B 

mg/L 03/09/2014 0325 AMB EPA 300.0 

0.1 mg/L 03/06/2014 2047 KV SM 4500FC 

0.1 mg/L 03/07/20141128 RH EPA 353.2 

1 mg/L 03/09/2014 0325 AMB EPA 300.0 

mg/L 03/07/2014 1807 DG EPA 200.7 

mg/L 03/07/2014 1807 DG EPA 200.7 

mg/L 03/07/2014 1807 DG EPA 200.7 

mg/L 03/07/2014 1807 DG EPA 200.7 

RL - Reporting Limit 
B 
E 

M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 
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w ~ RAMACO Brook Mine 
JI) ~I ffl'I: Your Environmental Monitoring Partner 
;:I ..,;;;i,iiiii,,iiii,,iiilliiiiii Inter-Mountain Labs---------------------------------------
;:I '"n~-.. ou"r"'" •11

•• 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 

Lab ID: S 1403049-003 

Client Sample ID: 578409-MST-1 

COC: 151518 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 12.70 

Carbonate as CO3 0.44 

Hydroxide as OH ND 

Chloride 0.26 

Fluoride 0.07 

Nitrate + Nitrite as N ND 

Sulfate 9.34 

Calcium 0.78 

Magnesium 0.98 

Potassium 0.37 

Sodium 22 .82 

Cation I Anion Balance 
Cation Sum 25.21 

n Sum 22.83 

on-Anion Balance 4.94 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.1 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.23 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron ND 

Manganese 0.24 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Report ing Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/11/2014 

Report ID: $1403049001 

Work Order: S1403049 

Collection Date: 3/5/2014 11 :35:00 AM 

Date Received: 3/5/2014 2 :07:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 % 03/10/2014 1211 JJ SM 1030E 

0.1 mg/L 03/07/2014 1807 DG EPA 200.7 

0.005 mg/L 03/07/2014 0455 MS EPA 200.8 

0.1 mg/L 03/07/2014 0455 MS EPA 200.8 

0.1 mg/L 03/07/2014 1807 DG EPA 200.7 

0.001 mg/L 03/07/2014 0455 MS EPA 200.8 

0.01 mg/L 03/07/2014 1807 DG EPA 200.7 

0.01 mg/L 03/07/2014 0455 MS EPA 200.8 

0.05 mg/L 03/07/2014 1807 DG EPA 200.7 

0.02 mg/L 03/07/2014 0455 MS EPA 200.8 

0.02 mg/L 03/07/2014 1807 DG EPA 200.7 

0.001 mg/L 03/11 /2014 1249 cs EPA 245.1 

0.02 mg/L 03/07/2014 0455 MS EPA 200.8 

0.01 mg/L 03/07/2014 1807 DG EPA 200.7 

0.005 mg/L 03/07/2014 0455 MS EPA 200.8 

0.01 mg/L 03/07/2014 1807 DG EPA 200.7 

0.05 mg/L 03/10/2014 2036 DG EPA 200.7 

0.02 mg/L 03/10/2014 2036 DG EPA 200.7 

RL - Reporting Limit 
B 
E 

M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RE CD NO V 14,2014 
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w ~ RAMACO Brook Mine 
JI) ✓1 m-• .._ Your Environmental Monitoring Partner 
;:I L Inter-Mountain Labs---------------------------------------
;:I 1tm~-.. ouHr"'" •-'0 • 1673 Terra Avenue , Sheridan , Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1403049-002 
Client Sample ID: 578409-UBN-1 
COC: 151518 

Analyses Result 

Field 

pH 8.04 

Conductivity 3920 

Turbidity 59.7 

Temperature 12.9 

Static Water Level 110.25 

General Parameters 

pH 8.2 

Electrical Conductivity 3840 

Total Dissolved Solids (180) 2760 

Solids, Total Dissolved (Cale) 2810 

Alkalinity, Total (As CaCO3) 460 

Hardness, Calcium/Magnesium (As CaCO3) 479 

Nitrogen , Ammonia (As N) 1.7 

um Adsorption Ratio 15.6 

s 

Alkalinity, Bicarbonate as HCO3 561 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 30 

Fluoride 1.1 

Nitrogen, Nitrate-Nitrite (as N) 4.9 

Sulfate 1530 

Cations 

Calcium 80 

Magnesium 68 

Potassium 15 

Sodium 784 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 10:50:00 AM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 03/05/2014 1050 Field 

µmhos/cm 03/05/2014 1050 Field 

NTU 03/05/2014 1050 Field 

·c 03/05/2014 1050 Field 

ft 03/05/2014 1050 Field 

0.1 s.u. 03/06/2014 2011 KV SM 4500 H B 

5 µmhos/cm 03/06/2014 2011 KV SM 2510B 

10 mg/L 03/06/2014 1611 EC SM 2540 

10 mg/L 03/10/2014 1211 JJ SM 1030E 

5 mg/L 03/06/2014 2011 KV SM 2320B 

1 mg/L 03/10/2014 1211 JJ SM 2340B 

0.1 mg/L 03/07/2014 0919 RH EPA 350.1 

0.1 03/10/2014 1211 JJ Calculation 

5 mg/L 03/06/2014 2011 KV SM 2320B 

5 mg/L 03/06/2014 2011 KV SM 2320B 

5 mg/L 03/06/2014 2011 KV SM 2320B 

mg/L 03/09/2014 0312 AMB EPA 300.0 

0.1 mg/L 03/06/2014 2011 KV SM 4500FC 

0.1 mg/L 03/07/2014 1127 RH EPA 353.2 

1 mg/L 03/09/2014 0312 AMB EPA 300.0 

mg/L 03/07/2014 1804 DG EPA 200.7 

mg/L 03/07/2014 1804 DG EPA 200.7 

mg/L 03/07/2014 1804 DG EPA 200.7 

mg/L 03/07/2014 1804 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions TFN 6 2/025 

RECD NOV 14,2014 
Page 3 of 8 
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~ RAMACO Brook Mine 

/I m ·t: Inter-Mountain Labs 
Your Environmental Monitoring Partner 

IHTfR • lo\OUN TAIN LADS 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1403049-002 
Client Sample ID: 578409-UBN-1 
COC: 151518 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 9.19 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.84 

Fluoride 0.05 

Nitrate + Nitrite as N 0.34 

Sulfate 31 .89 

Calcium 3.99 

Magnesium 5.58 

Potassium 0.37 

Sodium 34.09 

Cation I Anion Balance 
Cation Sum 44.17 

·on Sum 42.33 

on-Anion Balance 2.12 

Dissolved Metals 
Aluminum 0.2 

Arsenic ND 

Barium ND 

Boron 0.3 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.30 

Lead ND 

Manganese 0.41 

Mercury ND 

Molybdenum 0.04 

Nickel 0.01 

Selenium 0.006 

Zinc ND 

Total Metals 
Iron 1.88 

Manganese 1.00 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 10:50:00 AM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 % 03/10/2014 1211 JJ SM 1030E 

0.1 mg/L 03/07/2014 1804 DG EPA 200.7 

0.005 mg/L 03/07/2014 0449 MS EPA 200.8 

0.1 mg/L 03/07/2014 0449 MS EPA 200.8 

0.1 mg/L 03/07/2014 1804 DG EPA 200.7 

0.001 mg/L 03/07/2014 0449 MS EPA 200.8 

0.01 mg/L 03/07/2014 1804 DG EPA 200.7 

0.01 mg/L 03/07/2014 0449 MS EPA 200.8 

0.05 mg/L 03/07/2014 1804 DG EPA 200.7 

0.02 mg/L 03/07/2014 0449 MS EPA 200.8 

0.02 mg/L 03/07/2014 1804 DG EPA 200.7 

0.001 mg/L 03/11 /2014 1247 cs EPA 245.1 

0.02 mg/L 03/07/2014 0449 MS EPA 200.8 

0.01 mg/L 03/07/2014 1804 DG EPA 200.7 

0.005 mg/L 03/07/2014 0449 MS EPA 200.8 

0.01 mg/L 03/07/2014 1804 DG EPA 200.7 

0.05 mg/L 03/10/2014 2034 DG EPA 200.7 

0.02 mg/L 03/10/2014 2034 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 

REC D NO V 14,2014 

Page 4 of 8 
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w ~ RAMACO Brook Mine 
JI) ;Im I: Your Environmental Monitoring Partner 
;:I llllliiiioiii~~iliiiiiiiii Inter-Mountain Labs---------------------------------------
;:I '"n"•"'ou"' "'" L""' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 
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" N 
00 

" N 
121 
N 
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:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1403049-001 
Client Sample ID: 578415-MST /CRN-1 
COC: 151518 

Analyses Result 

Field 
pH 8.11 

Conductivity 1930 

Turbidity 8.38 

Temperature 10.5 

Static Water Level 122.01 

General Parameters 
pH 8.4 

Electrical Conductivity 1850 

Total Dissolved Solids (180) 1140 

Solids , Total Dissolved (Cale) 1140 

Alkalinity, Total (As CaCO3) 679 

Hardness, Calcium/Magnesium (As CaCO3) 48 

Nitrogen, Ammonia (As N) 2.1 

ium Adsorption Ratio 28.1 

s 
Alkalinity , Bicarbonate as HCO3 805 

Alkalinity, Carbonate as CO3 12 

Alkalinity, Hydroxide as OH ND 

Chloride 14 

Fluoride 2.0 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 249 

Cations 
Calcium 10 

Magnesium 6 

Potassium 9 

Sodium 449 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: B~ ~ 
Bill Courtney, Project Manager 

October 201 4 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 9:30:00 AM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/In it Method 

s.u. 03/05/2014 0930 Field 

µmhos/cm 03/05/2014 0930 Field 

NTU 03/05/2014 0930 Field 
oc 03/05/2014 0930 Field 

ft 03/05/2014 0930 Field 

0.1 s.u. 03/06/2014 1947 KV SM 4500 H B 

5 µmhos/cm 03/06/2014 1947 KV SM 2510B 

10 mg/L 03/06/2014 1610 EC SM 2540 

10 mg/L 03/10/2014 1211 JJ SM 1030E 

5 mg/L 03/06/2014 1947 KV SM 2320B 

mg/L 03/10/2014 1211 JJ SM 2340B 

0.1 mg/L 03/07/2014 0918 RH EPA 350.1 

0.1 03/10/2014 1211 JJ Calculation 

5 mg/L 03/06/2014 1947 KV SM 2320B 

5 mg/L 03/06/2014 1947 KV SM 2320B 

5 mg/L 03/06/2014 1947 KV SM 2320B 

mg/L 03/09/2014 0158 AMB EPA 300.0 

0.1 mg/L 03/06/2014 1947 KV SM 4500FC 

0.1 mg/L 03/07/20141126 RH EPA 353.2 

1 mg/L 03/09/2014 0158 AMB EPA 300.0 

mg/L 03/07/2014 1751 DG EPA 200.7 

mg/L 03/07/2014 1751 DG EPA 200.7 

mg/L 03/07/2014 1751 DG EPA 200.7 

mg/L 03/07/2014 1751 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2!025 
RECD NOV 14,2014 

Page 1 of 8 
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w / ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I iHrcR -Mou"'"'" .... . 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID 
0. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , \/VY 82801 

Project: Ramaco 
Lab ID: S1403049-001 
Client Sample ID: 578415-MST/CRN-1 
COC: 151518 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 13.20 

Carbonate as CO3 0.38 

Hydroxide as OH ND 
Chloride 0.39 

Fluoride 0.10 

Nitrate+ Nitrite as N ND 
Sulfate 5.18 

Calcium 0.49 

Magnesium 0.47 

Potassium 0.24 

Sodium 19.51 

Cation I Anion Balance 
Cation Sum 20.86 

on Sum 19.27 

on-Anion Balance 3.97 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron ND 
Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.06 

Lead ND 
Manganese 0.09 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.29 

Manganese 0.10 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

NO Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/11/2014 

Report ID: S1403049001 

Work Order: S1403049 
Collection Date: 3/5/2014 9:30:00 AM 
Date Received: 3/5/2014 2:07:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/20141211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 meq/L 03/10/2014 1211 JJ SM 1030E 

0.01 % 03/10/2014 1211 JJ SM 1030E 

0.1 mg/L 03/07/2014 1751 DG EPA 200.7 

0.005 mg/L 03/07/2014 0428 MS EPA 200.8 

0.1 mg/L 03/07/2014 0428 MS EPA 200.8 

0.1 mg/L 03/07/2014 1751 DG EPA 200.7 

0.001 mg/L 03/07/2014 0428 MS EPA 200.8 

0.01 mg/L 03/07/2014 1751 DG EPA 200.7 

0.01 mg/L 03/07/2014 0428 MS EPA 200.8 

0.05 mg/L 03/07/2014 1751 DG EPA 200.7 

0.02 mg/L 03/07/2014 0428 MS EPA 200.8 

0.02 mg/L 03/07/2014 1751 DG EPA 200.7 

0.001 mg/L 03/11/2014 1245 cs EPA 245.1 

0.02 mg/L 03/07/2014 0428 MS EPA 200.8 

0.01 mg/L 03/07/2014 1751 DG EPA 200.7 

0.005 mg/L 03/07/2014 0428 MS EPA 200.8 

0.01 mg/L 03/07/2014 1751 DG EPA 200.7 

0.05 mg/L 03/10/2014 2032 DG EPA 200.7 

0.02 mg/L 03/10/2014 2032 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2/0 25 
R CD NOV 14 ,2014 
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w ~ RAMACO Brook Mine 
JI) ✓• m ·t: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I ,Hrc~-,.0u"r"'" LAD s 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1403082-003 
Client Sample ID: 578417-CRN-1 
COC: 151519 

Analyses Result 

Field 

pH 7.76 

Conductivity 1347 

Turbidity 971 

Temperature 9.5 

Static Water Level 133.13 

General Parameters 

pH 8.2 

Electrical Conductivity 1400 

Total Dissolved Solids (180) 890 

Solids, Total Dissolved (Cale) 880 

Alkalinity, Total (As CaCO3) 449 

Hardness, Calcium/Magnesium (As CaCO3) 151 

Nitrogen , Ammonia (As N) 1.7 

um Adsorpt ion Ratio 10 

A _ s 
Alkalinity, Bicarbonate as HCO3 548 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 8 

Fluoride 1.9 

Nitrogen , Nitrate-Nitrite (as N) 2.3 

Sulfate 250 

Cations 

Calcium 18 

Magnesium 26 

Potassium 16 

Sodium 282 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

NO Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: e,~ C::,~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/17/2014 

Report ID: S1403082001 

Work Order: S1403082 
Collection Date: 3/6/2014 10:40:00 AM 
Date Received: 3/6/2014 11 :35:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u . 03/06/2014 1040 Field 

µmhos/cm 03/06/2014 1040 Field 

NTU 03/06/2014 1040 Field 
oc 03/06/2014 1040 Field 

ft 03/06/2014 1040 Field 

0.1 s.u. 03/10/2014 2019 KV SM 4500 H B 

5 µmhos/cm 03/10/2014 2019 KV SM 2510B 

10 mg/L 03/07/2014 1315 EC SM 2540 

10 mg/L 03/13/2014 1443 JJ SM 1030E 

5 mg/L 03/10/2014 2019 KV SM 2320B 

mg/L 03/13/2014 1443 JJ SM 2340B 

0.1 mg/L 03/13/2014 0852 RH EPA 350.1 

0.1 03/13/2014 1443 JJ Calculation 

5 mg/L 03/10/2014 2019 KV SM 2320B 

5 mg/L 03/10/2014 2019 KV SM 2320B 

5 mg/L 03/10/2014 2019 KV SM 2320B 

mg/L 03/10/2014 2216 AMB EPA 300.0 

0.1 mg/L 03/1 0/2014 2019 KV SM 4500FC 

0.1 mg/L 03/12/2014 0757 RH EPA 353.2 

1 mg/L 03/10/2014 2216 AMB EPA 300.0 

mg/L 03/07/2014 2010 DG EPA 200.7 

mg/L 03/07/2014 2010 DG EPA 200.7 

mg/L 03/07/2014 2010 DG EPA 200.7 

mg/L 03/07/2014 2010 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions 

TFN 6 2/0 25 
RECD NOV 14,20l t 
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w ~ RAMACO Brook Mine 
JI) ..,1 m -1:: Your Environmental Monitoring Partner 
;:I ....... ii!iiiiii!iiiiiiiiiiiiiii Inter-Mountain Labs---------------------------------------
;:I '"mt-iaou"'"'" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1403082-003 
Client Sample ID: 578417-CRN-1 
COC: 151519 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 8.98 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.21 

Fluoride 0.10 

Nitrate + Nitrite as N 0.16 

Sulfate 5.21 

Calcium 0.91 

Magnesium 2.11 

Potassium 0.41 

Sodium 12.25 

Cation I Anion Balance 
Cation Sum 15.81 

· ,n Sum 14.67 

on-Anion Balance 3.74 

Dissolved Metals 
Aluminum 0.3 

Arsenic ND 

Barium ND 
Boron 0.1 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.08 

Lead ND 

Manganese 0.02 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 11 .3 

Manganese 0.11 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 6~ G~ 
Bill Courtney, Project Manager 

October 2014 

Date Reported: 3/17/2014 

Report ID: S1403082001 

Work Order: S1403082 
Collection Date: 3/6/2014 10:40:00 AM 
Date Received: 3/6/2014 11 :35:00 AM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 meq/L 03/13/2014 1443 JJ SM 1030E 

0.01 % 03/13/2014 1443 JJ SM 1030E 

0.1 mg/L 03/07/2014 2010 DG EPA 200.7 

0.005 mg/L 03/07/2014 1521 MS EPA 200.8 

0.1 mg/L 03/07/2014 1521 MS EPA 200.8 

0.1 mg/L 03/07/2014 2010 DG EPA 200.7 

0.001 mg/L 03/07/2014 1521 MS EPA 200.8 

0.01 mg/L 03/07/2014 2010 DG EPA 200.7 

0.01 mg/L 03/07/2014 1521 MS EPA 200.8 

0.05 mg/L 03/07/2014 2010 DG EPA 200.7 

0.02 mg/L 03/07/2014 1521 MS EPA 200.8 

0.02 mg/L 03/07/2014 2010 DG EPA 200.7 

0.001 mg/L 03/14/2014 1038 CJB EPA 245.1 

0.02 mg/L 03/07/2014 1521 MS EPA 200.8 

0.01 mg/L 03/07/2014 2010 DG EPA 200.7 

0.005 mg/L 03/07/2014 1521 MS EPA 200.8 

0.01 mg/L 03/07/2014 2010 DG EPA 200.7 

0.05 mg/L 03/11/20141547 DG EPA 200.7 

0.02 mg/L 03/11/20141547 DG EPA 200.7 

RL - Reporting Limit 
B 
E 

M 
0 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

Outside the Range of Dilutions T f N 6 2 / Q 2 5 
RE CD NOV 14,2014 

Page 6 of 6 
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w ~ RAMACO Brook Mine 
JI) /Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I ot<r<R · "'0""T'"'" . ... , 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S 1403028-001 

Client Sample ID: 578511-CRN-1 

COC: 151517 

Analyses Result 

Field 

pH 7.66 

Conductivity 3690 

Turbidity 28.3 

Temperature 12.3 

Static Water Level 119.59 

General Parameters 

pH 8.0 

Electrical Conductivity 3660 

Total Dissolved Solids (180) 3150 

Solids , Total Dissolved (Cale) 2560 

Alkalinity, Total (As CaC03) 737 

Hardness, Calcium/Magnesium (As CaC03) 542 

Nitrogen, Ammonia (As N) 7.6 

ium Adsorption Ratio 12.6 

_ns 

Alkalinity, Bicarbonate as HC03 899 

Alkalinity, Carbonate as C03 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 27 

Fluoride 1.0 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 1230 

Cations 
Calcium 76 

Magnesium 86 

Potassium 24 

Sodium 675 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 

Collection Date: 3/4/2014 10:30:00 AM 

Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u. 03/04/2014 1030 Field 

µmhos/cm 03/04/2014 1030 Field 

NTU 03/04/2014 1030 Field 

·c 03/04/2014 1030 Field 

ft 03/04/2014 1030 Field 

0.1 S.U. 03/06/2014 1456 KV SM 4500 H B 

5 µmhos/cm 03/06/2014 1456 KV SM 2510B 

10 mg/L 03/05/2014 1306 EC SM 2540 

10 mg/L 03/14/2014 0819 JJ SM 1030E 

5 mg/L 03/06/2014 1456 KV SM 2320B 

1 mg/L 03/14/2014 0819 JJ SM 2340B 

0.1 mg/L 03/07/2014 0901 RH EPA 350.1 

0.1 03/14/2014 0819 JJ Calculation 

5 mg/L 03/06/2014 1456 KV SM 2320B 

5 mg/L 03/06/2014 1456 KV SM 2320B 

5 mg/L 03/06/2014 1456 KV SM 2320B 

mg/L 03/07/2014 2105 AMB EPA 300.0 

0.1 mg/L 03/06/2014 1456 KV SM 4500FC 

0.1 mg/L 03/07/2014 1100 RH EPA 353.2 

1 mg/L 03/07/2014 2105 AMB EPA 300.0 

mg/L 03/07/20141614 DG EPA 200.7 

mg/L 03/07/2014 1614 DG EPA 200.7 

mg/L 03/07/2014 1614 DG EPA 200.7 

mg/L 03/07/2014 1614 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 

0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 
REC D NO V 14,2014 

Page 1 of 8 
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w ~ RAMACO Brook Mine 
JI) 'I m -11: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I oHmH •ouH,,.,H •"•• 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S 1403028-001 

Client Sample ID: 578511-CRN-1 

COC: 151517 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 14.73 

Carbonate as C03 ND 
Hydroxide as OH ND 
Chloride 077 

Fluoride 0.05 

Nitrate + Nitrite as N ND 
Sulfate 25.66 

Calcium 3.77 

Magnesium 7.07 

Potassium 0.61 

Sod ium 29.37 

Cation / Anion Balance 
Cation Sum 41 .37 

n Sum 41 .22 

on-Anion Balance 0.18 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper 0.02 

Iron 0.07 

Lead ND 
Manganese 0.53 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.38 

Manganese 0.70 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 
October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 

Collection Date: 3/4/2014 10:30:00 AM 

Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/1 4/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/1 4/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 % 03/14/2014 0819 JJ SM 1030E 

0.1 mg/L 03/07/2014 1614 DG EPA 200.7 

0.005 mg/L 03/07/2014 0147 MS EPA 200.8 

0.1 mg/L 03/07/2014 0147 MS EPA 200.8 

0.1 mg/L 03/07/2014 1614 DG EPA 200.7 

0.001 mg/L 03/07/2014 0147 MS EPA 200.8 

0.01 mg/L 03/07/2014 1614 DG EPA 200.7 

0.01 mg/L 03/07/2014 0147 MS EPA 200.8 

0.05 mg/L 03/07/2014 1614 DG EPA 200.7 

0.02 mg/L 03/07/2014 0147 MS EPA 200.8 

0.02 mg/L 03/07/2014 1614 DG EPA 200.7 

0.001 mg/L 03/11 /20141151 cs EPA 245.1 

0.02 mg/L 03/07/2014 0147 MS EPA 200.8 

0.01 mg/L 03/07/2014 1614 DG EPA 200.7 

0.005 mg/L 03/07/2014 0147 MS EPA 200.8 

0.01 mg/L 03/07/2014 1614 DG EPA 200.7 

0.05 mg/L 03/07/20142117 DG EPA 200.7 

0.02 mg/L 03/07/2014 2117 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 

REC D NO V 14,2014 

Page 2 of 8 

Addendum D6-1 0-147 DEQ Ex. 3-637



w ,,. ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I •HnR-,.ouN•"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S1403028-003 
Client Sample ID: 578512-AL-1 
COC: 151517 

Analyses Result 

Field 

pH 7.59 

Conductivity 5370 

Turbidity 173 

Temperature 9.6 

Static Water Level 3.67 

General Parameters 

pH 7.9 

Electrical Conductivity 5340 

Total Dissolved Solids (180) 4590 

Solids , Total Dissolved (Ca le) 4760 

Alkalinity, Total (As CaCO3) 652 

Hardness, Calcium/Magnesium (As CaCO3) 2920 

Nitrogen, Ammonia (As N) 0.2 

um Adsorption Ratio 3.9 

A s 

Alkalinity, Bicarbonate as HCO3 795 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 22 

Fluoride 0.9 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 2990 

Cations 

Calcium 360 

Magnesium 490 

Potassium 23 

Sodium 488 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

John Jacobs, Project Manager 
October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 
Collection Date: 3/4/20141 :55:00 PM 
Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

s.u . 03/04/2014 1355 Field 

µmhos/cm 03/04/2014 1355 Field 

NTU 03/04/2014 1355 Field 
oc 03/04/2014 1355 Field 

ft 03/04/2014 1355 Field 

0.1 s.u. 03/06/2014 1519 KV SM 4500 H B 

5 µmhos/cm 03/06/20141519 KV SM 2510B 

10 mg/L 03/05/2014 1308 EC SM 2540 

10 mg/L 03/14/2014 0819 JJ SM 1030E 

5 mg/L 03/06/2014 1519 KV SM 2320B 

mg/L 03/14/2014 0819 JJ SM 2340B 

0.1 mg/L 03/07/2014 0903 RH EPA 350.1 

0.1 03/14/2014 0819 JJ Calculation 

5 mg/L 03/06/2014 1519 KV SM 2320B 

5 mg/L 03/06/20141519 KV SM 2320B 

5 mg/L 03/06/2014 1519 KV SM 2320B 

mg/L 03/07/2014 2238 AMB EPA 300.0 

0.1 mg/L 03/06/20141519 KV SM 4500FC 

0.1 mg/L 03/07/20141103 RH EPA 353.2 

1 mg/L 03/07/2014 2238 AMB EPA 300.0 

mg/L 03/07/2014 1621 DG EPA 200.7 

mg/L 03/07/2014 1621 DG EPA 200.7 

mg/L 03/07/2014 1621 DG EPA 200.7 

mg/L 03/07/2014 1621 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 

RECD NOV 14,2014 

Page 5 of 8 

Addendum D6- 10-148 DEQ Ex. 3-638



w ~ RAMACO Brook Mine 
JI) /Im I: Your Environmental Monitoring Partner 
;:I ...,;;~...,;;;...,;;;i11iiii~ Inter-Mountain Labs--------------------------------------
;:I nm~-.. ou"T"''" LAD

5 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1403028-003 
Client Sample ID: 578512-AL-1 
COC: 151517 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 1303 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.62 

Fluoride 0.04 

Nitrate + Nitrite as N ND 

Sulfate 62.18 

Calcium 17.95 

Magnesium 40.34 

Potassium 0.59 

Sodium 21 .22 

Cation I Anion Balance 
Cation Sum 80.14 

n Sum 75.89 

on-Anion Balance 2.72 

Dissolved Metals 
Aluminum 0.1 

Arsenic ND 
Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 1 04 

Lead ND 
Manganese 2.13 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 25.4 

Manganese 2.71 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 
Collection Date: 3/4/2014 1 :55:00 PM 
Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 % 03/14/2014 0819 JJ SM 1030E 

0.1 mg/L 03/07/2014 1621 DG EPA 200.7 

0.005 mg/L 03/07/2014 0224 MS EPA 200.8 

0.1 mg/L 03/07/2014 0224 MS EPA 200.8 

0.1 mg/L 03/07/2014 1621 DG EPA 200.7 

0.001 mg/L 03/07/2014 0224 MS EPA 200.8 

0.01 mg/L 03/07/2014 1621 DG EPA 200.7 

0.01 mg/L 03/07/2014 0224 MS EPA 200.8 

0.05 mg/L 03/07/2014 1621 DG EPA 200.7 

0.02 mg/L 03/07/2014 0224 MS EPA 200.8 

0.02 mg/L 03/07/2014 1621 DG EPA 200.7 

0.001 mg/L 03/11/2014 1159 cs EPA 245.1 

0.02 mg/L 03/07/2014 0224 MS EPA 200.8 

0.01 mg/L 03/07/2014 1621 DG EPA 200.7 

0.005 mg/L 03/07/2014 0224 MS EPA 200.8 

0.01 mg/L 03/07/2014 1621 DG EPA 200.7 

0.05 mg/L 03/07/2014 2122 DG EPA 200.7 

0.02 mg/L 03/07/2014 2122 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2!025 
RECD NUV 14,2014 

Page 6 of 8 

Addendum D6-10- 149 DEQ Ex. 3-639



w ~ RAMACO Brook Mine 
JI) .,I m·a: Your Environmental Monitoring Partner 
;:I IOllli!'!""iiilliiiiilliiiiiiiiii~ Inter-Mountain Labs--------------------------------------
;:I '"m'"'"0

"" ' "'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S1403028-004 
Client Sample ID: 578513-AL-1 
COC: 151517 

Analyses Result 

Field 

pH 7.57 

Conductivity 4900 

Turbidity 0.93 

Temperature 9.9 

Static Water Level 7.66 

General Parameters 

pH 7.9 

Electrical Conductivity 4670 

Total Dissolved Solids (180) 4610 

Solids , Total Dissolved (Cale) 4340 

Alkalinity , Total (As CaCO3) 651 

Hardness, Calcium/Magnesium (As CaCO3) 2350 

Nitrogen, Ammonia (As N) ND 

ium Adsorption Ratio 3.9 

ns 

Alkalinity, Bicarbonate as HCO3 794 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 24 

Fluoride 0.8 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 2790 

Cations 

Calcium 272 

Magnesium 406 

Potassium 25 

Sodium 435 

These results apply only to the samples tested. 

Qualifiers : Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 
Collection Date: 3/4/2014 2:50:00 PM 
Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

S.U. 03/04/2014 1450 Field 

µmhos/cm 03/04/2014 1450 Field 

NTU 03/04/2014 1450 Field 
oc 03/04/2014 1450 Field 

ft 03/04/2014 1450 Field 

0.1 S.U. 03/06/2014 1530 KV SM 4500 H B 

5 µmhos/cm 03/10/2014 1703 KV SM 25108 

10 mg/L 03/10/2014 1405 EC SM 2540 

10 mg/L 03/14/2014 0819 JJ SM 1030E 

5 mg/L 03/06/2014 1530 KV SM 23208 

1 mg/L 03/14/2014 0819 JJ SM 23408 

0.1 mg/L 03/07/2014 0904 RH EPA 350.1 

0.1 03/14/2014 0819 JJ Calculation 

5 mg/L 03/06/2014 1530 KV SM 23208 

5 mg/L 03/06/2014 1530 KV SM 23208 

5 mg/L 03/06/2014 1530 KV SM 23208 

1 mg/L 03/07/2014 2251 AMS EPA 300.0 

0.1 mg/L 03/06/2014 1530 KV SM 4500FC 

0.1 mg/L 03/07/2014 1104 RH EPA 353.2 

mg/L 03/07/2014 2251 AMS EPA 300.0 

mg/L 03/07/2014 1635 DG EPA 200.7 

mg/L 03/07/2014 1635 DG EPA 200.7 

mg/L 03/07/2014 1635 DG EPA 200.7 

mg/L 03/07/2014 1635 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 

M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 
Outside the Range of Dilutions 

TFN 6 2 ,' 025 
RECD ~o v 14, 2014 

Page 7 of 8 

Addendum D6- 10-150 DEQ Ex. 3-640



w ~ RAMACO Brook Mine 
JI) .,.1 m ·1: Your Environmental Monitoring Partner 
;:I ,.;;;iiaiiiioiiiiiiiioiiiiiiiiiiiiiiiiiii Inter-Mountain Labs--------------------------------------
;:I '"""-"'0 u"'"'" •"05 1673 Terra Avenue. Sheridan , Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan. WY 82801 

Project: Ramaco 
Lab ID: S 1403028-004 
Client Sample ID: 578513-AL-1 
COC: 151517 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 1302 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.66 

Fluoride O.Q4 

Nitrate + Nitrite as N ND 
Sulfate 58.07 

Calcium 13.59 

Magnesium 33.39 

Potassium 0.63 

Sodium 18.90 

Cation I Anion Balance 

Cation Sum 66.52 

,n Sum 71 .79 

on-Anion Balance 3.80 

Dissolved Metals 
Aluminum 0.1 

Arsenic ND 
Barium ND 
Boron 0.5 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.09 

Lead ND 
Manganese 0.31 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.11 

Manganese 0.39 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs. Project Manager 

October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 
Collection Date: 3/4/2014 2:50:00 PM 
Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 % 03/14/2014 0819 JJ SM 1030E 

0.1 mg/L 03/07/2014 1635 DG EPA 200.7 

0.005 mg/L 03/07/2014 0230 MS EPA 200.8 

0.1 mg/L 03/07/2014 0230 MS EPA 200.8 

0.1 mg/L 03/07/2014 1635 DG EPA 200.7 

0.001 mg/L 03/07/2014 0230 MS EPA 200.8 

0.01 mg/L 03/07/2014 1635 DG EPA 200.7 

0.01 mg/L 03/07/2014 0230 MS EPA 200.8 

0.05 mg/L 03/07/2014 1635 DG EPA 200.7 

0.02 mg/L 03/07/2014 0230 MS EPA 200.8 

0.02 mg/L 03/07/2014 1635 DG EPA 200.7 

0.001 mg/L 03/11 /2014 1200 cs EPA 245.1 

0.02 mg/L 03/07/2014 0230 MS EPA 200.8 

0.01 mg/L 03/07/2014 1635 DG EPA 200.7 

0.005 mg/L 03/07/2014 0230 MS EPA 200.8 

0.01 mg/L 03/07/2014 1635 DG EPA 200.7 

0.05 mg/L 03/07/2014 2124 DG EPA 200.7 

0.02 mg/L 03/07/2014 2124 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Month ly Ave or MCL 
0 Outside the Range of Dilutions T f N 6 2 / 0 2 5 

RE CD NO V 14 ,2014 

Page 8 of 8 

Addendum D6- 10-1 51 DEQ Ex. 3-641



w , ~ ~MACO Brook Mine 
JI) Im I:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"m..,.,o""'"'" .,.., 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

.NT: Western Water Consultants Date Reported: 3/14/2014 
121 1849 Terra N Report ID: S1403028001 

" Sheridan , WY 82801 
N 
00 Work Order: S1403028 

" Project: Ramaco Collection Date: 3/4/2014 12:55:00 PM 
N Lab ID: S 1403028-002 Date Received: 3/4/2014 4:44:00 PM 121 
N Client Sample ID: 578513-MST-1 Sampler: RF 
121 COC: 151517 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.12 S.U. 03/04/2014 1255 Field 

Conductivity 3920 µmhos/cm 03/04/2014 1255 Field 

Turbidity 2.06 NTU 03/04/2014 1255 Field 

Temperature 10.7 ·c 03/04/2014 1255 Field 

Static Water Level 108.82 ft 03/04/2014 1255 Field 

General Parameters 
pH 7.6 0.1 S.U. 03/06/2014 1508 KV SM 4500 H B 

Electrical Conductivity 3900 5 µmhos/cm 03/10/2014 1659 KV SM 2510B 

Total Dissolved Solids (180) 3090 10 mg/L 03/10/2014 1404 EC SM 2540 

Solids , Total Dissolved (Cale) 3040 10 mg/L 03/14/2014 0819 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 605 5 mg/L 03/06/2014 1508 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 1080 mg/L 03/14/2014 0819 JJ SM 2340B 

Nitrogen, Ammonia (As N) 10.4 0.1 mg/L 03/07/2014 0902 RH EPA 350.1 

ium Adsorption Ratio 8.2 0.1 03/14/2014 0819 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 738 5 mg/L 03/06/2014 1508 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 03/06/2014 1508 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 03/06/2014 1508 KV SM 2320B 

Chloride 18 mg/L 03/07/2014 2225 AMB EPA 300.0 

Fluoride 0.6 0.1 mg/L 03/06/2014 1508 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 1700 

Cations 
Calcium 129 

Magnesium 184 

Potassium 32 

Sodium 622 

These results apply only to the samples tested. 

Qualifiers: Value exceeds Maximum Contaminant Level 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

0.1 mg/L 03/07/2014 1102 RH EPA 353.2 

1 mg/L 03/07/2014 2225 AMB EPA 300.0 

mg/L 03/07/20141617 DG EPA 200.7 

mg/L 03/07/2014 1617 DG EPA 200.7 

mg/L 03/07/20141617 DG EPA 200.7 

mg/L 03/07/20141617 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 

Value above quantitation range E 
J 
M 
0 

Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL 

--------

Outside the Range of Dilutions 

TFN 6 2/025 
RECD NOV 14 ,2014 

Page 3 of 8 

Addendum 06-10-152 DEQ Ex. 3-642



w / ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I ------- Inter-Mountain Labs---------------------------------------
;:I 1"m,-.. ou"1

"
1
" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants 

1849 Terra 

Sheridan , W( 82801 

Project: Ramaco 

Lab ID: S 1403028-002 

Client Sample ID: 578513-MST-1 

COC: 151517 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 12.09 

Carbonate as C03 ND 
Hydroxide as OH ND 
Chloride 0.50 

Fluoride 0.03 

Nitrate + Nitrite as N ND 

Sulfate 35.32 

Calcium 6.41 

Magnesium 15.15 

Potassium 0.82 

Sodium 2705 

Cation I Anion Balance 
Cation Sum 50.18 

n Sum 47.95 

on-Anion Balance 2.27 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.3 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.55 

Lead ND 
Manganese 0.07 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 0.74 

Manganese 0.08 

These results apply only to the samples tested. 
Qualifiers: Value exceeds Maximum Contaminant Level 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: 

John Jacobs, Project Manager 

October 2014 

Date Reported: 3/14/2014 

Report ID: S1403028001 

Work Order: S1403028 

Collection Date: 3/4/201412:55:00 PM 

Date Received: 3/4/2014 4:44:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 meq/L 03/14/2014 0819 JJ SM 1030E 

0.01 % 03/14/2014 0819 JJ SM 1030E 

0.1 mg/L 03/07/2014 1617 DG EPA 200.7 

0.005 mg/L 03/07/2014 0219 MS EPA 200.8 

0.1 mg/L 03/07/2014 0219 MS EPA 200.8 

0.1 mg/L 03/07/20141617 DG EPA 200.7 

0.001 mg/L 03/07/2014 0219 MS EPA 200.8 

0.01 mg/L 03/07/2014 1617 DG EPA 200.7 

0.01 mg/L 03/07/2014 0219 MS EPA 200.8 

0.05 mg/L 03/07/20141617 DG EPA 200.7 

0.02 mg/L 03/07/2014 0219 MS EPA 200.8 

0.02 mg/L 03/07/20141617 DG EPA 200.7 

0.001 mg/L 03/11/2014 1153 cs EPA 245.1 

0.02 mg/L 03/07/2014 0219 MS EPA 200.8 

0.01 mg/L 03/07/2014 1617 DG EPA 200.7 

0.005 mg/L 03/07/2014 0219 MS EPA 200.8 

0.01 mg/L 03/07/20141617 DG EPA 200.7 

0.05 mg/L 03/07/2014 2120 DG EPA 200.7 

0.02 mg/L 03/07/2014 2120 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quanlitation limits 
M Value exceeds Monthly Ave or MCL 

O Outside the Range of Dilutions T f N 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 4 of 8 

Addendum D6-1 0 -153 DEQ Ex. 3-643



n '7 n '7 .,,.... , /'7 n Ii ....., --. T, T,,..... ..... ~ 

,fij_ • CHAIN OF CUSTODY RECORD • 
---- - Page - - of -

Inter-Mountain Labs 
All shaded fields n e completed. # 1 .... ~51 7 

IHTUl-MOUHTAIH LA• S 
Sheridan, WY and Gillette, WY This is a legal document: any misrepresentation may be construed as fraud. 

Client Name Project Identification Sampler (Signature/Attestation of Authenticity) 
/7 

Telephone I 

:, ,i 
J'leport Address Contact Name ANALYSES/ PARAMETERS 5 r I ~u ~ -- --

~ 
I 

~ Email (l 

.-ivolce Address L Phone 
i:. I Purchase Order I Quote I 

1 REMARKS 
:E LAB ID DATE I TIME SAMPLE # of 
w 
!::: (Lab Use Only) SAMPLED IDENTIFICATION Matrix Containers 

~ /1'1 ,_ ?r C I 0..,,1, .._1, ,V I I, 

?H= /. t~ t:.C /( ·"-
..._ /( / I ' re 1, - -

f :.;/, s:r 7/6 /3 lA-1:JT I w, I -
' F'I/- /,IL CL I , t""L. - " , ~ 

- r/; I 1 I 1,L I ' ~ 

. 
,.., I .,.-( r .., . 

*/'II. {:;. J, 7831? t1 L I , '-I- / 

: II - I I. cC '-I 1 
, / 

I to-

::::01-t 

I e-::>:z: 
C, 

_ , 

::=~ 
-c:::: ....... 

C> 

- -.,::.. en 
-

' ~ 
C> 

··=--•11,1l,'jl:::::ll1 • &.' ·r:i ... ,. ... :,,- . • • 1•111 "=It ,r. , .. . ... -1 ,,,:.1, - ... , .... .... ,r::r.-,, ... 

t ~i - , . II' 7 
,.. 

C , _ I I/ 1 , .,, '1 - . ..... - - "'- , 

<£ 
I I 

~ ~ . 
- ~ :, 

; 11 :.l:.l l~1 rw i.•1 ::11 ,. ... ,,.:1•·•a.JtJ1 1•1 1:l,• ••••l t 11l~l1• •111, t i 11:.l • r•Ufa :::a ~~l:::ltJSl ,1,f,I 1ft •11Jlt •• lt •••1 • a1:::1 ,,,f,1~1.• ~ 
UPS Water WT Check desired service Compliance Monitoring? Y /N 
Fed Express Soil SL Standard turnaround Program (SOWA, NPDES, ... ) 

0 US Mail Solid SD :I RUSH - 5 Working Days PWSID / Permit # 

0 Hand Carried Filter FT URGENT - < 2 Working Days Chlorinated? Y / N 
0 Other Other OT Rush & Urgent Surcharges will be applied Sample Disposal: Lab Client 

lntor_lAn, ,ntoin I ohe In,.. U/\AI\AI intormn11nt~inl::.hc: rnm 

DEQ Ex. 3-644



Client Name 

LAB ID 
(Lab Use Only) 

Inter-Mountain Labs 
Sheridan, WY and Gillette, WY 

All shaded fields n :? completed. 
This is a legal document: any misrepresentation may be construed as fraud. 

DATE TIME 
SAMPLED 

Project Identification 

Contact Name 

Email 

Phone 

Purchase Order I 

SAMPLE 
IDENTIFICATION 

Sampler (Signature/Attestation of Authenticity) 

ANALYSES/ PARAMETERS 

Quote I 

l 
# of 

Matnx Containers 

Check desired service Compliance Monitoring? 
Standard turnaround Program (SOWA, NPDES, ... ) 

# .&.~1518 
Telephone I 

REMARKS 

, . 

SL 

SD 
FT 

OT 

RUSH - 5 Working Days PWSID / Permit#--------+--------------------; 

lntor_kA/"\11ntoin I ohc lnr-

Filter 

Other 

...l URGENT - < 2 Working Days Chlorinated? 

Rush & Urgent Surcharges will be applied Sample Disposal: Lab 
www 1nl1>rmo1 ,nt;:iinl;:ih~ r.om 

YIN 

Client 
RRV 4 .fi 

DEQ Ex. 3-645



Inter-Mountain Labs 
Sheridan, WY and GIiiette, WY 

:HAIN OF CUSTODY RECORD -
All shaded fields must be completed 
This 1s a legal clocvment any misrepresentat11 ,n may be co• ,strueo as fraud. 

mzmZ/SZ/Zm ~peuu~~s 

Page 

# 151519 
Telephone, ~ Client Name 

1 
~ Ji. v" 

SL _____ ....:M,"'=:1MA.--':.:==------L--~~~~~~~---- ---L---....tt1.:t;:~e:,e~t2~~~==!::::~=::::..-----------I 
~ Report Address ANALYSES / PARAMETERS 
"1 

tv 
O Email ~1--------.----------1-- -------------------

Invoice Address Phone 

<...S> 1 

0 
O'I 

I ...... 
0 

I SHIPPING INFO 
...... 
(Jl 
O'I Fed Express 

u US Mail 
~ Hand Carried 

M~TRIX CODES 

Solid 

Filter 

Purchase rder I 

TURNAROUND TIMES 
Check desired service 

a Standard turnaround 
0 RUSH • 5 Working Days 
0 URGENT · < 2 Working Days 

COMPLIANCE INFORMATION ... -, 

Compliance Monitoring? Y / N 
----1-----

P r o g ra rn (SOWA, NPDES, .. . ) 
PWSID / Permit If --- --

Chlorinated? y / N 

REMARKS 

33 13 1 

\ . ~s 

. _::SAD0ITI0NP.,L REMARKS 

• Other Other 

SL 

SD 
FT 

OT Rush & Urgent Surcharges 1111III be applied Sample Disposal: Lab ------..------------
Client 

Inter-Mountain Labs, Inc. www.1ntermountainlabs.com Rev 4.6 DEQ Ex. 3-646



~RAMACO 

~ ~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point .7Wl?1Bt/:OB-C,'l.A/ -/ Project ~ 

Location W .O.# c:?,tJ/3/~(/-0J 

Sample ID# '31ttlf-OB -CM,-/ Time !530 am 

Describe Sampling Point _______ bc......c...W _ __,_~ '---=....E....C.~· ~~~- __.l"'-''Y'--d-1!_--"--------------

Well Depth 9 B, tP-1 ft below MP 

Date f:7 I ,lJ) I / tf 

Depth to Water (below MP) 87. 7/ ft 

Time !'/5f> am m 

At least _ h~lr~_bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

ft below MP. 

Bladder pump (low flow) 

Casing Diameter 5 

Casing Volume ~ If 

in 

gal 

STATIC WATER LEVEL OF ASSOC IATED WELLS 

Pump intake or bailer set at q ':J 
bing (type: T~ ). ( New o previously used was used to collect all samples 

Tubing used only for _-'v'l~~/l.__ _______________ _ 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. I Turbidity Removed Rate 
Time units) ( mhos/cm (OC) (NTU) ( allons m) 

I 5;20 (p,q7 ~,-, { 0 /3.~ '-1-'I- . '2-- t l50~t./5o~ 

/530 iP.C/ I 2- '7 00 l I ?, , '7 fR'f,7 3.o + 

Pumping Start Time /5015: WL ____ Pumping End Time ____ _ WL 

Comments: W~ -,I~ (,,a~~ Co~) 

HCF TFN 6 2/0 25 
RECD NO V 14,2014 

Form completed by: .a~~ Witnessed by: 

October 2014 Addendum 06-10- 157 
K:ICOMMONIRod FIMorntorWell Sample Form_ 12· 11 - 13.doc 

DEQ Ex. 3-647



~RAMACO 

~ ,,,,._WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

,,,.-, 
Project _ __: __ V"l-'· :_tl-_-t_~ __ <.,;0_ · _________ _ 

Location ------------------ W.O.# .;J.t> 13 
---=----'-"--'---I--=---'----------

Sample ID# !J'7P''f0'6 - nt~r-, Date Sampled _-=~--'--'~"'-"-~- ---L--'./'----· __ Time 0~30 ------ am pm 

Describe Sampling Point _____ _,(;""-?_..i;)"""'-~it=t/4()1,=""-L:~e:..=__=~_:___:::---=-=---..;,q._-lv-,c_.:(=:...e(~-------------

Well Depth /'-/;!., '-fl ft below MP Depth to Water (below MP) 1'1, 8Z. ft Casing Diameter in ----

Date 6 1 ~,;) 1 I Time 07~!.7 Casing Volume 71 ti gal 

At least _ 17___,/t_.__bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIAT ED WELLS 

Sampling method Submersible pump § dder pump (low flowJ 

Tap Bailer 

Pump intake or bailer set at I :L. ~ ..:.r......, ft below MP. 
~~~- ··-· .. . . . . . . . •· . . . . . . • • ••• 

EVACUATION / STABILIZATION TEST DAT A 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance 1 Temp. Turbidity Removed Rate 
Time (units) ( mhos/cm) ·c NTU) ( allons) ( m) 

of,.;i_O ~. 4,L;- 11 71 11.~ ,J'i3,(c I 57) v-t L/ 8 t."> 6 .JI c.,... 

0~30 "1 '(p 2. /'f ,~ ~.3 3.o + ,1~2-

Pumping Start Time oBcr..S- WL Pumping End Time _ ___ _ WL ----

Comments: w ~ 
TFN 6 2 ,'0 25 
RECD NOV 14,2014 

Form completed by: Witnessed by: 

October 2014 Addendum D6- 10- 158 
U \Monitor Well Sample Form_ 12-11 -13 doc DEQ Ex. 3-648



~RAMACO -/;-~ ~.&_ 

~ ~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point ..Sm 12 7f3t/CJ1 -CR,A./ ~ I Project __ ~~~-------------

Location 

Sample ID# _________ Date Sampled _________ _ Time am pm 

Describe Sampling Point ------'f,._.?'---'t .... ,i~)__,,_v0¢1[-.C..-M,._,__._,~=---"'-""C><CL._,,.· _ ..... 1,,."""J,__·~df"--..,___ _____________ _ 

I _,,,.. --Well Depth /tO,b.h ft below MP Depth to Water {below MP) B . 8,5' ft 

Date 6 I ,?0 I It: Time /(50 am pm 

At least _____ bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 

Bladder pump {low flow) 

Casing Diameter 

Casing Volume 

5 in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

1bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

PH 
Time (units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

Temperature Volume 
Corrected of Water 

Conductance Temp. Turbidity 
I 

Removed 
(µmhos/cm) (•C) (NTU) (gallons) 

I 

I I ' 

' I 

I 

I 
I 

I I 
WL Pumping End Time 

~ itnessedby 

Pumping 
Rate 

(gpm) 

I 

WL ------

TFN 6 2/025 
RECD NUV 14,2014 

Addendum D6- 10-159 
K.ICOMMON\Rod FIMornto, Wel l Sarrcte Fo,m_ 12- 11 -13.doc DEQ Ex. 3-649



~RAMACO 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ?Vl157 fZW'1 - G/<.N - o/3 - I Project __ ___.,,::_;&=--=~c...c:...::--=-=-==---------

Location _________________ _ W.O.# ;lo/3/31-07 
Sample ID# 578'/0C/ -CfijJ-ot,./ Date Sampled .f:> I ,:20 I / t/ Time / t./00 

Describe Sampling Point -----=b"--"'v,~)'--L-~'--"--L....C--=~--=--'-"""~.c.L..·---- "'-'w""--'~=-=___,,._--------------

Well Depth ///, 33 ft below MP 

Date b I c? tJ I I I 
Depth to Water (below MP) B'f, B1 ft 

Time /I t/-tJ m pm 

At least _ '11_ (t~_bore volumes have been evacuated before sampling 

Sampling method Submersible pump { Bladder pump (low flow>] 

Tap Bailer 

Pump intake or bailer set at / 0 6 ft below MP. 

Casing Diameter 

Casing Volume 

F in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

bing (type: ? ~ ). ( New or previously used was used to collect all samples 

and all field measurements E}r no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time I (units) (1,1mhos/cm) (•C) I (NTU) (gallons) lnnm) 

I 

/!;"50 1, 40 I q '-It-/ /~~ 5.I~ -t (!JCJM1/30S.£c... . 

I 1-oO 7-3B 1144 /'I.~ 3.10 3.o + 

I I 

Pumping Start Time / ~3S- WL ____ Pumping End Time ____ _ WL 

Comments: w~ (;_~ -~ ~ 

TFN 6 2/0 25 
1lf C D N a V 1 4 , 2 B 14 

Form completed by: 

/6/5~tf 

~d~/\ Witnessed by: 

October 2014 Addendum D6-10- 160 
K:ICOMMONIRod F\Monitor Well Sa"l)le FOfm_ 12- 11-13.doc DEQ Ex. 3-650



~RAMACO 

~ /"'WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Project __ ~- ~ ~-----------

Location W.O.# c?<'tJ ------------------

Sample ID# 57 0 'f-() 9 ~ f1,f ;:;1 ~ / Date Sampled ~ I ,2 0 I I f Time am(§> 

Describe Sampling Point 

Well Depth /pl,:}, 8;?tt below MP Depth to Water (below MP) /tJt','l!£ ft 

Date f? I .,,tO I If Time // 3.:£: @ m 

At least bore volumes have been evacuated before sampling ----

Sampl ing method Submersible pump @ adder pump (low flowa 

Tap Bailer 

Pump intake or bailer set at / / ~ ft below MP. 

-~~---

Casing Diameter _ __..5":cc..__ 

Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOC IATED WELLS 

bing (type: f~ ). ( New o previously used ) as used to collect all samples 

Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Time 

/300 

/3/0 

PH 
(units 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

Temp. Turbidity 
(°C) (NTU 

/&,,o t!J,2./ 

17-2- o.3& 

Volume 
of Water 
Removed 

allons 

t 
3.o 

Pumping 
Rate 

( m 

Pumping Start Time I .:l'/:S- WL Pumping End Time ____ _ WL 

Comments: 

Form completed by: 
I~ 

TFN 6 2/ 025 
RECD ND V 14,2014 

Witnessed by: 

October 2014 Addendum D6-10- 161 
K:ICOMMON\Rod F\Mon1tor Wel l Sarrcte Form_ 12- 11-13.doc DEQ Ex. 3-651



~ RAMA CO +- '11 Cl ~~ h 

~ /'-WW C ENG !NEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point &?'.'11 f?781Cf( ~ ~, -of3 ·l Project ___ ~~ -~~~~~---------

Location ------------------- W .o.# __ ~____,o 1_.c.3_ 1.~3 ___.9.____- o--'-7 ____ _ 
Sample ID# _________ Date Sampled ____ / ______ _ Time ------- am pm 

Describe Sampling Point 

Well Depth /tfl.!J -90 ft below MP Depth to Water (below MP) lo/ , 55 ft 

Date !J I ;20 

At least -----

Sampling method 

Tap 

ti Time 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. 
----

Casing Diameter __ .3 __ _ in 

Casing Volume gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

Temp. , Turbidity 
~C (NTU 

Volume 
of Water 
Removed 
( allons) 

Pumping 
Rate 

( m 

Pumping Start Time WL Pumping End Time _____ _ WL 
----

Comments : 

TFN 6 2/ 025 
RE CD NO V 14,2014 

Form completed by: Witnessed by: 

October 2014 Addendum D6- 10-162 
K:ICOMMON\Rod F\Mon,tor Wet! Sample Form_ 12· t t -13.doc DEQ Ex. 3-652



~RAMACO 

~ ~ WWCENGINEERING 

- SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Project_---=~=----=-,:_::_.:..:::..__c..= _________ _ 

Location W .O,# .:20/3(3z - 07 
Sample ID# b 78'/ OCf - tA.!3/J - I Date Sampled ? I ,,2 tJ I / 1 Time / ,7,:? ~ 

Describe Sampling Point ______ ..::::&l:........,c_W.::....__;~"----"J£...L..=,~~;-,,,,.· -=,..-....:c?-<_..,):._.df,-=--=c...::::_------------

Well Depth /'-//, 2,0 ft below MP 

Date 5 I P. 0 I / { 

Depth to Water (below MP) /lo , 'tO ft 

Time 1130 pm 

At least __ 1'1-'--fr.___bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

['siadder pump (low flow) J 

Pump intake or bailer set at / 3S- ft below MP. 

Casing Diameter_~2~- in 

Casing Volume 'j,/ Q- gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ibing (type: - -+--==-== ""'-"'=------)- ( New or(i>reviously used ] was used to collect all samples 

Tubing used only for 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) ( mhos/cm ·c) (NTU (gallons) ( m) 

le}. 15 7, '80 3'1W /'f' '7 0.B~ J /~M✓3o~ 
/;1.:26' '7. ?Cf 3CJC,o IL-{, 5' / '0 { Jr 3,o 

Pumping Start Time I~ 00 WL Pumping End Time _____ _ WL 

Comments : W c..--1::&.- (!,,, ~ 
1...0;::- TFN 6 2,'0 25 

RECD NO V 14,2014 

Form completed by: Witnessed by: 

October 2014 Addendum D6- 10-163 
K.ICOMMON\Rod F\Mon,tor Well Sa!Tl)le Form_ 12- t 1-13 doc DEQ Ex. 3-653



~RAMACO 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point Swr .57B'f {5 - fl(Syf:tMt -! 

Location 

Project __ ~- ~-~~~---------

W .O.# __ ~_C>~ /3~ /=3~9~ -- CJ~ Z~---

Sample ID# S7fJtrl5'-"'1.67/CMl·I Date Sampled __ S-__ /...,.~c....=,.~ _ /_,/,__,_i __ 

Describe Sampling Point G/4,(;~W~ Ml~ 

Well Depth /-f.3. 7(} ft below MP 

Date S- I .;;2 v I I 'f 
Depth to Water (below MP) /,.,1/. ,,23 ft 

pm 

At least -r> II- bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or ba iler set at I 3~ ft below MP. 

Bladder pump (low flow) 

Time /t?;.?O (§)pm 

1.-<Jd-£ 

Casing Diameter .5 
-~--

in 

Casing Volume --M 4- gal 

I 
STATIC WATER LEVEL OF ASSOCIATED WELLS 

bing (type: - 1--""= ~ ~ _____ ) . ( New orf eviously us~ was used to collect all samples 

Tubing used only for --pt ---=--=..I--'------------------
. . . . . . . . . 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units ( mhos/cm (·c (NTU) ( allons) (gm) 

/0/!:> 1-Cf I / 7'7 5 /5',? 5.2.'/- J /50n-J~/.&?~ 

1030 7,q I /776 ;S,/ 3. ':,~ .3,s-- .Jr 

Pumping Start Time / o (20 WL Pumping End Time _____ _ WL ----

Comments : 

TFN 6 2:025 
RfCQ Nn v 14,2014 

Form completed by: Q.,Af ci-~ Witnessed by: 

October 2014 Addendum D6- 10-164 
K:ICOMMONIRod F\Mo111 t0< Wel l Sa~e FO<lll_ 12-11-13.doc DEQ Ex. 3-654



~RAMACO 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

Sampling Point ~bt,1 67B'f I 7 -G,12./J - I Project _ __.=--=-~.c._.:....:....:,c,o=-=----------

Location W.O.# ~0 / 3/ 3'j - 0 7 
Sample ID# 51B4- 11 -CM -/ Date Sampled :z I c?;2 I I f 
Describe Sampling Point Gw ~ vJ at 

Well Depth 

Date § I ~c:;_ I I f 
Depth to Water (below MP) / 23,..0:"ft 

Time O C/ /0 (§)pm 

At least _ 1l~ A~_bore volumes have been evacuated before sampling 

Sampling method Submersible pump {§adder pump (low flow)] 
Tap Bailer 

Pump intake or bailer set at / ~/8 ft below MP. 

Time 0150 

Casing Diameter ;2_ in 

Casing Volume ?JA: gal 

STATIC WATER LEVEL OF ASSOC IATED WELLS 

ubing (type: - -+-'~=~ _____ ) . ( New orf'eviously used ] was used to collect all samples§ r no ) 

PH 
Time (units) 

OC/ '-{O 7, 1,0 

O'I~ 7.56 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

Conductance Temp. Turbidity Removed Rate 
mhos/cm) (·c NTU) allons) ( m) 

1 '5 '7 2.. /7, 2- '190 I /-:,OMLI~ 

1'3 15 10, 0 et'18 3 .o + 

Pumping End Time ____ _ WL ----

0 4-4_ dt°n, ~1<2, 

TFN 6 2/025 
RF. CD M~V 14,2014 

Witnessed by: 

Addendum D6- 10-165 
U \Monitor Well Sample Form_ 12-11-13 doc DEQ Ex. 3-655



~RAMACO i¥'1Ul 4.t'~h 

~ /"'WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Project_---'t ...... ~~aa~=~~~..EC----------

Location 

Sample ID# Date Sampled _ """'--------- Time ------- am pm 

Describe Sampling Point ______ {-_-?---'t,,'---·l_J ---"-;_'1'-_l-tl~-t--"'u&-=·-=-c.....,~"'-=-Yil'--'W"-'..___,e."'--· L"-'--------------

Well Depth Depth to Water (below MP) ;(a),:55'tt 

Date 5 ;z:;i I If Time O'/~ 

At least -----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or ba iler set at ft below MP. 

Casing Diameter __ ·-""'Z:'--
Casing Volume 

in 

gal 

, STA TIC WATER LEVEL OF ASSOCIATED WEL LS 

Jbing (type: ). ( New or previously used ) was used to collect all samples ( yes or no) ----------

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Time 
PH 

(units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

Temperature 
Corrected 

Conductance 
mhos/cm 

WL 

Temp. 
(·c 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
( allons 

Pumping End Time 

Witnessed by: 

Pumping 
Rate 

( m 

------ WL 

TEN 6 2/0 25 
RECO ~U V 14,2 014 

Addendum 06- 10- 166 
U \Monitor Well Sample Form_ 12- 11 -13 doc DEQ Ex. 3-656



~RAMACO *4W ~h_,, 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point - =6_v"1~ £::J~--~7~8~'f~l~B_-~fl~'---...._( __ _ Project __ ..:...~---'---=--'--=-----=----------

Location ------------------- W .O.# _ _>,eo(c...,_0__,'/'----'3c.,_,__( ~=---.c.,_C/_-~C)_ '7-'------

Sample ID# Date Sampled ____ / ___ / ___ _ Time ------- am pm 

Describe Sampling Point ____ __,(2"'"""-'WO<..>,<_____.~~"""-'---=-=· ~ ..>,C..SCL_. _---"'l<..2>,,,£,,...£Lf""'-""'""""",.___ ____________ _ 

Well Depth ;;l'f, 60 ft below MP Depth to Water (below MP) ~() , /bft 

Date 5 Time J 5ci<.O am E) 

At least _____ bore volumes have been evacuated before sampling 

Sampl ing method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. 
----

Bladder pump (low flow) 

Casing Diameter __ 6 __ 

Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (1,.1mhos/cm) (•C) I (NTU) (gallons) (gpm) 

I 

I 
I 

I 

I 
t 

I 
I 

Pumping Start Time WL Pumping End Time _____ _ WL ----

Comments: 

TF N 6 2:025 
Rf. GD NU V 14,2014 

Form completed by: Witnessed by: 

October 2014 Addendum D6- 10- 167 
K:ICOMMONIRod F\Mon1tor Wel l Sa~e Form_ 12-11 -13.doc DEQ Ex. 3-657



~RAMACO jf- "Jf.tJ ~k 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ~ll\l\~1Bj_ iB -C.R,,Al .... l Project tS<~ 
Location W .O.# 

Sample ID# Date Sampled I Time am pm 

Describe Sampling Point b ,,,J ~ wd-1 

Well Depth /6~. 7'1 ft below MP 

Date 5 I ;i.;;i_ I I 1 
Depth to Water (below MP) / "'1 , b6'ft 

Time /~ ~D @vpm 

At least -----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. 
----

Casing Diameter_~?~- in 

Casing Volume gal 
----

STATIC WATER LEVEL OF ASSOCIATED WELLS 

Jbing (type: _ _ ________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

units 

Temperature 
Corrected 

Conductance 
(µmhos/cm 

Temp. 
(•C) 

Turbidity 
(NTU 

Volume 
of Water 
Removed 
( allons 

Pumping 
Rate 

( m 

Pumping Start Time WL Pumping End Time _____ _ WL 

Comments: 

TFN 62 /0 25 
RECD NU V 14, 2014 

Form completed by: Witnessed by: 

October 2014 Addendum D6- 10-168 
U \Monitor Well Sample Form_12-11 -13 doc DEQ Ex. 3-658



~RAMACO * ~ ~k 

~ ~WWCENGINEERING 

, SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ';? JN] 6'1 fp4f I 3 - ':'.¼bt= -- / 

Location 

Project ~ --~--------------

W. O. # _ ______c.;2_ 0 _/ ~~/ 3__.Cj'_-----'O'----L7 ____ _ 

Sample ID# _________ Date Sampled ______ / ___ _ Time am pm 

Describe Sampling Point 

Well Depth /86, 75 ft below MP 

Date S I 2 Z, / '1-- ------~~-

Depth to Water (below MP) IB'f, 'f:Cf ft 

Time /(J .35 @ m 

At least -----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

I 

Casing Diameter _ _ fj~_ 

Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

Temperature 
Corrected 

Conductance 
( mhos/cm 

WL 

Temp. 
(°C) 

Turbidity 
(NTU 

Volume 
of Water 
Removed 
( allons 

Pumping End Time 

Pumping 
Rate 

m 

------ WL 

Addendum D6- 10-169 
U \Monitor Well Sample Form_ 12-11-13 doc DEQ Ex. 3-659



~RAMACO *,1A__p~~ 

~ /'-WW C ENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

Sampling Point ~ :?----M-~ --!>~1..__~,_,_--'--'-'-/0----~C-'.ll ....... A/..__,,___- ,_/ __ 

Location 

Project _ ___,~=----=-- ---==--=-==------------

------------------- W .0 .#--=~___.0/---"2'---'/'---"=>=-Cf_._--........ O"'-----LZ-----

Sample ID# Date Sampled ____ / ______ _ Time ------- am pm 

Describe Sampling Point ______ _.0?'""""-....::.l-V-=-- ~~.::........:.J~=-=__.,,,e::.L..... .... ·9'f-__,u..a....,,J:...:.~-=-----==-------------

Well Depth i!f;l., 11 ft below MP 

Date 5 I ~ 3 / / f 
Depth to Water (below MP) J)~ ft 

Time OC/;J~ @ pm 

At least _____ bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP. ----

Bladder pump (low flow) 

Casing Diameter S- in 

Casing Volume gal 
----

STATIC WATER LEVEL OF AS SOC IATED WELLS 

!bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

units 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

Temp. 
·c 

Turbidity 
(NTU) 

Volume 
of Water 
Removed 
( allons) 

Pumping 
Rate 
gm) 

Pumping Start Time WL Pumping End Time _____ _ WL 

TEN 62! 025 

Form completed by: ~r;J~ itnessed by 
n .CD N~ V 14,2014 

October 20 14 Addendum D6- 10-170 
K:ICOMMONIRod F\Monilor Well Sa~e Form_ 12-11 -13.doc DEQ Ex. 3-660



~ RAMACO ...:,( ~ ~h...-

~ ~WW C ENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

, SAMPLING INFORMATION 

Sampling Point _ :J~ M.~ !i~~~1'~f>'_l~0~' ~M_ 6~r_ -~ / __ _ Project _ _____,,~'----=--"---~---------

Location W,O,#_ ~;?_~o~)_:3~1~5~1- --()~7~----

Sample ID# Date Sampled ______ / ___ _ Time am pm 

Describe Sampling Point 

Well Depth /'/J. ;J..tft below MP 

Date => I ;? ~ I I ./, 

Depth to Water (below MP) /ti,. 3'f: ft 

Time t}o// S--- ~ m 

At least _____ bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at ft below MP, 

Bladder pump (low flow) 

Casing Diameter_~? __ 

Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOC IATED WELLS 

bing (type: __________ ), ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ), Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
I 

Corrected of Water Pumping 
PH Conductance Temp, Turbidity Removed Rate 

Time (units) (µmhos/cm) (•C) (NTU) (gallons) Caom) 

I 
; 

' 

I 
I 
I 
I 

I I 
Pumping Start Time WL Pumping End Time WL ------

Comments: 

Form completed by: Witnessed by: 

TFN 6 2/025 
RECD NO V 14,2014 

October 20 14 Addendum D6- 10-1 71 
K:ICOMMON\Rod F\Morntor Well Sa~e Form_ 12- 11-13,doc DEQ Ex. 3-661



~RAMACO 

~ /"WWC ENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Project Sampling Point -~-e,_U\~5_7 ............. f!_.£{~((~ --UZ-/J, ___ ..,_ / __ ----------------

Location W.O.# r:201'3(39 -D,;-z 

Sample ID# 671$!5// - U,tJ - I Date Sampled ,e;- I ;2? I ;f Time ///0 m pm 

Describe Sampling Point ____ __._(q~~l<.~l - ~~~ ~~~~~·,,..._ __ u ..... J~-44.-~ ~-------------

Well Depth /e)8,qz_. tt below MP Depth to Water {below MP) // 9,5G ft 

Date ~ I 2'?!' ;q- Time t)~ 

At least "11 It bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

Bailer 

Pump intake or bailer set at /;;. ~ ft below MP. 

Bladder pump (low flow) 

Casing Diameter ~ in 

Casing Volume -'11 ft: gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

- ~ ~~- -----)- ( New o previously used was used to collect all samplesS,r no) 

EVACUATION/ STABILIZATION TEST DATA 

Temperature I Volume 
Corrected of Water Pumping 

PH Conductance Temp. 
I 

Turbidity Removed Rate 
Time (units) (µmhos/cm) (•C) (NTU) (gallons) (aom) 

I 
I 

//00 7,11-f> 412.0 ,a.s I 3/ 

"' /~M1/.3o~-
/I /0 7,'f').. >,o50 /8, 2. 88,,f, I -:3. 0 -t, 

I 

Pumping Start Time / t, 'f ~ WL ____ Pumping End Time _____ _ WL 

Comments: tJ~ ~ - 'h,d ~ 

TF N 6 2/025 
RE CD N9 V 14,2014 

Form completed by: ~ P--t{2._ cl~ Witnessed by: 

October 2014 Addendum D6-10-172 
K:ICOMMONIRod F\Monilor Well Sarrple Form_ 12- 11 - 13.doc DEQ Ex. 3-662



~RAMACO ~~ ~,,{_(__ 

~ /'WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

- I Project ~ 
Location W.0 .# c:201..51..~ -tY-7 

Sample ID# Date Sampled I I Time am pm 

Describe Sampling Point ------=-~£.._~-'---=--------':::....=~,._-v>-£.._-'-----=-------------U!'lv ~ l1,,}_e,e_,f 

At least -----

Sampling method 

Tap 

Depth to Water (below MP) /'to/. C// ft 

Time /01S- S pm 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump {low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter __ ~-

Casing Volume 

in 

gal 

STAT IC WATER LE VEL OF ASSOC IATED WELLS 

1bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

Temp. 
(oc 

Turbidity 
NTU) 

Volume 
of Water 
Removed 
( allons 

Pumping 
Rate 

( m) 

Pumping Start Time WL Pumping End Time _____ _ WL ----

Comments : /},t__o ~ ~ 

w~f-o41~..1Le 
TFN 6 2/025 
1EC D NO V 14,2814 

Form completed by: · essed by: 

October 2014 Addendum D6-10- 173 
K:\COMMONIRod F\Monitor Well San,,ie Form_ 12- 11 - 13.doc DEQ Ex. 3-663



~RAMACO 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point __ :6_M _ _ !5~7.__.__B ...... 5___,__/ ..,..2 ....... ~-~/b..._.,_l -----+-/--- Project __ 4i __ ~-------------
Location W .O.# ~Of?,/ ~1 -- 0 7 
Sample ID# .57f¾S/~ -/fl-/ Date Sampled 5" I ,;? ,;i. I I f Time / 3 35 
Describe Sampling Point _______ _,.~~::;,~t,,J~-~-~--~~~_,· - ~LA)~_,d_£) ___________ _ 

Well Depth ~/- '2/ ft below MP Depth to Water (below MP) 3, ~ / ft Casing Diameter ~ -~-- in 

Date Time /300 am @y Casing Volume ~ 4: gal 

At least _ "'}-/ __ 4-~_bore volumes have been evacuated before sampling STATIC WATER LEVEL OF ASSOCIATED WELLS 

Sampling method Submersible pump (!'adder pump (low flow}] 

Tap Bailer 

Pump intake or bailer set at / ~ ft below MP. 

bing (type: P~ ). ( New or previously used mo) 

Tubing used only for 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units) (µmhos/cm) 1·c (NTU) ( anons) m) 

/?;,l~ 1. '!>(p 15 ~ 'tD /{,,'6 ~z.3 ~ l50M✓ 30 S.ll.v 

/ ~-8£, 1 7-~? 55'30 
t 

/(Q.3 -ZI.~ ~.C) ~ 

Pumping Start Time / :3 / 0 WL ____ Pumping End Time ____ _ WL ----

Comments: tu~~ i-~ -"l,,ta ~ 

LCF 
TFN 6 2/ 025 
RECD Nnv 14 .2014 

Form completed by: ~ ~ Witnessed by 

October 2014 Addendum D6- 10-17 4 
U \Mon,tor Well Sample Form_ 12-11-13 doc DEQ Ex. 3-664



~RAMACO *'1'U:) ~ 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point 6t,c,t fi1 B6/c2 - CM..., I Project a ~ -----=-------------

Location ------------------- W . 0 . # __ ~ ;__0__._/___:3=:......,_! 3=------..,1<-----'0=-7.,___ ___ _ 

Sample ID# _________ Date Sampled ____ / ______ _ Time ______ _ am pm 

Describe Sampling Point ______ b___:W::....;:_____:~'----=---"'------=----==· -""-..E....C.~· ,1-<•--'t""'v..c..=d-l.=>oe:::,._ ___________ _ 

Well Depth 'f--q. ~ below MP Depth to Water (below MP) ~ ft 

Date 

At least ----

Sampling method 

Tap 

Time /.e?,fO am m 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. --- -

Casing Diameter 

Casing Volume 

~ in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

1bing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Time 
PH 

(units 

Pumping Start Time 

Temperature 
Corrected 

Conductance 
mhos/cm 

WL 

Temp. 
(·c 

Comments: -:J1 tJ ,d~..R..e. 

/4~ 

Form completed by: 

October 2014 

Turbidity 
NTU) 

Volume 
of Water 
Removed 
( allons 

Pumping 
Rate 

( pm) 

Pumping End Time _____ _ WL ----

Witnessed by: 

Addendum D6- 10-175 
U \Monitor Well Sample Form_ 12-11 -13 doc DEQ Ex. 3-665



~ RAMA CO ¥ -4(_£) ,,R~k 

;>--~WW C ENGINEERING 

,, SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point ~ b~ IVl~5~ 1'/~6~S::~t~2~ --/4,t,~S~1~ -~'-
Location 

Project __ ~-----~---------

W.0 .#~ ~- ~~(_8_/_3<J__.,__- ~()~7 _____ _ 

Date Sampled Time am pm Sample ID# ---------- -------

Describe Sampling Point --------1&-/.J...,__.~~~'-"'-"=-""'-'~,· ---6,/.,..<>4..,.J'-'-4£-=--c=-,,....------------

Well Depth / /'t , CJ(p ft below MP 

Date § I ,:). :Z I /q 
Depth to Water (below MP) / / /, 9 .3 ft 

Time /,2 't-5 

At least ----

Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter_~b _ _ 

Casing Volume 

in 

gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Pumping Start Time 

Comments: 

Form completed by: 

October 2014 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

WL 

Temp. ·c, Turbidity 
(NTU 

Volume 
of Water 
Removed 
( allons 

Pumping End Time 

-Witnessed by: 

Pumping 
Rate 

( m) 

------ WL 

TFN 6 2: 025 
RE eD NBV 14,2014 

Addendum 06-10-176 
U \Monitor Well Sample Form_ 12- 11 -13 doc DEQ Ex. 3-666



~RAMACO 

~ ~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point --'-~_ht_ 6------''7'---JE3'""'----=6~ / 2'""--- .L.,liL..!L=--- ,.._L ___ _ Project _ __.,{/4"""-.,..~""-c.::......;=..,,""'"""°---------

Location ------------------ W .O.# c20 I 8 /2;,Cj -()1 
Sample ID# ?7B5J3- 4-J... - / Date Sampled q-- I cJ.2 I / '1' Time / £,ClO am pm 

Describe Sampling Point -------=&~w'-"<----~~ L-#--"'-"'--~~-·~ ---"-N-""-"-~=-=-------------

Well Depth .:io. 7 -7 n below MP Depth to Water (below MP) 4,. / 8 ft 

Date ~ I .:i ;;i. I I if Time li:~t) am@) 

At least _,?-/~~4-__ bore volumes have been evacuated before sampling 

Sampling method Submersible pump @ adder pump (low flow)] 

Tap Bailer 

Pump intake or bailer set at / 5: ft below MP. 

Casing Diameter _ _ 5~
Casing Volume -?JA: 

in 

gal 

STATIC WATER LEVEL OF ASSOC IATED WELLS 

1bing (type: P ~ ). ( New or reviously used was used to collect all samples 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. I Turbidity Removed Rate 
Time (units) (µmhos/cm) (•C) INTU) (aallons) lnnm) 

116'0 1.~C( "fltr/0 / 7. &, tJ I &/1 '1t l!SOutL/ ~~-
/J;oo 7,u_p ~e0 17,~ O, 17 3.o + 

i I 

Pumping Start Time l'-135 WL Pumping End Time ____ _ WL 
----

Comments: W~ c..,~ 

Form completed by: ~a-JI, ~- Witnessed by: 

lfN 6 2: 025 
r en P1V 14 ,2014 

October 2014 Addendum D6-10- 177 
K:ICOMMONIRod F\Mon,to, Well Sa"°"le Fo,m_ 12-11 -13.doc DEQ Ex. 3-667



~RAMACO -}( ~ /).~.h.-

~-->-ww c ENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan , Wyoming 82801 

(307) 672-0761 

Sampling Point __ 6_1>1_ ~_1~6~€~/ 2~ -_c;._~~N~' '~--

Location 

Project ~ ----''-----------------

W.O.# o20 (3J31 -0 7 
Sample ID# Date Sampled _________ _ Time am pm 

Describe Sampling Point ------~t2~tAJ~~~-~~~ ~~·__.~ lJ~~d.-R.~~------------

Well Depth / 17, ~6 ft below MP Depth to Water (below MP) //" 1 8/ ft 

Date 

At least -----

Sampling method 

Tap 

Time /(,lS- pm 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at ft below MP. ----

Casing Diameter 5 in 

Casing Volume gal 

STATIC WATER LEVEL OF ASSOC IATED WELLS 

bing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ----------

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

(units) 

Pumping Start Time 

Temperature 
Corrected 

Conductance 
( mhos/cm) 

WL 

Comments: 2'112 d~ &_, 

-h~/4-

Form completed by: 

October 2014 

Temp. 
(OC) 

Turbidity 
NTU 

Volume 
of Water 
Removed 

allons) 

Pumping End Time 

Witnessed by: 

Pumping 
Rate 

( pm 

- ----- WL 

TFN 6 2: 025 
p. . C n ll ~ V 14 , 2 0 14 

Addendum 06-10-178 
U IMon,torWell Sample Form_ 12- 11 -13 doc DEQ Ex. 3-668



~RAMACO 

;>--~WW ( ENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point '7/11,f 5'18s-/ 3 - vU:Sr:- / Project a~ -----='----'------"----------

Location ----------------- W.O.# d,? I 51 ::/l-t) 7 

Sample ID# .57~6/3 - M6T---/ Date Sampled S-- I o72 I I "f- Time /(?( o1J 

Describe Sampling Point ______ .i._{-;J.,L..l;!_tJ:i..,:_~ M=~.L..J.~£cH64.z:::_i..~~-~ '----"---t1ia...,.~~ur • ./-tl'-==----------

Well Depth I 'ft./. ptJ ft below MP Depth to Water (below MP) / OZ 1J/ ft 
Date S I ;;l;;? I / Time /I~ _d pm 

At least /Pf tf: 
Sampling method 

Tap 

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder pump (low flow) 

Pump intake or bailer set at / .3 S- ft below MP. 

bing (type: ?~ ). 
r no ). Tubing used only for 

Casing Diameter O in 

Casing Volume "'/'} ,4 gal 

STATIC WATER LEVEL OF ASSOCIATED WELLS 

EVACUATION/ STABILIZATION TEST DATA 

Temperature Volume 
Corrected of Water Pumping 

PH Conductance Temp. Turbidity Removed Rate 
Time (units mhos/cm) ·c (NTU) ( allons m) 

/!~& ~-B'i 413D /7.~ ~.of J, /~CJJ(,it-/ 30 S-£<:_, 

/~0=> b.87 If I 3D /7, 2.. I 2,-ZZ- 3.o + 

Pumping Start Time I /40 WL ____ Pumping End Time ____ _ WL ----

Comments: ~ <!__ ~ - ~ ~ 
~ 

TFN62/ 025 
REeB NOV 14,2814 

Form completed by: Witnessed by: 

October 2014 Addendum 06- 10- 179 
U \Monitor Well Sample Form_ 12-11 -13 doc DEQ Ex. 3-669



w ~ RAMACO Brook Mine 
JI) 'I m -1: Your Environmental Monitoring Partner 
;:I llliiiiliiiii!iiiiillliiiliiiiiiiiiii! Inter-Mountain Labs---------------------------------------
;:I '"m'•"'0 " "'"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

:NT: Western Water Consultants Date Reported: 5/29/2014 
121 

1849 Terra N Report ID: S1405349001 

" Sheridan, WY 82801 
N 
00 Work Order: S1405349 

" Project: Ramaco Collection Date: 5/20/2014 3:30:00 PM 
N 

Lab ID: S 1405349-005 Date Received: 5/20/2014 4:30:00 PM 121 
N Client Sample ID: 578408-CRN-1 Sampler: RF 
121 COC: 151524 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 6.91 s.u. 05/20/2014 1530 Field 

Conductivity 2700 µmhos/cm 05/20/2014 1530 Field 

Turbidity 64.7 NTU 05/20/2014 1530 Field 

Temperature 13.7 oc 05/20/2014 1 530 Field 

Static Water Level 87.71 ft 05/20/2014 1530 Field 

General Parameters 
pH 7.6 0.1 s.u. 05/21 /2014 1734 KV SM 4500 H B 

Electrical Conductivity 2440 5 µmhos/cm 05/21/2014 1734 KV SM 2510B 

Total Dissolved Solids (180) 2190 10 mg/L 05/21 /2014 0414 BT SM 2540 

Solids, Total Dissolved (Cale) 1870 10 mg/L 05/29/2014 0955 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 613 5 mg/L 05/21 /2014 1734 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 1420 mg/L 05/29/2014 0955 JJ SM 2340B 

Nitrogen, Ammonia (As N) 0.6 0.1 mg/L 05/21 /2014 1437 CA EPA 350.1 

ium Adsorption Ratio 0.9 0.1 05/29/2014 0955 JJ Calculation 

s 
Alkalin ity , Bicarbonate as HCO3 748 5 mg/L 05/21 /2014 1734 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/21/2014 1734 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/21/2014 1734 KV SM 2320B 

Chloride 9 mg/L 05/22/2014 2023 AMB EPA 300.0 

Fluoride 0.7 0.1 mg/L 05/21/2014 1734 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) ND 0.1 mg/L 05/22/2014 1321 CA EPA 353.2 

Sulfate 969 mg/L 05/22/2014 2023 AMB EPA 300.0 

Cations 
Calcium 175 mg/L 05/22/2014 2141 DG EPA 200.7 

Magnesium 238 mg/L 05/22/2014 2141 DG EPA 200.7 

Potassium 29 mg/L 05/22/2014 2141 DG EPA 200.7 

Sodium 79 mg/L 05/22/2014 2141 DG EPA 200.7 

TFN 6 2/025 
RECD NOV 14,2014 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

John Jacobs, Project Manager 
October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Page 9 of 10 

Addendum D6- 10- 180 DEQ Ex. 3-670



w ~ RAMACO Brook Mine 
JI) /Im I: Your Environmental Monitoring Partner 
;:I ... iiaiiiiiiaiiiiiaiiiioiiiiii Inter-Mountain Labs---------------------------------------
;:I '"m,-.,ou"'"'" L""' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

"- Project: 
N Lab ID: 

Ramaco 
S1405349-005 121 

N 
121 

Client Sample ID: 578408-CRN-1 
COC: 151524 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

12.26 

ND 
ND 

0.24 

0.03 

ND 
20.17 

8.73 

19.58 

0.74 

3.43 

32.52 

32.71 

0.28 

ND 
ND 
ND 
0.5 

ND 
ND 
ND 

0.13 

ND 
040 

ND 
ND 
ND 
ND 
ND 

0.96 

043 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 5/29/2014 

Report ID: S1405349001 

Work Order: S1405349 
Collection Date: 5/20/2014 3:30:00 PM 
Date Received: 5/20/2014 4:30:00 PM 

Sampler: RF 
Matrix: Water 

Units Date Analyzed/lnit Method 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

meq/L 05/29/2014 0955 JJ SM 1030E 

% 05/29/2014 0955 JJ SM 1030E 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/21/2014 1504 MS EPA 200.8 

mg/L 05/21/2014 1504 MS EPA 200.8 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/21/2014 1504 MS EPA 200.8 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/21/2014 1504 MS EPA 200.8 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/21/2014 1504 MS EPA 200.8 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/28/2014 1035 cs EPA 245.1 

mg/L 05/21/20141504 MS EPA 200.8 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/21/2014 1504 MS EPA 200.8 

mg/L 05/22/2014 2141 DG EPA 200.7 

mg/L 05/23/2014 1308 DG EPA 200.7 

mg/L 05/23/2014 1308 DG EPA 200.7 

TF N 6 2/025 
These results apply only to the samples tested. RL - Reporting Limit REC D NO V 14,2014 
Qualifiers: B 

E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Page10of10 
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w ~ RAMACO Brook Mine 
JI) --1 m -1:: Your Environmental Monitoring Partner 
;:I aiiiiiliiiiioiiiiioiiiioiiiiiiiiiii Inter-Mountain Labs---------------------------------------
;:I , .... ~-"'0 ""r"'" .... , 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants Date Reported: 6/6/2014 
1849 Terra Report ID: S1405432001 
Sheridan , WY 82801 

Work Order: S1405432 
Project: Ramaco Collection Date: 5/22/2014 8:30:00 AM 
Lab ID: S 1405432-001 Date Received: 5/23/2014 12:15:00 PM 
Client Sample ID: 578408-MST-1 Sampler: RF 
COC: 151525 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 6.62 S.U. 05/22/2014 0830 Field 

Conductivity 1982 µmhos/cm 05/22/2014 0830 Field 

Turbidity 20.3 NTU 05/22/2014 0830 Field 

Temperature 14.5 oc 05/22/2014 0830 Field 

Static Water Level 99.82 ft 05/22/2014 0830 Field 

General Parameters 

pH 7.8 0.1 S.U. 05/28/2014 0002 KV SM 4500 H B 

Electrical Conductivity 1980 5 µmhos/cm 05/28/2014 0002 KV SM 2510B 

Total Dissolved Solids (180) 1570 10 mg/L 05/27/2014 1400 BT SM 2540 

Solids , Total Dissolved (Cale) 1430 10 mg/L 06/05/2014 1609 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 462 5 mg/L 05/28/2014 0002 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 950 mg/L 06/05/2014 1609 JJ SM 2340B 

Nitrogen , Ammonia (As N) 5.0 0.1 mg/L 05/27/2014 1640 CA EPA 350.1 

ium Adsorption Ratio 1.4 0.1 06/05/2014 1609 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 563 5 mg/L 05/28/2014 0002 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/28/2014 0002 KV SM 2320B 

Alkalin ity, Hydroxide as OH ND 5 mg/L 05/28/2014 0002 KV SM 2320B 

Chloride 7 mg/L 05/27/2014 2049 AMB EPA 300.0 

Fluoride 0.5 0.1 mg/L 05/28/2014 0002 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 05/28/2014 1251 CA EPA 353.2 

Sulfate 742 mg/L 05/27/2014 2049 AMB EPA 300.0 

Cations 
Calcium 112 mg/L 05/27/2014 1253 DG EPA 200.7 

Magnesium 163 mg/L 05/27/2014 1253 DG EPA 200.7 

Potassium 27 mg/L 05/27/2014 1253 DG EPA 200.7 

Sodium 101 mg/L 05/27/2014 1253 DG EPA 200.7 

TFN 6 2:025 
These results apply only to the samples tested. RL - Reporting Limit 

RECD ~ov 14 ,2 014 
Qualifiers: B 

E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Page 1 of 12 
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w , ~ ~MACO Brook Mine 
JI) Im I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"m,-,,ou"'"'" L""' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

:NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

"- Project: 
N Lab ID: 

Ramaco 

121 
N 
121 

S 1405432-001 
Client Sample ID: 578408-MST-1 
COC: 151525 

Analyses 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 

Cation Sum 

n Sum 

on-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 

Iron 

Manganese 

Result 

9.23 

ND 
ND 

0.19 

0.02 

ND 
15.45 

5.60 

13.40 

0.68 

4.40 

24.45 

24.90 

0.91 

ND 
ND 
ND 
0.4 

ND 
ND 
ND 

0.37 

ND 
0.07 

ND 
ND 
ND 
ND 
ND 

0.77 

0.07 

Date Reported: 6/6/2014 

Report ID: S1405432001 

Work Order: S1405432 
Collection Date: 5/22/2014 8:30:00 AM 
Date Received: 5/23/2014 12:15:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 % 06/05/2014 1609 JJ SM 1030E 

0.1 mg/L 05/27/2014 1253 DG EPA 200.7 

0.005 mg/L 05/24/2014 0507 MS EPA 200.8 

0.1 mg/L 05/24/2014 0507 MS EPA 200.8 

0.1 mg/L 05/27/2014 1253 DG EPA 200.7 

0.001 mg/L 05/24/2014 0507 MS EPA 200.8 

0.01 mg/L 05/27/2014 1253 DG EPA 200.7 

0.01 mg/L 05/24/2014 0507 MS EPA 200.8 

0.05 mg/L 05/27/2014 1253 DG EPA 200.7 

0.02 mg/L 05/24/2014 0507 MS EPA 200.8 

0.02 mg/L 05/27/2014 1253 DG EPA 200.7 

0.001 mg/L 06/05/2014 1 006 CJ B EPA 245.1 

0.02 mg/L 05/24/2014 0507 MS EPA 200.8 

0.01 mg/L 05/27/2014 1253 DG EPA 200.7 

0.005 mg/L 05/24/2014 0507 MS EPA 200.8 

0.01 mg/L 05/27/2014 1253 DG EPA 200.7 

0.05 mg/L 05/28/2014 2003 DG EPA 200.7 

0.02 mg/L 05/28/2014 2003 DG EPA 200.7 

TFN 6 2,'0 25 
These results apply only to the samples tested. RL - Reporting Limit REClf NO V 14,2014 
Qualifiers: B 

E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outs ide the Range of Dilutions 
Matrix Effect 

John Jacobs, Project Manager 
October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Page 2 of 12 
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w ~ RAMACO Brook Mine 
JI) ✓• m ·1:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I iHn~- ,.ouNr,.,H .,.. , 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

:NT: Western Water Consultants Date Reported: 5/29/2014 
121 1849 Terra N Report ID: $1405349001 

" Sheridan, WY 82801 
N 
00 Work Order: S1405349 

" Project: Ramaco Collection Date: 5/20/2014 2:00:00 PM 
N 

Lab ID: S 1405349-004 Date Received: 5/20/2014 4:30:00 PM 121 
N Client Sample ID: 578409-CRN-OB-1 Sampler: RF 
121 COC: 151524 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.38 s.u. 05/20/2014 1400 Field 

Conductivity 1944 µmhos/cm 05/20/2014 1400 Field 

Turbidity 3.90 NTU 05/20/2014 1400 Field 

Temperature 14.6 oc 05/20/2014 1400 Field 

Static Water Level 89.87 ft 05/20/2014 1400 Field 

General Parameters 

pH 7.9 0.1 s.u. 05/21/2014 1723 KV SM 4500 H B 

Electrical Conductivity 1950 5 µmhos/cm 05/21/2014 1723 KV SM 2510B 

Total Dissolved Solids (180) 1410 10 mg/L 05/21/2014 0413 BT SM 2540 

Solids , Total Dissolved (Cale) 1390 10 mg/L 05/29/2014 0955 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 510 5 mg/L 05/21/2014 1723 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 588 1 mg/L 05/29/2014 0955 JJ SM 2340B 

Nitrogen , Ammonia (As N) 5.2 0.1 mg/L 05/21/2014 1436 CA EPA 350.1 

ium Adsorption Ratio 4.2 0.1 05/29/2014 0955 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 622 5 mg/L 05/21/2014 1723 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/21/20141723 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/21/20141723 KV SM 2320B 

Chloride 10 mg/L 05/22/2014 2009 AMB EPA 300.0 

Fluoride 0.6 0.1 mg/L 05/21/20141723 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 637 

Cations 
Calcium 91 

Magnesium 88 

Potassium 20 

Sodium 235 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

0.1 mg/L 05/22/20141319 CA EPA 353.2 

mg/L 05/22/2014 2009 AMB EPA 300.0 

mg/L 05/22/2014 2128 DG EPA 200.7 

mg/L 05/22/2014 2128 DG EPA 200.7 

mg/L 05/22/2014 2128 DG EPA 200.7 

mg/L 05/22/2014 2128 DG EPA 200.7 

TFN 6 2:025 
RL - Reporting Limit 

E C1J MO V l-4 , 2 0 14 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

S Spike Recovery outside accepted recovery limits 

Page 7 of 10 

Addendum D6- l 0 - 184 DEQ Ex. 3-674



w ~ RAMACO Brook Mine 
JI) "I m I: Your Environmental Monitoring Partner 
;:I "'"!'!~~i!iiioiiii~ Inter-Mountain Labs--------------------------------------
;:I ,,. rc~•"'0 ""'"'" • "•• 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

NT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

"- Project: 
N Lab ID: 

Ramaco 

121 
N 
121 

S 1405349-004 

Client Sample ID: 578409-CRN-OB-1 

COC: 151524 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

10.19 

ND 
ND 

0.26 

0.03 

ND 
13.26 

4.54 

7.20 

0.50 

10.20 

22.83 

23.75 

1.98 

ND 
ND 
ND 
0.2 

ND 
ND 
ND 
ND 
ND 

0.11 

ND 
ND 
ND 
ND 
ND 

0.33 

0.12 

Date Reported: 5/29/2014 

Report ID: $1405349001 

Work Order: $1405349 

Collection Date: 5/20/2014 2 :00:00 PM 

Date Received: 5/20/2014 4 :30:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 % 05/29/2014 0955 JJ SM 1030E 

0.1 mg/L 05/22/2014 2128 DG EPA 200.7 

0.005 mg/L 05/21/2014 1459 MS EPA 200.8 

0.1 mg/L 05/21/2014 1459 MS EPA 200.8 

0.1 mg/L 05/22/2014 2128 DG EPA 200.7 

0.001 mg/L 05/21/2014 1459 MS EPA 200.8 

0.01 mg/L 05/22/2014 2128 DG EPA 200.7 

0.01 mg/L 05/21/2014 1459 MS EPA 200.8 

0.05 mg/L 05/22/2014 2128 DG EPA 200.7 

0.02 mg/L 05/21/2014 1459 MS EPA 200.8 

0.02 mg/L 05/22/2014 2128 DG EPA 200.7 

0.001 mg/L 05/28/2014 1028 cs EPA 245.1 

0.02 mg/L 05/21/2014 1459 MS EPA 200.8 

0.01 mg/L 05/22/2014 2128 DG EPA 200.7 

0.005 mg/L 05/21/2014 1459 MS EPA 200.8 

0.01 mg/L 05/22/2014 2128 DG EPA 200.7 

0.05 mg/L 05/23/2014 1259 DG EPA 200.7 

0.02 mg/L 05/23/2014 1259 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 
J 
M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

<2.£, _,,,.✓. ~ba 
Reviewed by: C:Z: c a____ ~-----~------------

John Jacobs, Project Manager 
October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TfN 6 2: 025 
fl en .1~ v 14, 2014 

Page 8 of 10 

Addendum D6- 10-185 DEQ Ex. 3-675



w ~ RAMACO Brook Mine 
JI) ✓, ffl'I:: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I •HnR•Mou"'"'" LAns 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

:NT: Western Water Consultants Date Reported: 5/29/2014 
121 

1849 Terra N Report ID: S1405349001 

" Sheridan, WY 82801 
N 
00 Work Order: S1405349 

" Project: Ramaco Collection Date: 5/20/2014 1 :10:00 PM 
N 

Lab ID: S 1405349-003 Date Received: 5/20/2014 4:30:00 PM 121 
N Client Sample ID: 578409-MST-1 Sampler: RF 
121 COC: 151524 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.82 S.U . 05/20/2014 1310 Field 

Conductivity 2390 µmhos/cm 05/20/2014 1310 Field 

Turbidity 0.36 NTU 05/20/2014 1310 Field 

Temperature 17.2 ·c 05/20/2014 1310 Field 

Static Water Level 100.95 ft 05/20/2014 1310 Field 

General Parameters 
pH 8.2 0.1 S.U. 05/21/20141710 KV SM 4500 H B 

Electrical Conductivity 2150 5 µmhos/cm 05/21/2014 1710 KV SM 25108 

Total Dissolved Solids (180) 1520 10 mg/L 05/21/2014 0412 BT SM 2540 

Solids, Total Dissolved (Cale) 1440 10 mg/L 05/29/2014 0955 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 655 5 mg/L 05/21/2014 1710 KV SM 23208 

Hardness, Calcium/Magnesium (As CaCO3) 86 mg/L 05/29/2014 0955 JJ SM 23408 

Nitrogen, Ammonia (As N) 3.1 0.1 mg/L 05/21 /2014 1435 CA EPA 350.1 

ium Adsorption Ratio 24.2 0.1 05/29/2014 0955 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 799 5 mg/L 05/21 /20141710 KV SM 23208 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/21/2014 1710 KV SM 23208 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/21/2014 1710 KV SM 23208 

Chloride 9 mg/L 05/22/2014 1827 AMB EPA 300.0 

Fluoride 1.4 0.1 mg/L 05/21/2014 1710 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) 0.5 

Sulfate 477 

Cations 
Calcium 15 

Magnesium 12 

Potassium 14 

Sodium 516 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

0.1 mg/L 05/22/20141318 CA 

1 mg/L 05/22/2014 1827 AMB 

mg/L 05/22/2014 2123 DG 

mg/L 05/22/2014 2123 DG 

mg/L 05/22/2014 2123 DG 

mg/L 05/22/2014 2123 DG 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Ana lyzed by a contract laboratory 

EPA 353.2 

EPA 300.0 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

S Spike Recovery outside accepted recovery limits 

TFN 6 2:025 
RECD MOV 14, 2014 

Page 5 of 10 

Addendum 06-10- 186 DEQ Ex. 3-676



w ~ RAMACO Brook Mine 
JI) ~1 m ·t:: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I '""R• MouHTAIH LAa s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan, \NY 82801 

Project: Ramaco 

Lab ID: S 1405349-003 

Client Sample ID: 578409-MST-1 

COC: 151524 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HC03 13 09 

Carbonate as C03 NO 

Hydroxide as OH ND 
Chloride 0.25 

Fluoride 0.07 

Nitrate + Nitrite as N 0.03 

Sulfate 9.92 

Calcium 0.77 

Magnesium 0.94 

Potassium 0.36 

Sodium 22.43 

Cation I Anion Balance 

Cation Sum 24.74 

n Sum 23.37 

on-Anion Balance 2.83 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.1 

Cadmium NO 
Chromium ND 
Copper NO 
Iron NO 
Lead ND 
Manganese 0.20 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron ND 

Manganese 0.23 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

Date Reported: 5/29/2014 

Report ID: S1405349001 

Work Order: S1405349 

Collection Date: 5/20/20141:10:00 PM 

Date Received: 5/20/2014 4 :30:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 % 05/29/2014 0955 JJ SM 1030E 

0.1 mg/L 05/22/2014 2123 OG EPA 200.7 

0.005 mg/L 05/21/2014 1453 MS EPA 200.8 

0.1 mg/L 05/21/2014 1453 MS EPA 200.8 

0.1 mg/L 05/22/2014 2123 OG EPA 200.7 

0.001 mg/L 05/21/2014 1453 MS EPA 200.8 

0.01 mg/L 05/22/2014 2123 DG EPA 200.7 

0.01 mg/L 05/21/2014 1453 MS EPA 200.8 

0.05 mg/L 05/22/2014 2123 OG EPA 200.7 

0.02 mg/L 05/21/2014 1453 MS EPA 200.8 

0.02 mg/L 05/22/2014 2123 DG EPA 200.7 

0.001 mg/L 05/28/2014 1022 cs EPA 245.1 

0.02 mg/L 05/21/2014 1453 MS EPA 200.8 

0.01 mg/L 05/22/2014 2123 DG EPA 200.7 

0.005 mg/L 05/21/2014 1453 MS EPA 200.8 

0.01 mg/L 05/22/2014 2123 OG EPA 200.7 

0.05 mg/L 05/23/2014 1257 DG EPA 200.7 

0.02 mg/L 05/23/2014 1257 OG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 

John Jacobs, Project Manager 

October 2014 

S Spike Recovery outside accepted recovery limits 

TF N 6 2:025 
REC D NO V 14 , 2014 

Page 6 of 10 

Addendum D6-10-187 DEQ Ex. 3-677



w ~ RAMACO Brook Mine 
JI) ,., m ·1: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"n~-.. ou"'"'" uos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID 
:Cl. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants Date Reported: 5/29/2014 
1849 Terra Report ID: S1405349001 
Sheridan , W( 82801 

Work Order: S1405349 
Project: Ramaco Collection Date: 5/20/2014 12:25:00 PM 
Lab ID: S 1405349-002 Date Received: 5/20/2014 4:30:00 PM 
Client Sample ID: 578409-UBN-1 Sampler: RF 
COC: 151524 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.79 s.u. 05/20/2014 1225 Field 

Conductivity 3990 µmhos/cm 05/20/2014 1225 Field 

Turbidity 1.01 NTU 05/20/2014 1225 Field 

Temperature 14.5 oc 05/20/2014 1225 Field 

Static Water Level 110.40 ft 05/20/2014 1225 Field 

General Parameters 
pH 8.1 0.1 S.U. 05/21/2014 1659 KV SM 4500 H B 

Electrical Conductivity 3620 5 µmhos/cm 05/21/2014 1659 KV SM 2510B 

Total Dissolved Solids (180) 2830 10 mg/L 05/21/20140411 BT SM 2540 

Solids, Total Dissolved (Cale) 2790 10 mg/L 05/29/2014 0955 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 466 5 mg/L 05/27/2014 1528 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 522 mg/L 05/29/2014 0955 JJ SM 2340B 

Nitrogen, Ammonia (As N) 2.2 0.1 mg/L 05/21/2014 1434 CA EPA 350.1 

ium Adsorption Ratio 13.5 0.1 05/29/2014 0955 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 569 5 mg/L 05/27/2014 1528 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/27/2014 1528 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/27/2014 1528 KV SM 2320B 

Chloride 28 mg/L 05/28/2014 0358 AMB EPA 300.0 

Fluoride 1.0 0.1 mg/L 05/21/2014 1659 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) 3.2 0.1 mg/L 05/22/2014 131 7 CA EPA 353.2 

Sulfate 1560 mg/L 05/22/2014 1813 AMB EPA 300.0 

Cations 
Calcium 85 mg/L 05/28/2014 1158 DG EPA 200.7 

Magnesium 75 mg/L 05/28/2014 1158 DG EPA 200.7 

Potassium 35 mg/L 05/22/2014 2121 DG EPA 200.7 

Sodium 707 mg/L 05/28/2014 1158 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

TFN62/025 
RECD NOV 14,2014 

Page 3 of 10 

Addendum D6-1 0-188 DEQ Ex. 3-678



w ~ RAMACO Brook Mine 
JI) .,I ffl'I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"n"--'"' 0 u"'"'" L""' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

: Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1405349-002 

N Client Sample ID: 578409-UBN-1 
121 COC: 151524 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

· ,n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

9.32 

ND 
ND 

0.77 

0.05 

0.22 

32.53 

4.24 

6.18 

0.88 

30.77 

42.24 

42.92 

0.79 

ND 
ND 
ND 
0.5 

ND 
ND 
ND 
ND 
ND 

0.36 

ND 
0.03 

0.03 

0.005 

ND 

ND 
0.58 

Date Reported: 5/29/2014 

Report ID: S1405349001 

Work Order: S1405349 
Collection Date: 5/20/2014 12:25:00 PM 
Date Received: 5/20/2014 4:30:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 % 05/29/2014 0955 JJ SM 1030E 

0.1 mg/L 05/22/2014 2121 DG EPA 200.7 

0.005 mg/L 05/21/2014 1437 MS EPA 200.8 

0.1 mg/L 05/21/2014 1437 MS EPA 200.8 

0.1 mg/L 05/22/2014 2121 DG EPA 200.7 

0.001 mg/L 05/21/2014 1437 MS EPA 200.8 

0.01 mg/L 05/22/2014 2121 DG EPA 200.7 

0.01 mg/L 05/21/2014 1437 MS EPA 200.8 

0.05 mg/L 05/22/2014 2121 DG EPA 200.7 

0.02 mg/L 05/21/2014 1437 MS EPA 200.8 

0.02 mg/L 05/27/2014 1149 DG EPA 200.7 

0.001 mg/L 05/28/2014 1020 cs EPA 245.1 

0.02 mg/L 05/21/2014 1437 MS EPA 200.8 

0.01 mg/L 05/22/2014 2121 DG EPA 200.7 

0.005 mg/L 05/21/2014 1437 MS EPA 200.8 

0.01 mg/L 05/22/2014 2121 DG EPA 200.7 

0.05 mg/L 05/23/2014 1250 DG EPA 200.7 

0.02 mg/L 05/23/2014 1250 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN 6 2/0 25 
RECD NO V 14,2014 

Page 4 of 10 

Addendum D6- 10- 189 DEQ Ex. 3-679



w ~ MACO Brook Mine 
JI) .,, m·a: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"m..,.,ou"'"'" LAos 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants Date Reported: 5/29/2014 
1849 Terra Report ID: S1405349001 
Sheridan , WY 82801 

Work Order: S1405349 
Project: Ramaco Collection Date: 5/20/2014 10:30:00 AM 
Lab ID: S1405349-001 Date Received: 5/20/2014 4:30:00 PM 
Client Sample ID: 578415-MST/CRN-1 Sampler: RF 
COC: 151524 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 7.91 S.U . 05/20/2014 1 030 Field 

Conductivity 1778 µmhos/cm 05/20/2014 1030 Field 

Turbidity 3.55 NTU 05/20/2014 1030 Field 

Temperature 15.1 oc 05/20/2014 1030 Field 

Static Water Level 121 .23 ft 05/20/2014 1030 Field 

General Parameters 
pH 8.3 0.1 S.U. 05/21/2014 1647 KV SM 4500 H B 

Electrical Conductivity 1750 5 µmhos/cm 05/21/2014 1647 KV SM 2510B 

Total Dissolved Solids (180) 1210 10 mg/L 05/21/2014 0410 BT SM 2540 

Solids , Total Dissolved (Cale) 1160 10 mg/L 05/29/2014 0955 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 710 5 mg/L 05/21/2014 1647 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 43 mg/L 05/29/2014 0955 JJ SM 2340B 

Nitrogen, Ammonia (As N) 2.3 0.1 mg/L 05/21/2014 1433 CA EPA 350.1 

·um Adsorption Ratio 29.0 0.1 05/29/2014 0955 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 859 5 mg/L 05/21/2014 1647 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/21/2014 1647 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/21/2014 1647 KV SM 2320B 

Chloride 11 mg/L 05/22/2014 1758 AMB EPA 300.0 

Fluoride 2.0 0.1 mg/L 05/21/2014 1647 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 05/21/2014 1058 CA EPA 353.2 

Sulfate 263 1 mg/L 05/22/2014 1758 AMB EPA 300.0 

Cations 
Calcium 9 mg/L 05/22/2014 2119 DG EPA 200.7 

Magnesium 5 mg/L 05/22/2014 2119 DG EPA 200.7 

Potassium 9 mg/L 05/22/2014 2119 DG EPA 200.7 

Sodium 434 mg/L 05/22/2014 2119 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Va lue above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

John Jacobs, Project Manager 
October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN62/ 025 
RECD NOV 14,2014 

Page 1 of 10 

Addend um D6- 10- 190 DEQ Ex. 3-680



w ~ RAMACO Brook Mine 
JI) ..... m·a: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"nR-.. ouHr"'" LAas 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 

:NT: 

Project: 
Lab ID: 

Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Ramaco 
S1405349-001 

N Client Sample ID: 578415-MST/CRN-1 
121 COC: 151524 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

· n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

14.07 

ND 
ND 

0.31 

0.10 

ND 
5.47 

0.45 

0.39 

0.23 

18.88 

20.13 

20.10 

0.07 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.15 

ND 
0.07 

ND 
ND 
ND 

0.005 

ND 

0.35 

0.08 

Date Reported: 5/29/2014 

Report ID: S1405349001 

Work Order: S1405349 
Collection Date: 5/20/2014 10:30:00 AM 
Date Received: 5/20/2014 4:30:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 meq/L 05/29/2014 0955 JJ SM 1030E 

0.01 % 05/29/2014 0955 JJ SM 1030E 

0.1 mg/L 05/22/2014 2119 DG EPA 200.7 

0.005 mg/L 05/21/2014 1416 MS EPA 200.8 

0.1 mg/L 05/21/2014 1416 MS EPA 200.8 

0.1 mg/L 05/22/2014 2119 DG EPA 200.7 

0.001 mg/L 05/21/2014 1416 MS EPA 200.8 

0.01 mg/L 05/22/2014 2119 DG EPA 200.7 

0.01 mg/L 05/21/2014 1416 MS EPA 200.8 

0.05 mg/L 05/22/2014 2119 DG EPA 200.7 

0.02 mg/L 05/21 /2014 1416 MS EPA 200.8 

0.02 mg/L 05/22/2014 2119 DG EPA 200.7 

0.001 mg/L 05/28/2014 1018 cs EPA 245.1 

0.02 mg/L 05/21/2014 1416 MS EPA 200.8 

0.01 mg/L 05/22/2014 2119 DG EPA 200.7 

0.005 mg/L 05/21/2014 1416 MS EPA 200.8 

0.01 mg/L 05/22/2014 2119 DG EPA 200.7 

0.05 mg/L 05/23/2014 1246 DG EPA 200.7 

0.02 mg/L 05/23/2014 1246 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 
J 
M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

John Jacobs, Project Manager 
October 2014 

C Calculated Va lue 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TF N6 2!025 
RE CD NO V 14,2014 

Page 2 of 10 

Addendum D6- 10- l 91 DEQ Ex. 3-681



w ~ RAMACO Brook Mine 
JI) /I m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"nR•"'0""'"'" '""' 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants Date Reported: 6/6/2014 
1849 Terra Report ID: S1405432001 
Sheridan, WY 82801 

Work Order: S1405432 
Project: Ramaco Collection Date: 5/22/2014 9:50:00 AM 
Lab ID: S 1405432-002 Date Received: 5/23/2014 12:15:00 PM 
Client Sample ID: 578417-CRN-1 Sampler: RF 
COC: 151525 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.56 s.u. 05/22/2014 0950 Field 

Conductivity 1375 µmhos/cm 05/22/2014 0950 Field 

Turbidity 998 NTU 05/22/2014 0950 Field 

Temperature 18.0 oc 05/22/2014 0950 Field 

Static Water Level 133.55 ft 05/22/2014 0950 Field 

General Parameters 
pH 8.3 0.1 S. U. 05/28/2014 0014 KV SM 4500 H B 

Electrical Conductivity 1370 5 µmhos/cm 05/28/2014 0014 KV SM 2510B 

Total Dissolved Solids (180) 870 10 mg/L 05/27/2014 1401 BT SM 2540 

Solids, Total Dissolved (Cale) 850 10 mg/L 06/05/2014 1609 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 430 5 mg/L 05/28/2014 0014 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 143 1 mg/L 06/05/2014 1609 JJ SM 2340B 

Nitrogen, Ammonia (As N) 0.5 0.1 mg/L 05/27/20141641 CA EPA 350.1 

ium Adsorption Ratio 8.9 0.1 06/05/2014 1609 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 513 5 mg/L 05/28/2014 0014 KV SM 2320B 

Alkalinity, Carbonate as CO3 6 5 mg/L 05/28/2014 0014 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/28/2014 0014 KV SM 2320B 

Chloride 7 mg/L 05/27/2014 2102 AMB EPA 300.0 

Fluoride 1.8 0.1 mg/L 05/28/2014 0014 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) 4.6 0.1 mg/L 05/28/2014 1252 CA EPA 353.2 

Sulfate 258 mg/L 05/27/2014 2102 AMB EPA 300.0 

Cations 
Calcium 17 mg/L 05/27/2014 1255 DG EPA 200.7 

Magnesium 24 mg/L 05/27/2014 1255 DG EPA 200.7 

Potassium 15 mg/L 05/27/2014 1255 DG EPA 200.7 

Sodium 245 mg/L 05/27/2014 1255 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analy1e detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outs ide the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 20 14 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN62/ 02 5 
RECD NOV 14,2014 

Page 3 of 12 

Addendum D6- 10- 192 DEQ Ex. 3-682



w ,, ~ ~MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I oHnR - MouN, .. ,N LAas 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID :Cl. Sample Analysis Report 

121 
N 

" N 
00 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

"- Project: 
N Lab ID: 

Ramaco 

S1405432-002 121 
N 
121 

Client Sample ID: 578417-CRN-1 

COC: 151525 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

· ,n Sum 

on-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

8.40 

0.19 

ND 
0.20 

0.09 

0.33 

5.37 

0.87 

1.99 

0.37 

10.67 

13.95 

14.61 

2.29 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

12.9 

0.10 

Date Reported: 6/6/2014 

Report ID: S1405432001 

Work Order: S1405432 

Collection Date: 5/22/2014 9 :50:00 AM 

Date Received: 5/23/2014 12:15:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 % 06/05/2014 1609 JJ SM 1030E 

0.1 mg/L 05/27/2014 1255 DG EPA 200.7 

0.005 mg/L 05/24/2014 0523 MS EPA 200.8 

0.1 mg/L 05/24/2014 0523 MS EPA 200.8 

0.1 mg/L 05/27/2014 1255 DG EPA 200.7 

0.001 mg/L 05/24/2014 0523 MS EPA 200.8 

0.01 mg/L 05/27/2014 1255 DG EPA 200.7 

0.01 mg/L 05/24/2014 0523 MS EPA 200.8 

0.05 mg/L 05/27/2014 1255 DG EPA 200.7 

0.02 mg/L 05/24/2014 0523 MS EPA 200.8 

0.02 mg/L 05/27/2014 1255 DG EPA 200.7 

0.001 mg/L 06/05/2014 1008 CJB EPA 245.1 

0.02 mg/L 05/24/2014 0523 MS EPA 200.8 

0.01 mg/L 05/27/2014 1255 DG EPA 200.7 

0.005 mg/L 05/24/2014 0523 MS EPA 200.8 

0.01 mg/L 05/27/20141255 DG EPA 200.7 

0.05 mg/L 05/28/2014 2005 DG EPA 200.7 

0.02 mg/L 05/28/2014 2005 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Ana lyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: 

John Jacobs, Project Manager 

October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN62! 025 
RECD NOV 14,2014 

Page 4 of 12 

Addendum D6-10-193 DEQ Ex. 3-683



w ~ RAMACO Brook Mine 
JI) ,.I m -11: Your Environmental Monitoring Partner 
;:I lllllllliii~i!iii~ioiiiii~ Inter-Mountain Labs---------------------------------------
;:I , .. no.-.. ou"'"'" L.... 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

ID o. Sample Analysis Report 

:NT: Western Water Consultants Date Reported: 6/6/2014 
121 

1849 Terra N Report ID: S1405432001 

" Sheridan, WY 82801 
N 
00 Work Order: S1405432 

" Project: Ramaco Collection Date: 5/23/2014 11 :10:00 AM 
N 

Lab ID: S 1405432-006 Date Received: 5/23/2014 12:15:00 PM 121 
N Client Sample ID: 578511 -CRN-1 Sampler: RF 
121 COC: 151525 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 

pH 7.42 s.u . 05/23/2014 1110 Field 

Conductivity 4050 µmhos/cm 05/23/2014 1110 Field 

Turbidity 88.5 NTU 05/23/2014 1110 Field 

Temperature 18.2 oc 05/23/2014 1110 Field 

Static Water Level 119.58 ft 05/23/2014 1110 Field 

General Parameters 

pH 8.2 0.1 s.u. 05/28/2014 0103 KV SM 4500 H B 

Electrical Conductivity 3810 5 µmhos/cm 05/28/2014 0103 KV SM 2510B 

Total Dissolved Solids (180) 2650 10 mg/L 05/27/2014 1406 BT SM 2540 

Solids , Total Dissolved (Cale) 2740 10 mg/L 06/05/2014 1609 JJ SM 1030E 

Alkalin ity, Total (As CaCO3) 823 5 mg/L 05/28/2014 0103 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 581 mg/L 06/05/2014 1609 JJ SM 2340B 

Nitrogen, Ammonia (As N) 6.4 0.1 mg/L 05/27/2014 1645 CA EPA 350.1 

ium Adsorption Ratio 12.4 0.1 06/05/2014 1609 JJ Calculation 

s 

Alkalin ity, Bicarbonate as HCO3 1000 5 mg/L 05/28/2014 0103 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/28/2014 0103 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/28/2014 0103 KV SM 2320B 

Chloride 27 mg/L 05/27/2014 2158 AMB EPA 300.0 

Fluoride 0.9 0.1 mg/L 05/28/2014 0103 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) ND 

Sulfate 1340 

Cations 

Calcium 78 

Magnesium 94 

Potassium 25 

Sodium 690 

These results apply only to the samples tested. 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 

0.1 mg/L 05/28/20141151 CA 

1 mg/L 05/27/2014 2158 AMB 

mg/L 05/27/2014 1325 DG 

mg/L 05/27/2014 1325 DG 

mg/L 05/27/2014 1325 DG 

mg/L 05/27/2014 1325 DG 

RL - Reporting Limit 
C Calculated Value 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

EPA 353.2 

EPA 300.0 

EPA 200.7 

EPA 200.7 

EPA 200.7 

EPA 200.7 

M Value exceeds Monthly Ave or MCL or is less than LCL 

H 
L 

ND 
s 

Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

Spike Recovery outside accepted recover Ir~ 6 2 : 0 2 5 
RECD ~o v 14,2014 

Page 11 of 12 

Addendum D6- 10-194 DEQ Ex. 3-684



w ~ MACO Brook Mine 
JI) /I m -1:: Your Environmental Monitoring Partner 
;:I ""'!"!llliiii~~llliii~ Inter-Mountain Labs---------------------------------------
;:I iHn~- .. ouNTAIN LAns 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.NT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco 
Lab ID: S 1405432-006 
Client Sample ID: 578511-CRN-1 
COC: 151525 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 16.46 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.74 

Fluoride 0.04 

Nitrate + Nitrite as N ND 

Sulfate 27.80 

Calcium 3.87 

Magnesium 7.74 

Potassium 0.64 

Sodium 30.00 

Cation I Anion Balance 

Cation Sum 42.72 

n Sum 4505 

on-Anion Balance 2.65 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.2 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.18 

Lead ND 
Manganese 0.47 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 1.63 

Manganese 0.51 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
Analyte detected below quantitation limits 

Date Reported: 6/6/2014 

Report ID: S1405432001 

Work Order: S1405432 
Collection Date: 5/23/2014 11 :10:00 AM 
Date Received: 5/23/2014 12:15:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 % 06/05/2014 1609 JJ SM 1030E 

0.1 mg/L 05/27/2014 1325 DG EPA 200.7 

0.005 mg/L 05/24/2014 0545 MS EPA 200.8 

0.1 mg/L 05/24/2014 0545 MS EPA 200.8 

0.1 mg/L 05/27/2014 1325 DG EPA 200.7 

0.001 mg/L 05/24/2014 0545 MS EPA 200.8 

0.01 mg/L 05/27/2014 1325 DG EPA 200.7 

0.01 mg/L 05/24/2014 0545 MS EPA200.8 

0.05 mg/L 05/27/2014 1325 DG EPA 200.7 

0.02 mg/L 05/24/2014 0545 MS EPA 200.8 

0.02 mg/L 05/27/2014 1325 DG EPA 200.7 

0.001 mg/L 06/05/20141019 CJB EPA 245.1 

0.02 mg/L 05/24/2014 0545 MS EPA 200.8 

0.01 mg/L 05/27/2014 1325 DG EPA 200.7 

0.005 mg/L 05/24/2014 0545 MS EPA 200.8 

0.01 mg/L 05/27/2014 1325 DG EPA 200.7 

0.05 mg/L 05/28/2014 2014 DG EPA 200.7 

0.02 mg/L 05/28/2014 2014 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

S Spike Recovery outside accepted recovery limits 

TF N 6 2/ 025 
RE CD NO V 14,2014 
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Addendum D6- l 0 - 195 DEQ Ex. 3-685



w ~ RAMACO Brook Mine 
JI) /I m -1: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs---------------------------------------
;:I '"n~•"'0""T"'" ua, 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

. :NT: Western Water Consultants Date Reported: 6/6/2014 
1849 Terra Report ID: S1405432001 
Sheridan, WY 82801 

Work Order: S1405432 
Project: Ramaco Collection Date: 5/22/2014 1 :35:00 PM 
Lab ID: S 1405432-004 Date Received: 5/23/2014 12:15:00 PM 
Client Sample ID: 578512-AL-1 Sampler: RF 
COC: 151525 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.33 s.u. 05/22/2014 1335 Field 

Conductivity 5530 µmhos/cm 05/22/2014 1335 Field 

Turbidity 21 .6 NTU 05/22/2014 1335 Field 

Temperature 16.3 ·c 05/22/2014 1335 Field 

Static Water Level 3.61 ft 05/22/2014 1335 Field 

General Parameters 
pH 8.1 0.1 S.U. 05/28/2014 0038 KV SM 4500 H B 

Electrical Conductivity 5190 5 µmhos/cm 05/28/2014 0038 KV SM 2510B 

Total Dissolved Solids (180) 5300 10 mg/L 05/27/2014 1403 BT SM 2540 

Solids, Total Dissolved (Cale) 4680 10 mg/L 06/05/2014 1609 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 655 5 mg/L 05/29/2014 1506 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 2640 mg/L 06/05/2014 1609 JJ SM 2340B 

Nitrogen, Ammonia (As N) 0.2 0.1 mg/L 05/27/2014 1643 CA EPA 350.1 

ium Adsorption Ratio 3.6 0.1 06/05/2014 1609 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 799 5 mg/L 05/29/2014 1506 KV SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/29/2014 1506 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/29/2014 1506 KV SM 2320B 

Chloride 16 mg/L 05/29/2014 1205 AMB EPA 300.0 

Fluoride 0.8 0.1 mg/L 05/28/2014 0038 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 05/28/2014 1149 CA EPA 353.2 

Sulfate 3050 mg/L 05/29/2014 1205 AMB EPA 300.0 

Cations 
Calcium 324 mg/L 05/29/2014 1713 DG EPA 200.7 

Magnesium 444 mg/L 05/29/2014 1713 DG EPA 200.7 

Potassium 20 mg/L 05/29/2014 1713 DG EPA 200.7 

Sodium 431 mg/L 05/29/2014 1713 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

John Jacobs, Project Manager 
October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

TFN62/025 
RECD NOV 14,2014 

Page 7 of 12 

Addendum D6-10-196 DEQ Ex. 3-686



w / ~ ~MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I '"r<~-.. ou"r"'" •"05 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID 
0. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco 
Lab ID: S 1405432-004 
Client Sample ID: 578512-AL-1 
COC: 151525 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 13.09 

Carbonate as CO3 ND 
Hydroxide as OH ND 
Chloride 0.46 

Fluoride 0.04 

Nitrate + Nitrite as N ND 
Sulfate 63.46 

Calcium 16.18 

Magnesium 36.54 

Potassium 0.51 

Sodium 18.73 

Cation I Anion Balance 
Cation Sum 71.97 

n Sum 7706 

on-Anion Balance 3.41 

Dissolved Metals 
Aluminum ND 
Arsenic ND 
Barium ND 
Boron 0.4 

Cadmium ND 
Chromium ND 
Copper ND 
Iron 0.86 

Lead ND 
Manganese 1.72 

Mercury ND 
Molybdenum ND 
Nickel ND 
Selenium ND 
Zinc ND 

Total Metals 
Iron 5.17 

Manganese 2.34 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

Date Reported: 6/6/2014 

Report ID: S1405432001 

Work Order: S1405432 
Collection Date: 5/22/2014 1 :35:00 PM 
Date Received: 5/23/2014 12:15:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 % 06/05/2014 1609 JJ SM 1030E 

0.1 mg/L 05/27/2014 1320 DG EPA 200.7 

0.005 mg/L 05/24/2014 0534 MS EPA 200.8 

0.1 mg/L 05/24/2014 0534 MS EPA 200.8 

0.1 mg/L 05/27/2014 1320 DG EPA 200.7 

0.001 mg/L 05/24/2014 0534 MS EPA 200.8 

0.01 mg/L 05/27/2014 1320 DG EPA 200.7 

0.01 mg/L 05/24/2014 0534 MS EPA 200.8 

0.05 mg/L 05/27/2014 1320 DG EPA 200.7 

0.02 mg/L 05/24/2014 0534 MS EPA 200.8 

0.02 mg/L 05/27/20141320 DG EPA 200.7 

0.001 mg/L 06/05/2014 1012 CJB EPA 245.1 

0.02 mg/L 05/24/2014 0534 MS EPA 200.8 

0.01 mg/L 05/27/2014 1320 DG EPA 200.7 

0.005 mg/L 05/24/2014 0534 MS EPA 200.8 

0.01 mg/L 05/27/2014 1320 DG EPA 200.7 

0.05 mg/L 05/28/2014 2010 DG EPA 200.7 

0.02 mg/L 05/28/2014 2010 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

S Spike Recovery outside accepted recovery limits 

TFN 6 2/ 025 
RECD NOV 14,2014 

Page 8 of 12 

Addendum 06- 10- 197 DEQ Ex. 3-687



w ,, ~ ~MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I aiiiiiliiiiooiiiiiooiiiiioiiiiiiii Inter-Mountain Labs--------------------------------------
;:I IHTC~ • "'

0
"N'"'H LAos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

NT: Western Water Consultants Date Reported: 6/6/2014 
1849 Terra Report ID: S1405432001 
Sheridan, WY 82801 

Work Order: S1405432 
Project: Ramaco Collection Date: 5/22/2014 3:00:00 PM 
Lab ID: S1405432-005 Date Received: 5/23/201412:15:00 PM 
Client Sample ID: 578513-AL-1 Sampler: RF 
COC: 151525 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.26 s.u. 05/22/2014 1500 Field 

Conductivity 4686 µmhos/cm 05/22/2014 1500 Field 

Turbidity 0.17 NTU 05/22/2014 1500 Field 

Temperature 17.5 oc 05/22/2014 1500 Field 

Static Water Level 6.18 ft 05/22/2014 1500 Field 

General Parameters 
pH 8.1 0.1 s.u. 05/28/2014 0050 KV SM 4500 H B 

Electrical Conductivity 4380 5 µmhos/cm 05/28/2014 0050 KV SM 25108 

Total Dissolved Solids (180) 3730 10 mg/L 05/27/2014 1405 BT SM 2540 

Solids, Total Dissolved (Cale) 3920 10 mg/L 06/05/2014 1609 JJ SM 1030E 

Alkal inity, Total (As CaCO3) 661 5 mg/L 05/28/2014 0050 KV SM 23208 

Hardness, Calcium/Magnesium (As CaCO3) 2030 mg/L 06/05/2014 1609 JJ SM 23408 

Nitrogen , Ammonia (As N) ND 0.1 mg/L 05/27/2014 1644 CA EPA 350.1 

um Adsorption Ratio 4.1 0.1 06/05/2014 1609 JJ Calculation 

A s 
Alkalinity, Bicarbonate as HCO3 806 5 mg/L 05/28/2014 0050 KV SM 23208 

Alkalinity, Carbonate as CO3 ND 5 mg/L 05/28/2014 0050 KV SM 23208 

Alkal inity, Hydroxide as OH ND 5 mg/L 05/28/2014 0050 KV SM 23208 

Chloride 17 mg/L 05/27/2014 2144 AMS EPA 300.0 

Fluoride 0.7 0.1 mg/L 05/28/2014 0050 KV SM 4500FC 

Nitrogen , Nitrate-Nitrite (as N) ND 0.1 mg/L 05/28/2014 1150 CA EPA 353.2 

Sulfate 2460 mg/L 05/27/2014 2144 AMS EPA 300.0 

Cations 
Calcium 235 mg/L 05/27/2014 1323 DG EPA 200.7 

Magnesium 352 mg/L 05/27/2014 1323 DG EPA 200.7 

Potassium 29 mg/L 05/27/2014 1323 DG EPA 200.7 

Sodium 426 mg/L 05/27/2014 1323 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 
John Jacobs, Project Manager 

October 2014 

C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

TFN 6 2 ,' 02 5 
RECD NOV 14,2014 

Page 9 of 12 

Addendum D6- 10-198 DEQ Ex. 3-688



w ~ RAMACO Brook Mine 
JI) /I m ·t: Your Environmental Monitoring Partner 
;:I ------- Inter-Mountain Labs---------------------------------------
;:I '"m<->,ou"'"'" u.os 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

121 
N 

" N 
OJ 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S1405432-005 

Client Sample ID: 578513-AL-1 

COC: 151525 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 13.21 

Carbonate as C03 ND 
Hydroxide as OH ND 
Chloride 0.46 

Fluoride 0.03 

Nitrate + Nitrite as N ND 

Sulfate 51 .25 

Calcium 11 .70 

Magnesium 28.98 

Potassium 0.74 

Sodium 18.52 

Cation I Anion Balance 
Cation Sum 59.95 

· n Sum 64.97 

on-Anion Balance 4.02 

Dissolved Metals 
Aluminum ND 

Arsenic ND 
Barium ND 

Boron 0.3 

Cadmium ND 
Chromium ND 

Copper ND 

Iron ND 
Lead ND 
Manganese 0.23 

Mercury ND 

Molybdenum ND 
Nickel ND 

Selenium ND 
Zinc ND 

Total Metals 
Iron 0.06 

Manganese 0.29 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

Date Reported: 6/6/2014 

Report ID: S1405432001 

Work Order: S1405432 

Collection Date: 5/22/2014 3:00:00 PM 

Date Received: 5/23/2014 12:15:00 PM 

Sampler: RF 

Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 % 06/05/2014 1609 JJ SM 1030E 

0.1 mg/L 05/27/2014 1323 DG EPA 200.7 

0.005 mg/L 05/24/2014 0540 MS EPA 200.8 

0.1 mg/L 05/24/2014 0540 MS EPA 200.8 

0.1 mg/L 05/27/2014 1323 DG EPA 200.7 

0.001 mg/L 05/24/2014 0540 MS EPA 200.8 

0.01 mg/L 05/27/2014 1323 DG EPA 200.7 

0.01 mg/L 05/24/2014 0540 MS EPA 200.8 

0.05 mg/L 05/27/2014 1323 DG EPA 200.7 

0.02 mg/L 05/24/2014 0540 MS EPA 200.8 

0.02 mg/L 05/27/2014 1323 DG EPA 200.7 

0.001 mg/L 06/05/2014 1017 CJB EPA 245.1 

0.02 mg/L 05/24/2014 0540 MS EPA 200.8 

0.01 mg/L 05/27/2014 1323 DG EPA 200.7 

0.005 mg/L 05/24/2014 0540 MS EPA 200.8 

0.01 mg/L 05/27/2014 1323 DG EPA 200.7 

0.05 mg/L 05/28/2014 2012 DG EPA 200.7 

0.02 mg/L 05/28/2014 2012 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

John Jacobs, Project Manager 

October 2014 

S Spike Recovery outside accepted recoverf Fi~ 
6 2 

/ O 
2 5 

RECD NOV 14,2014 
Page 10 of 12 

Addendum D6-10-199 DEQ Ex. 3-689



w / ~ ~MACO Brook Mine 
JI) I m I: Your Environmental Monitoring Partner 
;:I ..,;;iaiiii"'!'iii"'!'iiiiooiiiiiiii Inter-Mountain Labs--------------------------------------
;:I iHu~ • "'

0
uHTAIH LAa s 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o,. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants Date Reported: 6/6/2014 
1849 Terra Report ID: S1405432001 
Sheridan, WY 82801 

Work Order: S1405432 
Project: Ramaco Collection Date: 5/22/2014 12:05:00 PM 
Lab ID: S1405432-003 Date Received: 5/23/2014 12:15:00 PM 
Client Sample ID: 578513-MST-1 Sampler: RF 
COC: 151525 Matrix: Water 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 6.87 s.u. 05/22/2014 1205 Field 

Conductivity 4130 µmhos/cm 05/22/2014 1205 Field 

Turbidity 2.22 NTU 05/22/2014 1205 Field 

Temperature 17.2 ·c 05/22/2014 1205 Field 

Static Water Level 107.94 ft 05/22/2014 1205 Field 

General Parameters 
pH 8.0 0.1 s.u. 05/28/2014 0025 KV SM 4500 H B 

Electrical Conductivity 3820 5 µmhos/cm 05/28/2014 0025 KV SM 2510B 

Total Dissolved Solids (1 80) 2970 10 mg/L 05/27/2014 1402 BT SM 2540 

Solids , Total Dissolved (Cale) 2920 10 mg/L 06/05/2014 1609 JJ SM 1030E 

Alkalin ity, Total (As CaCO3) 607 5 mg/L 05/28/2014 0025 KV SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 974 mg/L 06/05/2014 1609 JJ SM 2340B 

Nitrogen , Ammonia (As N) 9.4 0.1 mg/L 05/27/2014 1642 CA EPA 350.1 

·um Adsorption Ratio 7.4 0.1 06/05/2014 1609 JJ Calculation 

s 
Alkalinity, Bicarbonate as HCO3 740 5 mg/L 05/28/2014 0025 KV SM 2320B 

Alkal inity, Carbonate as CO3 ND 5 mg/L 05/28/2014 0025 KV SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 05/28/2014 0025 KV SM 2320B 

Chloride 15 mg/L 05/27/2014 2116 AMB EPA 300.0 

Fluoride 0.6 0.1 mg/L 05/28/2014 0025 KV SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) 0.3 0.1 mg/L 05/28/2014 1148 CA EPA 353.2 

Sulfate 1690 mg/L 05/27/2014 2116 AMB EPA 300.0 

Cations 
Calcium 117 mg/L 05/27/2014 1300 DG EPA 200.7 

Magnesium 166 mg/L 05/27/2014 1300 DG EPA 200.7 

Potassium 30 mg/L 05/27/2014 1300 DG EPA 200.7 

Sodium 533 mg/L 05/27/2014 1300 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Va lue above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

John Jacobs, Project Manager 
October 2014 

C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

ND Not Detected at the Reporting Limit 

S Spike Recovery outside accepted recoveririr i 6 2 / 0 2 5 
RECD NOV 14,2014 

Page 5 of 12 
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w ~ RAMACO Brook Mine 
JI) ,.I m·a: Your Environmental Monitoring Partner 
;:I ------ Inter-Mountain Labs---------------------------------------
;:I ,,.nk- MouN T"'" •""' 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

:NT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 

Lab ID: S 1405432-003 

Client Sample ID: 578513-MST-1 

COC: 151525 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 12.13 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.42 

Fluoride 0.03 

Nitrate + Nitrite as N 0.01 

Sulfate 35.22 

Calcium 5.84 

Magnesium 13.64 

Potassium 0.75 

Sodium 23.20 

Cation I Anion Balance 
Cation Sum 44.11 

· ,n Sum 47.84 

on-Anion Balance 4 05 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.3 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.05 

Lead ND 

Manganese 0.05 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.18 

Manganese 0.05 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 

Date Reported: 6/6/2014 

Report ID: S1405432001 

Work Order: S1405432 

Collection Date: 5/22/2014 12:05:00 PM 

Date Received: 5/23/2014 12:15:00 PM 

Sampler: RF 
Matrix: Water 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 meq/L 06/05/2014 1609 JJ SM 1030E 

0.01 % 06/05/2014 1609 JJ SM 1030E 

0.1 mg/L 05/27/20141300 DG EPA 200.7 

0.005 mg/L 05/24/2014 0529 MS EPA 200.8 

0.1 mg/L 05/24/2014 0529 MS EPA 200.8 

0.1 mg/L 05/27/20141300 DG EPA 200.7 

0.001 mg/L 05/24/2014 0529 MS EPA 200.8 

0.01 mg/L 05/27/2014 1300 DG EPA 200.7 

0.01 mg/L 05/24/2014 0529 MS EPA 200.8 

0.05 mg/L 05/27/2014 1300 DG EPA 200.7 

0.02 mg/L 05/24/2014 0529 MS EPA 200.8 

0.02 mg/L 05/27/2014 1300 DG EPA 200.7 

0.001 mg/L 06/05/2014 1010 CJB EPA 245.1 

0.02 mg/L 05/24/2014 0529 MS EPA 200.8 

0.01 mg/L 05/27/2014 1300 DG EPA 200.7 

0.005 mg/L 05/24/2014 0529 MS EPA 200.8 

0.01 mg/L 05/27/2014 1300 DG EPA 200.7 

0.05 mg/L 05/28/2014 2007 DG EPA 200.7 

0.02 mg/L 05/28/2014 2007 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H 
L 

Holding times for preparation or analysis exceeded 
Analyzed by a contract laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: 

John Jacobs, Project Manager 
October 2014 

S Spike Recovery outside accepted recovery limits 

TFN 6 2/025 
RECD trnv 14 , 2014 

Page 6 of 12 
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Client Name 

Inter-Mountain Labs 
Sheridan, WY and Gillette, WY 

mzmZ/8Z/Zm 'peuu~~s 
CHAIN OF CUSTODY RECORD - Page ot ------------------------1----- -------4 

All shaded fields m e completed 
This 1s a legal document. any m1srepresentat1on may be construed as fraud 

~ L---.:.W.:..:.W.::...:::::v::._ _____ _J,_ __ ~~~~:::£.-----..l.....---.--~~~~L.::~~~=---------P 
0 Report Address Contact Name ANALYSES/ PARAMETERS ~ 

Telephone I 

~ -=:::::r. ~ - wwC- o 
'1 Email 0 8 1-,-nv-o-lc_e_A-dd_r_es_s_ ..... __________ ,1-P-h-on_e ________________ _ 

~ 

• 0. 
0. 
Cb 
::i 

rt/I:./ 
0. 
c:: 
3 d. c::, 

°' I 
...... 
0 
I 

tv 
0 
tv 

Fed Express 
..J US Mail 
_) Hand Carried 
.J Other 

Inter-Mountain Labs. Inc. 

Soil 

Solid 

Filter 

Other 

SD 
FT 

OT 

Purchase Order I 

SAMPLE 

Quote I 

Compliance Monitoring? 
Program (SOWA NPDES, .) 

Check desired service 
;( Standard turnaround 
..l RUSH - 5 Working Days PWSID / Permit #--------+---

I J URGENT - 2 h./o ,ng D s Chlorinated? Y IN 
Rush & Urgent Surcharges will be applied Sample Disposal: Lab Client 

www.1ntermountainlr1hs r:om 

REMARKS 

Q,..,, AC 

DEQ Ex. 3-692



Inter-Mountain Labs 
Sheridan, WY and Gillette, WY 

CHAIN OF CUSTODY RECORD -
All shaded fields m, e completed. 
This 1s a legal document: any misrepresentation may be construed as fraud. 

mzmZ/SZ/Zm tpeuu~os 
Page 

: 1~1525 
Client Name Sampler (Signatu Telephone # 

o L-_IM::.:..::W.:...=C,.... ______ L-~~~~------L--2::::'.~~._L~~:....::::::::..... ______ -1~: 
~o Report Address Contact Name ANALYSES / PARAMETERS ~ 
er ..:r. ~ - ulu:::- n ~ wwG 

0 Email rv .,_ ________________ ,__ ___________________ _ -t 

8 Invoice Address Phone 

-+" 

• p.. 
p.. 
('1) 
;:l 
p.. 
c:: 
5l 
0 

°' I ..... 
0 

I 

tv 
0 
w 

LABID 
(Lab Use Only) 

Purchase Order I Quote I 

'-/37 
# of 

Compliance Monitoring? 
Program (SOWA NPDES,. Fed Express 

US Mail Solid 

Filter 

Other 

SD 
FT 

OT 

Check desired service 
'ii Standard turnaround 

' ~1-IUSH - 5 Working Days PWSID / Permit#--------+ 

...J Hand Carried 

..J Other 

Inter-Mountain Labs, Inc. 

..J URGENT ~ 2 Wo1 ing D s Chlorinated? 

Rush & Urgent Surcharges will be applied Sample Disposal: Lab 

www.intermountainlabs.com 

Y / N 

Client 

REMARKS 

O .n1, f c: 

DEQ Ex. 3-693



RAMACO Brook Mine 
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00 
0 ~co 
~ / ~~ 

Brook Mine 

I . WWCENGINEERING 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 ~-

121 
N 

" N 
00 

" N 
121 
N 
121 

SAMPLING INFORMATION 

Sampling Point "?16'!1:l-L/ - It/,. - I Project_ -----<=---..::....~--=----=--=-=---------

W.0 .# _ ~ 0<::e:...::~ ...!........1..--""-=----L=B _____ _ Location ------------------

Sample ID# 578€7, f - ,41,.. - / Date Sampled / I B I Time----4-_'3~ o~S--=----- am~ 

Describe Sampling Point ti" Cb W ~t ... J--<-il 

Well Depth 35'. 'f5' ft below MP Depth to Water (below MP) /Z.,S& ft Casing Diameter S-- in 

Date l I I 8 Time /13{) ®Pm --~~--
Casing Volume -;i .3 . , al 

At least ~ 2...__-C.____bore volumes have been evacuated before sampling DISCHARGE RATE 

Sampling method : 

Tap 

Submersible pump 

~ailer] 

Pump intake or bailer set at "1/f Jf-: ft below MP. 

Bladder 

Grab X 

gpm 

0.00223 

cfs 

Tubing (type:-----=-~ .____ _____ ). ( New or previously used) was used to collect all samples ( yes or no) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time units 

I Z.lt> 7 . 3/ 

/~30 
I 

7. '/'( -/'JO';t 7 . 'f 3 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

mhos/cm 

I -Z t-3 

,, 'f 7 

/o ~ 3 

WL 

Cumulative Volume 
of Water 

Temperature Turbidity Removed from Well 
·c NTU allons 

q. ':, ?/. 1 :ls-
°f, z_., f7'f . 'B ,-o 
1 . l> 3'-,Z. 7~ 

X. /,OZ,. -:: -2 3, '3z_ X 3. 

---- Pumping End Time ____ _ 

Witnessed by: 

fl[CO 1 -" -1 

Pumping 
Rate 

m 

'Z1'4-

J 

WL ----

DEQ Ex. 3-695



MACO Your Environ~h?a~tMilMring Partner 
Inter-Mountain Labs---------------------------------------

1673 Terra Avenue . Sheridan. Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants 

1849Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1801095-001 

Client Sample ID: 578524-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Depth To Water 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (1 80) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness. Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

dium Adsorption Ratio 

ons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.43 

1083 

36.2 

12.58 

9.0 

8.2 0.1 

1190 5 

800 10 

750 10 

421 5 

499 

0.1 0.1 

1.61 0.01 

513 5 

ND 5 

ND 5 

4 

0.3 0.1 

ND 0.1 

245 

93 

65 

7 

83 

Qual 

Date Reported: 1/19/2018 

Report ID: S1801095001 

Work Order: S1801095 

Collection Date: 1/8/2018 1 :05:00 PM 

Date Received: 1/8/2018 2:29 :00 PM 

Sampler: RF 

Matrix: Water 

COC: 171844 

Units Date Analyzed/lnit Method 

S.U. 01/08/2018 1305 Field 

µmhos/cm 01/08/2018 1305 Field 

NTU 01/08/2018 1305 Field 

ft 01/08/2018 1305 Field 
oc 01/08/2018 1305 Field 

s.u . 01/08/2018 2019 IBS SM 4500 H B 

µmhos/cm 01/08/2018 2019 IBS SM 2510B 

mg/L 01/08/2018 1620 NLG SM 2540 

mg/L 01/16/2018 0944 BC SM 1030E 

mg/L 01/08/2018 2019 IBS SM 2320B 

mg/L 01/16/2018 0944 BC SM 2340B 

mg/L 01/15/2018 1049 AMB EPA 350.1 

01/16/2018 0944 BC Calculation 

mg/L 01/08/2018 2019 IBS SM 2320B 

mg/L 01/08/2018 2019 IBS SM 2320B 

mg/L 01/08/2018 2019 IBS SM 2320B 

mg/L 01/09/2018 1900 AB EPA 300.0 

mg/L 01/08/2018 2019 IBS SM 4500FC 

mg/L 01/10/2018 1356 AMB EPA 353.2 

mg/L 01/09/2018 1900 AB EPA 300.0 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 1427 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: .,,,~=---- --===~-----------
John Jacobs,.,, Project Manager 

October 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T · r! ~ 'l t r ,._ 3 
rco 1 - -1 

Page 1 of 4 

Addendum D6-10-206 DEQ Ex. 3-696



MACO Your Environ~h?a<?1MMtMnng Partner 
""!!~"!I""~--;;:;; Inter-Mountain Labs---------------------------------------

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S1801095-001 
Client Sample ID: 578524-AL-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

ion Sum 

lion-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

8.41 

ND 

ND 

0.12 

0.01 

ND 

5.10 

4.64 

5.33 

0.17 

3.61 

13.77 

13.65 

0.43 

ND 

ND 

ND 

0.1 

ND 

ND 

ND 

3.17 

ND 

0.20 

ND 

ND 

ND 

ND 

ND 

4.86 

0.21 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 1/19/2018 
Report ID: S1801095001 

Work Order: S1801095 
Collection Date: 1/8/20181 :05:00 PM 
Date Received: 1/8/2018 2:29:00 PM 

Sampler: RF 
Matrix: Water 

COC: 171844 

Units Date Analyzed/lnlt Method 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/20180944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

meq/L 01/16/2018 0944 BC SM 1030E 

% 01/16/2018 0944 BC SM 1030E 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 0709 MS EPA 200.8 

mg/l 01/09/2018 0709 MS EPA 200.8 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 0709 MS EPA 200.8 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 0709 MS EPA 200.8 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 0709 MS EPA 200.8 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/12/20181035 AW EPA 245.1 

mg/L 01/09/2018 0709 MS EPA 200.8 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 0709 MS EPA 200.8 

mg/L 01/09/2018 1427 DG EPA 200.7 

mg/L 01/09/2018 1550 DG EPA 200.7 

mg/L 01/09/2018 1550 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

,· :! ~ 
Reviewed by: c::fl,~ =-----=-""""------------ ., :co 1 - - 1 Page 2 of 4 

Addendum D6- 10-207 
John Jacobs,,, Project Manager 

October 2010 DEQ Ex. 3-697



~co 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point - --"'5__._7 ...... B ..... 6""-----"--2-._lf_.___-_____,li~l-~--f ___ _ 

Location ____________ ____ W.O.# .)..OJt/-J(p3-qf} 

Sample ID# -5" 185':2.'/: -Iii·/ Date Sampled i I I 1 I / B Time / / )0 @pm 

Describe Sampling Point {?(A) ~~ £,1;d--t,_, 

Well Depth 35, 0 ft below MP Depth to Water (below MP) / , 2LJ ft Casing Diameter 5 in - --=---

Date Time tJ,..£.___@pm 

At least 3 -l- bore volumes have been evacuated before sampling 
---"'----

Sampling method 

Tap 

Submersible pump 

s 
Pump intake or bailer set at 11A ft below MP. 

Bladder 

Casing Volume .~, gal 

DISCHARGE RATE 

__ gpm 

X 0.00223 

cfs 

-,-ubing (type: ___ £1.........,A:'-L-_____ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for - - -"-"_.__,_ _____________ _ 

Time 

/0 't;;
/ 11 o 

It 3o 

PH 
units 

Pumping Start Time 

EVACUATION / STABILIZATION TEST DATA 
Temperature 

Corrected 
Conductance 

mhos/cm 

tt 7 / 
lt.J..1 

'' 0~ 

Temperature 
·c 

e,eo 
g,i:, 

g.~ 

twfr 

Turbidity 
NTU 

,, I 7 

lo . B 

8, 38 

Cumulative Volume 
of Water 

Removed from Well 
allons 

~s. () 
';>0,0 

75.o 

V,oz_:; ;l'B,{q(p X 1:: 7f ,18 GAL 

WL - --- Pumping End Time ____ _ 

Pumping 
Rate 

m 

WL ---
Comments: ~ c.fe.aa< - :xP ~ .... fflea<4.~Allf , Wv.iz,v //~ 

w~ '.5 tt.Un-J ~ 

Form completed by: 

October 2018 

Witnessed ~ : 
T,. ') " • ,.,. ~ 

" ) t. " - ,. 

RECD 1 - ~-1 
Addendum D6- 10-208 

C \Fuller F1leg\Morntor Well Sample Form-RF ooc DEQ Ex. 3-698



! /l~m A MlntAeCr-M
O

ountain Labs Rrook Mine : Im·~ Your Environrrmnra11v'IO'l'\Itonng Partner 

;:I nmft - .. ouHTAIH LA• s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID o. Sample Analysis Report 

IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco 2014163-98 

Lab ID: S 1804245-001 

Client Sample ID: 578524-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Depth To Water 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

j ium Adsorption Ratio 

ons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.42 

1106 

8.38 

12.20 

8.5 

8.1 

1200 

800 

750 

424 

538 

0.1 

1.14 

517 

ND 

ND 

4 

0.2 

ND 

253 

100 

70 

4 

61 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: B~ G~ 
Bill Courtney,.,, Project Manager 

October 2 0 lo 

RL Qual 

0.1 

5 

10 

10 

5 

0.1 

0.01 

5 

5 

5 

0.1 

0.1 

Date Reported: 4/30/2018 
Report ID: S1804245001 

Work Order: S 1804245 

Collection Date: 4/19/2018 11 :30:00 AM 

Date Received: 4/19/2018 3:12:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171831 

Units Date Analyzed/lnit Method 

s.u. 04/19/2018 1130 Field 

µmhos/cm 04/19/2018 1130 Field 

NTU 04/19/2018 1130 Field 

ft 04/19/2018 1130 Field 
oc 04/19/2018 1130 Field 

s.u. 04/20/2018 1622 IBS SM 4500 H B 

µmhos/cm 04/20/2018 1622 IBS SM 25108 

mg/L 04/20/2018 1401 NLG SM 2540 

mg/L 04/30/2018 1033 BC SM 1030E 

mg/L 04/20/2018 1622 IBS SM 2320B 

mg/L 04/30/2018 1033 BC SM 23408 

mg/L 04/27/2018 1016 AMS EPA 350.1 

04/30/2018 1033 BC Calculation 

mg/L 04/20/2018 1622 IBS SM 2320B 

mg/L 04/20/20181622 IBS SM 23208 

mg/L 04/20/20181622 IBS SM 23208 

mg/L 04/20/2018 1354 AB EPA 300.0 

mg/L 04/20/2018 1622 IBS SM 4500FC 

mg/L 04/24/2018 1452 AMS EPA 353.2 

mg/L 04/20/2018 1354 AB EPA 300.0 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1348 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

. l ~ .. ?:!'"'':'J 
1"-:~-18 

Page 1 of 2 

Addendum D6-1 0 -209 DEQ Ex. 3-699



w ,,,~m• MACO R k.M · 
JI) Im·~ Your Environnmti?a~l'illMlMring Partner 
;l "'"'!i~"'!"'iii'!'iiioiiii;;;;;; Inter-Mountain Labs--------------------------------------::3 ltilTl!ft - lo\OUH TAIH LAIS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
fD 
n, Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Rama co 2014163-98 
Lab ID: S 1804245-001 
Client Sample ID: 578524-AL-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

ion Sum 

tion-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

8.48 

ND 

ND 

0.11 

0.01 

ND 

5.26 

4.98 

5.77 

0.11 

2.65 

13.53 

13.87 

1.22 

ND 

ND 

ND 

0.1 

ND 

ND 

ND 

4.81 

ND 

0.23 

ND 

ND 

ND 

ND 

ND 

4.81 

0.22 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: B~ G~ 
Bill Courtney,,_ Project Manager 

October 201o 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 4/30/2018 
Report ID: S1804245001 

Work Order: S1804245 
Collection Date: 4/19/2018 11 :30:00 AM 
Date Received: 4/19/2018 3:12:00 PM 

Sampler: RF 
Matrix: Water 

COC: 171831 

Units Date Analyzed/lnit Method 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

meq/L 04/30/20181033 BC SM 1030E 

meq/L 04/30/2018 1033 BC SM 1030E 

% 04/30/2018 1033 BC SM 1030E 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/24/2018 0855 AW EPA 245.1 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/20/2018 1508 MS EPA 200.8 

mg/L 04/20/2018 1348 DG EPA 200.7 

mg/L 04/23/2018 1544 DG EPA 200.7 

mg/L 04/23/2018 1544 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

r·:i 2,~_r:, 
r·co 1 - .,-1 
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~ t '/1'-ww c ENG !NEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point -~~_7_8~~- J.~t/- ~~f}~L._-----1/ ___ _ Project_ ------"'~'------"'"-----"----------

Location _________________ W .0 .# _ _..,2-'---=-tJ_./_t/-_,_,__/ -={g,_,_3_ -c::.-=~'--------

Sample ID# -;£~!)§ 'J,. 1-/JL -/ Date Sampled I ~ I I Time / 5 t7 0 am@ry 

Describe Sampling Point &?LA.) ~ W d.f 

Well Depth 7f>, 2/e ft below MP Depth to Water (below MP) / () 1 '1 

Date /p I fl I /!J Time l'tOt} am @ 
-----

At least 3 bore volumes have been evacuated before sampling 
---=----

Sampling method Submersible pump Bladder 

Tap ~er} 

Pump intake or bailer set at _21tc..__ ft below MP. 

ft Casing Diameter 5 in 
---'---

Casing Volume gal 

X 

----

DISCHARGE RA TE 

_______ gpm i 

0.00223 

cfs 

Tubing (type: ___ "11~ ______ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Temperature I Cumulative Volume 
Corrected of Water Pumping 

PH Conductance Temperature Turbidity Removed from Well Rate 
Time (units) (µmhos/cm) 1·c) (NTU) (gallons) (gpm) 

1115' 7,'f 7 /tJ1~ I o,8 J. 5" 
I 'f 35' 7, 'f5 IO 7"f I ti I J 5 0 
/ ')tJD '1. 'tLf 10 ~ I / 0 , I ~.'-15 75' 

j ~5.~ ; 

-i I0,17 X /,ot -::. 'J.. .1 ,8 rz X 3 i 75' 
I 

1-'f I ::;,&f 
Pumping Start Time WL Pumping End Time WL 

Comments: 

~1~ 9~ ~J 
I 

Form completed by: 

October 2018 

Witnessed bY,: 
T - 'I ':I 
' '' J t. M J Addendum D6- 10-211 CD 1 J - ~ _ 1 C \Fuller F1les\Mon1l0< Well Sample F0<m-RF doc DEQ Ex. 3-701



w / ~MACO R k- M . 
JI) Your Environn1e~?a~1v1o-nJMnng Partner 
;l ------ Inter-Mountain Labs--------------------------------------::3 IHllifl - MOUNTAIH LAOS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
fD 
n, 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants Date Reported: 6/21/2018 
1849 Terra Report ID: S1806098001 
Sheridan, WY 82801 

Work Order: S1806098 
Collection Date: 6/6/2018 3:00:00 PM 

Project: Ramaco-2014163-98 Date Received: 6/6/2018 4:39:00 PM 
Lab ID: S 1806098-001 Sampler: RF 
Client Sample ID: 578524-AL-1 Matrix: Water 

COC: 171832 

Analyses Result RL Qual Units Date Analyzed/lnlt Method 

Field 

pH 7.44 s.u. 06/06/2018 1500 Field 

Conductivity 1061 µmhos/cm 06/06/2018 1500 Field 

Turbidity 8.45 NTU 06/06/2018 1500 Field 

Depth To Water 10.97 ft 06/06/2018 1500 Field 

Temperature 10.1 oc 06/06/2018 1500 Field 

General Parameters 
pH 8.2 0.1 s.u. 06/08/2018 1730 IBS SM 4500 H B 

Electrical Conductivity 1200 5 µmhos/cm 06/07/2018 1840 IBS SM 2510B 

Total Dissolved Solids (1 80) 770 10 mg/L 06/07/2018 1215 NLG SM 2540 

Solids, Total Dissolved (Cale) 740 10 mg/L 06/21/2018 1004 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 419 5 mg/L 06/08/2018 1730 IBS SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 518 mg/L 06/21/2018 1004 JJ SM 2340B 

Nitrogen, Ammonia (as N) 0.1 0.1 mg/L 06/14/2018 1507 AMB EPA 350.1 

clium Adsorption Ratio 1.24 0.01 06/21/2018 1004 JJ Calculation 

. ... . ons 
Alkalinity, Bicarbonate as HCO3 511 5 mg/L 06/08/2018 1730 IBS SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 06/08/2018 1730 IBS SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 06/08/2018 1730 IBS SM 2320B 

Chloride 4 mg/L 06/09/2018 0117 AB EPA 300.0 

Fluoride 0.3 0.1 mg/L 06/07/2018 1840 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 06/08/2018 1356 AMB EPA 353.2 

Sulfate 256 mg/L 06/07/2018 2051 AB EPA 300.0 

Cations 
Calcium 94 mg/L 06/11/20181503 DG EPA 200.7 

Magnesium 69 mg/L 06/11/2018 1503 DG EPA 200.7 

Potassium 4 mg/L 06/07/20181804 DG EPA 200.7 

Sodium 65 mg/L 06/07/2018 1804 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank C Calculated Value 

E Value above quantitation range G Analyzed at IML Gillette laboratory 
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limits 
L Analyzed by another laboratory M Value exceeds Monthly Ave or MCL or is less than LCL 

ND Not Detected at the Reporting Limit 0 Outside the Range of Dilutions 
S Spike Recovery outside accepted recovery limits U Analysis reported under the reporting limit 
X Matrix Effect 

Reviewed by: ,.c7:""'--· ----=,._,,:__ __________ _ T .. r! "' ') " r-
1" • iJ L \11.J Page 1 of 2 

Addendum D6- 10-2 l 2 
John Jacobs,.,, Project Manager 

October 2010 ·co 1 -2~ - 1 DEQ Ex. 3-702



2 /l~m A MACO Your Environ~~?a<?t~ifilnng Partner 
;:I _1_ m ___ •~- Inter-Mountain Labs--------------------------------------
~ IHTUt - MOUHTAIH LA.OS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants Date Reported: 6/21/2018 

1849 Terra Report ID: S1806098001 

Sheridan , WY 82801 

Work Order: S1806098 

Collection Date: 6/6/2018 3 :00:00 PM 

Project: Ramaco-2014163-98 Date Received: 6/6/2018 4 :39:00 PM 

Lab ID: S 1806098-001 Sampler: RF 

Client Sample ID: 578524-AL-1 Matrix: Water 

COC: 171832 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Cation/Anion-Milllequivalents 

Bicarbonate as HCO3 8.37 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Carbonate as CO3 ND 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Hydroxide as OH ND 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Chloride 0.12 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Fluoride 0.01 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Nitrate + Nitrite as N ND 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Sulfate 5.32 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Calcium 4.68 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Magnesium 5.68 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Potassium 0.09 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Sodium 2.83 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Cation I Anion Balance 
Cation Sum 13.30 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

lion Sum 13.83 0.01 meq/L 06/21/2018 1004 JJ SM 1030E 

Jation-Anion Balance 1.94 0.01 % 06/21/20181004 JJ SM 1030E 

Dissolved Metals 
Aluminum ND 0.1 mg/L 06/07/2018 1804 DG EPA 200.7 

Arsenic ND 0.005 mg/L 06/07/2018 1805 MS EPA 200.8 

Barium ND 0.1 mg/L 06/07/2018 1805 MS EPA 200.8 

Boron 0.1 0.1 mg/L 06/07/2018 1804 DG EPA 200.7 

Cadmium ND 0.001 mg/L 06/07/2018 1805 MS EPA 200.8 

Chromium ND 0.01 mg/L 06/07/2018 1804 DG EPA 200.7 

Copper ND 0.01 mg/L 06/07/2018 1805 MS EPA 200.8 

Iron 5.04 0.05 mg/L 06/07/2018 1804 DG EPA 200.7 

Lead ND 0.02 mg/L 06/07/2018 1805 MS EPA 200.8 

Manganese 0.22 0.02 mg/L 06/07/2018 1804 DG EPA 200.7 

Mercury ND 0.001 mg/L 06/12/2018 0845 AW EPA 245.1 

Molybdenum ND 0.02 mg/L 06/07/2018 1805 MS EPA 200.8 

Nickel ND 0.01 mg/L 06/07/2018 1804 DG EPA 200.7 

Selenium ND 0.005 mg/L 06/07/2018 1805 MS EPA 200.8 

Zinc ND 0.01 mg/L 06/07/2018 1804 DG EPA 200.7 

Total Metals 
Iron 5.78 0.05 mg/L 06/08/2018 2213 DG EPA 200.7 

Manganese 0.23 0.02 mg/L 06/08/2018 2213 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

4 ~ ~...c-.e<>6a. 
Reviewed by: ~CT~----C....._,a___~-----------

John Jacobs,_ Project Manager 
October 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T,.. ,, r. n 
• .• ' t 

r.:·o 1 -

",, ,. - ,) 

- 1 
Page 2 of 2 

Addendum D6- 10-213 DEQ Ex. 3-703



Brook Mine ~"~?o 
~WWCENGINEERING 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 5 7 B!:£2"/ - J1-L_ - / 

Location 

Project ~ 

W.O.# :Z.Ot't/b 3 -w 
Sample ID# ff"Zf;{£t,. t{- f}l- -/ Date Sampled 7 / / 7: / / 8 Time_ +--=--~ - t'--'--=1---'I.. 

Describe Sampling Point ~ W ~ w-dt 

Well Depth~ 'f 7 ft below MP 

Date 7 / / Z, I J f3 

Depth to Water (below MP) fZ 1~ft 

Time O C/J.£ (!_rJ pm 

At least _ '?1...:....e....._/t"--_bore volumes have been evacuated before sampling 

Sampling method : Submersible pump ~ 
Tap Bailer Grab 

Casing Diameter ~ _ in 

Casing Volume 7'J If gal 

DISCHARGE RATE 

________ gpm 

X 0.00223 __ ...::..c._:c...::..::::~ 

I 

Pump intake or bailer set at ,3 Z: ft below MP. ---- ---. cfs 1 

Tubing (type: ?~ ~ ). ( New orfeviously used J was used to collect all samples §r no ) 

and all field measurements Sr no ). Tubing used only for 

Cumulative Volume 
of Water Pumping 

PH Temperature Turbidity Removed from Well Rate 
Time units ·c NTU allons m 

OC(~~ . 7,6' 1110 ,U,€' I;>, I } {~J-lfL/3:JS-4::--
Joo£( , 7,'-f7 1/':>D 2,.0, '{- 1€.B /l.--3,o f 

Pumping Start Time OCl~:£ WL ____ Pumping End Time ____ _ WL __ _ 

Comments: ~ c_.f!.eM_.-c - "?t.-e> ~ 

Form completed by: itnessed by: 

October 2018 r ,.... "' .,, 
(. -,) 

EC O 1"- "~ -1 
DEQ Ex. 3-704



w --~MACO R oak M . 
JI) Your Environnre~ra1 lv'IC>nlMring Partner 
;:I -------- Inter-Mountain Labs--------------------------------------
~ IMTER • MOUMTAUf LABS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

.IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: RAMACO-2014163-98 
Lab ID: S1807203-001 
Client Sample ID: 578524-AL-1 

Analyses 

Field 

pH 

Conductivity 

Turbidity 

Depth To Water 

Temperature 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

,dium Adsorption Ratio 

ions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkal inity, Hydroxide as OH 

Chloride 

Sample Analysis Report 

Result RL Qual 

7.47 

1130 

15.8 

12.65 

20.4 

8.3 0.1 

1200 5 

820 10 

750 10 

450 5 

532 

0.1 0.1 

1.13 0.01 

534 5 

7 5 

ND 5 

4 

Date Reported: 7/26/2018 
Report ID: S1807203001 

Work Order: S1807203 
Collection Date: 7/12/2018 10:05:00 AM 
Date Received: 7/12/2018 12:08:00 PM 

Sampler: RF 
Matrix: Water 

COC: 176173 

Units Date Analyzed/lnit Method 

s.u. 07/12/2018 1005 Field 

µmhos/cm 07/12/20181005 Field 

NTU 07/12/20181005 Field 

ft 07/12/20181005 Field 
oc 07/12/20181005 Field 

s.u. 07/13/2018 0637 IBS SM 4500 H 

µmhos/cm 07/13/2018 0637 IBS SM 2510B 

mg/L 07/13/2018 0851 NLG SM 2540 

mg/L 07/26/2018 1042 JJ SM 1030E 

mg/L 07/13/2018 0637 IBS SM 2320B 

mg/L 07/26/2018 1042 JJ SM 2340B 

mg/L 07/23/2018 0912 AMB EPA 350.1 

07/26/2018 1042 JJ Calculation 

mg/L 07/13/2018 0637 IBS SM 2320B 

mg/L 07/13/2018 0637 IBS SM 2320B 

mg/L 07/13/2018 0637 IBS SM 2320B 

mg/L 07/13/2018 1633 AB EPA 300.0 

B 

Fluoride 0.3 0.1 mg/L 07/13/2018 0637 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 243 

Cations 
Calcium 100 

Magnesium 69 

Potassium 4 

Sodium 60 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ "c~6-c,. 
John Jacobs,.,, Project Manager 

October 2010 

0.1 mg/L 07/18/20181106 AMB EPA 353.2 

mg/L 07/13/2018 1633 AB EPA 300.0 

mg/L 07/16/20181951 DG EPA 200.7 

mg/L 07/16/20181951 DG EPA 200.7 

mg/L 07/16/20181951 DG EPA 200.7 

mg/L 07/16/2018 1951 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T r- [l G ? ! r-, I ~ 

Rr ir"-2.,-1 
Page 1 of 2 

Addendum D6-10-215 DEQ Ex. 3-705



2 /l~m · MACO Your Environ~fi?a<?~~iMring Partner 
;:I I m ·c Inter-Mountain Labs--------------------------------------
~ INT ER - MOUNTAIN LAO S 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
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N 
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Sample Analysis Report 

IENT: Western Water Consultants Date Reported: 7/26/2018 
1849 Terra Report ID: S1807203001 
Sheridan, WY 82801 

Work Order: S1807203 
Collection Date: 7/12/2018 10:05:00 AM 

Project: RAMACO-2014163-98 Date Received: 7/12/2018 12:08:00 PM 
Lab ID: S1807203-001 Sampler: RF 
Client Sample ID: 578524-AL-1 Matrix: Water 

COC: 176173 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 8.75 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Carbonate as CO3 0.24 0.01 meq/L 07/26/20181042 JJ SM 1030E 

Hydroxide as OH ND 0.01 meq/L 07/26/20181042 JJ SM 1030E 

Chloride 0.11 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Fluoride 0.01 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Nitrate + Nitrite as N ND 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Sulfate 5.05 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Calcium 4.99 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Magnesium 5.64 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Potassium 0.11 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Sodium 2.61 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

Cation I Anion Balance 
Cation Sum 13.38 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

ion Sum 14.18 0.01 meq/L 07/26/2018 1042 JJ SM 1030E 

ation-Anion Balance 2.92 0.01 % 07/26/2018 1042 JJ SM 1030E 

Dissolved Metals 

Aluminum ND 0.1 mg/L 07/18/20181319 DG EPA 200.7 

Arsenic ND 0.005 mg/L 07/14/2018 0601 MS EPA 200.8 

Barium ND 0.1 mg/L 07/14/2018 0601 MS EPA 200.8 

Boron 0.1 0.1 mg/L 07/18/20181319 DG EPA 200.7 

Cadmium ND 0.001 mg/L 07/14/2018 0601 MS EPA 200.8 

Chromium ND 0.01 mg/L 07/18/2018 1319 DG EPA 200.7 

Copper ND 0.01 mg/L 07/14/2018 0601 MS EPA 200.8 

Iron 2.85 0.05 mg/L 07/18/2018 1319 DG EPA 200.7 

Lead ND 0.02 mg/L 07/14/2018 0601 MS EPA 200.8 

Manganese 0.29 0.02 mg/L 07/18/20181319 DG EPA 200.7 

Mercury ND 0.001 mg/L 07/17/2018 1202 AW EPA 245.1 

Molybdenum ND 0.02 mg/L 07/14/2018 0601 MS EPA 200.8 

Nickel ND 0.01 mg/L 07/18/20181319 DG EPA 200.7 

Selenium ND 0.005 mg/L 07/14/2018 0601 MS EPA 200.8 

Zinc ND 0.01 mg/L 07/18/20181319 DG EPA 200.7 

Total Metals 
Iron 4.06 0.05 mg/L 07/18/2018 2145 DG EPA 200.7 

Manganese 0.29 0.02 mg/L 07/18/2018 2145 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

cZ ~ ~e,..,,. 
Reviewed by: ~CT~----L_,~~-----------

John Jacobs..,, Project Manager 
October 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T 
... ,, ,. 
I U LJ 

Page 2 of 2 

Addendum D6- 10-216 DEQ Ex. 3-706



~co 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point - ~ !i"""--'--7-4'8'--'{-_._2s....,...,,c.O_--=---A=t.-_--+-f--- Project_----'~--------------

Location --------------- W .O.# c?t'ttf I~ 3 -rs 
Sample ID# ':P7B"f :20 -A-J. -/ Date Sampled ~ I -2/) I 18 Time /f;/O am pm 

Describe Sampling Point Gw ~ wd-f.. 6~ /2~ 

Well Depth / 71 L-/£ft below MP Depth to Water (below MP) , 5" 3 ft 
Date &;, I 2-, 0 I J ~ Time / t/ t.fS: am(§) 

At least ~ r bore volumes have been evacuated before sampling 

Sampling method : Submersible pump Bladder 

Tap -a Grab 

Pump intake or bailer set at -1-1 fr ft below MP. 

Casing Diameter 2-- in 

Casing Volume /, tRk gal 

X 

DISCHARGE RA TE 

________ gpm 

0.00223 

cfs 

Tubing (type: ___ :?1.~~lr-- --- )- ( New or previously used ) was used to collect all samples ( yes or no) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

Time 

/5/0 

PH 
units 

Temperature 
Corrected 

Conductance 
mhos/cm 

t 

Temperature 
·c 

//. 3 

O, JIR3 ~ 
WL - ---

Turbidity 
NTU 

Cumulative Volume 
of Water 

Removed from Well 
allons 

Pumping End Time ____ _ Pumping Start Time 

Comments: w~ ✓ +IM~ 

Form completed by: ~ itnessedby: 

October 2018 t"\ ,..,. 

( '· ~ .) 

. -. 

Pumping 
Rate 

m 

WL ----

DEQ Ex. 3-707



w --~MACO R k.M · JI) Your Environrrmfi?a<hv1o·nlMMng Partner 
;:I --------iliiiiiiiiii Inter-Mountain Labs--------------------------------------
~ IMl liR - MOUHTA1M LA.OS 

ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants Date Reported: 7/5/2018 
1849 Terra Report ID: S1806352001 
Sheridan , WY 82801 

Work Order: S1806352 
Collection Date: 6/20/2018 3:10:00 PM 

Project: Ramaco-2014163-98 Date Received: 6/20/2018 4:26:00 PM 
Lab ID: S 1806352-001 Sampler: RF 
Client Sample ID: 578420-AL-1 Matrix: Water 

COC: 176175 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 7.55 s.u . 06/20/2018 1510 Field 

Conductivity 704 µmhos/cm 06/20/2018 1510 Field 

Turbidity 346 NTU 06/20/2018 1510 Field 

Depth To Water 7.53 ft 06/20/2018 1510 Field 

Temperature 11.3 ·c 06/20/2018 1510 Field 

General Parameters 
pH 8.2 0.1 s.u. 06/21/2018 1652 IBS SM 4500 H B 

Electrical Conductivity 847 5 µmhos/cm 06/21/20181652 IBS SM 2510B 

Total Dissolved Solids (180) 530 10 mg/L 06/21/2018 1559 NLG SM 2540 

Solids, Total Dissolved (Cale) 510 10 mg/L 07/05/2018 0810 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 328 5 mg/L 06/21/2018 1652 IBS SM 2320B 

Hardness, Calcium/Magnesium (As CaCO3) 313 mg/L 07/05/2018 0810 JJ SM 2340B 

Nitrogen, Ammonia (as N) 0.1 0.1 mg/L 06/27/2018 1242 AMB EPA 350.1 

dium Adsorption Ratio 1.71 0.01 07/05/2018 0810 JJ Calculation 

ons 
Alkalinity, Bicarbonate as HCO3 400 5 mg/L 06/21/20181652 IBS SM 2320B 

Alkalinity, Carbonate as CO3 ND 5 mg/L 06/21/20181652 IBS SM 2320B 

Alkalinity, Hydroxide as OH ND 5 mg/L 06/21/20181652 IBS SM 2320B 

Chloride 5 mg/L 06/21/20181917 AB EPA 300.0 

Fluoride 0.6 0.1 mg/L 06/21/2018 1652 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) 0.1 0.1 mg/L 06/27/2018 1320 AMB EPA 353.2 

Sulfate 127 mg/L 06/21/2018 1917 AB EPA 300.0 

Cations 
Calcium 73 mg/L 06/26/2018 1722 DG EPA 200.7 

Magnesium 32 mg/L 06/26/2018 1722 DG EPA 200.7 

Potassium mg/L 06/26/20181722 DG EPA 200.7 

Sodium 70 mg/L 06/26/2018 1722 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

4 ~ ~6-a. 
Reviewed by: .,_CZ:=------= C::::..,,.,CL__~-----------

John Jacobs,,, Project Manager 
October 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

:co 1 _,, - 1 
Page 1 of 2 

Addendum 06-10-218 DEQ Ex. 3-708



w ,,~MACO R k_M · 
JI) Your Environrrrn~?a~1v1o·n!Mling Partner 
;l -------• Inter-Mountain Labs--------------------------------------::3 IHTl:lllt - MOUHlAIN LAB S 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 
fD 
n, 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

.IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1806352-001 

Client Sample ID: 578420-AL-1 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HC03 6.55 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride 0.14 

Fluoride 0.03 

Nitrate + Nitrite as N ND 

Sulfate 2.65 

Calcium 3.63 

Magnesium 2.62 

Potassium 0.03 

Sodium 3.04 

Cation I Anion Balance 
Cation Sum 9.33 

ion Sum 9.39 

ation-Anion Balance 0.28 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.02 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 6.38 

Manganese 0.24 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ,C::-~ 
John Jacobs,..,. Project Manager 

October 2010 

Date Reported: 7/5/2018 

Report ID: S1806352001 

Work Order: S1806352 

Collection Date: 6/20/2018 3:10:00 PM 

Date Received: 6/20/2018 4 :26:00 PM 

Sampler: RF 
Matrix: Water 

COC: 176175 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 meq/L 07/05/20180810 JJ SM 1030E 

0.01 meq/L 07/05/2018 0810 JJ SM 1030E 

0.01 % 07/05/2018 0810 JJ SM 1030E 

0.1 mg/L 06/26/2018 1722 DG EPA 200.7 

0.005 mg/L 06/22/2018 1826 MS EPA 200.8 

0.1 mg/L 06/22/2018 1826 MS EPA 200.8 

0.1 mg/L 06/26/2018 1722 DG EPA 200.7 

0.001 mg/L 06/22/2018 1826 MS EPA 200.8 

0.01 mg/L 06/26/2018 1722 DG EPA 200.7 

0.01 mg/L 06/22/2018 1826 MS EPA 200.8 

0.05 mg/L 06/26/2018 1722 DG EPA 200.7 

0.02 mg/L 06/22/2018 1826 MS EPA 200.8 

0.02 mg/L 06/26/2018 1722 DG EPA 200.7 

0.001 mg/L 06/27/20181027 AW EPA 245.1 

0.02 mg/L 06/22/2018 1826 MS EPA 200.8 

0.01 mg/L 06/26/2018 1722 DG EPA 200.7 

0.005 mg/L 06/22/20181826 MS EPA 200.8 

0.01 mg/L 06/26/2018 1722 DG EPA 200.7 

0.05 mg/L 06/27/2018 0235 DG EPA 200.7 

0.02 mg/L 06/27/2018 0235 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T' ,, " I"\ 
" [j t 

~co 1"-
Page 2 of 2 

Addendum D6-10-219 DEQ Ex. 3-709
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Brook Mine 

I WWC ENGINEERING ~-
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

121 
N 

" N 
00 

" N 
121 
N 
121 

SAMPLING INFORMATION 

Sampling Point ___..5..__...'7 ...... B"--'/-..._..,2....,tJ'-----6'/f~L_-_,/'------ Project __ ~ ~~-=----=--c...--==-..>oc....:::__ ______ _ 

Location ------------------ w.o.#~ cJ.~o~'~q-~/~b--2~-_f_8 ____ _ 
Sample ID# 5"7Bt/:20 -,H_ -/ Date Sampled 7 / / l I / f3 Time /5"/ ~ _ am@ 

Describe Sampling Point _____ __.,,&~tJ""'--__,,~'-=---=----"'-"'-'~ =cr._.r:-,<_,_· - ---W.<JO<....,d)'""""-_.___ _________ _ 

Well Depth / 7, 'f:0 ft below MP 

Date 7 / / / / / 8 
Depth to Water (below MP) f3, Z.'f ft Casing Diameter Z. in 

Time l'ffO am @ Casing Volume 111/-: gal 

At least n/J- bore volumes have been evacuated before sampling -~-- DISCHARGE RATE 

Sampling method : Submersible pump ~ ---- gpm 

0.00223 Tap Bailer Grab X 

Pump intake or bailer set at / IL ft below MP. ~--- cfs 

Tubing (type: - •r._ i_...,.4_...,4,._.i;{;:_...., .... / ____ ). ( New o(~eviously used ~was used to collect all samples {EJr no) 

and all field measurements§r no ). Tubing used only for 

I 
Temperature 

Corrected 

Time ! 
PH Conductance I 

I 
(units) 

1 
(1,1mhos/cm) 

/~O~ 

/ ~/~ 

Pumping Start Time 

Comments: 

Form completed by 

October 2018 

Temperature 
(°C) 

Turbidity 
(NTU) 

!b3 

I ID 

Cumulative Volume 
of Water 

Removed from Well 
(gallons) 

f 
/L-J, o 

-+--

Pumping End Time ____ _ 

Witnessed by: 

r :- [l O ? ('I~ 3 
CD 1 - -1 

Pumping 
Rate 

(gpm) 

WL ---

DEQ Ex. 3-710
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;:I Inter-Mountain Labs--------------------------------------
;:I '""ft•"'0 ""'"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

: Sample Analysis Report 

121 
N 

" N 
00 

" N 
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N 
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IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S1807175-004 
Client Sample ID: 578420-AL-1 

Analyses Result 

Field 
pH 7.61 

Conductivity 770 

Turbidity 113 

Depth To Water 8.24 

Temperature 21.0 

General Parameters 
pH 8.3 

Electrical Conductivity 845 

Total Dissolved Solids (180) 540 

Solids, Total Dissolved (Cale) 490 

Alkalinity, Total (As CaCO3) 316 

Hardness, Calcium/Magnesium (As CaCO3) 360 

Nitrogen, Ammonia (as N) ND 

dium Adsorption Ratio 0.88 

ons 
Alkal inity, Bicarbonate as HCO3 386 

Alkalinity, Carbonate as CO3 ND 

Alkal inity, Hydroxide as OH ND 

Chloride 3 

Fluoride 0.3 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 135 

Cations 
Calcium 88 

Magnesium 34 

Potassium 2 

Sodium 38 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ "c6~6-a. 
John Jacobs,,, Project Manager 

October 20 lo 

Date Reported: 7/24/2018 
Report ID: S1807175001 

Work Order: S1807175 
Collection Date: 7/11/2018 3:15:00 PM 
Date Received: 7/11/2018 3:58:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177611 

RL Qual Units Date Analyzed/lnit Method 

s.u. 07/11/20181515 Field 

µmhos/cm 07/11/20181515 Field 

NTU 07/11/2018 1515 Field 

ft 07/11/2018 1515 Field 
oc 07/11/20181515 Field 

0.1 s.u . 07/12/2018 2216 IBS SM 4500 H B 

5 µmhos/cm 07/12/2018 2216 IBS SM 2510B 

10 mg/L 07/12/2018 1618 NLG SM 2540 

10 mg/L 07/24/2018 1146 JJ SM 1030E 

5 mg/L 07/12/2018 2216 IBS SM 2320B 

1 mg/L 07/24/2018 1146 JJ SM 2340B 

0.1 mg/L 07/17/2018 1055 AMB EPA 350.1 

0.01 07/24/2018 1146 JJ Calculation 

5 mg/L 07/12/2018 2216 IBS SM 2320B 

5 mg/L 07/12/2018 2216 IBS SM 2320B 

5 mg/L 07/12/2018 2216 IBS SM 2320B 

mg/L 07/12/2018 1819 AB EPA 300.0 

0.1 mg/L 07/12/2018 2216 IBS SM 4500FC 

0.1 mg/L 07/13/20181450 AMB EPA 353.2 

mg/L 07/12/20181819 AB EPA 300.0 

mg/L 07/19/2018 1352 DG EPA 200.7 

mg/L 07/19/2018 1352 DG EPA 200.7 

mg/L 07/16/2018 1749 DG EPA 200.7 

mg/L 07/19/20181352 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

r. '.l ~ ,.., r ,.. - ~ 
. U ( • ,l 

"rD 1"' ,.,. H w -._ "' -

Page 7 of 8 
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w "l~MA MACO R k- M " Jll Im·~ Your Environrrm~Pa9Wlo·l'liraMng Partner 
;:I ..,;;~i,,iiii.iiiioiiiiiiii Inter-Mountain Labs--------------------------------------
;:I '"nft-,.,ou"'"'" LAas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1807175-004 

Client Sample ID: 578420-AL-1 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 6.32 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.09 

Fluoride 0.01 

Nitrate + Nitrite as N ND 

Sulfate 2.81 

Calcium 4.38 

Magnesium 2.81 

Potassium 0.05 

Sodium 1.67 

Cation I Anion Balance 
Cation Sum 8.92 

ion Sum 9.26 

ation-Anion Balance 1.86 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.21 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 2.18 

Manganese 0.26 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

c::z /l:P". _d~6-.::,_ 
Reviewed by: e r LO 

John Jacobs,,, Project Manager 
October 2010 

Date Reported: 7/24/2018 

Report ID: S1807175001 

Work Order: S1807175 

Collection Date: 7/11/2018 3:15:00 PM 

Date Received: 7/11/2018 3:58:00 PM 

Sampler: RF 

Matrix: Water 

COC: 177611 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 % 07/24/2018 1146 JJ SM 1030E 

0.1 mg/L 07/18/20181105 DG EPA 200.7 

0.005 mg/L 07/14/2018 0224 MS EPA 200.8 

0.1 mg/L 07/14/2018 0224 MS EPA 200.8 

0.1 mg/L 07/18/2018 1105 DG EPA 200.7 

0.001 mg/L 07/14/2018 0224 MS EPA 200.8 

0.01 mg/L 07/18/20181105 DG EPA 200.7 

0.01 mg/L 07/14/2018 0224 MS EPA 200.8 

0.05 mg/L 07/18/20181105 DG EPA 200.7 

0.02 mg/L 07/14/2018 0224 MS EPA 200.8 

0.02 mg/L 07/18/20181105 DG EPA 200.7 

0.001 mg/L 07/17/20181129 AW EPA 245.1 

0.02 mg/L 07/14/2018 0224 MS EPA 200.8 

0.01 mg/L 07/18/2018 1105 DG EPA 200.7 

0.005 mg/L 07/14/2018 0224 MS EPA 200.8 

0.01 mg/L 07/18/2018 1105 DG EPA 200.7 

0.05 mg/L 07/18/2018 2023 DG EPA 200.7 

0.02 mg/L 07/18/2018 2023 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T '= ~, 0 " I '"' ,. I .I {, ~ J 
Page 8 of 8 
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~{l~Jft 

~WWCENGINEERING 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point '77 g9 i - CKti - Pump Project~ ,a~ ~~~--"'-------- -

W.0.#__,._jl_.ccO_._l~tf_,_,//,~3~---"'-=8"----

SamplelD#:[7857-t/ -CBN:- DateSampled _ 0 __ /_~-~ ~ - Time /530 am®):.) 

Describe Sampling Point pt, J111f CatJ.L 'ff "1.q• r~ u tvdf!' 

Location -----------------

Well Depth 7 !J: ft below MP Depth to Water (below MP)/ 3, ~G, ft 

Date I 7 / / Time I/ tf~ am pm 

At least _2 + bore volumes have been evacuated before sampling 

Sampling method 

Tap 

@:ubmersible pump 1 
Bailer 

Pump intake or bailer set at __,7_0 __ tt below MP. 

Bladder 

Casing Diameter ~ in 

!:z:~ Casing Volume----'-'~!ICC..L~ - gal 

DISCHARGE RATE 

__ gpm 

X 0.00223 

cfs 

Tubing (type: it~ 1p~ ). ~ew}r previously used ) was used to collect all samples ®r no ) 

and all field measurements <.@r no ). Tubing used only for ---,::::-.:,.~~-=~-===-=-----------

EVACUATION / STABILIZATION TEST DAT A 
Temperature 

I Corrected 
PH I Conductance Temperature 

Time (units) (µmhos/cm) 
1 

(°C) 
Turbidity 

(NTU) 

Cumulative Volume 
of Water 

Removed from Well 
(gallons) 

Pumping 
Rate 

(gpm) 

1.o 

Pumping Start Time /3 ~Q WL ____ Pumping End Time 

Comme~;~~A'J, ~ 
Wl __ _ 

Form completed by: 

October 2018 

- ~ 

Witnessed by: 

t. I" · J 
.'"CD 1 

Adrlendum D6- 10-223 
/;\Fuller F1les\Mon1tor Well Sample Form-RF doc DEQ Ex. 3-713
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;:I ""'!i!l!!'"i mii!'i.i~"!'iiiii·~~ Inter-Mountain Labs-------------------------------------
~ IHl l! ft - MOUHTAIH LABS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S1806121-001 
Client Sample ID: 578524-CRN-PUMP 

Analyses Result 

Field 
pH 7.68 

Conductivity 1033 

Turbidity 22.5 

Temperature 14.5 

General Parameters 

pH 8.4 

Electrical Conductivity 1150 

Total Dissolved Solids (180) 700 

Solids , Total Dissolved (Cale) 690 

Alkalinity, Total (As CaCO3) 588 

Hardness, Calcium/Magnesium (As CaCO3) 53 

Nitrogen, Ammonia (as N) 4.1 

Sodium Adsorption Ratio 16.5 

ns 
. .lkalinity, Bicarbonate as HCO3 685 

Alkalinity, Carbonate as CO3 16 

Alkalinity, Hydroxide as OH ND 

Chloride 5 

Fluoride 1.9 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 33 

Cations 
Calcium 8 

Magnesium 8 

Potassium 9 

Sodium 276 

These results apply only to the samples tested . 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Date Reported: 6/21/2018 
Report ID: S1806121001 

Work Order: S1806121 
Collection Date: 6/7/2018 3:30:00 PM 
Date Received: 6/7/2018 4:44:00 PM 

Sampler: RF 
Matrix: Water 

COC: 176239 

RL Qual Units Date Analyzed/lnit Method 

s.u. 06/07/2018 1530 Field 

µmhos/cm 06/07/2018 1530 Field 

NTU 06/07/2018 1530 Field 
oc 06/07/2018 1530 Field 

0.1 s.u. 06/08/20181745 IBS SM 4500 H B 

5 µmhos/cm 06/08/20181745 IBS SM 2510B 

10 mg/L 06/08/2018 1242 NLG SM 2540 

10 mg/L 06/21/2018 1543 JJ SM 1030E 

5 mg/L 06/08/2018 1745 IBS SM 2320B 

1 mg/L 06/21/2018 1543 JJ SM 2340B 

0.1 mg/L 06/14/20181519 AMB EPA 350.1 

0.01 06/21/2018 1543 JJ Calculation 

5 mg/L 06/08/2018 1745 IBS SM 2320B 

5 mg/L 06/08/2018 1745 IBS SM 2320B 

5 mg/L 06/08/2018 1745 IBS SM 2320B 

mg/L 06/08/2018 1016 AB EPA 300.0 

0.1 mg/L 06/08/20181745 IBS SM 4500FC 

0.1 mg/L 06/15/2018 1008 AMB EPA 353.2 

1 mg/L 06/08/20181016 AB EPA 300.0 

mg/L 06/08/2018 1548 DG EPA 200.7 

mg/L 06/08/2018 1548 DG EPA 200.7 

mg/L 06/08/2018 1548 DG EPA 200.7 

mg/L 06/08/2018 1548 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

,,. ~ 'I "' "' • ,. J ('_, , .) 
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w --~ MACO R ook-.M . 
JI) Your Environnffi~ra1 WIM!fortng Partner 
;:I Inter-Mountain Labs--------------------------------------
~ IH H R - MOUH TA IH' LADS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

Sample Analysis Report 

IENT: W estern W ater Consultants Date Reported: 6/2 1/2018 

1849 Terra Report ID: S1806121001 

Sherida n, WY 82801 

Work Order: S1806121 

Collection Date: 6/7/2018 3 :30 :00 PM 

Project: Ramaco-2014163-98 Date Received: 6/7/2018 4 :44 :00 PM 

Lab ID: S1806121-001 Sampler: RF 

Client Sample ID: 578524-CRN-PUMP Matrix: Water 

COC: 176239 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 11.22 0.01 meq/L 06/21 /20181543 JJ SM 1030E 

Carbonate as CO3 0.53 0.01 meq/L 06/21 /2018 1543 JJ SM 1030E 

Hydroxide as OH ND 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

Chloride 0.12 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

Fluoride 0.10 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

Nitrate + Nitrite as N ND 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

Sulfate 0.68 0.01 meq/L 06/21 /2018 1543 JJ SM 1030E 

Calcium 0.37 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

Magnesium 0.68 0.01 meq/L 06/21 /2018 1543 JJ SM 1030E 

Potassium 0.23 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

Sodium 11.99 0.01 meq/L 06/21/20181543 JJ SM 1030E 

Cation I Anion Balance 
Cation Sum 13.58 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

ion Sum 12.67 0.01 meq/L 06/21/2018 1543 JJ SM 1030E 

ation-Anion Balance 3.46 0.01 % 06/21/2018 1543 JJ SM 1030E 

Dissolved Metals 
Aluminum ND 0.1 mg/L 06/08/2018 1548 DG EPA 200.7 

Arsenic ND 0.005 mg/L 06/12/2018 0034 MS EPA 200.8 

Barium 0.1 0.1 mg/L 06/12/2018 0034 MS EPA 200.8 

Boron ND 0.1 mg/L 06/08/2018 1548 DG EPA 200.7 

Cadmium ND 0.001 mg/L 06/12/2018 0034 MS EPA 200.8 

Chromium ND 0.01 mg/L 06/08/2018 1548 DG EPA 200.7 

Copper ND 0.01 mg/L 06/12/2018 0034 MS EPA 200.8 

Iron ND 0.05 mg/L 06/08/2018 1548 DG EPA 200.7 

Lead ND 0.02 mg/L 06/12/2018 0034 MS EPA 200.8 

Manganese 0.02 0.02 mg/L 06/08/2018 1548 DG EPA 200.7 

Mercury ND 0.001 mg/L 06/12/2018 0958 AW EPA 245.1 

Molybdenum ND 0.02 mg/L 06/12/2018 0034 MS EPA 200.8 

Nickel ND 0.01 mg/L 06/08/2018 1548 DG EPA 200.7 

Selenium 0.038 0.005 mg/L 06/12/2018 0034 MS EPA 200.8 

Zinc ND 0.01 mg/L 06/08/2018 1548 DG EPA 200.7 

Total Metals 
Iron 0.41 0.05 mg/L 06/12/2018 1706 DG EPA 200.7 

Manganese 0.02 0.02 mg/L 06/12/2018 1706 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

6-a. 
Reviewed by : -"""'----=->"""-----------

Jo hn Jacobs,..,, Project Manager 
October 2010 

C Calculated Value 
G Analyzed at \ML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

'·1 ~ 
., j 

, '1' 
~" .,, d 
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Brook Mine ~co 

~WWCENGINEERING 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Project &~ 
Location ~ W.O.# :2. ~ I 'f /(p 3 _.. '18 
Sample ID# 57!~ tf2l} --:- C/<.lv - fu bife' Sampled 7 I 3 I Time_~l ~ --"O __ am @ 

De;:;..mpling Point - -----~'-u.)----'-------'-~------'----'--"'---"-~'--=--=-~· -----W=--.d.{...cc.=_..._--+114t-=-~--.._3_,,~'------'I'-----

Well Depth 

Date 

---ft below MP Depth to Water (below MP) ____ ft Casing Diameter 6 in ----

Time am pm Casing Volume gal 
----

At least ____ bore volumes have been evacuated before sampling DISCHARGE RATE 

Sampling method : [submersible pump] Bladder 

Tap Bailer Grab 

Pump intake or bailer set at ft below MP. ----

X 

______ gpm 

0.00223 

cfs 

Tubing (type: _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 
PH 

units 

I 7, 7~ 
rt,77 
7.Bi 
7. ~3 

Bt-f I 
9'10 
B7'3 
0 Bl 

pqz,o 

"'=t z.S 
oci~~ 
t>f~ 

J3o-o ~~ f~ 

I 5/o "'60 

Pumping Start Time O Cf /0 
Comments: 

Form completed by: 

October 2018 

WL 

Temperature 
·c 

/>,:; 
/5,i/ 

/fo,O 

I '7 I I 

----

Turbidity 
NTU 

Cumulative Volume 
of Water 

, Removed from Well 
allons 

/8.~ 
Pumping End Time _ ___ _ 

Witnessed by: 

Pumping 
Rate 

m 

l 
WL ---

T f- rl J 2 / : ; J Ad<;!~fdt¼~f?orJvQ-si~~ Form-RF doc 
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w ,,~ MACO R k M . 
JI) Your Environrrm~~a<?1v1MIMMng Partner 
;:I Inter-Mountain Labs--------------------------------------
~ IHT E ft - MOUHTAfH LAO$ 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 
ID 
0. 

121 
N 

" N 
00 

" N 
121 
N 
121 

IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1807054-001 

Client Sample ID: 578420-CRN-Pump 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

Sodium Adsorption Ratio 

,ns 

_ .lkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Sample Analysis Report 

Result RL Qual 

7.85 

980 

148 

16.6 

8.3 0.1 

1030 5 

640 10 

610 10 

363 5 

252 

2.6 0.1 

3.13 0.01 

440 5 

ND 5 

ND 5 

4 

Date Reported: 7/18/2018 

Report ID: S1807054001 

Work Order: S1807054 

Collection Date: 7/3/2018 1: 10:00 PM 

Date Received: 7/3/2018 2:10:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171835 

Units Date Analyzed/lnit Method 

s.u. 07/03/20181310 Field 

µmhos/cm 07/03/2018 1310 Field 

NTU 07/03/2018 1310 Field 

·c 07/03/2018 1310 Field 

s.u. 07/05/2018 1637 IBS SM 4500 H 

µmhos/cm 07/05/2018 1637 IBS SM 2510B 

mg/L 07/05/2018 1330 NLG SM 2540 

mg/L 07/18/2018 0758 JJ SM 1030E 

mg/L 07/05/2018 1637 IBS SM 2320B 

mg/L 07/18/2018 0758 JJ SM 2340B 

mg/L 07/06/2018 1001 AMB EPA 350.1 

07/18/2018 0758 JJ Calculation 

mg/L 07/05/2018 1637 IBS SM 2320B 

mg/L 07/05/2018 1637 IBS SM 2320B 

mg/L 07/05/2018 1637 IBS SM 2320B 

mg/L 07/06/2018 0042 AB EPA 300.0 

B 

Fluoride 0.6 0.1 mg/L 07/05/2018 1637 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 0.1 mg/L 07/05/2018 1057 AMB EPA 353.2 

Sulfate 182 mg/L 07/06/2018 0042 AB EPA 300.0 

Cations 

Calcium 48 mg/L 07/06/2018 1532 DG EPA 200.7 

Magnesium 32 mg/L 07/06/2018 1532 DG EPA 200.7 

Potassium 14 mg/L 07/06/2018 1532 DG EPA 200.7 

Sodium 114 mg/L 07/06/20181532 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

0~ ,.A-?', ~C,a. 
Reviewed by: .,,.cz=~-----=C=-,a___'-"-----------

John Jacobs,,. Project Manager 
October 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

1 ~ ., " '"' • - ..., ,. 
1 , ., ti CJv_J 

• •f'\ 
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w --~MACO R k- M . JI) Your Environnm~?a<i11v1o·n!Mring Partner 
;:I --------iliiiiiiiiii Inter-Mountain Labs--------------------------------------
;:I '"nR-Mou"T"'" LAos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID o. Sample Analysis Report 

121 
N 

" N 
00 

" N 
121 
N 
121 

.IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1807054-001 

Client Sample ID: 578420-CRN-Pump 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HCO3 7.20 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.12 

Fluoride 0.03 

Nitrate + Nitrite as N ND 

Sulfate 3.77 

Calcium 2.40 

Magnesium 2.63 

Potassium 0.35 

Sodium 4.97 

Cation I Anion Balance 
Cation Sum 10.55 

1ion Sum 11 .19 

ation-Anion Balance 2.94 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.21 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc 0.07 

Total Metals 
Iron 1.21 

Manganese 0.24 

These results apply only to the samples tested . 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ -"c~~ 
John Jacobs,,. Project Manager 

O c tober 20ll5 

Date Reported: 7/18/2018 

Report ID: S1807054001 

Work Order: S1807054 

Collection Date: 7/3/2018 1:10:00 PM 

Date Received: 7/3/2018 2:10:00 PM 

Sampler: RF 

Matrix: Water 

COC: 171835 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/20180758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 meq/L 07/18/2018 0758 JJ SM 1030E 

0.01 % 07/18/2018 0758 JJ SM 1030E 

0.1 mg/L 07/06/2018 1532 DG EPA 200.7 

0.005 mg/L 07/12/2018 2251 MS EPA 200.8 

0.1 mg/L 07/12/2018 2251 MS EPA 200.8 

0.1 mg/L 07/06/2018 1532 DG EPA 200.7 

0.001 mg/L 07/12/2018 2251 MS EPA 200.8 

0.01 mg/L 07/06/20181532 DG EPA 200.7 

0.01 mg/L 07/12/2018 2251 MS EPA 200.8 

0.05 mg/L 07/06/2018 1532 DG EPA 200.7 

0.02 mg/L 07/12/2018 2251 MS EPA 200.8 

0.02 mg/L 07/06/2018 1532 DG EPA 200.7 

0.001 mg/L 07/17/2018 0931 AW EPA 245.1 

0.02 mg/L 07/12/2018 2251 MS EPA 200.8 

0.01 mg/L 07/06/2018 1532 DG EPA 200.7 

0.005 mg/L 07/12/2018 2251 MS EPA 200.8 

0.01 mg/L 07/06/2018 1532 DG EPA 200.7 

0.05 mg/L 07/06/2018 1029 DG EPA 200.7 

0.02 mg/L 07/06/2018 1029 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T - ,, G " 'f'"I ~ 
''" (_. _J 
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~co 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 

Location ----------::,,,,y----- W .0 .# _ _ 2,~{)_J~'-f~ I /e=--'.5--_C/~8~---
Sample ID# 5'1PA20-0R/J - f "h':Je Sampled _ '7~_/ ~/ ~/ _ I __._.l8__ Time li;ltJ am(§) 

Describe Sampling Point ____ _,&;.......,IJUC-___.hif'---'-4-~--......cc..oo<..ac..a. oq,......__..(Aj......__4-!..:c...=...___,.~------------

Well Depth °30, 0 Z,, ft below MP Depth to Water (below MP) 7. 8 / ft Casing Diameter ~ in 

Date 1 I tl I I l2 Time J7L/Q am @ Casing Volume "?!II= gal 

At least _ ,7.~ *~-bore volumes have been evacuated before sampling DISCHARGE RATE 

Sampling method : Submersible pump {madder 7 _______ gpm 

Tap Bailer Grab X 0.00223 

Pump intake or bailer set at :Z 5' ft below MP. cfs 

Tubing (type: __ ?.~~~~~·~ ___ ). ( New o previously used was used to col lect all samples ~r no ) 

and all field measurements §r no). Tubing used only for ___ ,?? _ _;__A-____________ _ 

Temperature I 

PH 
I Corrected 

Conductance 
Time units mhos/cm 

l'ff i} 7 I '71.. 171 
I 

/tfUJ I 
7.1 I 

~ 
C/C/y 

I 

I 
t 

Temperature 
·c 

c:11 . 3 
1--/ I 'f 

Turbidity 
NTU 

Cumulative Volume 
of Water Pumping 

Removed from Well Rate 
allons m 

t' /5o~L/3CJ.S~ 
/L-3 ,0 -l,-

Pumping Start Time /3@ WL ____ Pumping End Time ____ _ WL ---
Comments: /AJu,;lz:;,v (:,~ _. ~ ~ ~ 

I 

Form completed by: Witnessed by: 

October 2018 T ~ ' ) l f = J Ad<!~fi'i!tmJ?n9or Jv\;h~2i,~ Form-RF doc 

CD 1"- "-1v 
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121 
N 
121 

, ~:~~iooota;, Labs _____________________ Y_o_ur_E_n_v_iro_n_~_~_Pa_W_\6,_~_i&_Fi_n_g_P_a_rt_ne_r 

'"m,-... ou"'"'" uas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S1807175-003 
Client Sample ID: 578420-CRN-PUMP 

Analyses Result 

Field 
pH 7.71 

Conductivity 999 

Turbidity 6.61 

Depth To Water 7.81 

Temperature 21.4 

General Parameters 

pH 8.3 

Electrical Conductivity 1090 

Total Dissolved Solids (180) 680 

Solids, Total Dissolved (Cale) 630 

Alkalinity, Total (As CaCO3) 379 

Hardness, Calcium/Magnesium (As CaCO3) 279 

Nitrogen, Ammonia (as N) 1.9 

,dium Adsorption Ratio 2.89 

ons 
Alkalinity, Bicarbonate as HCO3 450 

Alkalinity, Carbonate as CO3 6 

Alkalinity, Hydroxide as OH ND 

Chloride 4 

Fluoride 0.7 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 186 

Cations 
Calcium 54 

Magnesium 35 

Potassium 12 

Sodium 11 1 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~~ 
John Jacobs,,, Project Manager 

October 2010 

Date Reported: 7/24/2018 
Report ID: S1807175001 

Work Order: S1807175 
Collection Date: 7/11/2018 2:20:00 PM 
Date Received: 7/11/2018 3:58:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177611 

RL Qual Units Date Analyzed/lnit Method 

s.u. 07/11/2018 1420 Field 

µmhos/cm 07/11/20181420 Field 

NTU 07/11/2018 1420 Field 

ft 07/11/2018 1420 Field 
oc 07/11/20181420 Field 

0.1 s.u. 07/12/2018 2205 IBS SM 4500 H B 

5 µmhos/cm 07/12/2018 2205 IBS SM 2510B 

10 mg/L 07/12/20181617 NLG SM 2540 

10 mg/L 07/24/2018 1146 JJ SM 1030E 

5 mg/L 07/12/2018 2205 IBS SM 2320B 

1 mg/L 07/24/2018 1146 JJ SM 2340B 

0.1 mg/L 07/17/2018 1054 AMB EPA 350.1 

0.01 07/24/20181146 JJ Calculation 

5 mg/L 07/12/2018 2205 IBS SM 2320B 

5 mg/L 07/12/2018 2205 IBS SM 2320B 

5 mg/L 07/12/2018 2205 IBS SM 2320B 

mg/L 07/12/20181805 AB EPA 300.0 

0.1 mg/L 07/12/2018 2205 IBS SM 4500FC 

0.1 mg/L 07/13/20181448 AMB EPA 353.2 

1 mg/L 07/12/20181805 AB EPA 300.0 

mg/L 07/16/20181746 DG EPA 200.7 

mg/L 07/16/2018 1746 DG EPA 200.7 

mg/L 07/16/20181746 DG EPA 200.7 

mg/L 07/16/2018 1746 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

co 10-:~-, a 
Page 5 of 8 
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MACO Your Environ~~Pa9~~itBnng Partner 
.,;;;.;;;..;;;..;;;.;;;;; Inter-Mountain Labs--------------------------------------

1673 Terra Avenue, Sheridan, Wyoming 82801 

Sample Analysis Report 

ph: (307) 672-8945 

IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1807175-003 

Client Sample ID: 578420-CRN-PUMP 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 

Cation Sum 

1ion Sum 

ation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL Qual 

7.38 0.01 

0.19 0.01 

ND 0.01 

0.10 0.01 

0.03 0.01 

ND 0.01 

3.87 0.01 

2.68 0.01 

2.89 0.01 

0.31 0.01 

4.83 0.01 

10.86 0.01 

11.59 0.01 

3.24 0.01 

ND 0.1 

ND 0.005 

ND 0.1 

ND 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

ND 0.05 

ND 0.02 

0.26 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

0.18 0.05 

0.27 0.02 

Date Reported: 7/24/2018 

Report ID: S1807175001 

Work Order: S1807175 

Collection Date: 7/11/2018 2:20:00 PM 

Date Received: 7/11/2018 3 :58:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177611 

Units Date Analyzed/lnit Method 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/2018 1146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/2018 1146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/2018 1146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

meq/L 07/24/20181146 JJ SM 1030E 

% 07/24/2018 1146 JJ SM 1030E 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/17/20181121 AW EPA 245.1 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/14/2018 0201 MS EPA 200.8 

mg/L 07/18/20181103 DG EPA 200.7 

mg/L 07/18/2018 2013 DG EPA 200.7 

mg/L 07/18/2018 2013 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: .,,c:7=------====------------
John Jacobs,., Project Manager 

O ctober 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T · ~1 2 _ 3 
1.CO 1 - :, -1 8 

Page 6 of 8 
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Brook Mine ~co 

~WWCENGINEERING 
1849 Terra Avenue 

Sheridan , Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point -----=--5_7--"-B__,_'1~["""'"£~ -_.2=:-L-P-"'h'--___._J __ _ Project_-----'~CZ----'--"----------

Location W.O.# ;l tJ/ 'f ~ ::, ., 8 ------------------ ___ ..:;__----'-....:....i--=--.L......::------

Sample ID# 5'/B'f:/5 -:)Pf_ - / 

Describe Sampling Point 

O ate Sampled (.,, I ..f I Time ---1!f7-0 ___ am~ 

bw ~ lJ.a/ 

Well Depth 'f:/,) Z,. ft below MP Depth to Water (below MP) /5, BB ft Casing Diameter __ Z-__ in 

Casing Volume 4, I~ gal Date 

At least 
----

Sampling method 

Tap 

I I B Time [~5?) am~ 

bore volumes have been evacuated before sampling 

Submersible pump Bladder 

~ailer] X 

DISCHARGE RATE 

________ gpm i 

0.00223 

Pump intake or bailer set at 11 ,4, ft below MP. cfs 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

/ '510 lo, BB 

Pumping Start Time 

Comments: 

EVACUATION / STABILIZATION TEST DATA 

. : : . . . . : Temperature 
(•C) 

//,,z._ 

Turbidity 
(NTU) 

Cumulative Volume 
of Water 

Removed from Well 
(gallons) 

' . 

'/-/, °5t, I 
• I I • 

""'.!9B-- :-I .,;:i5',tf1 'x t), {~ 3 = Lf ,/5 X 3 ::. 11-, 'ftGAL 

WL ---- Pumping End Time ____ _ 

Pumping 
Rate 

(gpm) 

WL 
--

Form completed by: ~ cJ ~ Witnessed by: 
T • " !' "~ 

.) ,: I: 

October 2018 
r ,. CJ 1 - -1 

Adrlendum D6- 10-232 
C \Fuller F1le•1Mon1tor Well Sample Form RF doc DEQ Ex. 3-722



..-~MACO Your Environ~~Pa9~c%hBflng Partner 
Inter-Mountain Labs---------------------------------------

'"nk- ... ou"'"'" LADS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

.IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: 2014163-98-Ramaco 

Lab ID: S 1806031-002 

Client Sample ID: 578415-SPL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (as N) 

idium Adsorption Ratio 

ons 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

6.88 

3970 

34.6 

16.2 

15.88 

7.7 0.1 

4640 5 

3960 10 

3870 10 

941 5 

2210 1 

5.4 0.1 

3.23 0.01 

1150 5 

ND 5 

ND 5 

15 

0.5 0.1 

0.3 0.1 

2200 

375 

310 

52 

350 

Qual 

Date Reported: 6/15/2018 

Report ID: S1806031001 

Work Order: S1806031 

Collection Date: 6/4/2018 3:10:00 PM 

Date Received: 6/4/2018 3:17:00 PM 
Sampler: RF 

Matrix: Water 

COC: 176172 

Units Date Analyzed/lnit Method 

s.u. 06/04/2018 1510 Field 

µmhos/cm 06/04/2018 1510 Field 

NTU 06/04/2018 1510 Field 
oc 06/04/2018 1510 Field 

ft 06/04/2018 1510 Field 

s.u. 06/05/2018 1940 IBS SM 4500 H B 

µmhos/cm 06/05/2018 1940 IBS SM 2510B 

mg/L 06/05/2018 1324 NLG SM 2540 

mg/L 06/15/2018 1125 JJ SM 1030E 

mg/L 06/05/2018 1940 IBS SM 2320B 

mg/L 06/15/2018 1125 JJ SM 2340B 

mg/L 06/07/2018 1358 AMB EPA 350.1 

06/15/2018 1125 JJ Calculation 

mg/L 06/05/2018 1940 IBS SM 2320B 

mg/L 06/05/2018 1940 IBS SM 2320B 

mg/L 06/05/2018 1940 IBS SM 2320B 

mg/L 06/05/2018 1915 AB EPA 300.0 

mg/L 06/05/2018 1940 IBS SM 4500FC 

mg/L 06/06/2018 1445 AMB EPA 353.2 

mg/L 06/06/2018 1007 AB EPA 300.0 

mg/L 06/05/2018 1536 DG EPA 200.7 

mg/L 06/05/2018 1536 DG EPA 200.7 

mg/L 06/05/2018 1536 DG EPA 200.7 

mg/L 06/05/2018 1536 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

. db CZ~ ~ d~6a. 
Rev1ewe y: ..,,c;=-;r ___ __;: L=,O=-------------

John Jacobs,,, Project Manager 
October 2010 

C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T,. ,, ~ ':- r 
I ,. u L. Page 3 of 4 

Addendum D6-10-233 DEQ Ex. 3-723



121 
N 

" N 
00 

" N 
121 
N 
121 

, fiYtr~~~~ouota;n Labs ______________________ Y_o_u_r_E_n_v_iro_n_~_~_Pa_W_t_c%_ira_ri_1n_g_P_a_rt_n_e_r 

'"n~-.. ou"'"'" LAB> 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

.IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: 2014163-98-Ramaco 

Lab ID: S 1806031-002 

Client Sample ID: 578415-SPL-1 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 18.81 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.41 

Fluoride 0.02 

Nitrate + Nitrite as N 0.02 

Sulfate 45.89 

Calcium 18.70 

Magnesium 25.47 

Potassium 1.31 

Sodium 15.21 

Cation I Anion Balance 
Cation Sum 61 .10 

,ion Sum 65.17 

ation-Anion Balance 3.22 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.1 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.13 

Lead ND 

Manganese 1.00 

Mercury ND 

Molybdenum ND 

Nickel 0.02 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.54 

Manganese 1.16 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: c:f7,-~ --c:'~6;;,. 
John Jacobs,,, Project Manager 

October 2010 

Date Reported: 6/15/2018 

Report ID: S1806031001 

Work Order: S1806031 

Collection Date: 6/4/2018 3:10:00 PM 

Date Received: 6/4/2018 3:17:00 PM 

Sampler: RF 

Matrix: Water 

COC: 176172 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

0.01 % 06/15/2018 1125 JJ SM 1030E 

0.1 mg/L 06/05/2018 1536 DG EPA 200.7 

0.005 mg/L 06/05/2018 2232 MS EPA 200.8 

0.1 mg/L 06/05/2018 2232 MS EPA 200.8 

0.1 mg/L 06/05/2018 1536 DG EPA 200.7 

0.001 mg/L 06/05/2018 2232 MS EPA 200.8 

0.01 mg/L 06/05/2018 1536 DG EPA 200.7 

0.01 mg/L 06/05/2018 2232 MS EPA 200.8 

0.05 mg/l 06/05/2018 1536 DG EPA 200.7 

0.02 mg/L 06/05/2018 2232 MS EPA 200.8 

0.02 mg/L 06/05/2018 1536 DG EPA 200.7 

0.001 mg/L 06/06/2018 1331 AW EPA 245.1 

0.02 mg/L 06/05/2018 2232 MS EPA 200.8 

0.01 mg/L 06/05/2018 1536 DG EPA 200.7 

0.005 mg/L 06/05/2018 2232 MS EPA 200.8 

0.01 mg/L 06/05/2018 1536 DG EPA 200.7 

0.05 mg/L 06/07/2018 1835 DG EPA 200.7 

0.02 mg/L 06/07/2018 1835 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

~ 'I ~ " ' r- C"'- ,.,. 
i1, J LJ~~J 

· D 1 ~ - " ~ - 1 n Page 4 of 4 
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~co 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ f5~1~8~1~f 1~·~7~Pl--~ -~/ ____ _ Project ~ 
Location ------------------ w.o.# go dlfo2 - ? 6 
Sample ID#~~'{/~ -;PL -{ Date Sampled_ '1~_/ ~/~{-~I_....S...___ Time tff/11!6 
Describe Sampling Point t:::rvV v,., ~ /',,J ~-. 1 .r -AA //C:W 

- ---~~ ~-~---~w....ae~--~---------------

Well Depth 1i-/, .3} ft below MP 

Date 

Depth to Water (below MP) /{p, O'l ft 

Time /0 'fl) @ pm 

At least 12ft: bore volumes have been evacuated before sampling 

Sampling method : Submersible pump Sder] 

Tap Bailer Grab 

Pump intake or bailer set at 3 8 ft below MP . 

Casing Diameter '7,-- in 

Casing Volume '1/ ft gal 

X 

DISCHARGE RATE 

_____ gpm 

0.00223 

cfs 

Tubing (type: ~ ). ( New orEiously~use~was used to collect all samples §r no) 

and all field measurements ~r no ). Tubing used only for 

Cumulative Volume 
of Water Pumping 

PH Temperature Turbidity Removed from Well Rate 
Time units ·c NTU allons m 

111-L) CR,8:; 
1 

'-I I 50 1--t..,i 52.,B t /~>111/?;p~ 

II~ &.8'5 'ft~O "2-,/ I ., 't~O /1..-3,0 ! J; 

4 

Pumping Start Time _/_,!2.._5_{)_ WL ____ Pumping End Time __ _ WL ---

Comments: W ~ ~ /tvzLud_ £1..L2 ~ 

Form completed by: Witnessed by: 

October 2018 
r" l>,f' f'I ,. 

J I t 
1 DEQ Ex. 3-725



w ,,,~m• MACO R ook.M. 
JI) I m ·a: Your Environnmfaa11'il10·11lraRng Partner 
;:I Inter-Mountain Labs--------------------------------------
;:I oHnft- ,..ou"'"'" LAes 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

ID 
:Cl. Sample Analysis Report 

.IENT: Western Water Consultants Date Reported: 7/24/2018 
121 1849 Terra Report ID: S1807175001 
N Sheridan, WY 82801 

" N Work Order: S1807175 
00 Collection Date: 7/11/2018 11 :30:00 AM 

" Project: Ramaco-2014163-98 Date Received: 7/11/2018 3:58:00 PM N 
121 Lab ID: S1807175-002 Sampler: RF 
N Client Sample ID: 578415-SPL-1 Matrix: Water 
121 COC: 177611 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Field 
pH 6.85 s.u. 07/11/2018 1130 Field 

Conductivity 4180 µmhos/cm 07/11/2018 1130 Field 

Turbidity 45.0 NTU 07/11/2018 1130 Field 

Depth To Water 16.09 ft 07/11/2018 1130 Field 

Temperature 21.3 oc 07/11/20181130 Field 

General Parameters 

pH 7.7 0.1 s.u. 07/12/2018 2153 IBS SM 4500 H B 

Electrical Conductivity 4760 5 µmhos/cm 07/12/2018 2153 IBS SM 25108 

Total Dissolved Solids (180) 4570 10 mg/L 07/12/2018 1616 NLG SM 2540 

Solids, Total Dissolved (Ca le) 3860 10 mg/L 07/24/20181146 JJ SM 1030E 

Alkalinity, Total (As CaCO3) 964 5 mg/L 07/12/2018 2153 IBS SM 23208 

Hardness, Calcium/Magnesium (As CaCO3) 2270 1 mg/L 07/24/2018 1146 JJ SM 23408 

Nitrogen, Ammonia (as N) 4.2 0.1 mg/L 07/17/2018 1054 AMB EPA 350.1 

,dium Adsorption Ratio 2.80 0.01 07/24/2018 1146 JJ Calculation 

ons 
Alkalinity, Bicarbonate as HCO3 1180 5 mg/L 07/12/2018 2153 IBS SM 23208 

Alkalinity, Carbonate as CO3 ND 5 mg/L 07/12/2018 2153 IBS SM 23208 

Alkalinity, Hydroxide as OH ND 5 mg/L 07/12/2018 2153 IBS SM 23208 

Chloride 15 1 mg/L 07/12/2018 1751 AB EPA 300.0 

Fluoride 0.5 0.1 mg/L 07/12/2018 2153 IBS SM 4500FC 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 2200 

Cations 
Calcium 395 

Magnesium 313 

Potassium 46 

Sodium 307 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

0~ : u-~C,.;,. 
Reviewed by: c:;::;;r a_ 

John Jacobs,,, Project Manager 
October 2010 

0.1 mg/L 07/13/2018 1447 AMB EPA 353.2 

mg/L 07/13/20181103 AB EPA 300.0 

mg/L 07/16/20181740 DG EPA 200.7 

mg/L 07/16/2018 1740 DG EPA 200.7 

mg/L 07/16/2018 1740 DG EPA 200.7 

mg/L 07/16/2018 1740 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

n~co 1~- .. -1 
Page 3 of 8 
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121 
N 

" N 
00 

" N 
121 
N 
121 

,.,~MACO Your Environ~~Pa9~~h1aMng Partner 
!"',"!i!'"i!'"_•,..i!!i

0
~u"i!!''"•,"• •ii,.~as Inter-Mountain Labs _1_6_7_3_T_e_rr_a_A_v_e_n_u-e,_S_h_e-ri-da_n_,_W_y_o_m_i_ng-82_8_0_1 __ p_h_: (_3_0_7_) 6-7-2--8-9_4_5 ___________ .:.,_ __ _ 

Sample Analysis Report 

.IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1807175-002 

Client Sample ID: 578415-SPL-1 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 19.27 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.41 

Fluoride 0.02 

Nitrate + Nitrite as N ND 

Sulfate 45.90 

Calcium 19.73 

Magnesium 25.76 

Potassium 1.17 

Sodium 13.37 

Cation / Anion Balance 

Cation Sum 60.34 

1ion Sum 65.61 

ation-Anion Balance 4.17 

Dissolved Metals 

Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.1 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.06 

Lead ND 

Manganese 1.06 

Mercury ND 

Molybdenum ND 

Nickel 0.02 

Selenium ND 

Zinc ND 

Total Metals 

Iron 0.50 

Manganese 1.04 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

. 4,.&..._:,~ d~6-a. 
Reviewed by: o- LO 

John Jacobs,,_ Project Manager 
October 20 lo 

Date Reported: 7/24/2018 

Report ID: S1807175001 

Work Order: S1807175 

Collection Date: 7/11/201811:30:00AM 

Date Received: 7/11/2018 3:58:00 PM 

Sampler: RF 

Matrix: Water 

COC: 177611 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 JJ SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 % 07/24/2018 1146 JJ SM 1030E 

0.1 mg/L 07/18/20181056 DG EPA 200.7 

0.005 mg/L 07/14/2018 0133 MS EPA 200.8 

0.1 mg/L 07/14/2018 0133 MS EPA 200.8 

0.1 mg/L 07/18/2018 1056 DG EPA 200.7 

0.001 mg/L 07/14/2018 0133 MS EPA 200.8 

0.01 mg/L 07/18/20181056 DG EPA 200.7 

0.01 mg/L 07/14/2018 0133 MS EPA 200.8 

0.05 mg/L 07/18/2018 1056 DG EPA 200.7 

0.02 mg/L 07/14/2018 0133 MS EPA 200.8 

0.02 mg/L 07/18/20181056 DG EPA 200.7 

0.001 mg/L 07/17/20181108 AW EPA 245.1 

0.02 mg/L 07/14/2018 0133 MS EPA 200.8 

0.01 mg/L 07/18/20181056 DG EPA 200.7 

0.005 mg/L 07/14/2018 0133 MS EPA 200.8 

0.01 mg/L 07/18/2018 1056 DG EPA200.7 

0.05 mg/L 07/18/2018 2010 DG EPA 200.7 

0.02 mg/L 07/18/2018 2010 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

Page 4 of 8 

Addendum D6- 10-237 DEQ Ex. 3-727



~co 

~WWCENGINEERING 

SAMPLING INFORMATION 

Brook Mine 

1849 Terra Avenue 
Sheridan, Wyoming 82801 

(307) 672-0761 

Sampling Point __ £"_7"----=B_,f ...... l~S-::"'---_.S"----L..p:___,L.-c....__--2--=-- -
Location 

Project __ =~-='--'-------------

---- W.0 .# _ _ 2,""--'()'-'-{_._j-+'l t .... a...£.-3 _-_q_.,gc.__ ___ _ 
Sample ID# 51Si/:f~- s~- 2 Date Sampled_-'-0 __ / ____,_ __ _,,_ _ _ Time / 2 30 am~ 

Describe Sampling Point ~w./Lt 

Well Depth IJP/1J;, ft below MP Depth to Water (below MP) l.,'f, 3[J ft 

Date O: I lf 1 I 18 Time IJ /0 ~m 

At least 3 bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

~ail~ 

Pump intake or bailer set at 1'.1 A-: ft below MP. 

Bladder 

Casing Diameter Z, in 

Casing Volume 7, W gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

Tubing (type: --1,1. ). ( New or previously used) was used to collect all samples ( yes or no) ---~~-----

and all field measurements ( yes or no). Tubing used only for 

PH 
Time (units) 

/I to 1,78 
IJ-30 '7, 12 
/3?0 7,q~ 

Pumping Start Time 

Comments: 

Form completed by: 

October 2018 

Temperature I Cumulative Volume 
Corrected of Water Pumping 

Conductance Temperature Turbidity Removed from Well Rate 

I (µmhos/cm) 
I 

(•C) (NTU) (gallons) (gpm) 

/111 ',s-, 0 1 <a I ~.o 
t1't8 IS, o Ov~ 1-i""t,r I (g,o 

'7~2- //f I { (}. /_.' 2.1--, 0 

Jos. 5""o 

-- ~I !JC?_ ;~ 1../f. VJX 0, /{p'3.. :;. 7, ]-0 X 3 ~1 ~,. loGf/-L 
WL Pumping End Time ----- WL ---

... co 1 - -1 
Addendum 06- 10-238 

C IF uller F 1les\Mon1t0< Well Sample F o,m RF doc DEQ Ex. 3-728



...-~MACO Your Environ~~Pa9t&ltitBRng Partner 
•," ... n""~--,.."'"ouii";,,,;r .. -,H•Lii,.iiiiiiios Inter-Mountain Labs --16_7_3_T_e_rr_a_A_v_e_n_u_e_, _S_h_e-ri-da_n_,_W_y_o_m_i-ng-8-28_0_1 __ p_h_: -(3_0_7_)-67_2 ___ 89_4_5 ______________ _ 

Sample Analysis Report 

.IENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: 2014163-98-Ramaco 

Lab ID: S 1806031-001 

Client Sample ID: 578415-SPL-2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

,dium Adsorption Ratio 

ons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.93 

1782 

over limit 

15.1 

64.30 

8.4 

1970 

1240 

1230 

1080 

88 

5.7 

22.9 

1270 

25 

ND 

16 

1.4 

ND 

26 

18 

11 

15 

494 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~6a. 
John Jacobs,,, Project Manager 

October 2010 

RL Qual 

0.1 

5 

10 

10 

5 

0.1 

0.01 

5 

5 

5 

0.1 

0.1 

Date Reported: 6/15/2018 

Report ID: S1806031001 

Work Order: S1806031 

Collection Date: 6/4/2018 1 :30 :00 PM 

Date Received: 6/4/2018 3: 17:00 PM 

Sampler: RF 

Matrix: Water 

COC: 176172 

Units Date Analyzed/lnit Method 

S.U . 06/04/2018 1330 Field 

µmhos/cm 06/04/2018 1330 Field 

NTU 06/04/2018 1330 Field 
oc 06/04/2018 1330 Field 

ft 06/04/2018 1330 Field 

s.u. 06/05/2018 1927 IBS SM 4500 H B 

µmhos/cm 06/05/2018 1927 IBS SM 2510B 

mg/L 06/05/2018 1323 NLG SM 2540 

mg/L 06/15/2018 1125 JJ SM 1030E 

mg/L 06/05/2018 1927 IBS SM 2320B 

mg/L 06/15/2018 1125 JJ SM 2340B 

mg/L 06/14/2018 1649 AMB EPA 350.1 

06/15/2018 1125 JJ Calculation 

mg/L 06/05/2018 1927 IBS SM 2320B 

mg/L 06/05/2018 1927 IBS SM 2320B 

mg/L 06/05/2018 1927 IBS SM 2320B 

mg/L 06/05/2018 1806 AB EPA 300.0 

mg/L 06/05/2018 1927 IBS SM 4500FC 

mg/L 06/06/2018 1435 AMB EPA 353.2 

mg/L 06/05/2018 1806 AB EPA 300.0 

mg/L 06/05/2018 1532 DG EPA 200.7 

mg/L 06/05/2018 1532 DG EPA 200.7 

mg/L 06/05/2018 1532 DG EPA 200.7 

mg/L 06/05/2018 1532 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

.. " f'\ -t .• - . . ) 

J 1,.. .., ,. 1 
\J- .. _,- \,) 

Page 1 of 4 

Addendum D6-10-239 DEQ Ex. 3-729
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/ ~~~~~o"nta;n Labs _____________________ Y_o_ur_E_n_v_ir_on_~_~_Pa_f?_t_c%_itB_n_n_g_P_a_rt_ne_r 

'""ft -,..ouNr"'" LAD> 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants Date Reported: 6/15/2018 
1849 Terra Report ID: S1806031001 
Sheridan , WY 82801 

Work Order: S1806031 
Collection Date: 6/4/2018 1 :30:00 PM 

Project: 2014163-98-Ramaco Date Received: 6/4/2018 3:17:00 PM 
Lab ID: S1806031-001 Sampler: RF 
Client Sample ID: 578415-SPL-2 Matrix: Water 

COC: 176172 

Analyses Result RL Qual Units Date Analyzed/lnit Method 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 20.87 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Carbonate as CO3 0.82 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Hydroxide as OH ND 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Chloride 0.45 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Fluoride 0.07 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Nitrate + Nitrite as N ND 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Sulfate 0.53 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Calcium 0.87 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Magnesium 0.87 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Potassium 0.39 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

Sodium 21.49 0.01 meq/L 06/15/2018 11 25 JJ SM 1030E 

Cation/ Anion Balance 
Cation Sum 24.04 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

ion Sum 22.76 0.01 meq/L 06/15/2018 1125 JJ SM 1030E 

ation-Anion Balance 2.74 0.01 % 06/15/2018 1125 JJ SM 1030E 

Dissolved Metals 
Aluminum 0.3 0.1 mg/l 06/05/2018 1532 DG EPA 200.7 

Arsenic ND 0.005 mg/L 06/05/2018 2227 MS EPA 200.8 

Barium 0.3 0.1 mg/L 06/05/2018 2227 MS EPA 200.8 

Boron ND 0.1 mg/L 06/05/2018 1532 DG EPA 200.7 

Cadmium ND 0.001 mg/L 06/05/2018 2227 MS EPA 200.8 

Chromium ND 0.01 mg/L 06/05/2018 1532 DG EPA 200.7 

Copper ND 0.01 mg/L 06/05/2018 2227 MS EPA 200.8 

Iron 0.10 0.05 mg/L 06/05/2018 1532 DG EPA 200.7 

Lead ND 0.02 mg/L 06/05/2018 2227 MS EPA 200.8 

Manganese 0.16 0.02 mg/L 06/05/2018 1532 DG EPA 200.7 

Mercury ND 0.001 mg/L 06/06/2018 1329 AW EPA 245.1 

Molybdenum ND 0.02 mg/L 06/05/2018 2227 MS EPA 200.8 

Nickel ND 0.01 mg/L 06/05/2018 1532 DG EPA 200.7 

Selenium ND 0.005 mg/L 06/05/2018 2227 MS EPA 200.8 

Zinc ND 0.01 mg/L 06/05/2018 1532 DG EPA 200.7 

Total Metals 
Iron 37.7 0.05 mg/L 06/07/2018 1830 DG EPA 200.7 

Manganese 1.19 0.02 mg/L 06/07/2018 1830 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B Analyte detected in the associated Method Blank C Calculated Value 
E Value above quantitation range G Analyzed at IML Gillette laboratory 
H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limits 
L Analyzed by another laboratory M Value exceeds Monthly Ave or MCL or is less than LCL 

ND Not Detected at the Reporting Limit 0 Outside the Range of Dilutions 
S Spike Recovery outside accepted recovery limits U Analysis reported under the reporting limit 

X Matrix Effect 

Reviewed by: .,,~e:::__" ___ ..=_,_,,:.___ __________ _ 
'1 ,. 
" J 21 

1 -
Page 2 of 4 

Addendum D6- 10-240 
John Jacobs,,, Project Manager 

October 20 10 L ~ D DEQ Ex. 3-730



~o 

~ WWC ENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ 5~'Z-B~t-./~£~ -- S~ P~l-_ -~h __ _ Project __ ~=---=----"---"-=-----------

Location ----------------- W. 0 .# _ __.2_u....t'__,l_,.'/___...fi-=-~~,3.___- -f-=-e ____ _ 
Sample ID# !i1f}'fl5 .... ;, Pt.' Z- Date Sampled 7 / / / / 
Describe Sampl ing Point 6-tv ~ 

Well Depth / P ~ , £7tt below MP Depth to Water (below MP) J!J, f,b ft 

Date 7 / // / / Time oB'lo @ pm 

At least rJ1 A- bore volumes have been evacuated before sampling 

Sampling method : 

Tap 

Submersible pump 

Bailer 

[s1adder 

Grab 

Pump intake or bailer set at JtJ,S: ft below MP. 

Time C)ef ~0 ~pm 

Casing Diameter in 

Casing Volume gal 

X 

----

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

Tubing (type: P~ ). ( New or@eviously used]was used to collect all samples @r no) 

and all field measurements@r no ). Tubing used only for 

I Cumulative Volume 
of Water 

PH Temperature Turbidity Removed from Well 
Time units ·c NTU anons 

01 JJ) 7, 71 I 
! 

,7.'f,O ';>tJ, 3 f 
0130 '7,B/ I 17'8~ "J..'/'.~ 3/,/ - /\.- 3, O 

I 
I 

I 

Pumping Start Time 

Comments: 

OC/0£ WL ____ Pumping End Time ____ _ 

W~✓ 4/4~4tly --./-~ - ~ t?--rU--1✓ 

Form completed by : 

October 2018 

Pumping 
Rate 

m 

_ l52:;M1/2tJ~ 

I ~ 

WL ---

DEQ Ex. 3-731



,,~MACO Your Environ~~Pa9tMiraRng Partner 
.. ,"!!n~ft _-,.i!oouiii"i!iT,.iii,"iliLii,.~ .. Inter-Mountain Labs _1_6_7_3_T_e_rr_a_A_v_e_n-ue_,_S_h_e-rid_a_n_,_W_y_o_m_in_g_82_8_0_1 __ p_h_: (-3-0-7)_6_7_2_-8_9_4_5 ______________ _ 

Sample Analysis Report 

IENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S1807175-001 

Client Sample ID: 578415-SPL-2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Depth To Water 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity , Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 
odium Adsorption Ratio 

ons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.81 

1786 

31 .3 

70.80 

24.6 

8.5 

1950 

1210 

1190 

1100 

84 

5.6 

22 .2 

1280 

33 

ND 

17 

1.4 

0 .1 

7 

17 

10 

14 

467 

Qualifiers : B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

a ~ .d~6-a-
Reviewed by: c:::r LO 

John Jacobs,.., Project Manager 
October 2010 

RL Qual 

0.1 

5 

10 

10 

5 

0.1 

0.01 

5 

5 

5 

Date Reported: 7/24/2018 

Report ID: S 1807175001 

Work Order: S1807175 

Collection Date: 7/11/2018 9 :30:00 AM 
Date Received: 7/11/2018 3 :58:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177611 

Units Date Analyzed/lnit Method 

s.u. 07/11/2018 0930 Field 

µmhos/cm 07/11/2018 0930 Field 

NTU 07/11/2018 0930 Field 

ft 07/11/2018 0930 Field 

·c 07/11/2018 0930 Field 

s.u. 07/12/2018 2140 IBS SM 4500 H 

µmhos/cm 07/12/2018 2140 IBS SM 2510B 

mg/L 07/12/20181615 NLG SM 2540 

mg/L 07/24/20181146 JJ SM 1030E 

mg/L 07/12/2018 2140 IBS SM 2320B 

mg/L 07/24/20181146 JJ SM 2340B 

mg/L 07/17/20181157 AMB EPA 350.1 

07/24/2018 1146 JJ Calculation 

mg/L 07/12/2018 2140 IBS SM 2320B 

mg/L 07/12/2018 2140 IBS SM 2320B 

mg/L 07/12/2018 2140 IBS SM 2320B 

mg/L 07/12/2018 1737 AB EPA 300.0 

B 

0.1 mg/L 07/12/2018 2140 IBS SM 4500FC 

0.1 mg/L 07/13/20181445 AMB EPA 353.2 

mg/L 07/12/2018 1737 AB EPA 300.0 

mg/L 07/19/2018 1349 DG EPA 200.7 

mg/L 07/19/2018 1349 DG EPA 200.7 

mg/L 07/19/2018 1349 DG EPA 200.7 

mg/L 07/19/2018 1349 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

T · "1 r; 2 I 
RCCD t -

25 
5-1 

Page 1 of 8 

Addendum 06-10-242 DEQ Ex. 3-732
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, ~:~io,nta;n Labs _____________________ v_o_ur_E_n_v_ir_on_~_~_Pa_W_tt1_~_ita_R_n_g_P_a_rt_ne_r 

,Hru- .. ou"r"'" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

IENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S1807175-001 
Client Sample ID: 578415-SPL-2 

Analyses Result 

Cation/ Anion-Mi 11 iequiva lents 
Bicarbonate as HCO3 20.91 

Carbonate as CO3 1.1 0 

Hydroxide as OH ND 

Chloride 0.47 

Fluoride 0.07 

Nitrate + Nitrite as N ND 

Sulfate 0.14 

Calcium 0.83 

Magnesium 0.84 

Potassium 0.36 

Sodium 20.33 

Cation I Anion Balance 
Cation Sum 22.76 

1ion Sum 22.71 

ation-Anion Balance 0.10 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium 0.3 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese ND 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.72 

Manganese 0.03 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

a ~ ~~6a-
Reviewed by: c;;r LO 

John Jacobs,,, Project Manager 
October 2010 

Date Reported: 7/24/2018 
Report ID: S1807175001 

Work Order: S1807175 
Collection Date: 7/11/2018 9:30:00 AM 
Date Received: 7/11/2018 3:58:00 PM 

Sampler: RF 
Matrix: Water 

COC: 177611 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/24/20181146 jj SM 1030E 

0.01 meq/L 07/24/2018 1146 jj SM 1030E 

0.01 meq/L 07/24/2018 1146 jj SM 1030E 

0.01 meq/L 07/24/20181146 jj SM 1030E 

0.01 meq/L 07/24/2018 1146 Jj SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 jj SM 1030E 

0.01 meq/L 07/24/2018 1146 jj SM 1030E 

0.01 meq/L 07/24/20181146 JJ SM 1030E 

0.01 meq/L 07/24/2018 1146 jj SM 1030E 

0.01 meq/L 07/24/20181146 jj SM 1030E 

0.01 meq/L 07/24/20181146 jj SM 1030E 

0.01 meq/L 07/24/20181146 jj SM 1030E 

0.01 % 07/24/20181146 jj SM 1030E 

0.1 mg/L 07/18/2018 1044 DG EPA 200.7 

0.005 mg/L 07/14/2018 0127 MS EPA 200.8 

0.1 mg/L 07/14/2018 0127 MS EPA 200.8 

0.1 mg/L 07/18/2018 1044 DG EPA 200.7 

0.001 mg/L 07/14/2018 0127 MS EPA 200.8 

0.01 mg/L 07/18/2018 1044 DG EPA 200.7 

0.01 mg/L 07/14/2018 0127 MS EPA 200.8 

0.05 mg/L 07/18/2018 1044 DG EPA 200.7 

0.02 mg/L 07/14/2018 0127 MS EPA 200.8 

0.02 mg/L 07/18/2018 1044 DG EPA 200.7 

0.001 mg/L 07/17/20181106 AW EPA 245.1 

0.02 mg/L 07/14/2018 0127 MS EPA 200.8 

0.01 mg/L 07/18/20181044 DG EPA 200.7 

0.005 mg/L 07/14/2018 0127 MS EPA 200.8 

0.01 mg/L 07/18/2018 1044 DG EPA 200.7 

0.05 mg/L 07/18/2018 2008 DG EPA 200.7 

0.02 mg/L 07/18/2018 2008 DG EPA 200.7 

RL - Reporting Limit 
C Calcu lated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

·, 21·25 
. J~D 10 - 25 -1 8 
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~~ 
>"-wwcENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point -=-5----''1----'B'-f.__~-=:3_ - -'--'11 ..... L=------,- I.._ ___ _ 
I 

Project Gi:a.-,. ... -.-eQ 

Location _______________ W .O.# c:?o/t//(,~ - eJ7 

Sample ID# -&78'/:53-& -I Date Sampled ~ I II I 1£ Time oBf-o 
Describe Sampling Point &w ~ w~ 

Well Depth /6, 58 ft below MP Depth to Water (below MP) 7, zo ft 

Time O 8~ @ pm 

Casing Diameter 2- in -~--

Date I /I I /~ 

At least b +
Sampling method 

Tap 

bore volumes have been evacuated before samplrg 

Submersible pump Bladder 

~ aileiJ 

Pump intake or bailer set at ft below MP. ----

X 0.00223 

cfs 

.,..ubing (type: ). ( New or previously used ) was used to collect all samples ( yes or no ) ---------
and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DA TA 

Time 
PH 

units 

7. 'i I 

Pumping Start Time 

Temperature 
Corrected 

Conductance 
mhoa/cm 

/ '?J o I 

Temperature 
·c 

/"j. l 

//,,GB 

WL ----

Turbidity 
NTU 

Cumulative Volume 
of Water 

Removed from Well 
llon• 

/0 

Pumping End Time ____ _ 
. 

Pumping 
Rate 

m 

WL ---

Comments: W~ f~ - ~ ~ -I-~ k>AA4tz.i_,,JJ&~~ 

Form completed by: Witnessed by: 

April 2019 Tff16 2 ,'~25 
t,.. D 11 ~ Y 2 3 , 2 1? .. - u . ,I 

DEQ Ex. 3-734



,.,~f"'I Your Environmental M~riiPo?i~g~J~~er 
~Inter-Mountain Labs----------------------------------------
'"ru,-"'o""'A'" u.as 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, 1/1/Y 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1509203-004 

Client Sample ID: 578433-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

nions 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.41 

1301 

623 

13.1 

7.20 

8.2 0.1 

1440 5 

1020 10 

930 10 

547 5 

641 

0.1 0.1 

1.7 0.1 

667 5 

ND 5 

ND 5 

12 

0.6 0.1 

ND 0.1 

291 

103 

94 

5 

97 

Qual 

Date Reported: 9/25/2015 

ReportlD: S1509203001 

Work Order: S1509203 

Collection Date: 9/11/2015 8:40:00 AM 
Date Received: 9/11/2015 4:15:00 PM 

Sampler: RF 

Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

s.u. 09/11/2015 0840 Field 

µmhos/cm 09/11/2015 0840 Field 

NTU 09/11/2015 0840 Field 
oc 09/11/2015 0840 Field 

ft 09/11/2015 0840 Field 

s.u. 09/17/2015 1719 MRL SM 4500 H B 

µmhos/cm 09/17/2015 1719 MRL SM 2510B 

mg/L 09/14/2015 1557 IR SM 2540 

mg/L 09/23/2015 0930 JJ SM 1030E 

mg/L 09/17/2015 1719 MRL SM 2320B 

mg/L 09/23/2015 0930 JJ SM 2340B 

mg/L 09/18/2015 1517 AMB EPA 350.1 

09/23/2015 0930 JJ Calculation 

mg/L 09/17/2015 1719 MRL SM 2320B 

mg/L 09/17/2015 1719 MRL SM 2320B 

mg/L 09/17/2015 1719 MRL SM 2320B 

mg/L 09/20/2015 2201 AB EPA300.0 

mg/L 09/17/2015 1719 MRL SM 4500FC 

mg/L 09/17/2015 1207 AMB EPA353.2 

mg/L 09/20/2015 2201 AB EPA300.0 

mg/L 09/14/2015 1929 DG EPA 200.7 

mg/L 09/14/2015 1929 DG EPA 200.7 

mg/L 09/14/2015 1929 DG EPA 200.7 

mg/L 09/14/2015 1929 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: d~~~~ 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analys is exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

THJS 2 /f;25 
' t' G n ,.r. 11 11' 'l '1 2 I. - ~ . p ii ,_ '-' , 

Page 7 of 18 

Addendum D6-10-245 
DEQ Ex. 3-735



,,.~() Your Environmental M~riiPo?i~g~J~~er 
.::tml;lnter-Mountain Labs--------------------------------------
'"n"'-'"0""''"'" ...... 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1509203-004 

Client Sample ID: 578433-AL-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

10.93 

ND 

ND 

0.34 

0.03 

ND 

6.05 

5.12 

7.70 

0.13 

4.20 

17.17 

17.36 

0.54 

0.5 

ND 

ND 

0.3 

ND 

ND 

ND 

1.97 

ND 

1.19 

ND 

ND 

ND 

ND 

ND 

17.8 

1.37 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 9/25/2015 

ReportlD: S1509203001 

Work Order: S1509203 

Collection Date: 9/11/2015 8:40:00 AM 

Date Received: 9/11/2015 415:00 PM 

Sampler: RF 

Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

% 09/23/2015 0930 JJ SM 1030E 

mg/L 09/14/2015 1929 DG EPA200.7 

mg/L 09/14/2015 1404 MS EPA200.8 

mg/L 09/14/2015 1404 MS EPA200.8 

mg/L 09/14/2015 1929 DG EPA 200.7 

mg/L 09/14/2015 1404 MS EPA200.8 

mg/L 09/14/2015 1929 DG EPA200.7 

mg/L 09/14/2015 1404 MS EPA 200.8 

mg/L 09/14/2015 1929 DG EPA200.7 

mg/L 09/14/2015 1404 MS EPA 200.8 

mg/L 09/14/2015 1929 DG EPA200.7 

mg/L 09/18/2015 0908 AW EPA 245.1 

mg/L 09/14/2015 1404 MS EPA 200.8 

mg/L 09/14/2015 1929 DG EPA 200.7 

mg/L 09/14/2015 1404 MS EPA 200.8 

mg/L 09/14/2015 1929 DG EPA200.7 

mg/L 09/17/2015 1129 DG EPA 200.7 

mg/L 09/17/2015 1129 DG EPA200.7 

RL - Reporting Limit 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~ ~~e-a.. 
John Jacobs, Project Manager 

April 2019 

S Spike Recovery outside accepted recovery limits 

Trr;6 2/tZ5 Page8of18 
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~~ *FaMD~ 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point Fb - '5"7 0t/ ,.3 -11-L -/ Project_-"'--"'""--'-~----'----------

Location ------------------ W.0.# ;l u I'//(, .3 - ~ 7 
Sample ID# Fl>· 5781 ~.3-llt -/ Date Sampled 9 , // , IS- Time o8J/C 
Describe Sampling Point ____ __,.2=----'-' _ G=---cwc....c....__~_.....;;____;;;_=- .......:-==-"H---Wm,c....:~='-'-------------

Well Depth ___ ft below MP Depth to Water (below MP) _ ___ ft 

Date I 

At least --- -
Sampling method 

Tap 

I Time am pm -----
bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder 

Pump intake or bailer set at ft below MP. ----

Casing Diameter ____ in 

Casing Volume gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs -----

Tubing (type: __________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time (units) (l,imhoe/cm) ("C) (NTU) laallonsl (gpm) 

0857) 7,c// / 3~/ __ J B , I '- 2 3 /0 --
- -

- - · - -- - - - - -· 

- -- .. 

. . . - -- .. - - . 

- - - · · 

Pumping Start Time WL ---- Pumping End Time ----- WL ---

Comments: 

~ Witnessedby: 

April 2019 TFNB 2/ 1i25 
r r O ,,, Ii ,, ,, ,:; 2 1 ; 

•• _ ;J , 1 n l ,. ,.! , 

DEQ Ex. 3-737



~~() Your Environmental M~riiPoR~/~JR~er 
.:tm.:l:'1nter-Mountain Labs----------------------------------------
'"T1.111.••o""'"•" L.AaS 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S 1509203-005 
Client Sample ID: FD-578433-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity , Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.41 

1301 

623 

13.1 

7.20 

8.1 0.1 

1450 5 

1020 10 

930 10 

547 5 

625 

0.3 0.1 

1.7 0.1 

667 5 

ND 5 

ND 5 

12 

0.6 0.1 

ND 0.1 

294 1 

95 

95 

6 

100 

Qual 

Date Reported: 9/25/2015 
ReportlD: S1509203001 

Work Order: S1509203 
Collection Date: 9/11/2015 8:50:00 AM 

Date Received: 9/11/2015 4:15:00 PM 
Sampler: RF 

Matrix: Water 
COC: 131159 

Units Date Analyzed/lnit Method 

s.u. 09/11/2015 0850 Field 

µmhos/cm 09/11/2015 0850 Field 

NTU 09/11/2015 0850 Field 
oc 09/11/2015 0850 Field 

ft 09/11/2015 0850 Field 

s.u. 09/17/2015 1742 MRL SM 4500 H B 

µmhos/cm 09/17/2015 1742 MRL SM 2510B 

mg/L 09/14/2015 1558 IR SM 2540 

mg/L 09/23/2015 0930 JJ SM 1030E 

mg/L 09/17/20151742 MRL SM 2320B 

mg/L 09/23/2015 0930 JJ SM 2340B 

mg/L 09/18/2015 1518 AMB EPA 350.1 

09/23/2015 0930 JJ Calculation 

mg/L 09/17/2015 1742 MRL SM 2320B 

mg/L 09/17/2015 1742 MRL SM 2320B 

mg/L 09/17/2015 1742 MRL SM 2320B 

mg/L 09/20/2015 2215 AB EPA300.0 

mg/L 09/17/2015 1742 MRL SM 4500FC 

mg/L 09/17/2015 1209 AMB EPA353.2 

mg/L 09/20/2015 2215 AB EPA300.0 

mg/L 09/14/2015 1932 DG EPA 200.7 

mg/L 09/14/2015 1932 DG EPA 200.7 

mg/L 09/14/2015 1932 DG EPA 200.7 

mg/L 09/14/2015 1932 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: J ~ ---C~&;,.. 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outs ide accepted recovery limits 

TFNS 2/IJ25 
r. (I " ',: fl \f ') 'J 2 

J, - ,J j . !' ii I ,. V I 
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,...~(") Your Environmental M~riiPoPi~/~JR~er 
~Inter-Mountain Labs--------------------------------------
'"'u,-•0UM1A1" LMS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: 
Lab ID: 

Ramaco-2014163-07 

S 1509203-005 

Client Sample ID: FD-578433-AL-1 

Analyses 

Catlon/Anion-Milliequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 

Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

10.93 0.01 

ND 0.01 

ND 0.01 

0.34 0.01 

0.03 0.01 

ND 0.01 

6.12 0.01 

4.71 0.01 

7.79 0.01 

0.14 0.01 

4.33 0.01 

17.01 0.01 

17.44 0.01 

1.23 0.01 

ND 0.1 

0.009 0.005 

ND 0.1 

0.3 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

0.74 0.05 

ND 0.02 

1.09 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

11 .9 0.05 

1.32 0.02 

Qual 

Date Reported: 9/25/2015 

Report ID: S1509203001 

Work Order: S1509203 

Collection Date: 9/11/2015 8 :50:00 AM 
Date Received: 9/11/2015 4: 15:00 PM 

Sampler: RF 

Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ ·sM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

% 09/23/2015 0930 JJ SM 1030E 

mg/L 09/14/2015 1932 DG EPA200.7 

mg/L 09/14/2015 1410 MS EPA200.8 

mg/L 09/14/2015 1410 MS EPA 200.8 

mg/L 09/14/20151932 DG EPA 200.7 

mg/L 09/14/20151410 MS EPA200.8 

mg/L 09/14/20151932 DG EPA 200.7 

mg/L 09/14/2015 1410 MS EPA 200.8 

mg/L 09/14/2015 1932 DG EPA200.7 

mg/L 09/14/2015 1410 MS EPA 200.8 

mg/L 09/14/2015 1932 DG EPA200.7 

mg/L 09/18/2015 0910 AW EPA 245.1 

mg/L 09/14/2015 1410 MS EPA 200.8 

mg/L 09/14/2015 1932 DG EPA 200.7 

mg/L 09/14/2015 1410 MS EPA200.8 

mg/L 09/14/2015 1932 DG EPA 200.7 

mg/L 09/17/2015 1131 DG EPA200.7 

mg/L 09/17/20151131 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: cJ7,.61-.> --c:':J--e-a.. 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

T Fr] S 2 / )7? 5 Page 10 of 18 
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~~ 
~WWC ENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point _ _ 5_7_e_'l-_~~1/_-~ll~L._-___ / ____ _ Project ~ 

Location ----------------- W.O.# eft:'/'//~3-07 
Sample ID# 57B'f ~'{:·/IL-/ Date Sampled '? / // / IS: 
DescribeSamplingPoint ~W ~ w.L.L.-t 

Well Depth /3. 8 8 ft below MP 

Date °I I I I I 1,ff" 

Depth to Water (below MP) 5 , 3 (q ft 

Time 0'1 aB @ pm 

At least {p -t- bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump 

c;~iler } 
Pump intake or bailer set at 11 A- ft below MP. 

Bladder 

Time /000 

Casing Volume 

X 0.00223 

gal 

cfs I 

Tubing (type: ___ ?/_k ______ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 

000 

PH 
units 

l 

Temperature 
·c 

lfrt,7 

Turbidity 
NTU 

(Jl,\.U,_ /_/11,fll 

Cumulative Volume 
of Water 

Removed from Well 
Ilona 

IO 

Pumping 
Rate 

Pumping Start Time ____ WL ____ Pumping End Time _ ____ WL __ _ 

Comments: W~ -/--~ - ~ ~ - ?t.,f e,~ '='f' 
tJ.-6.:ti-v <'o hon« t./lJ ~ - l>~ k /VJl.c >+r ~ ~()~ 

Form completed by: ,,.~cd=-~ 
April 2019 

_,; Witnessed by: 

r r rm 2 / ri 2 5 
~ " r\ f,; ~ ,, 'i ,:i 2 1 " ... 

•• - .J :.., 1 i \ ! {. \) I 
DEQ Ex. 3-740



.,..~() Your Environmental M~riiPo?i~g~JR~er 
~Inter-Mountain Labs--------------------------------------
'"n:i,,-•o""TAI" L.AaJ 1673 Terra Avenue, Sheridan, \Nyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1509203-006 

Client Sample ID: 578434-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

nlons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.34 

1431 

Over Limit 

16.7 

5.36 

8.0 0.1 

1650 5 

1110 10 

1070 10 

784 5 

831 

0.5 0.1 

1.5 0.1 

956 5 

ND 5 

ND 5 

11 1 

0.9 0.1 

ND 0.1 

246 1 

91 

147 

4 

102 

Qual 

Date Reported: 9/25/2015 

Report ID: S1509203001 

Work Order: S1509203 

Collection Date: 9/11/201510:00:00AM 

Date Received: 9/11/2015 4:15:00 PM 

Sampler: RF 

Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

s.u. 09/11/2015 1000 Field 

µmhos/cm 09/11/2015 1000 Field 

NTU 09/11/2015 1000 Field 
oc 09/11/2015 1000 Field 

ft 09/11/2015 1000 Field 

s.u. 09/17/2015 1802 MRL SM 4500 H B 

µmhos/cm 09/17/2015 1802 MRL SM 25108 

mg/L 09/14/2015 1559 IR SM 2540 

mg/L 09/23/2015 0930 JJ SM 1030E 

mg/L 09/17/2015 1802 MRL SM 23208 

mg/L 09/23/2015 0930 JJ SM 23408 

mg/L 09/18/2015 1519 AMB EPA 350.1 

09/23/2015 0930 JJ Calculation 

mg/L 09/17/2015 1802 MRL SM 23208 

mg/L 09/17/20151802 MRL SM 23208 

mg/L 09/17/2015 1802 MRL SM 23208 

mg/L 09/22/2015 2119 AB EPA 300.0 

mg/L 09/17/2015 1802 MRL SM 4500FC 

mg/L 09/17/2015 1210 AMB EPA 353.2 

mg/L 09/22/20152119 AB EPA 300.0 

mg/L 09/22/2015 2140 DG EPA 200.7 

mg/L 09/22/2015 2140 DG EPA200.7 

mg/L 09/22/2015 2140 DG EPA 200.7 

mg/L 09/14/2015 1934 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~ "c~6a. 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

'"' i:- r n p r. 11 ,, 'J ,-, 2 • - U !J I i I ! i . V 1 1~ 
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.,.~() Your Environmental M~riiPo?i~/~JRirer 
.:.t.m:l;lnter-Mountain Labs----------------------------------------
'"n:"'•~ou..,A," I.MS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: 
Lab ID: 

Ramaco-2014163-07 
S 1509203-006 

Client Sample ID: 578434-AL-1 

Analyses 

Catlon/Anlon-Mllllequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

15.67 0.01 

ND 0.01 

ND 0.01 

0.29 0.01 

0.04 0.01 

ND 0.01 

5.12 0.01 

4.54 0.01 

12.08 0.01 

0.11 0.01 

4.45 0.01 

21 .23 0.01 

21 .14 0.01 

0.20 0.01 

ND 0.1 

ND 0.005 

0.1 0.1 

0.3 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

0.70 0.05 

ND 0.02 

1.06 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

94.3 0.05 

3.68 0.02 

Qual 

Date Reported: 9/25/2015 
Report ID: S1509203001 

Work Order: S1509203 
Collection Date: 9/11/2015 10:00:00 AM 
Date Received: 9/11/2015 4: 15:00 PM 

Sampler: RF 
Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

% 09/23/2015 0930 JJ SM 1030E 

mg/L 09/14/2015 1934 DG EPA 200.7 

mg/L 09/14/2015 1415 MS EPA 200.8 

mg/L 09/14/2015 1415 MS EPA 200.8 

mg/L 09/14/2015 1934 DG EPA 200.7 

mg/L 09/14/2015 1415 MS EPA200.8 

mg/L 09/14/2015 1934 DG EPA 200.7 

mg/L 09/14/2015 1415 MS EPA 200.8 

mg/L 09/14/2015 1934 DG EPA 200.7 

mg/L 09/14/2015 1415 MS EPA 200.8 

mg/L 09/14/2015 1934 DG EPA200.7 

mg/L 09/18/2015 0912 AW EPA 245.1 

mg/L 09/14/2015 1415 MS EPA 200.8 

mg/L 09/14/2015 1934 DG EPA 200.7 

mg/L 09/14/20151415 MS EPA 200.8 

mg/L 09/14/2015 1934 DG EPA 200.7 

mg/L 09/18/2015 1109 DG EPA 200.7 

mg/L 09/17/20151134 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by ~ ~d'--6a. 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

r n: s 2 ,1 r 2 5 
"' t C !'I p ~ II ,, '} 'J 2 
• !J 'n I '- v , 
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DEQ Ex. 3-742



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 57 8'f?A - Ill -1,., 

Location -----------------

Project ~--..,c,,o 

W.O.# 20l'f/(,'!) -o7 

--

Sample ID# 5~'/: ·AL· 2- Date Sampled _---'-1 __ / _l~(_ l~l!fC _ _ _ Time_~/~/ ~~~ O __ ~ @ m 

Describe Sampling Point ------'G--...w""'----'-~--"--=-=----"-"""',,.C-..C--""=·---w'-"--='.ML""-=--=---------------

Well Depth / 7, ~tf ft below MP 

Date q I / / I 15" 

Depth to Water (below MP) z 'i '{ ft 

Time lo@ (:§)Pm 

At least fo± bore volumes have been evacuated before sampling 

Bladder 

Casing Diameter ;z._. in 

Casing Volume /, fJ{,, gal 

DISCHARGE RATE 

Sampling method Submersible pump gpml 
------- I 

Tap (!ail~ X 0.00223 

Pump intake or bailer set at -11 A ft below MP. cfs 

Tubing (type: ___ ?Z~~lr..__ ____ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

Time 

I 

PH 
units 

Pumping Start Time 

Comments: 

Form completed by: 

April 2019 

EVACUATION / STABILIZATION TEST DATA 
Temperature 

Comteted 
Conductance 

hos/cm 

WL 

Temperature 
·c 

' " .z 

----

Turbidity 
NTU 

Cumulative Volume 
of Water 

Removed from Well 
Ilona 

I 

-/-,-Bf,,- X 3 - f • 576/H;; 

Pumping End Time ____ _ 

__ a"c=~M~ -id::----:7'.__/,,.,.~-L--t2:.....,,_A,___ Witnessed by: 

TF"1i 2 '"7 "' 1w / fJ - <I 

" ':" ('I l'I r . ~ ,, 'l ,·, 2 1 ,.. 
I . - U !.. j" ) l t] 1 "" ;' 

Pumping 
Rate 

WL ---

DEQ Ex. 3-743



,,,~(") Your Environmental M~riigR~/~j~~er 
~Inter-Mountain Labs----------------------------------------
'"n"-•o""'"'" I.Ml 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1509203-007 

Client Sample ID: 578434-AL-2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

1ions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen. Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.74 

663 

513 

19.2 

5.84 

8.3 0.1 

689 5 

440 10 

420 10 

271 5 

338 

ND 0.1 

0.6 0.1 

331 5 

ND 5 

ND 5 

9 

0.3 0.1 

0.3 0.1 

108 

64 

43 

4 

24 

Qual 

Date Reported: 9/25/2015 

Report ID: S1509203001 

Work Order: S1509203 

Collection Date: 9/11/201511 :30:00AM 

Date Received: 9/11/2015 4 :15:00 PM 
Sampler: RF 

Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

s.u. 09/11/2015 1130 Field 

µmhos/cm 09/11/2015 1130 Field 

NTU 09/11/2015 1130 Field 

·c 09/11/2015 1130 Field 

ft 09/11/2015 1130 Field 

s.u. 09/17/2015 1812 MRL SM 4500 H B 

µmhos/cm 09/17/2015 1812 MRL SM 2510B 

mg/L 09/14/2015 1600 IR SM 2540 

mg/L 09/23/2015 0930 JJ SM 1030E 

mg/L 09/17/2015 1812 MRL SM 2320B 

mg/L 09/23/2015 0930 JJ SM 2340B 

mg/L 09/18/2015 1521 AMB EPA 350.1 

09/23/2015 0930 JJ Calculation 

mg/L 09/17/2015 1812 MRL SM 2320B 

mg/L 09/17/2015 1812 MRL SM 2320B 

rng/L 09/17/2015 1812 MRL SM 2320B 

mg/L 09/22/2015 2132 AB EPA 300.0 

mg/L 09/17/2015 1812 MRL SM 4500FC 

mg/L 09/17/2015 1221 AMB EPA353.2 

mg/L 09/22/2015 2132 AB EPA300.0 

mg/L 09/22/2015 2143 DG EPA 200.7 

mg/L 09/22/2015 2143 DG EPA 200.7 

mg/L 09/22/2015 2143 DG EPA 200.7 

mg/L 09/22/2015 2143 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outs ide the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~ "c~~ 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

TFrJ13 2/fi75 
Page 13 of 18 

Addendum D6-10-254 
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•• - ;,.; ~ • t1 i! J I ,i 1 DEQ Ex. 3-744



.,,~n Your Environmental M~riiPoR~~JH~er 
~Inter-Mountain Labs----------------------------------------
'"r111-•oUNrA1" LAaS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: 

Lab ID: 

Ramaco-2014163-07 

S 1509203-007 

Client Sample ID: 578434-AL-2 

Analyses 

Catlon/Anlon-Mllllequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Calion Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result 

5.42 

ND 

ND 

0.24 

0.01 

0.02 

2.23 

3.20 

3.55 

0.09 

1.02 

7.88 

7.95 

0.41 

ND 

ND 

ND 

0.4 

ND 

ND 

ND 

2.24 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

9.19 

0.32 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 9/25/2015 

ReportlD: S1509203001 

Work Order: S1509203 

Collection Date: 9/11/2015 11 :30:00 AM 
Date Received: 9/11/2015 4:15:00 PM 

Sampler: RF 

Matrix: Water 

COC: 131159 

Units Date Analyzed/lnit Method 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

meq/L 09/23/2015 0930 JJ SM 1030E 

% 09/23/2015 0930 JJ SM 1030E 

mg/L 09/14/2015 1936 DG EPA 200.7 

mg/L 09/14/2015 1421 MS EPA200.8 

mg/L 09/14/2015 1421 MS EPA200.8 

mg/L 09/14/2015 1936 DG EPA200.7 

mg/L 09/14/2015 1421 MS EPA200.8 

mg/L 09/14/2015 1936 DG EPA 200.7 

mg/L 09/14/2015 1421 MS EPA200.8 

mg/L 09/14/2015 1936 DG EPA 200.7 

mg/L 09/14/2015 1421 MS EPA 200.8 

mg/L 09/23/2015 1343 DG EPA 200.7 

mg/L 09/18/2015 0914 AW EPA 245.1 

mg/L 09/14/2015 1421 MS EPA 200.8 

mg/L 09/14/2015 1936 DG EPA 200.7 

mg/L 09/14/2015 1421 MS EPA 200.8 

mg/L 09/14/2015 1936 DG EPA 200.7 

mg/L 09/17/20151136 DG EPA 200.7 

mg/L 09/17/2015 1136 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: ~ ~~e
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting limit 
S Spike Recovery outside accepted recovery limits 

Page 14 of 18 

Addendum D6-10-255 
DEQ Ex. 3-745



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point - - ~;::___7...,,,8'--'tf'-3_3_ - --=4=l_--=-/ ____ _ Project ~ --~ ~ ~ - - -------
Location ---------------- W.0 .# ____ ;2._0_._l_.¥_.l'--"'2~~~ -~0~7 ___ _ 

Sample ID# 5''78'1 ~3-dL -/ Date Sampled~ /,~':,l._ 1_ / _~/-5':cc...._..__ Time I.Z.1tJ am@ 

Describe Sampling Point ____ (,"--W=-------'~---"-......... =•....c.a.-""-"-"--·--_.W.___,d_£~ '-"-------------

Well Depth / ~ , t, ft below MP Depth to Water (below MP) It; • BC/ ft 

Date / ,z, I I I / £ Time / z_. I} !," am @ 

At least 11 fl: bore volumes have been evacuated before sampling 

Sampling method Submersible pump ~ laddaj 

Tap Bailer 

---Pump intake or bailer set at ! 6, ~ ft below MP. 

Casing Diameter 2- in 

Casing Volume 11.A-- gal 

X 

DISCHARGE RATE 

______ _ gpm 

0.00223 

cfs ----

Tubing (type: _ ___,_f......,~=-==<--"'--. _ __ ). ( New o~ viously used J was used to collect all samples S,r no ) 

and all field measurements"®r no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pump(ng 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time (units) (~mhos/cm) (°C) (NTU) faallons) {anm) 

/ 230 7.t"f 15"'1-0 //. 3 L/ 3'/ J J_?()#ft../ ···- - -- - , 

L~'ftJ 7, /q/ / 6°I ~ lb. e 1. / 0 /Z..._.; ~.t'J _t - - - -- - -

- . - - -

-- - - --

- -- - --- - ---

Pumping Start Time /2. 15:' WL ____ Pumping End Time ____ _ WL ---

Comments: IN~ /4u.~ - ?U2 ~ 

Form completed by: • ~ _...- Witnessed by: 

April 2019 
TFNo 2/bZ5 

C rr. fl " 2 •j 2 1 a 
.,. !.., _ 1 HJ - •J r w t 

DEQ Ex. 3-746



✓• Your Environmental M~riiPoR~g~JR~er 
Inter-Mountain Labs--------------------------------------

'"n• - .. ouNl A'" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1512028-003 

Client Sample ID: 578433-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

7.61 

1515 

210 

10.8 

6.89 

8.0 

1590 

1170 

1050 

586 

713 

0.2 

1.8 

715 

ND 

ND 

16 

0.6 

ND 

348 

111 

106 

5 

114 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

. 4,£1.....> ~ i;7,,._.,6a, 
Reviewed by: c:::r C....._ ,O_ 

John Jacobs, Project Manager 

April 2019 

RL Qual 

0.1 

5 

10 

10 

5 

0.1 

0.1 

5 

5 

5 

1 

0.1 

0.1 

Date Reported: 12/9/2015 

Report ID: S1512028001 

Work Order: S1512028 

Collection Date: 12/1/2015 12:40:00 PM 
Date Received: 12/1/2015 300:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162106 

Units Date Analyzed/lnit Method 

s.u. 12/01/2015 1240 Field 

µmhos/cm 12/01/20151240 Field 

NTU 12/01/2015 1240 Field 
oc 12/01/2015 1240 Field 

ft 12/01/2015 1240 Field 

S.U. 12/02/2015 1646 SFF SM 4500 H B 

µmhos/cm 12/02/2015 1646 SFF SM 2510B 

mg/L 12/02/2015 1440 IR SM 2540 

mg/L 12/08/2015 1116 JJ SM 1030E 

mg/L 12/02/2015 1646 SFF SM 2320B 

mg/L 12/08/2015 1116 JJ SM 2340B 

mg/L 12/07/2015 1002 AMB EPA 350.1 

12/08/20151116 JJ Calculation 

mg/L 12/02/2015 1646 SFF SM 2320B 

mg/L 12/02/2015 1646 SFF SM 2320B 

mg/L 12/02/2015 1646 SFF SM 2320B 

mg/L 12/02/2015 1859 AB EPA 300.0 

mg/L 12/02/2015 1646 SFF SM 4500FC 

mg/L 12/07/20151118 AMB EPA 353.2 

mg/L 12/02/2015 1859 AB EPA 300.0 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 1456 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

TF N8 2/ l:'25 
,_CD!',1~Y 23 ,2 

Page 5 of 8 

Addendum D6-10-257 
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/ . Your Environmental M~n'iPoPi~/~JR~er 
Inter-Mountain Labs----------------------------------------

'""~-"0""'A'" LAos 1673 Terra Avenue, Sheridan , Wyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1512028-003 

Client Sample ID: 578433-AL-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

11 .71 

ND 

ND 

0.45 

0.03 

ND 

7.24 

5.52 

8.72 

0.13 

4.94 

19.35 

19.44 

0.23 

ND 

ND 

ND 

0.2 

ND 

ND 

ND 

0.90 

ND 

1.30 

ND 

ND 

ND 

ND 

ND 

11.7 

1.45 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: cfJ~ ---Cd,,.__&;i. 
John Jacobs, Project Manager 

April 2019 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 12/9/2015 

Report ID: S1512028001 

Work Order: S1512028 

Collection Date: 12/1/2015 124000 PM 

Date Received: 12/1/2015 300:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162106 

Units Date Analyzed/lnit Method 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

% 12/08/2015 1116 JJ SM 1030E 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/04/2015 1007 AW EPA 245.1 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 1456 DG EPA 200.7 

mg/L 12/02/2015 2056 MS EPA 200.8 

mg/L 12/02/2015 1456 DG EPA200.7 

mg/L 12/03/2015 1617 DG EPA200.7 

mg/L 12/03/2015 1617 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

T FrJ 6 2 ,' f 25 
" ': (' I"! ~r. II V 2 •j 2 . - \ju . I ii l " I 1~ 
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Addendum D6-10-258 
DEQ Ex. 3-748



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ .5_7~6_.'t.__J=---.JCl/_- ..,__.,,4'--"'/,.'-'-----'--/ _ __ _ Project ~ 
Location _______________ W.O.# ~O/t//k3 - 0 7 
SamplelD# 57B'f3'/:·/JL -/ DateSampled /2. I / lfL Time /350 am(§) 

Describe Sampling Point ~ W ~ J,J .tLf 

Well Depth / 5. 88 ft below MP Depth to Water (below MP) 5, 01/: ft 

Date /2.. I / I / f£ Time /3 I 5: am('.1§:) 

At least 11fl--: bore volumes have been evacuated before sampling 

Sampling method Submersible pump ~ 

Tap Bailer 

/ 3 ft below MP. ~~--

Casing Diameter Z in 

Casing Volume r1A- gal 

X 

DISCHARGE RATE 

_____ __ gpm 

0.00223 

cfs Pump intake or bailer set at 

Tubing (type: ~ ). ( New o€_eviously used J was used to collect all samples E}r no ) 

and all field measurementsB r no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time (units) (umhoelcml l°Cl (NTU) laallonel laDm) 

/3'-1-0 7.~/ //,/,/ /0,'1 '1'13 f 4-- - -
,_ ____ 

- -· 

/~5/) _ 7,1,3 //,2'{, h,1- ,,.,~ 
1"1....-~,{:) /~~1/31.S - - -- - -

- .. 

- -· - -

- - - --· 

Pumping Start Time [5,t. ,..- WL ____ Pumping End Time _ ___ _ WL ---

Comments: tv~ ./-~ - ?UJ ~ 

Witnessed by: 

April 2019 
DEQ Ex. 3-749



-- • Your Environmental M~riiPo?i~g~JR~er 
Inter-Mountain Labs----------------------------------------

••H••M0u"u'" uos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1512028-004 

Client Sample ID: 578434-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity , Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

7.63 

1624 

175 

10.2 

5.04 

8.0 

1730 

1260 

1150 

735 

867 

0.3 

1.5 

897 

ND 

ND 

9 

0.8 

ND 

345 

91 

156 

3 

101 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by c:fl~ ---Cd..,._.,,6a. 
John Jacobs, Project Manager 

April 2019 

RL Qual 

0.1 

5 

10 

10 

5 

1 

0.1 

0.1 

5 

5 

5 

0.1 

0.1 

Date Reported: 12/9/2015 

Report ID: S1512028001 

Work Order: S1512028 

Collection Date: 12/1/2015 1:50:00 PM 
Date Received: 12/1/2015 3:00:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162106 

Units Date Analyzed/lnit Method 

s.u. 12/01/2015 1350 Field 

µmhos/cm 12/01/2015 1350 Field 

NTU 12/01/2015 1350 Field 

' C 12/01/2015 1350 Field 

ft 12/01/2015 1350 Field 

s.u. 12/02/2015 1656 SFF SM 4500 H B 

µmhos/cm 12/02/2015 1656 SFF SM 2510B 

mg/L 12/02/2015 1441 IR SM 2540 

mg/L 12/08/2015 1116 JJ SM 1030E 

mg/L 12/02/2015 1656 SFF SM 2320B 

mg/L 12/08/20151116 JJ SM 2340B 

mg/L 12/07/2015 1004 AMB EPA 350.1 

12/08/2015 1116 JJ Calculation 

mg/L 12/02/2015 1656 SFF SM 2320B 

mg/L 12/02/2015 1656 SFF SM 2320B 

mg/L 12/02/2015 1656 SFF SM 2320B 

mg/L 12/02/2015 1912 AB EPA 300.0 

mg/L 12/02/2015 1656 SFF SM 4500FC 

mg/L 12/07/20151120 AMB EPA 353.2 

mg/L 12/02/2015 1912 AB EPA 300.0 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 1459 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

T Fr; o 2 / ~25 
r. CO Fr-. ~ Y 2 'J 2 ~ . ,.,I ,J I 

Page 7 of 8 

Addendum 06-10-260 
DEQ Ex. 3-750



/ . Your Environmental M~riiPo?i~/~JH~er 
Inter-Mountain Labs--------------------------------------

'""~· .. 0""u'" LAos 1673 Terra Avenue , Sheridan , Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S 1512028-004 
Client Sample ID: 578434-AL-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specificabons 

C Calculated Value 

Result 

14.70 

ND 

ND 

0.24 

0.03 

ND 

7.17 

4.52 

12.81 

0.07 

4.39 

21 .83 

22 .16 

0.75 

ND 

ND 

ND 

0.3 

ND 

ND 

ND 

6.28 

ND 

0.57 

ND 

ND 

ND 

ND 

ND 

19.3 

0.66 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: cfJ,~ ~d,,,_.,.6a. 
John Jacobs, Project Manager 

April 2019 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 12/9/2015 
Report ID: S1512028001 

Work Order: S1512028 
Collection Date: 12/1/2015 1 50:00 PM 
Date Received: 12/1/2015 3:00:00 PM 

Sampler: RF 
Matrix: Water 

COC: 162106 

Units Date Analyzed/lnit Method 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

% 12/08/2015 1116 JJ SM 1030E 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 2102 MS EPA 200.8 

mg/L 12/02/2015 2102 MS EPA 200.8 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 2102 MS EPA 200.8 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 2102 MS EPA200.8 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 2102 MS EPA 200.8 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/04/2015 1021 AW EPA 245.1 

mg/L 12/02/2015 2102 MS EPA 200.8 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/02/2015 2102 MS EPA 200.8 

mg/L 12/02/2015 1459 DG EPA 200.7 

mg/L 12/03/2015 1626 DG EPA 200.7 

mg/L 12/03/2015 1626 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

T FrJ 6 2 / r 25 
~~GD '.1 ti y 2 J I 2 
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Addendum D6-10-261 
DEQ Ex. 3-751



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point _ ___ 5-1_.8._'t~~---'f_-.....,/I'-"'-/,._-_..&,-=----- Project _ ___.~~ ~~~W~"'-----------
Location ________________ _ W.O.#_.....,t2...=..P....&..lil:~lfR-~3----_t)_7 ____ _ 

Sample ID# 5fEf:~//: -1/-t- -;!., Date Sampled____._/ ..o::;;J---_ t-+-/--'-/----L/_..~:_--_ Time f/ /ZJ ~ pm 

Describe Sampling Point _____ __::_ft:?:_..W""'-- ~-"-=c.J"""-''-"-"""""'"'"''"'-= • .._.___./,U__,.d,£~ ::....,,,_-----------

Well Depth /'/, / i: ft below MP 

Date ;z, t / I /!L 
Depth to Water (below MP) 6, t 3 ft 

Time /t) M--: ~ pm 

Casing Diameter Z. in 

Casing Volume gal _ _.,......~ -

At least _ 11__._..rr_.___bore volumes have been evacuated before sampling 

Sampling method Submersible pump @ adder J 
Tap Bailer X 0.00223 

Pump intake or bailer set at ,c ft below MP. cfs 

..-ubing (type: _ ..... F.~~=~"---· ___ ). ( New o previously used was used to collect all samples § r no ) 

and all field measurements ~ r no ). Tubing used only for __ ?,"""· __,IJ:_ _______________ _ 

Cumulative Volume 
of Water Pumping 

PH Temperature Turbidity Removed from Well Rate 
Time units ·c NTU Hons m 

/loo 7-11 J,1 /!,~ j~PMl/31;!J.(k_,. 

II I~ 7."-1&° IP&fZ fJ,8 J/:1.2. "1..---3.0 t -·-

Pumping Start Time /() ~ WL ____ Pumping End Time ____ _ WL ---

Comments: W ~ .,I~ f-~ -~ ~ 

ll~E 

Form completed by: 

April 2019 
"" ,: T' r,, 11 V ') 'J 2 J " 
--U~ _lH ! LV, :, 

DEQ Ex. 3-752



"* Your Environmental M~riiPo?i~g~JR~er 
Inter-Mountain Labs----------------------------------------

'"TC lt • M O UNTAIH LAD S 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S1512028-001 

Client Sample ID: 578434-AL-2 

Analyses 

Field 

pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

7.96 

692 

43.2 

8.8 

5.63 

8.2 

690 

440 

410 

270 

337 

ND 

0.6 

330 

ND 

ND 

8 

0.2 

0.5 

102 

63 

43 

3 

23 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

R 
. 4,~~ ~~ 

ev1ewed by: c::7- CO 
John Jacobs, Project Manager 

April 2019 

RL Qual 

0.1 

5 

10 

10 

5 

1 

0.1 

0.1 

5 

5 

5 

0.1 

0.1 

Date Reported: 12/9/2015 

ReportlD: S1512028001 

Work Order: S1512028 

Collection Date: 12/1/2015 11 :10:00 AM 
Date Received: 12/1/2015 3:00:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162106 

Units Date Analyzed/lnit Method 

s.u. 12/01/2015 1110 Field 

µmhos/cm 12/01/2015 1110 Field 

NTU 12/01/20151110 Field 
oc 12/01/2015 1110 Field 

ft 12/01/2015 1110 Field 

s.u. 12/02/2015 1616 SFF SM 4500 H B 

µmhos/cm 12/02/2015 1616 SFF SM 2510B 

mg/L 12/02/2015 1438 IR SM 2540 

mg/L 12/08/2015 1116 JJ SM 1030E 

mg/L 12/02/2015 1616 SFF SM 2320B 

mg/L 12/08/2015 1116 JJ SM 2340B 

mg/L 12/07/2015 0952 AMB EPA 350.1 

12/08/2015 1116 JJ Calculation 

mg/L 12/02/2015 1616 SFF SM 2320B 

mg/L 12/02/2015 1616 SFF SM 2320B 

mg/L 12/02/2015 1616 SFF SM 2320B 

mg/L 12/02/2015 1833 AB EPA 300.0 

mg/L 12/02/2015 1616 SFF SM 4500FC 

mg/L 12/07/20151115 AMB EPA 353.2 

mg/L 12/02/2015 1833 AB EPA 300.0 

mg/L 12/02/2015 1452 DG EPA 200.7 

mg/L 12/02/2015 1452 DG EPA 200.7 

mg/L 12/02/2015 1452 DG EPA 200.7 

mg/L 12/02/2015 1452 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

,~ 
Page 1 of 8 

Addendum 06-10-263 
DEQ Ex. 3-753
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,.lnte,-Moootain Labs 
Your Environmental M~rfiPoR~/~JR~er 

I N TC fl - MOUHlAI H LABS 1673 Terra Avenue, Sheridan , Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S1512028-001 

Client Sample ID: 578434-AL-2 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 5.40 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride 0.23 

Fluoride 0.01 

Nitrate + Nitrite as N 0.03 

Sulfate 2.11 

Calcium 3.15 

Magnesium 3.57 

Potassium 0.08 

Sodium 1.01 

Cation I Anion Balance 
Cation Sum 7.82 

Anion Sum 7.79 

Cation-Anion Balance 0.20 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.03 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 2.51 

Manganese 0.32 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: c!J,~ ~d~c"',,a.
John Jacobs, Project Manager 

April 2019 

Date Reported: 12/9/2015 

Report ID: S1512028001 

Work Order: S1512028 

Collection Date: 12/1/20151110:00AM 

Date Received: 12/1/2015 3 :00:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162106 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/20151116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 meq/L 12/08/2015 1116 JJ SM 1030E 

0.01 % 12/08/2015 1116 JJ SM 1030E 

0.1 mg/L 12/02/2015 1452 DG EPA200.7 

0.005 mg/L 12/02/2015 2030 MS EPA200.8 

0.1 mg/L 12/02/2015 2030 MS EPA 200.8 

0.1 mg/L 12/02/2015 1452 DG EPA 200.7 

0.001 mg/L 12/02/2015 2030 MS EPA200.8 

0.01 mg/L 12/02/2015 1452 DG EPA 200.7 

0.01 mg/L 12/02/2015 2030 MS EPA 200.8 

0.05 mg/L 12/02/2015 1452 DG EPA 200.7 

0.02 mg/L 12/02/2015 2030 MS EPA 200.8 

0.02 mg/L 12/02/2015 1452 DG EPA 200.7 

0.001 mg/L 12/04/2015 1004 AW EPA 245.1 

0.02 mg/L 12/02/2015 2030 MS EPA 200.8 

0.01 mg/L 12/02/2015 1452 DG EPA 200.7 

0.005 mg/L 12/02/2015 2030 MS EPA 200.8 

0.01 mg/L 12/02/2015 1452 DG EPA 200.7 

0.05 mg/L 12/03/2015 1612 DG EPA 200.7 

0.02 mg/L 12/03/2015 1612 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

r rr; s 21 r25 
.. : c D :L". i' 2 J , 2 a 1 r 
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~~ -;t-:F_,;a P"f~ 

~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point £1)-- 57f3'/:3t/ - /1-L..., Z 
Location W.O.# ;2 ~ It./ - ---------=--- -----
Sam p I e ID# FD - 57f;.f31,-/1J,- f ate Sampled __._,~ --'----'-/ ----'-1__._=~ '---

~-: Describe Sampling Point 0//J ~ 

Well Depth ft below MP Depth to Water (below MP) 2, '1 3 ft ---

Date 

At least 
----

Sampling method 

Tap 

Time am pm 
-----

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder 

Pump intake or bailer set at ft below MP. ----

Casing Diameter ____ in 

L 

Casing Volume gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

Tubing (type: _ ________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Conec:ted ofW ... , Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time units mho9/cm ·c NTU lions m 

// I 7, '1 {, lot:/ z g,g tf-3.z_ 

Pumping Start Time WL ---- Pumping End Time ____ _ WL ---
Comments: 

Form completed by: 

April 2019 
DEQ Ex. 3-755



--• Your Environmental M~riiPo?i~/~JH~er 
Inter-Mountain Labs----------------------------------------

IHfCA • "'0""'A'" LABS 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S1512028-002 
Client Sample ID: FD-578434-AL-2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

7.96 

692 

43.2 

8.8 

5.63 

8.2 

698 

440 

410 

269 

334 

ND 

0.6 

328 

ND 

ND 

8 

0.2 

0.6 

102 

63 

43 

3 

23 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: c:f7~ ~::::J',,._.,&;,. 
John Jacobs, Project Manager 

April 2019 

RL Qual 

0.1 

5 

10 

10 

5 

0.1 

0.1 

5 

5 

5 

0.1 

0.1 

Date Reported: 12/9/2015 
Report ID: S1512028001 

Work Order: S1512028 
Collection Date: 12/1/2015 11 : 15:00 AM 

Date Received: 12/1/2015 3:00:00 PM 
Sampler: RF 

Matrix: Water 
COC: 162106 

Units Date Analyzed/lnit Method 

S.U. 12/01/2015 1115 Field 

µmhos/cm 12/01/20151115 Field 

NTU 12/01/2015 1115 Field 
oc 12/01/20151115 Field 

ft 12/01/20151115 Field 

s.u. 12/02/2015 1626 SFF SM 4500 H B 

µmhos/cm 12/02/2015 1626 SFF SM 2510B 

mg/L 12/02/2015 1439 IR SM 2540 

mg/L 12/08/20151116 JJ SM 1030E 

mg/L 12/02/2015 1626 SFF SM 2320B 

mg/L 12/08/2015 1116 JJ SM 2340B 

mg/L 12/07/2015 1001 AMB EPA 350.1 

12/08/2015 1116 JJ Calculation 

mg/L 12/02/2015 1626 SFF SM 2320B 

mg/L 12/02/2015 1626 SFF SM 2320B 

mg/L 12/02/2015 1626 SFF SM 2320B 

mg/L 12/02/2015 1846 AB EPA 300.0 

mg/L 12/02/2015 1626 SFF SM 4500FC 

mg/L 12/07/20151117 AMB EPA 353.2 

mg/L 12/02/2015 1846 AB EPA 300.0 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 1454 DG EPA200.7 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 1454 DG EPA 200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

TFrJ5 2/fiZ5 
':' l'I 'l ~ · II l f ') ,·, 2 

• - .J ,J . ·; II ! l.. J , 
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DEQ Ex. 3-756



.... ~ Your Environmental M~rfiPo?i~g~JR~er 
Inter-Mountain Labs--------------------------------------

'"" A - MOUNTAIN LA o s 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1512028-002 

Client Sample ID: FD-578434-AL-2 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate+ Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 
Qualifiers: A Check MSA specifications 

C Calculated Value 

Result 

5.37 

ND 

ND 

0.22 

0.01 

0.04 

2.13 

3.12 

3.55 

0.08 

1.00 

7.76 

7.79 

0.19 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.03 

ND 

ND 

ND 

ND 

ND 

4.03 

0.36 

H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

Reviewed by: c7~ ---Cd.,.......,.&,. 
John Jacobs, Project Manager 

April 2019 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported : 12/9/2015 

Report ID: S1512028001 

Work Order: S1512028 

Collection Date: 12/1/201511:15:00AM 

Date Received: 12/1/2015 3:0000 PM 

Sampler: RF 

Matrix: Water 

COC: 162106 

Units Date Analyzed/lnit Method 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/20151116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

meq/L 12/08/2015 1116 JJ SM 1030E 

% 12/08/2015 1116 JJ SM 1030E 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 1454 DG EPA200.7 

mg/L 12/04/2015 1006 AW EPA 245.1 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 1454 DG EPA 200.7 

mg/L 12/02/2015 2051 MS EPA 200.8 

mg/L 12/02/2015 1454 DG EPA200.7 

mg/L 12/03/2015 1615 DG EPA200.7 

mg/L 12/03/2015 1615 DG EPA200.7 

RL - Reporting Limit 
B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

T FrJ5 2 / ~25 
~ r C n ~r. fl " 2 •j 2 
J, - LI : ! ii I \) I 
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Addendum D6-10-267 
DEQ Ex. 3-757



~~ 
~WWC ENGINEERING 

SAMPLING INFORMATION 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

Sampling Point --~!5_7~~~'f-~_3_, ~fl~/,,_-_/ ___ _ Project ~ 
Location ____ _ ___ ___ ___ W.O.# ,;JO /'/://o,3 - t) 7 
Sample ID# 57 8';: 3 3, - ffJ- - I Date Sampled .3 I I I /&, Time /Pi t,5: am (§) 

Describe Sampling Point 6 u.J ~ U.I ~ 

Well Depth /It . I, ft below MP Depth to Water (below MP) 7, 15" ft Casing Diameter -:2- in 

Date 3 I l I / {., Time / :2 Jo am @ Casing Volume___,~ ~-gal 

At least '}1..JI bore volumes have been evacuated before sampling 
~~~-

Sampling method Submersible pump ~ 

Tap Bailer X 0.00223 

Pump intake or bailer set at ~/ ....... £ __ ft below MP. cfs ----

Tubing (type: - ~-~- --· ___ ). ( New orEm:usly used j was used to collect all samples (Br no) 

and all field measurements § r no). Tubing used only for -~21~1t------- - -------

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Tlmo (units) fumhOllcml f°CI (NTU) (gallons) (GP!tl) 

lJ-8~ 7, ~3 J 7C/lf ___ 11. I o2 5'1) i j ~ tJ#f_t,~ . -·-- - - - - -

J 1.!f_f; 11 , 61 /17~ 13.~ B~ ,/ 3.o v -- .. ---

--- - ~- - · - -- ~--- - --

.. - - ··--

- - .. - . -·-- ... ~ 

Pumping Start Time / z. 2 C) WL ____ Pumping End Time ____ _ WL ---

Comments: W~ f~ - 71,.,() ,?--tflu-z< 

~ # Litt 51&0 
F01m completed by: ~#/4~ _../ Witnessed by: 

April 2019 T FrHi 2 /~Z5 DEQ Ex. 3-758



-~n Your Environmental M~riiPo?i~g~JH~er 
~Inter-Mountain Labs----------------------------------------
'"n"-•"'ou"T"1" LAIIS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-07 
Lab ID: S 1603020-004 
Client Sample ID: 578433-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

. . nlons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.69 

1776 

86.1 

13.3 

7.15 

8.1 0.1 

1690 5 

1330 10 

1200 10 

671 5 

803 

0.3 0.1 

2.0 0.1 

819 5 

ND 5 

ND 5 

17 

0.6 0.1 

ND 0.1 

402 

122 

121 

5 

130 

Qual 

Date Reported: 3/11/2016 
ReportlD: S1603020001 

Work Order: S1603020 
Collection Date: 3/1/2016 12:45:00 PM 
Date Received: 3/1/2016 4:06:00 PM 

Sampler: RF 
Matrix: Water 

COC: 165160 

Units Date Analyzed/lnit Method 

s.u. 03/01/2016 1245 Field 

µmhos/cm 03/01/2016 1245 Field 

NTU 03/01/2016 1245 Field 

·c 03/01/2016 1245 Field 

ft 03/01/2016 1245 Field 

s.u. 03/02/2016 1853 LAB SM 4500 H B 

µmhos/cm 03/02/2016 1853 LAB SM 25108 

mg/L 03/02/2016 0947 NLG SM 2540 

mg/L 03/08/2016 1550 JJ SM 1030E 

mg/L 03/02/2016 1853 LAB SM 23208 

mg/L 03/08/2016 1550 JJ SM 23408 

mg/L 03/04/2016 1507 AMS EPA 350.1 

03/08/2016 1550 JJ Calculation 

mg/L 03/02/2016 1853 LAB SM 23208 

mg/L 03/02/2016 1853 LAB SM 23208 

mg/L 03/02/2016 1853 LAB SM 23208 

mg/L 03/02/2016 1604 AB EPA300.0 

mg/L 03/02/2016 1853 LAB SM 4500FC 

mg/L 03/03/2016 1310 AMS EPA353.2 

mg/L 03/02/2016 1604 AB EPA300.0 

mg/L 03/02/2016 1436 DG EPA200.7 

mg/L 03/02/2016 1436 DG EPA200.7 

mg/L 03/02/2016 1436 DG EPA 200.7 

mg/L 03/02/2016 1436 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:fl~ --c'.'."d---~ 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

TFNB 2/t25 
Page 7 of 12 

Addendum D6-10-269 
CD JAY 23,201ft DEQ Ex. 3-759



/~() Your Environmental M~riiPoPi~/~JR~er .:t.mJ:'1nter-Mountain Labs--------------------------------------
'"n"'-.. 0""'A'" ...... 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: 

Lab ID: 

Ramaco-2014163-07 

S 1603020-004 

Client Sample ID: 578433-AL-1 

Analyses 

Cation/Anlon-Mllliequlvalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

13.42 0.01 

ND 0.01 

ND 0.01 

0.48 0.01 

0.03 0.01 

ND 0.01 

8.37 0.01 

6.10 0.01 

9.94 0.01 

0.13 0.01 

5.65 0.01 

21 .86 0.01 

22.31 0.01 

1.02 0.01 

ND 0.1 

ND 0.005 

ND 0.1 

0.2 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

0.78 0.05 

ND 0.02 

1.53 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

4.86 0.05 

1.60 0.02 

Qual 

Date Reported: 3/11/2016 

Report ID: S1603020001 

Work Order: S1603020 

Collection Date: 3/1/2016 12:45:00 PM 

Date Received: 3/1/2016 4 :06:00 PM 

Sampler: RF 

Matrix: Water 

COC: 165160 

Units Date Analyzed/lnit Method 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/20161550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

% 03/08/2016 1550 JJ SM 1030E 

mg/L 03/02/2016 1436 DG EPA200.7 

mg/L 03/02/2016 1731 MS EPA 200.8 

mg/L 03/02/2016 1731 MS EPA 200.8 

mg/L 03/02/2016 1436 DG EPA 200.7 

mg/L 03/02/2016 1731 MS EPA200.8 

mg/L 03/02/2016 1436 DG EPA200.7 

mg/L 03/02/2016 1731 MS EPA 200.8 

mg/L 03/02/2016 1436 DG EPA200.7 

mg/L 03/02/2016 1731 MS EPA200.8 

mg/L 03/02/2016 1436 DG EPA 200.7 

mg/L 03/04/2016 0955 AW EPA 245.1 

mg/L 03/02/2016 1731 MS EPA200.8 

mg/L 03/02/2016 1436 DG EPA200.7 

mg/L 03/02/2016 1731 MS EPA200.8 

mg/L 03/02/2016 1436 DG EPA 200.7 

mg/L 03/04/2016 1639 DG EPA 200.7 

mg/L 03/04/2016 1639 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:fJ,~ ~d.,,..-e-a. 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

T f N 6 2 / u 2 5 Page 8 of 12 
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~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ 5"__._7 ...... B"-'f..........,3 "--'f--4----- /JJ-L,ML..___..- / ___ _ Project ~ 
Location _______________ W.O.# .;ltJ/t.f //g.3-07 

SamplelD# '?'1f3tf8'-/--lfl · / DateSampled 8 I I I 1/e Time /3SZJ am~ 

Describe Sampling Point {p W ~~ wdf 

Well Depth / 3. BBtt below MP Depth to Water (below MP) 7. 1.() ft 

Date 3 I / I I (.p Time / 3J},.t) ~ 
Casing Diameter 

Casing Volume 

2- in 

'?1lt gal 

At least bore volumes have been evacuated before sampling DISCHARGE RATE 

Sampling method 

Tap 

Submersible pump ~ _______ gpm 

0.00223 Bailer X 

Pump intake or baller set at _/_2.~ _ _ ft below MP. cfs 

Tubing (type: '?,~ ). ( New o previously used) as used to collect all samples ~ r no) 

---etd= 
EVACUATION / STABILIZATION TEST DATA 

Temperature Cumulative Volume 
Corrected of Water Pumping 

PH Conductance Temperature Turbidity Removed from Well Rata 
Time (units) (1,1mho9/cm) ("C) (NTU) (gallons) faDm) 

1340 7. ~It; .... I 5~{£_ /{ ,0 z a-z. -1_ 100 Uf ~ :x;_ -- - - - -

I 35?) 7. 71- /'51~ / O,':J II I rL--o ,n -,1; 

- - ~ - - - - - ---

- - -

-~ 

Pumping Start Time / 3 25= WL ---- Pumping End Time _ ___ _ WL ---
Comments: 

Form completed by: Witnessed by: 

April 2019 r r r' B 2 1 r, 2 5 
':- ,, ,... , ;, /'i 1f ' 1.·,, I 2 • 1 _q .. - u. ,. . DEQ Ex. 3-761



,..~() Your Environmental M~riiPo?i~/~J~~er 
.:l.lllJ:'1nter-Mountain Labs----------------------------------------
'"n."•""o""T"'" LMS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1603020-005 

Client Sample ID: 578434-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (1 80) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

nlons 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.72 

1513 

111 

10.5 

5.20 

8.2 0.1 

1420 5 

1030 10 

930 10 

683 5 

735 1 

0.3 0.1 

1.3 0.1 

833 5 

ND 5 

ND 5 

9 1 

0.7 0.1 

ND 0.1 

219 

78 

131 

3 

83 

Qual 

Date Reported: 3/11/2016 

Report ID: S1603020001 

Work Order: S1603020 

Collection Date: 3/1/2016 1:50:00 PM 

Date Received: 3/1/2016 4:06:00 PM 

Sampler: RF 

Matrix: Water 

COC: 165160 

Units Date Analyzed/lnit Method 

s.u. 03/01/2016 1350 Field 

µmhos/cm 03/01/2016 1350 Field 

NTU 03/01/2016 1350 Field 

·c 03/01/2016 1350 Field 

ft 03/01/2016 1350 Field 

s.u. 03/02/2016 1904 LAB SM 4500 H B 

µmhos/cm 03/02/2016 1904 LAB SM 25108 

mg/L 03/02/2016 0948 NLG SM 2540 

mg/L 03/08/2016 1550 JJ SM 1030E 

mg/L 03/02/2016 1904 LAB SM 23208 

mg/L 03/08/2016 1550 JJ SM 23408 

mg/L 03/04/2016 1508 AMS EPA 350.1 

03/08/2016 1550 JJ Calculation 

mg/L 03/02/2016 1904 LAB SM 23208 

mg/L 03/02/2016 1904 LAB SM 23208 

mg/L 03/02/2016 1904 LAB SM 23208 

mg/L 03/02/2016 1616 AB EPA 300.0 

mg/L 03/02/2016 1904 LAB SM 4500FC 

mg/L 03/03/20161311 AMS EPA353.2 

mg/L 03/02/2016 1616 AB EPA300.0 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1438 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

. 4,~ ~ d.,,.....-6,,-,. 
Reviewed by: c::::;r CO · 

John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outs ide accepted recovery limits 

TF t:6 2 /r25 Page 9 of 12 

Addendum 06-10-272 '"' t' fl .n fr._ II y ') ') 2 • lJ fJ . ,,;, t~,J , 

DEQ Ex. 3-762



.... ~n Your Environmental M~n'iPoR~g~JH~er 
.:l.lllJ:'1nter-Mountain Labs--------------------------------------
'"n:"•"'o",inA1N LA85 1673 Terra Avenue, Sheridan, Vl/yoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1603020-005 

Client Sample ID: 578434-AL-1 

Analyses 

Catlon/Anlon-Mllllequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

13.65 

ND 

ND 

0.24 

0.03 

ND 

4.56 

3.88 

10.81 

0.07 

3.62 

18.42 

18.50 

0.22 

ND 

ND 

ND 

0.2 

ND 

ND 

ND 

5.99 

ND 

0.37 

ND 

ND 

ND 

ND 

ND 

13.8 

0.43 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
J Analyte detected below quantitation limits 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 3/11/2016 

Report ID: S1603020001 

Work Order: S1603020 

Collection Date: 3/1/2016 1:50:00 PM 

Date Received: 3/1/2016 4:06:00 PM 

Sampler: RF 

Matrix: Water 

COC: 165160 

Units Date Analyzed/lnit Method 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

% 03/08/2016 1550 JJ SM 1030E 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1737 MS EPA200.8 

mg/L 03/02/2016 1737 MS EPA200.8 

mg/L 03/02/2016 1438 DG EPA200.7 

mg/L 03/02/2016 1737 MS EPA200.8 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1737 MS EPA 200.8 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1737 MS EPA 200.8 

mg/L 03/02/2016 1438 DG EPA200.7 

mg/L 03/04/2016 0957 AW EPA 245.1 

mg/L 03/02/2016 1737 MS EPA 200.8 

mg/L 03/02/2016 1438 DG EPA 200.7 

mg/L 03/02/2016 1737 MS EPA 200.8 

mg/L 03/02/2016 1438 DG EPA200.7 

mg/L 03/04/2016 1641 DG EPA200.7 

mg/L 03/04/2016 1641 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

M Value exceeds Monthly Ave or MCL or is less than LCL ND Not Detected at the Reporting Limit 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:fJ,~ ---CJ--.-&;,. 
John Jacobs, Project Manager 

April 2019 

S Spike Recovery outside accepted recovery limits 

T FtJB 2 ,' f;25 
Page 10 of 12 

Addendum D6-10-273 
DEQ Ex. 3-763



,-.c~ 
~WWCENGINEERING 

--

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672~0761 

SAMPLING INFORMATION 

Sampling Point - ~Z~7-fi~'f~8__.4,__- ...... l/:'"""'L~ - -h ___ _ 
Location _________ _____ _ W.O.# ::t.o/'{//,.3 -07 

Sample ID# S7 B 'f: 5 'f -/l/L · 2. Date Sampled 2 I I I /t, Time 16/ !J am(erri) 

Describe Sampling Point (;:,W ~ I.A/ .et/ 

Well Depth / 7, 2.f ft below MP 

Date 3 I J I / k 
Depth to Water (below MP) 6, (pCj ft 

Time /1/-'l-6 am (§) 

Casing Diameter 

Casing Volume 

2- in 

?Jfl: gal 

At least '218: bore volumes have been evacuated before sampling DISCHARGE RA TE 

Sampling method 

Tap 

Submersible pump 

Bailer 

(sladderj 

X 

___ ___ _ gpm 

0.00223 

Pump intake or bailer set at / ~ ft below MP. cfs 

Tubing (type: ?~ ). ( New ortreviously used j was used to collect all samples {Br no ) 

and all field measurements ~ r no ). Tubing used only for 

EVAC UATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Remowd from Well Rate 

Time (units) (11mholl/cm) <·c1 (NTU) (aallons) faoml 

/f?05 5,07 (p87 <fJ I l s I. t.f f I ~ ut if.2>: ··-

J£/':J s. ,c-r IP SL/- 1. '1- 81,S /l.-3 ,o ~ - . - - - - - · -

- - - - - - - - ·-

- - - ·-- - ,. . .. -· -· . 

. -- · ·-· -

Pumping Start Time / 't (;,0 WL ____ Pumping End Time _ _ _ _ _ WL 

Comments: W ~ ~ ~ f~ - :?vd ~ 

F 
C/)C, :/:t (&!r~ /~(f_c) _ _ _ _ ___ _ _ _ _ ___ _ 

Fann completed by: ~iJ., ..cc::::__ Wnnessed by: 
rrr:s 2/ 1;25 April 2019 

"" ,;: r. D .. , !I y ') •j 2 1."' • -U .> ,1 L \) 1 DEQ Ex. 3-764



.... ~n Your Environmental M~riiPoR~~JH~er 
~Inter-Mountain Labs----------------------------------------
'"n"-""o"",A'" LA.as 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: Ramaco-2014163-07 

Lab ID: S 1603020-006 

Client Sample ID: 578434-AL-2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL Qual 

8.19 

684 

39.8 

7.2 

5.69 

8.3 0.1 

647 5 

430 10 

380 10 

245 5 

309 1 

ND 0.1 

0.6 0.1 

292 5 

ND 5 

ND 5 

8 1 

0.2 0.1 

0.6 0.1 

98 1 

60 

39 

3 

22 

Date Reported: 3/11/2016 

ReportlD: S1603020001 

Work Order: S1603020 

Collection Date: 3/1/2016 3:15:00 PM 

Date Received: 3/1/2016 4:06:00 PM 

Sampler: RF 

Matrix: Water 

COC: 165160 

Units Date Analyzed/lnit Method 

s.u. 03/01/20161515 Field 

µmhos/cm 03/01/20161515 Field 

NTU 03/01/20161515 Field 

·c 03/01/2016 1515 Field 

ft 03/01/2016 1515 Field 

s.u. 03/02/2016 1916 LAB SM 4500 H 

µmhos/cm 03/02/2016 1916 LAB SM 2510B 

mg/L 03/02/2016 0949 NLG SM 2540 

mg/L 03/08/2016 1550 JJ SM 1030E 

mg/L 03/02/2016 1916 LAB SM 2320B 

mg/L 03/08/2016 1550 JJ SM 2340B 

mg/L 03/04/2016 1509 AMB EPA 350.1 

03/08/2016 1550 JJ Calculation 

mg/L 03/02/2016 1916 LAB SM 2320B 

mg/L 03/02/2016 1916 LAB SM 2320B 

mg/L 03/02/2016 1916 LAB SM 2320B 

mg/L 03/02/2016 1629 AB EPA300.0 

B 

mg/L 03/02/2016 1916 LAB SM 4500FC 

mg/L 03/03/2016 1313 AMB EPA 353.2 

mg/L 03/02/2016 1629 AB EPA 300.0 

mg/L 03/02/2016 1443 DG EPA 200.7 

mg/L 03/02/2016 1443 DG EPA200.7 

mg/L 03/02/2016 1443 DG EPA 200.7 

mg/L 03/02/2016 1443 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outs ide the Range of Dilutions 
X Matrix Effect 

Reviewed by: cfJ,~ ~d~e-a. 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analys is exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

Page 11 of 12 

Addendum 06-10-275 
DEQ Ex. 3-765



,..~() Your Environmental M~riiPoPi~/~1JA~er 
~Inter-Mountain Labs--------------------------------------
'"n"-""o"",A'" LMS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: 
Lab ID: 

Ramaco-2014163-07 

S 1603020-006 

Client Sample ID: 578434-AL-2 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

4.78 0.01 

ND 0.01 

ND 0.01 

0.22 0.01 

0.01 0.01 

0.03 0.01 

2.04 0.01 

2.96 0.01 

3.20 0.01 

0.07 0.01 

0.97 0.01 

7.21 0.01 

7.22 0.01 

0.04 0.01 

ND 0.1 

ND 0.005 

ND 0.1 

ND 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

ND 0.05 

ND 0.02 

ND 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

1.72 0.05 

0.46 0.02 

Qual 

Date Reported: 3/11/2016 

ReportlD: S1603020001 

Work Order: S1603020 

Collection Date: 3/1/2016 3:15:00 PM 

Date Received: 3/1/2016 4:06:00 PM 

Sampler: RF 

Matrix: Water 

COC: 165160 

Units Date Analyzed/lnit Method 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/20161550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

meq/L 03/08/2016 1550 JJ SM 1030E 

% 03/08/2016 1550 JJ SM 1030E 

mg/L 03/02/2016 1443 DG EPA200.7 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1443 DG EPA200.7 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1443 DG EPA200.7 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1443 DG EPA 200.7 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1443 DG EPA 200.7 

mg/L 03/04/2016 1007 AW EPA 245.1 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1443 DG EPA200.7 

mg/L 03/02/2016 1742 MS EPA200.8 

mg/L 03/02/2016 1443 DG EPA 200.7 

mg/L 03/04/2016 1644 DG EPA200.7 

mg/L 03/04/2016 1644 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: cfJ,~ ~d-e-a. 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

T FrJ 5 2 / 1J 2 5 
"' 7 r " ~" " \' ,, •:- 2 n 1 " ~ - -..J :.J • J ii l L \) 1 V ;1 
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Addendum D6-10-276 
DEQ Ex. 3-766



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672 -0761 

SAMPLING INFORMATION 

Sampling Point - --=-~-'7'-=-t/~ ;,--'3.__--'lf--=L'---+-----
Location ------------------
Sample ID# S '1(3'{-3~-Jl.l ~ / Date Sampled 5 / ;:2,{) I I (.p 

Describe Sampling Point &w ~ w ~ 

Well Depth ___ ft below MP 

Date ~ I ~0 I 

Depth to Water (below MP) 0 , Z ft 

Time // t}-Z, (§) pm 

At least "1'J!r bore volumes have been evacuated before sampling 

Sampling method Submersible pump ~ 
Tap Bailer 

Pump intake or bailer set at ft below MP. ----

Casing Diameter 2- in 

Casing Volume ?/If: gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

Tubing (type: ?P4~ ). ( New ~ viously use~ was used to collect all samples'tE9r no) 

and all field measurements § r no ). Tubing used only for 

Cumulative Volume 
of Water Pumping 

PH Temperature Turbidity Removed from Well Rate 
Time I units ·c (NTU Ilona m 

I :i.oz;;-r 7, t;3 1'7/pf ..23,S 5":;~ t- 150,,,,t :3()6~ I 

/:Z/5' 7.'3& 17/R'f 11. 7 1. 5'-( ~ 8,o 

Pumping Start Time //50 WL ____ Pumping End Time ____ _ WL 
---

Comments: W~ -f-~ - 11..LJ ~ ------------ -

April 2019 T FrJ 6 2 / 112 5 
,.._,..., 'r.fi'J ,·, 2 1" 
--u~.·n1 L J , ~ 

DEQ Ex. 3-767



~~() Your Environmental M~riif6Pi~g~JA~er 
.:I.Dl:l:'1nter-Mountain Labs--------------------------------------
'"'"'.-.'0"'""'" ..... 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 2014163-07 

Lab ID: S 1605394-004 

Client Sample ID: 578433-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

.. nlons 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL Qual 

7.56 

1764 

254 

19.7 

6.29 

8.0 0.1 

1970 5 

1180 10 

1200 10 

669 5 

776 

0.2 0.1 

1.9 0.1 

817 5 

ND 5 

ND 5 

18 

0.5 0.1 

ND 0.1 

422 1 

115 

119 

6 

124 

Date Reported: 6/1/2016 

Report ID: S1605394001 

Work Order: S1605394 

Collection Date: 5/20/2016 12:15:00 PM 

Date Received: 5/20/2016 2 :52:00 PM 
Sampler: RF 

Matrix: Water 

COC: 162125 

Units Date Analyzed/lnit Method 

s.u. 05/20/2016 1215 Field 

µmhos/cm 05/20/2016 1215 Field 

NTU 05/20/2016 1215 Field 

·c 05/20/2016 1215 Field 

ft 05/20/2016 1215 Field 

s.u. 05/24/2016 1727 IBS SM 4500 H B 

µmhos/cm 05/24/2016 1727 IBS SM 2510B 

mg/L 05/20/2016 1703 NLG SM 2540 

mg/L 05/31/2016 1449 JJ SM 1030E 

mg/L 05/24/2016 1727 IBS SM 2320B 

mg/L 05/31/2016 1449 JJ SM 2340B 

mg/L 05/27/2016 1613 AMB EPA 350.1 

05/31/2016 1449 JJ Calculation 

mg/L 05/24/2016 1727 IBS SM 2320B 

mg/L 05/24/2016 1727 IBS SM 2320B 

mg/L 05/24/2016 1727 IBS SM 2320B 

mg/L 05/24/2016 2358 AB EPA300.0 

mg/L 05/24/2016 1727 IBS SM 4500FC 

mg/L 05/25/2016 1322 AMB EPA 353.2 

mg/L 05/24/2016 2358 AB EPA 300.0 

mg/L 05/23/2016 1513 DG EPA 200.7 

mg/L 05/23/2016 1513 DG EPA200.7 

mg/L 05/23/2016 1513 DG EPA 200.7 

mg/L 05/23/2016 1513 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

R 
. d b 4,~ _,,A.;/. .t:1-.,...,c-<Oe-a_ 

ev1ewe y: ~c::~r ____ C~,O~ ------------
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

T F ;is 2 / fJ 2 5 Page 7 of 12 

Addendum D6-10-278 
"' - fl "'I ~., II V 2 'J 2 
•• ij 0 ." ;1 r . .., , ,~ DEQ Ex. 3-768



.,..~() Your Environmental M~riiPoPi~/~JA~er 
.:Jm:l:"1nter-Mountain Labs--------------------------------------
'"n:"• ""oVNTAIN LMS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: 
Lab ID: 

Ramaco 2014163-07 

S1605394-004 

Client Sample ID: 578433-AL-1 

Analyses 

Cation/Anion-Mllliequivalents 

Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 

Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

13.38 0.01 

ND 0.01 

ND 0.01 

0.50 0.01 

0.02 0.01 

ND 0.01 

8.78 0.01 

5.72 0.01 

9.78 0.01 

0.14 0.01 

5.39 0.01 

21 .06 0.01 

22.70 0.01 

3.72 0.01 

ND 0.1 

ND 0.005 

ND 0.1 

0.2 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

0.78 0.05 

ND 0.02 

1.43 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

12.6 0.05 

1.70 0.02 

Qual 

Date Reported: 6/1/2016 

Report ID: S1605394001 

Work Order: S1605394 

Collection Date: 5/20/2016 12:15:00 PM 

Date Received: 5/20/2016 2 :52 :00 PM 

Sampler: RF 

Matrix: Water 

COC: 162125 

Units Date Analyzed/lnit Method 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

% 05/31/2016 1449 JJ SM 1030E 

mg/L 05/23/2016 1513 DG EPA 200.7 

mg/L 05/23/2016 1742 MS EPA 200.8 

mg/L 05/23/2016 1742 MS EPA200.8 

mg/L 05/23/2016 1513 DG EPA200.7 

mg/L 05/23/2016 1742 MS EPA200.8 

mg/L 05/23/20161513 DG EPA 200.7 

mg/L 05/23/2016 1742 MS EPA200.8 

mg/L 05/23/20161513 DG EPA 200.7 

mg/L 05/23/2016 1742 MS EPA 200.8 

mg/L 05/23/20161513 DG EPA 200.7 

mg/L 05/26/2016 1410 AW EPA 245.1 

mg/L 05/23/2016 1742 MS EPA 200.8 

mg/L 05/23/2016 1513 DG EPA 200.7 

mg/L 05/23/2016 1742 MS EPA 200.8 

mg/L 05/23/20161513 DG EPA 200.7 

mg/L 05/25/2016 1703 DG EPA 200.7 

mg/L 05/25/2016 1703 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

. 4,~~ ~6,a. 
Reviewed by: ~c:7~_- ___ C~,O~---------- -

John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

T Fr:S 2 I f: 2 5 
.. ,, , r., " v '1 ,~ 2 

·· - u :J . . ! ;! 1 ' - v , 
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Addendum D6-10-279 
DEQ Ex. 3-769



~>: 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point _ ..,._5=_7--'------=B'-'f--'-'3=-----o/- - --'---A-'-'t-c....__-/.__ ___ _ Project ~ 
Location _________________ _ W.O.# -;;z.o I cf- ((a 3 -0"7 

Sample ID# 57f3'f ~ ,AL-/ Date Sampled S- I ~o I /l,, Time / .30~ am ~ 

Describe Sampling Point ------~&,~ ~/µ~~~~ ~ ~~-~~--..· - -W~ df'~ ------------

Well Depth ft below MP ---

Date ~ I ,;2 0 I / & 
Depth to Water (below MP) f, 6:/ ft 

Time /:J. 3 3 am~ 

At least bore volumes have been evacuated before sampling 

Sampling method 

Tap 

Submersible pump ~ 

Bailer 

Pump intake or bailer set at ft below MP. ----

Casing Diameter _ _ z_~- in 

Casing Volume ?/tl:::_gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

... ubing (type: ?~~ ). ( New previously used ) was used to collect all samples§ r no ) 

and all field measurements@ r no). Tubing used only for __ --q~-11:~ - ---------

Temperature Cumulative Volume 
Corrected of Water Pumping 

PH I Conductance 1 
Temperature Turbidity Removed from Well Rate 

Time units mhos/cm ·c (NTU) ( lions m 

~ 7,~ I '7 ~13 -J, 
I 

1-:J.~":J . /8,Z 331 '. /5a~2£J~ 

/~~ 7 ,;:Jt, '"q;z_ /~,7 I '3/ A--3,D , v 

Pumping Start Time /;2 '/:0 WL _ _ __ Pumping End Time ____ _ WL ---

Comments: W~ f~ - 'l'LQ ~ ............ '""'-<------------

Fann com~• t£ .CZ: :&~ essed by 

April 2019 T f iJS 2 / b25 Arlrlendum 06-10-280 
C.\Fuller '1:;i"ea\Mon,tor Wel l Sample FO!m-RF doc 

':' " , , .; " Y 'I 'J 2 1 n 
•• - V .,.; •. : • • .. L ,) , ,._. ; .. 

DEQ Ex. 3-770



.... ~() Your Environmental M~riiPo?i~g~j~~er 
.J,llll;'lnter-Mountain Labs----------------------------------------
'"n ... -""o"",A'" LAltS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 2014163-07 

Lab ID: S 1605394-005 

Client Sample ID: 578434-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

nions 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.56 

1692 

131 

18.7 

4.59 

8.0 0.1 

1880 5 

1240 10 

1150 10 

601 5 

815 

0.2 0.1 

1.4 0.1 

733 5 

ND 5 

ND 5 

11 

0.7 0.1 

ND 0.1 

456 1 

83 

148 

3 

90 

Qual 

Date Reported: 6/1/2016 

ReportlD: S1605394001 

Work Order: S1605394 

Collection Date: 5/20/2016 1 :05:00 PM 
Date Received: 5/20/2016 2 :52:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162125 

Units Date Analyzed/lnit Method 

s.u. 05/20/2016 1305 Field 

µmhos/cm 05/20/2016 1305 Field 

NTU 05/20/2016 1305 Field 

·c 05/20/2016 1305 Field 

ft 05/20/2016 1305 Field 

s.u. 05/24/2016 1737 IBS SM 4500 H B 

µmhos/cm 05/24/2016 1737 IBS SM 25108 

mg/L 05/20/2016 1704 NLG SM 2540 

mg/L 05/31/2016 1449 JJ SM 1030E 

mg/L 05/24/2016 1737 IBS SM 23208 

mg/L 05/31/2016 1449 JJ SM 23408 

mg/L 05/27/2016 1614 AMB EPA 350.1 

05/31/2016 1449 JJ Calculation 

mg/L 05/24/2016 1737 IBS SM 23208 

mg/L 05/24/2016 1737 IBS SM 23208 

mg/L 05/24/2016 1737 IBS SM 23208 

mg/L 05/25/2016 0011 AB EPA 300.0 

mg/L 05/24/2016 1737 IBS SM 4500FC 

mg/L 05/25/2016 1324 AMB EPA 353.2 

mg/L 05/25/2016 0011 AB EPA 300.0 

mg/L 05/23/20161515 DG EPA200.7 

mg/L 05/23/2016 1515 DG EPA 200.7 

mg/L 05/23/20161515 DG EPA200.7 

mg/L 05/23/2016 1515 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

Reviewed by: c:f7,~ ~d---~ 
John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outs ide accepted recovery limits 

Page 9 of 12 

Addendum D6-10-281 
DEQ Ex. 3-771



-~() Your Environmental M~riiPoR~/~JR~er 
.:llllJ:'1nter-Mountain Labs----------------------------------------
'"ru,•MouNrA1" L.Aas 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: 
Lab ID: 

Ramaco 2014163-07 

S 1605394-005 

Client Sample ID: 578434-AL-1 

Analyses 

Catlon/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 

Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

12.02 0.01 

ND 0.01 

ND 0.01 

0.32 0.01 

0.03 0.01 

ND 0.01 

9.49 0.01 

4.1 1 0.01 

12.17 0.01 

0.08 0.01 

3.93 0.01 

20.33 0.01 

21 .87 0.01 

3.65 0.01 

ND 0.1 

ND 0.005 

ND 0.1 

0.2 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

6.65 0.05 

ND 0.02 

0.37 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

16.8 0.05 

0.50 0.02 

Qual 

Date Reported: 6/1/2016 

ReportlD: S1605394001 

Work Order: S1605394 

Collection Date: 5/20/2016 1 :05:00 PM 

Date Received: 5/20/2016 2 :52:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162125 

Units Date Analyzed/lnit Method 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

% 05/31/2016 1449 JJ SM 1030E 

mg/L 05/23/2016 1515 DG EPA 200.7 

mg/L 05/23/2016 1747 MS EPA 200.8 

mg/L 05/23/2016 1747 MS EPA 200.8 

mg/L 05/23/2016 1515 DG EPA 200.7 

mg/L 05/23/2016 1747 MS EPA200.8 

mg/L 05/23/2016 1515 DG EPA 200.7 

mg/L 05/23/2016 1747 MS EPA 200.8 

mg/L 05/23/2016 1515 DG EPA200.7 

mg/L 05/23/2016 1747 MS EPA 200.8 

mg/L 05/23/20161515 DG EPA200.7 

mg/L 05/26/2016 1412 AW EPA 245.1 

mg/L 05/23/2016 1747 MS EPA 200.8 

mg/L 05/23/2016 1515 DG EPA 200.7 

mg/L 05/23/2016 1747 MS EPA 200.8 

mg/L 05/23/2016 1515 DG EPA 200.7 

mg/L 05/25/2016 1712 DG EPA200.7 

mg/L 05/25/2016 1712 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

. 4,~ ~ d.,.,-&,;,. 
Reviewed by: ..,,c:=--r ___ __c c__--',O=------------

John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 

"' ': n -, "r. /I ,, ') 'J 2 
V:J.1;~~ /_ \.t , • 
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Addendum 06-10-282 
DEQ Ex. 3-772



~>: 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point __ '6__,7-'8__,__'f-""--3_'/.___- __ A~l~-2~---- Project ~ 
Location _ __________ ____ _ W.0.# ,;20 I Lf /(g 3 - 0 7 
Sample ID# fi78'f !J'{ 'fll-Z Date Sampled 1£: / ;zo I I? Time IL/JO am&iiv 

Describe Sampling Point (21,J ~ t,,Jd.-{ 

Well Depth ___ ft below MP Depth to Water (below MP) '/, 7l, ft Casing Diameter 2- in 

Date ,S-- I -;J,~ I / ~ Time / 9t/:IJ am@ Casing Volume '?11/- gal 

At least ---=--?1....L.#-fl.,____ bore volumes have been evacuated before sampling DISCHARGE RATE 

Sampling method Submersible pump @_addeJ 

Tap Bailer X 

_______ gpm 

0.00223 

Pump intake or bailer set at ft below MP. ---- cfs 

.,.ubing (type: - - - ~~ ~-~· ___ ). ( New or previously used ) was used to collect all sample@ r no ) 

and all field measurements (!!_S)r no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature 

1 Corrected 
PH Conductance 

Time units mhos/cm 

l'/00 7, 1 I) 
li!O I 1/13 

Temperature 
·c 

l&,o 
/~,!, 

Turbidity 
NTU 

Cumulative Volume 
of Water 

Removed from Well 
allons 

Pumping Start Time /;, 1-/"':;L WL _ _ __ Pumping End Time ____ _ 

Comments: W~ 4~~ f~ - ?f,() ~ __ 

Form completed by: ~ c5i}--:~ .-/ Witnessed by: 

April 2019 T ,; l / f, 2 5 
" -; " r r,: JI , , ,., 2 1 ,., 
·- - u - ~ ; l '- \J , V '1 

Pumping 
Rate 

m 

WL 

DEQ Ex. 3-773



--~() Your Environmental Ms3JiPoR~/~JA~er 
~Inter-Mountain Labs----------------------------------------
'"ru.-..ou"'"'" .,.., 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco 2014163-07 

Lab ID: S 1605394-006 

Client Sample ID: 578434-AL-2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

Static Water Level 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (As N) 

Sodium Adsorption Ratio 

Anions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

Result RL 

7.93 

409 

34.4 

16.5 

4.76 

8.3 0.1 

432 5 

250 10 

220 10 

169 5 

187 1 

ND 0.1 

0.4 0.1 

203 5 

ND 5 

ND 5 

3 1 

0.3 0.1 

ND 0.1 

41 

38 

22 

3 

13 

Qual 

Date Reported: 6/1/2016 

ReportlD: S1605394001 

Work Order: S1605394 

Collection Date: 5/20/2016 2 :10:00 PM 

Date Received: 5/20/2016 2:52:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162125 

Units Date Analyzed/lnit Method 

s.u. 05/20/2016 1410 Field 

µmhos/cm 05/20/2016 1410 Field 

NTU 05/20/2016 1410 Field 
oc 05/20/2016 1410 Field 

ft 05/20/2016 1410 Field 

S.U. 05/26/2016 1723 IBS SM 4500 H 

µmhos/cm 05/24/2016 1756 IBS SM 2510B 

mg/L 05/20/2016 1705 NLG SM 2540 

mg/L 05/31/2016 1449 JJ SM 1030E 

mg/L 05/26/2016 1723 IBS SM 2320B 

mg/L 05/31/2016 1449 JJ SM 2340B 

mg/L 05/27/2016 1615 AMB EPA 350.1 

05/31/2016 1449 JJ Calculation 

mg/L 05/26/2016 1723 IBS SM 2320B 

mg/L 05/26/20161723 IBS SM 2320B 

mg/L 05/26/20161723 IBS SM 2320B 

mg/L 05/25/2016 0024 AB EPA 300.0 

B 

mg/L 05/24/2016 1756 IBS SM 4500FC 

mg/L 05/25/2016 1325 AMB EPA353.2 

mg/L 05/25/2016 0024 AB EPA 300.0 

mg/L 05/27/20161335 DG EPA 200.7 

mg/L 05/27/20161335 DG EPA 200.7 

mg/L 05/27/20161335 DG EPA 200.7 

mg/L 05/23/2016 1518 DG EPA200.7 

These results apply only to the samples tested. RL - Reporting Limit 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
X Matrix Effect 

. 4,~ ~ d ,,,,,_.-e,..;,. 
Reviewed by: ~c:7~_- ___ c__~ ,r:'l~_ · __________ _ 

John Jacobs, Project Manager 

April 2019 

C 
H 
L 

ND 
s 

Calculated Value 
Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

r nm 2: 1J25 Page 11 of 12 
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DEQ Ex. 3-774



-~() Your Environmental M~riiPo?i~/~J~~er 
~Inter-Mountain Labs----------------------------------------
'"'"'-"'o""'"'" LMS 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: 
Lab ID: 

Ramaco 2014163-07 

S 1605394-006 

Client Sample ID: 578434-AL-2 

Analyses 

Catlon/Anlon-Milliequlvalents 
Bicarbonate as HC03 

Carbonate as C03 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 
Calion Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

Result RL 

3.32 0.01 

ND 0.01 

ND 0.01 

0.09 0.01 

0.01 0.01 

ND 0.01 

0.86 0.01 

1.90 0.01 

1.83 0.01 

0.07 0.01 

0.55 0.01 

4.36 0.01 

4.35 0.01 

0.20 0.01 

ND 0.1 

ND 0.005 

ND 0.1 

ND 0.1 

ND 0.001 

ND 0.01 

ND 0.01 

ND 0.05 

ND 0.02 

0.07 0.02 

ND 0.001 

ND 0.02 

ND 0.01 

ND 0.005 

ND 0.01 

1.76 0.05 

0.44 0.02 

Qual 

Date Reported: 6/1/2016 

ReportlD: S1605394001 

Work Order: S1605394 

Collection Date: 5/20/2016 2 :10:00 PM 
Date Received: 5/20/2016 2 :52:00 PM 

Sampler: RF 

Matrix: Water 

COC: 162125 

Units Date Analyzed/lnit Method 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31 /2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31 /2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

meq/L 05/31/2016 1449 JJ SM 1030E 

% 05/31/2016 1449 JJ SM 1030E 

mg/L 05/23/2016 1518 DG EPA 200.7 

mg/L 05/23/2016 1753 MS EPA200.8 

mg/L 05/23/2016 1753 MS EPA200.8 

mg/L 05/23/2016 1518 DG EPA 200.7 

mg/L 05/23/2016 1753 MS EPA200.8 

mg/L 05/23/2016 1518 DG EPA 200.7 

mg/L 05/23/2016 1753 MS EPA 200.8 

mg/L 05/23/2016 1518 DG EPA 200.7 

mg/L 05/23/2016 1753 MS EPA200.8 

mg/L 05/23/2016 1518 DG EPA 200.7 

mg/L 05/26/2016 1414 AW EPA 245.1 

mg/L 05/23/2016 1753 MS EPA200.8 

mg/L 05/23/2016 1518 DG EPA200.7 

mg/L 05/23/2016 1753 MS EPA 200.8 

mg/L 05/23/2016 1518 DG EPA 200.7 

mg/L 05/25/20161715 DG EPA200.7 

mg/L 05/25/20161715 DG EPA 200.7 

These results apply only to the samples tested. RL - Reporting Limit 

Qualifiers: B 
E 

M 
0 
X 

Analyte detected in the associated Method Blank 
Value above quantitation range 
Analyte detected below quantitation limits 
Value exceeds Monthly Ave or MCL or is less than LCL 
Outside the Range of Dilutions 
Matrix Effect 

Reviewed by: cf/,~ ---Cd ....-~ 
John Jacobs, Project Manager 

April 2019 

C Calculated Value 
H 
L 

ND 
s 

Holding times for preparation or analysis exceeded 
Analyzed by another laboratory 
Not Detected at the Reporting Limit 
Spike Recovery outside accepted recovery limits 

Page 12 of 12 
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~~co 

; ~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 

121 
N 

" N 

(307) 672-0761 

SAMPLING INFORMATION 

~ 3ampling Point /....Jflt;J:t- I Project_----'~"----"----'-----------

~ .ocation ff, ctotp'5/-10Z of301.5 W.O.# 3,e l'/-{6, 3 18 ~I 3t5!-C/!3 
121 

3ample ID# hltYA: Jt / Date Sampled i: I q I I 9 Time //vY a pm 

)escribe Sampling Point r~ ~ ~ - ..'1tM14pk F~ ('-H. 10~tJz,I 

-/b7, o8of;fi 
Nell Depth ~ ff?WJ«ft below MP Depth to Water (below MP~ ft Casing Diameter 6 in 

)ate I I Time am pm 
-----

\t least bore volumes have been evacuated before sampling 
----

3ampling method : Submersible pump Bladder 

Tap Bailer ~ 
'ump intake or bailer set at ----ft below MP. 

Casing Volume gal 

X 

----

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

g (type: _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

v 
md all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time funitsl fumhos/cml r·ci fNTUl faallonal fanml 

llzo 
__, 

?,Cf':, /'16'/- 7,Z. 3 . oz. /1-l-/-00 ;ltJ 
- ----- -·· 

>umping Start Time WL ---- Pumping End Time ----- WL ---

;orm completed by: a~ d = Witnessed by 

September 2019 TF N S 2 f 025 Addendum 06-10-286 
C:IFIAI• Files\Monitor Well S811'4)1e Form-RF.doc 

RECD 09- 20- 19 
DEQ Ex. 3-776
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l~O . Rrook Mine .,,. lffll: Your Environmental M"onitonng·Partner 
Inter-Mountain Labs--------------------------------------

lHTER-"'0"""''" uos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S 1904165-001 
Client Sample ID: LAYA #1 

Analyses Result 

Field 
pH 7.95 

Conductivity 1954 

Turbidity 3.02 

Temperature 7.2 

General Parameters 
pH 8.4 

Electrical Conductivity 1840 

Total Dissolved Solids (180) 1270 

Solids , Total Dissolved (Cale) 1260 

Alkalinity, Total (As CaCO3) 1140 

Hardness, Calcium/Magnesium (As CaCO3) 90 

Nitrogen, Ammonia (as N) 4.7 

Sodium Adsorption Ratio 22.5 

nions 
Alkalinity, Bicarbonate as HCO3 1350 

Alkalinity , Carbonate as CO3 24 
Alkalinity , Hydroxide as OH ND 

Chloride 36 

Fluoride 2.0 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate ND 

Cations 
Calcium 13 

Magnesium 14 

Potassium 19 

Sodium 491 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by ~ --C~~ 
John Jacobs, Project Manager 

September 2019 

Date Reported: 4/15/2019 
Report ID: S1904165001 

Work Order: S1904165 
Collection Date: 4/9/2019 11 :20:00 AM 
Date Received: 4/9/2019 4:14:00 PM 

Sampler: RF 
Matrix: Water 

COC: 180753 

RL Qual Units Date Analyzed/lnit Method 

S.U. 04/09/2019 1120 Field 

µmhos/cm 04/09/2019 1120 Field 

NTU 04/09/2019 1120 Field 

'C 04/09/2019 1120 Field 

0.1 S.U. 04/10/2019 1613 AB SM 4500 H B 

5 µmhos/cm 04/10/2019 1613 AB SM 25108 

10 mg/L 04/10/2019 1244 IJQ SM 2540 

10 mg/L 04/15/20191142 JJ SM 1030E 

5 mg/L 04/10/2019 1613 AB SM 2320B 

mg/L 04/15/2019 1142 JJ SM 23408 

0.1 mg/L 04/12/2019 1041 AMB EPA 350.1 

0.01 04/15/2019 1142 JJ Calculation 

5 mg/L 04/10/20191613 AB SM 23208 

5 mg/L 04/10/2019 1613 AB SM 23208 

5 mg/L 04/10/2019 1613 AB SM 23208 

1 mg/L 04/11/2019 2243 AB EPA 300.0 

0.1 mg/L 04/10/2019 1613 AB SM 4500FC 

0.1 mg/L 04/11/20191016 AMB EPA 353.2 

mg/L 04/10/2019 1606 AB EPA 300.0 

mg/L 04/10/2019 1908 DG EPA 200.7 

mg/L 04/10/2019 1908 DG EPA 200.7 

mg/L 04/10/2019 1908 DG EPA 200.7 

mg/L 04/10/2019 1908 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 

Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

TfN 6 2102 5 
RECD 09 -2 0- 1 
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l~O . Rrook Mine ,,,, l"ffl'I:'. Your Environmental M"onitonn!;j'Paltner 
Inter-Mountain Labs--------------------------------------

IHTER - "'0""'A'" LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: Ramaco-2014163-98 
Lab ID: S 1904165-001 
Client Sample ID: LAYA #1 

Analyses Result 

Cation/Anion-Mllliequivalents 
Bicarbonate as HCO3 22.05 

Carbonate as CO3 0.80 

Hydroxide as OH ND 

Chloride 1.0 

Fluoride 0.10 

Nitrate + Nitrite as N ND 

Sulfate ND 

Calcium 0.63 

Magnesium 1.16 

Potassium 0.47 

Sodium 21 .33 

Cation I Anion Balance 
Calion Sum 23.94 

Anion Sum 23.96 

Cation-Anion Balance 0.04 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium 0.4 

Boron 0.1 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.03 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 
Iron 0.15 

Manganese 0.03 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: cfl~ ---C~6.ai. 
John Jacobs, Project Manager 

Sep tern ber 2019 

Date Reported: 4/15/2019 
Report ID: S1904165001 

Work Order: S1904165 
Collection Date: 4/9/2019 11 :2000 AM 
Date Received: 4/9/2019 4:14:00 PM 

Sampler: RF 
Matrix: Water 

COC: 180753 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 % 04/15/20191142 JJ SM 1030E 

0.1 mg/L 04/10/2019 1908 DG EPA 200.7 

0.005 mg/L 04/11/2019 0624 MS EPA 200.8 

0.1 mg/L 04/11/2019 0624 MS EPA 200.8 

0.1 mg/L 04/10/2019 1908 DG EPA 200.7 

0.001 mg/L 04/11/2019 0624 MS EPA 200.8 

0.01 mg/L 04/10/2019 1908 DG EPA 200.7 

0.01 mg/L 04/11/2019 0624 MS EPA 200.8 

0.05 mg/L 04/10/2019 1908 DG EPA 200.7 

0.02 mg/L 04/11/2019 0624 MS EPA200.8 

0.02 mg/L 04/10/2019 1908 DG EPA 200.7 

0.001 mg/L 04/12/2019 1026 AEF EPA 245.1 

0.02 mg/L 04/11/2019 0624 MS EPA 200.8 

0.01 mg/L 04/10/2019 1908 DG EPA200.7 

0.005 mg/L 04/11/2019 0624 MS EPA 200.8 

0.01 mg/L 04/10/2019 1908 DG EPA 200.7 

0.05 mg/L 04/11/20191850 DG EPA 200.7 

0.02 mg/L 04/11/20191850 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the repcrting limit 

TfH S 21025 
RECD 09-lO-i9 
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Addendum D6-10-288 
DEQ Ex. 3-778



00 
0 
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; ~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 

121 
N 

" N 

(307) 672-0761 

SAMPLING INFORMATION 

~ ,ampling Point ~18'f 1JJ ~ C&AJ -ftlk,f f Project_-=.e----=~~~_.:;:_ ______ _ 
N 
~ _ocation _______________ W.0.# t,o I 3139 -18 
121 

,ample ID# fi~8ho ~C,fd ~fusefbate Sampled 'f I 1 I / 1 Time 115£: am@ 

)escribe Sampling Point (-7 IA) ~ ~ 

Nell Depth 3tJ ft below MP Depth to Water (below MP) 8, C(f ft 

)ate 1: I q I If Time /33!:[' am®Y 

\t least -1A k: bore volumes have been evacuated before sampling 

,ampling method : Submersible pump ~ l~eJ 

Tap Bailer Grab 

>ump intake or bailer set at 't, 1 ft below MP. 

Casing Diameter ~ in 

Casing Volume gal 

X 

----

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

g(type: ~ ). ( New or~ reviously used] was used to collect all samples~ r no ) 

; nd all field measurements @ r no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time units mhos/cm ·c NTU Hons 

'1,B3 Ill~ /1.,tfJ 18, 3 
1 '-f 5"5" 7, g I Jaq?; it., B ·io. 7 , cJ 

=>umping Start Time /J/-.;¥; WL ____ Pumping End Time ____ _ WL ---

:::omments: W~ ~ -f~ -~ ~ 

~ I BO 76"3 

=ormcompletedby: ~ Jul~ 
September 2019 

Witnessed by: 

lfH S 2f025 Addendum D6-10-289 

RECD 09-20-19 
C:\futler Filea\Moni1or WeU Sample Form-RF.doc DEQ Ex. 3-779
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l~O . Rrook Mine _,, lffl'I: Your Environmental Mon1tonng·Partner 
Inter-Mountain Labs--------------------------------------

lHTER - MouHu,H Los 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: Ramaco-2014163-98 

Lab ID: S 1904165-002 

Client Sample ID: 578420-CRN-PUMP 

Analyses Result 

Field 
pH 7.81 

Conductivity 1098 

Turbidity 20.7 

Depth To Water 8.94 

Temperature 12.8 

General Parameters 
pH 8.3 

Electrical Conductivity 1040 

Total Dissolved Solids (180) 690 

Solids, Total Dissolved (Cale) 680 

Alkalinity, Total (As CaCO3) 421 

Hardness, Calcium/Magnesium (As CaCO3) 220 

Nitrogen, Ammonia (as N) 2.9 

Sodium Adsorption Ratio 4.94 

nions 

Alkalinity, Bicarbonate as HCO3 510 

Alkalinity, Carbonate as CO3 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 4 

Fluoride 1.1 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 168 

Cations 
Calcium 38 

Magnesium 30 

Potassium 14 

Sodium 169 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: c!J'~ ~~~ 
John Jacobs, Project Manager 

Sep tern ber 2019 

Date Reported: 4/15/2019 

Report ID: S1904165001 

Work Order: S1904165 

Collection Date: 4/9/2019 2 :55:00 PM 

Date Received: 4/9/2019 414:00 PM 

Sampler: RF 

Matrix: Water 

COC: 180753 

RL Qual Units Date Analyzed/lnit Method 

S.U. 04/09/2019 1455 Field 

µmhos/cm 04/09/2019 1455 Field 

NTU 04/09/2019 1455 Field 

ft 04/09/2019 1455 Field 

'C 04/09/2019 1455 Field 

0.1 s.u. 04/10/2019 1625 AB SM 4500 H B 

5 µmhos/cm 04/10/2019 1625 AB SM 2510B 

10 mg/L 04/10/2019 1245 IJQ SM 2540 

10 mg/L 04/15/2019 1142 JJ SM 1030E 

5 mg/L 04/10/2019 1625 AB SM 2320B 

mg/L 04/15/2019 1142 JJ SM 2340B 

0.1 mg/L 04/12/2019 1044 AMB EPA 350.1 

0.01 04/15/20191142 JJ Calculation 

5 mg/L 04/10/2019 1625 AB SM 2320B 

5 mg/L 04/10/2019 1625 AB SM 2320B 

5 mg/L 04/10/2019 1625 AB SM 2320B 

mg/L 04/11/2019 2256 AB EPA 300.0 
0.1 mg/L 04/10/2019 1625 AB SM 4500FC 
0.1 mg/L 04/11/2019 1018 AMB EPA 353.2 

mg/L 04/10/20191619 AB EPA 300.0 

mg/L 04/10/2019 1910 DG EPA 200.7 

mg/L 04/10/2019 1910 DG EPA 200.7 

mg/L 04/10/2019 1910 DG EPA 200.7 

mg/L 04/10/2019 1910 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

f-N S 2fG25 
REC D 09- 20- 19 
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Addendum D6-10-290 
DEQ Ex. 3-780
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l~O . Rrook Mine ,,. lffll: Your Environmental M"onitonng·pa-rtner 
Inter-Mountain Labs--------------------------------------

IHTER -"'0""T"'" •0
• 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan , WY 82801 

Project: Ram aco-2014163-98 
Lab ID: S 1904165-002 
Client Sample ID: 578420-CRN-PUMP 

Analyses Result 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 8.35 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.11 

Fluoride 0.05 

Nitrate + Nitrite as N ND 

Sulfate 3.50 

Calcium 1.90 

Magnesium 2.49 

Potassium 0.34 

Sodium 7.33 

Cation I Anion Balance 
Cation Sum 12.29 

Anion Sum 12.10 

Cation-Anion Balance 0.79 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron ND 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.37 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc ND 

Total Metals 

Iron 1.10 

Manganese 0.36 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: c:9',,.,&,.._> ~ ~....,..,,&.. 

John Jacobs, Project Manager 
September 2019 

Date Reported: 4/15/2019 
Report ID: S1904165001 

Work Order: S1904165 
Collection Date: 4/9/2019 2 55:00 PM 
Date Received: 4/9/2019 4:14:00 PM 

Sampler: RF 
Matrix: Water 

COC: 180753 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 04/15/20191142 JJ SM 1030E 

0.01 meq/L 04/15/20191142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/20191142 JJ SM 1030E 

0.01 meq/L 04/15/20191142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/20191142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/20191142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 meq/L 04/15/2019 1142 JJ SM 1030E 

0.01 % 04/15/2019 1142 JJ SM 1030E 

0.1 mg/L 04/10/2019 1910 DG EPA 200.7 

0.005 mg/L 04/11/2019 0703 MS EPA 200.8 

0.1 mg/L 04/11/2019 0703 MS EPA 200.8 

0.1 mg/L 04/10/2019 1910 DG EPA 200.7 

0.001 mg/L 04/11/2019 0703 MS EPA 200.8 

0.01 mg/L 04/10/2019 1910 DG EPA 200.7 

0.01 mg/L 04/11/2019 0703 MS EPA 200.8 

0.05 mg/L 04/10/2019 1910 DG EPA 200.7 

0.02 mg/L 04/11/2019 0703 MS EPA 200.8 

0.02 mg/L 04/10/2019 1910 DG EPA 200.7 

0.001 mg/L 04/12/2019 1033 AEF EPA 245.1 

0.02 mg/L 04/11/2019 0703 MS EPA 200.8 

0.01 mg/L 04/10/2019 1910 DG EPA 200.7 

0.005 mg/L 04/11/2019 0703 MS EPA 200.8 

0.01 mg/L 04/10/2019 1910 DG EPA 200.7 

0.05 mg/L 04/11/2019 1859 DG EPA 200.7 

0.02 mg/L 04/11/2019 1859 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 

Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

TfH 
REC 

2/G25 
09-20 - 19 

Page 4 of 4 

Addendum D6-10-291 
DEQ Ex. 3-781
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[ ~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 

121 
N 

" N 
SAMPLING INFORMATION 

(307) 672-0761 

00 
"- ,ampling Point bkYll: if: Z-
~ .ocation #. C/1 .2 q~ /-107,, o8;z,5"f 

Project __ ~----· _________ _ 

N -
w.o.# ,i,Z.t9t'l;lh3 1fl 20t3 1:3q -qg 

121 
,ample ID# Date Sampled i I o/ I Jo/ Time /Ua am~ 

)escribe Sampling Point ____________________ _________ _ 

Nell Depth ___ ft below MP Depth to Water (below MP) ____ ft 

)ate I 

~t least 
----

,ampling method : 

Tap 

I Time am pm 
-----

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder 

Grab 

lump intake or bailer set at ft below MP. ----

Casing Diameter ____ in 

Casing Volume gal 

X 

----

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

g (type: _____ ____ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

I 
md all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

-

~umping Start Time 

::::omments: 

=onn completed by: 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
Conductance Temperature Turbidity Removed from Well Rate 
(umhoe/cm) ("C) (NTU) (gallons) loom) 

- - -

WL ____ Pumping End Time ____ _ WL ----

W..u£ ~f 5u,.'-bi.,..,~ - ~.u ✓ ph/o -~ -

itnessed by: REC D 09-20 - 19 
September 2019 Addendum 06-10-292 

C:IFuHer Filea\Monito< Well Sample fom,-Rf.doc DEQ Ex. 3-782
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~ ~co · /fl/o Wry 

[ ~WWC ENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 

121 
N 

" N 
SAMPLING INFORMATION 

(307) 672-0761 

00 
"- Sampling Point ::?Jt5€/;2 -01/Q ; / N - ~,_~ ........... ~---~~-~----- Project _ _ --=__;_:__4'/~ W _________ _ 

121 t" N _oca I0n _________________ _ W.0.# ~,,~~,3 -t& ;m131?£1-C/B 
121 

Sample ID# Date Sampled ___ / _ __ / ___ _ Time _______ am pm 

)escribe Sampling Point ______________________________ _ 

Nell Depth _ __ ft below MP Depth to Water (b~ w MP) 1:J#..-ft 

Time ;638 amp )ate 1 I tr I / t:l 

l\t least bore volumes have been evacuated before sampling 
----

Sampling method : 

Tap 

Submersible pump 

Bailer 

=>ump intake or bailer set at ft below MP. ----

Bladder 

Grab 

Casing Diameter _ ___ in 

Casing Volume gal 
- ---

DISCHARGE RATE 

_ _______ gpm 

X 0.00223 

cfs 

g (type: _ _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

,md all field measurements ( yes or no). Tubing used only for 

EVACUATION/ STABILIZATION TEST DATA 

PH 
Time (units) 

-

=>umping Start Time 

::omments: 

Temperature 
Corrected 

Conductance Temperature 
(1Jmhos/cm) ("C) 

- - -

WL ----

ub,d .Jtv b'7J 

CumulaUve Volume 
of Water Pumping 

Turbidity Removed from Well Rate 
(NTU) laallons) lanm) 

-

Pumping End Time ____ _ WL 

'orm completed by: ~ 4 U~Witness,,,J by: 
September 2019 

Tfff 8 2;5, ~ 
RECD 09 20- 19 

Addendum D6- 10-293 
C:lfuller F,les\Monitor Well Sample Form-RF.doc DEQ Ex. 3-783



~~ 
~WWC ENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point T ~ tbM,.u,i;,.. ~ t,vd,l, Project _ _;,~-----"---------

Location 'ft. Cfo7oo/-to7, p(R~~ W.O.# 2013 I "3'1 -9B 
SamplelD# ---CbOU) -tJj DateSampled 7 ! II I t'f Time //,oo am,@ 

DescribeSamplingPointof~ T~ ~'4L~ ~ w,ed. -w~--4-<-:~ 

~- t4Mf JA£R~~~ hp~ ~r.vrd - fh.uw p~ k'1~-
Well Depth ___ ft below MP Depth to Water (below MP) ____ ft Casing Diameter 5 in 

Date I 

At least ----
Sampling method : 

Tap 

I Time am pm -----

bore volumes have been evacuated before sampling 

Submersible pump 

Bailer 

Bladder 

Grab 

ft below MP. ----Pump intake or bailer set at 

Casing Volume gal 

X 

----

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

• ubing (type: _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time (unlbll (umhos/cml re, (NTU) laallons) laom) 

j_fiz.< 1- 'ftJ f,D '7~ i0.o -Z.,!, 

/!735"' 7.f(, /065' 12.8 I 
/S-<t7 7. 4-7 /oB'f- /(. 'I- I - -- - - - -

/l,oo 7, 'f:7 / O<j 3 /{ . .;- {) I (. ':, Sf! ,I,-

-

Pumping Start Time WL ---- Pumping End Time ____ _ WL ---
Comments: Cu,,J.J.,, ~,ud W«<ie-u bt&I. tH TD .,/_,,.y,,µ4e oD f>'-Ytif Cwwll u14c1;,4 / 

~ uu.U.. - fl-~ 111/iMl !l.nw-== €GP;vr. - w..a.L A4- u u4' ~ ,,4 -~ 

bl',£-/ toC-d: /801~'1 
( 

Form completed by: ~ ~ Wrtnessed by: 

September 2019 

09-20-19 

Addendum D6-10-294 
C:\Fuller Files\Monitor Well Sample Form-RF.doc DEQ Ex. 3-784
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~0 . Rrook Mine ,,.lffl'I: Your Environmental Mon1tonng·Partner 
Inter-Mountain Labs--------------------------------------

'"T••-"0""T"'" .,... 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: RAMAC0-2013139-98 

Lab ID: S1907203-001 

Client Sample ID: TDAW-01 

Analyses Result 

Field 

pH 7.47 

Conductivity 1093 

Turbidity 0.65 

Temperature 11 .5 

General Parameters 

pH 8.2 

Electrical Conductivity 1140 

Total Dissolved Solids (180) 730 

Solids , Total Dissolved (Cale) 660 

Alkalinity, Total (As CaC03) 431 

Hardness, Calcium/Magnesium (As CaC03) 524 

Nitrogen, Ammonia (as N) ND 

Sodium Adsorption Ratio 0.85 

1ions 
Alkalinity, Bicarbonate as HC03 526 

Alkalinity, Carbonate as C03 ND 

Alkalinity, Hydroxide as OH ND 

Chloride 5 

Fluoride 0.3 

Nitrogen, Nitrate-Nitrite (as N) ND 

Sulfate 178 

Cations 
Calcium 98 

Magnesium 68 

Potassium 4 

Sodium 45 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~ ~e-a_ 
John Jacobs, Project Manager 

Sep tern ber 2019 

Date Reported: 7/25/2019 

Report ID: S1907203001 

Work Order: S1907203 

Collection Date: 7/11/2019 4 :00:00 PM 

Date Received: 7/11/2019 4:39:00 PM 

Sampler: RF 

Matrix: Water 

COC: 180757 

RL Qual Units Date Analyzed/lnit Method 

S.U . 07/11/2019 1600 Field 

µmhos/cm 07/11/2019 1600 Field 

NTU 07/11/2019 1600 Field 

'C 07/11/2019 1600 Field 

0.1 s.u. 07/13/2019 0030 KMG SM 4500 H 8 

5 µmhos/cm 07/13/2019 0030 KMG SM 25108 

10 mg/L 07/15/2019 0926 IJQ SM 2540 

10 mg/L 07/25/2019 0930 JJ SM 1030E 

5 mg/L 07/13/2019 0030 KMG SM 23208 

mg/L 07/25/2019 0930 JJ SM 23408 

0.1 mg/L 07/19/2019 0944 AMS EPA 350.1 

0.01 07/25/2019 0930 JJ Calculation 

5 8 mg/L 07/13/2019 0030 KMG SM 23208 

5 mg/L 07/13/2019 0030 KMG SM 23208 

5 mg/L 07/13/2019 0030 KMG SM 23208 

mg/L 07/12/2019 1957 KMG EPA 300.0 

0.1 mg/L 07/13/2019 0030 KMG SM 4500FC 

0.1 mg/L 07/15/2019 1032 AMS EPA 353.2 

mg/L 07/12/20191957 KMG EPA 300.0 

mg/L 07/16/2019 1652 DG EPA 200.7 

mg/L 07/16/2019 1652 DG EPA 200.7 

mg/L 07/16/2019 1652 DG EPA 200.7 

mg/L 07/16/2019 1652 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 

Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

1r-H 2Hl25 
RECD 09- 20 - 19 

Page 1 of 2 

Addendum D6-10-295 
DEQ Ex. 3-785
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l~O . Rrook Mine ,,, lffll: Your Environmental Monitonng·Partner 
Inter-Mountain Labs--------------------------------------

IHTER · MOUHTAIH LAos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: RAMAC0-2013139-98 

Lab ID: S 1907203-001 

Client Sample ID: TDAW-01 

Analyses Result 

Cation/Anion-Milliequivalents 

Bicarbonate as HC03 8.62 

Carbonate as C03 ND 

Hydroxide as OH ND 

Chloride 0.13 

Fluoride 0.01 

Nitrate + Nitrite as N ND 

Sulfate 3.69 

Calcium 4.88 

Magnesium 5.60 

Potassium 0.10 

Sodium 1.95 

Cation I Anion Balance 
Cation Sum 12.54 

Anion Sum 12.47 

Cation-Anion Balance 0.27 

Dissolved Metals 

Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.1 

Cadmium ND 

Chromium ND 

Copper ND 

Iron ND 

Lead ND 

Manganese 0.41 

Mercury ND 

Molybdenum ND 

Nickel ND 

Selenium ND 

Zinc 0.04 

Total Metals 

Iron 0.07 

Manganese 0.41 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~~ 
John Jacobs, Project Manager 

September 2019 

Date Reported: 7/25/2019 

Report ID: S1907203001 

Work Order: S1907203 

Collection Date: 7/11/2019 4 :00:00 PM 

Date Received: 7/11/2019 4 :39:00 PM 

Sampler: RF 

Matrix: Water 

COC: 180757 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 meq/L 07/25/2019 0930 JJ SM 1030E 

0.01 % 07/25/2019 0930 JJ SM 1030E 

0.1 mg/L 07/16/2019 1652 DG EPA 200.7 

0.005 mg/L 07/12/2019 1825 MS EPA 200.8 

0.1 mg/L 07/12/2019 1825 MS EPA 200.8 

0.1 mg/L 07/16/2019 1652 DG EPA 200.7 

0.001 mg/L 07/12/2019 1825 MS EPA 200.8 

0.01 mg/L 07/16/20191652 DG EPA 200.7 

0.01 mg/L 07/12/2019 1825 MS EPA 200.8 

0.05 mg/L 07/16/2019 1652 DG EPA 200.7 

0.02 mg/L 07/12/2019 1825 MS EPA 200.8 

0.02 mg/L 07/16/2019 1652 DG EPA 200.7 

0.001 mg/L 07/19/2019 1440 AEF EPA 245.1 

0.02 mg/L 07/12/2019 1825 MS EPA 200.8 

0.01 mg/L 07/16/2019 1652 DG EPA 200.7 

0.005 mg/L 07/12/2019 1825 MS EPA 200.8 

0.01 mg/L 07/16/2019 1652 DG EPA 200.7 

0.05 mg/L 07/16/2019 2050 DG EPA 200.7 

0.02 mg/L 07/16/2019 2050 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

=f ltG25 
RECD 09- 20- 19 

Page 2 of2 

Addendum D6- 10-296 
DEQ Ex. 3-786
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~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point 57et/'/'2 - fJ:L -/ Project~~~~------------

Location 1/:'/-, q;z.7~/ W/tJb, C/78?? 
I 

W.0 .#~ ~-0_,_/--""'.;3'-'l.._..:Z~'l-~ ....... 9 __ 8'-------
Time __ l-~~t-V~_ am G} Sample ID# ,-'lft'f/£:-- /ft,-/ Date Sampled 7 / ~~ / / q 

.,,,, G·· 1 !"A~ !.r_i, Describe Sampling Point ---~----'-11&...-:cvv--.LC~'-..&E--------zJ~"'-"'-"'--"'-~-.-_....~"---'-"~---'~------------

Well Depth '¼, 7D ft below MP 

Date 1 I t. &2 I / ? 
Depth to Water (below MP) ,3(), 2. / ft 

T ime /?-~ am pm 

At least _.....,!5 _____ bore volumes have been evacuated before sampling 

Sampling method : Submersible pump 

Tap 8 
Pump intake or bailer set at ft below MP. ----

Bladder 

Grab 

Casing Diameter Z. in 

Casing Volume /, ()/s, gal 

X 

DISCHARGE RATE 

_______ gpm 

0.00223 

cfs 

J"ubing (type: _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time units mhos/cm ·c NTU allons m 

13..L~ 1. 10 1.~10 I 2., (o 

Pumping Start Time ____ WL - Pumping End Time ____ _ WL ---

Comments: W~ -/-44~ - 1f._o ~ 

Form completed by: ~ u/()~ 
September 2019 

Witnessed by: 

Addendum D6-10-297 
C:IFuner Filee\Monilor Well s.n-.>t• Fonn-RF.doc DEQ Ex. 3-787



~0 . Rrook Mine ..... ffl'I: Your Environmental M"onltoring'Partner 
Inter-Mountain Labs--------------------------------------

IH«~ - .. 0u", .. ,H LAas 1673 Terra Avenue , Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: RAMACO-2013104-98 

Lab ID: S 1907 400-003 

Client Sample ID: 578415-AL-1 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Depth To Water 

Temperature 

General Parameters 

pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

Sodium Adsorption Ratio 

. . nions 
Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.10 

2270 

over Limit 

30.21 

12.6 

7.9 

2430 

2030 

1790 

734 

1350 

0.2 

0.80 

895 

ND 

ND 

10 

0.3 

ND 

845 

224 

192 

16 

68 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~ 
Ian Scofield, Project Manager 

September 2019 

RL Qual 

0.1 

5 

10 

10 

5 

1 

0.1 

0.01 

5 

5 

5 

0.1 

0.1 

Date Reported: 8/2/2019 

Report ID: S1907400001 

Work Order: S1907400 

Collection Date: 7/26/2019 1:10:00 PM 
Date Received: 7/26/2019 1:59:00 PM 

Sampler: RF 

Matrix: Water 

COC: 180758 

Units Date Analyzed/lnit Method 

s.u. 07/26/2019 1310 Field 

µmhos/cm 07/26/2019 1310 Field 

NTU 07/26/2019 1310 Field 

ft 07/26/2019 1310 Field 
oc 07/26/2019 1310 Field 

S .U. 07/29/2019 1539 KMG SM 4500 H B 

µmhos/cm 07/29/2019 1539 KMG SM 2510B 

mg/L 07/26/2019 1446 IJQ SM 2540 

mg/L 08/02/2019 0950 IBS SM 1030E 

mg/L 07/29/2019 1539 KMG SM 2320B 

mg/L 08/02/2019 0950 IBS SM 2340B 

mg/L 07/29/2019 0949 AMB EPA 350.1 

08/02/2019 0950 IBS Calculation 

mg/L 07/29/2019 1539 KMG SM 2320B 

mg/L 07/29/2019 1539 KMG SM 2320B 

mg/L 07/29/2019 1539 KMG SM 2320B 

mg/L 07/29/2019 2250 KMG EPA 300.0 

mg/L 07/29/2019 1539 KMG SM 4500FC 

mg/L 07/29/2019 1221 AMB EPA 353.2 

mg/L 07/29/2019 2250 KMG EPA 300.0 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/29/2019 1516 DG EPA 200.7 

RL - Reporting limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

r- b 1fG25 
RECD 09- 20- 19 

Page 5 of 6 

Addendum D6- 10-298 
DEQ Ex. 3-788
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l
~O . Rrook Mine ,. lffl'I::'. Your Environmental M'onltonng'Partner 

Inter-Mountain Labs--------------------------------------
'"TfR-"'0""'"'" L,... 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: RAMAC0-2013104-98 

Lab ID: S 1907 400-003 

Client Sample ID: 578415-AL-1 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 
Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

14.67 

ND 

ND 

0.27 

0.01 

ND 

17.58 

11 .17 

15.76 

0.41 

2.94 

30.31 

32 .54 

3.55 

ND 

ND 

ND 

0.3 

ND 

ND 

ND 

ND 

ND 

1.51 

ND 

ND 

0.01 

ND 

ND 

111 

3.95 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~ 
Ian Scofield, Project Manager 

September 2019 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 8/2/2019 

Report ID: S1907400001 

Work Order: S1907400 

Collection Date: 7/26/2019 1:1000 PM 
Date Received: 7/26/2019 1 59:00 PM 

Sampler: RF 

Matrix: Water 

COC: 180758 

Units Date Analyzed/lnit Method 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

% 08/02/2019 0950 IBS SM 1030E 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 0157 MS EPA 200.8 

mg/L 07/30/2019 0157 MS EPA 200.8 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 0157 MS EPA 200.8 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 0157 MS EPA 200.8 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 0157 MS EPA 200.8 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 1050 JJB EPA 245.1 

mg/L 07/30/2019 0157 MS EPA200.8 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 0157 MS EPA 200.8 

mg/L 07/29/2019 1516 DG EPA 200.7 

mg/L 07/30/2019 1602 DG EPA 200.7 

mg/L 07/30/2019 1559 DG EPA200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

TrH S 2/02 § 
RECD 09- 20- 19 

Page 6 of6 

Addendum D6- 10-299 
DEQ Ex. 3-789



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point t,A,'(A #;.2---- Project _ __.N'---""'"""l«/l,:.;..:a,c.._e.,=--"'f./ ______ _ 

Location fi, 'l/2./fl};(-/07, f28;z,£'f W.O.# 20{3'{31. - 'iB 
Sample ID# L/J-'11/: i/.:2., Date Sampled 7 / z,.(L I tf Time / t> o ~ 8 pm 

/~ ~ . ~A .,c-// I ~ I ,,,.,.:.,,AA~ 
Describe Sampling Point dX--r~ ✓ ~~ ~ ~ 
w.ut... 

Well Depth 11/1: ft below MP Depth to Water (below MP) ?/H ft Casing Diameter S in 

Date Time am pm Casing Volume gal ----
At least 7/lf: bore volumes have been evacuated before sampling 

- t:,~~ ~ -~ 
DISCHARGE RATE 

Sampling method : Submersible pump ....- • efaiider - -:-- ., 

~t/'~ 
_______ gpm 

0.00223 Tap Bailer Grab~ 

Pump intake or bailer set at ____ ft below MP. 

X 

cfs 

• ubing (type: ~f~"- ,,, ~~( New or previously used) was used to collect all samples ( yes or no) 

and all field measurements ( yes or no). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time lunltsl lumhos/cml l°CI INTUI laallonsl laoml 

~ () 7,1.3 3~2-0 /I, o 1¥ 
095~ 7, i. I ~b 10 /t) I 7 
01'fl:> 7.4'Yj~ · ='£R4v I 6, 1 
~ 'f5"'~ 7,:;../ 3!o70 10.~ 

L()-1 ~ 1,20 ~fo70 le, 7 17-B A,,'g'f() .._v 

Pumping Start Time O'zJ r WL ____ Pumping End Time _____ WL __ _ 

Comments: Cru, ll #"f4,t /IIU4 4 rWfL< mM ~-- 441. L ktJ ~ h, ~Mm, 4,AC( ~ ~ r-,-
,141 r IA.ltf.Ut - ¼LI C4-t AP41«1 - Z,Zq ~ (fl)4-:,w,c ,.. - W~ J-w~ 

Fonn completed by: itnessed by: 

September 2019 Tr N s 2 / 02 ~ Addendum 06-10-300 
C:\Fuler files\Monil<>t Well Saf'1)1e Form-RF.doc 

RECD 0~-20 - 9 DEQ Ex. 3-790



1~0 . RrookMine ,. lffl'I: Your Environmental M'onltonng·pattner 
Inter-Mountain Labs--------------------------------------

'" Tfk• .. 0u"1'"'" uos 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan , WY 82801 

Project: RAMAC0-2013104-98 

Lab ID: S1907400-001 

Client Sample ID: LAYA#2 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

Sodium Adsorption Ratio 

,nions 

Alkalinity, Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.28 

3670 

47.8 

10.7 

7.9 

3530 

3480 

3020 

537 

1800 

0.3 

2.73 

655 

ND 

ND 

18 

0.8 

ND 

1870 

248 

288 

14 

267 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~ ~ 
Ian Scofield, Project Manager 

September 2019 

RL Qual 

0.1 

5 

10 

10 

5 

1 

0.1 

0.01 

5 

5 

5 

0.1 

0.1 

1 

Date Reported: 8/2/2019 

Report ID: S1907400001 

Work Order: S1907400 

Collection Date: 7/26/2019 10:05:00 AM 
Date Received: 7/26/2019 1 59:00 PM 

Sampler: RF 

Matrix: Water 

COC: 180758 

Units Date Analyzed/lnit Method 

S.U. 07/26/2019 1005 Field 

µmhos/cm 07/26/2019 1005 Field 

NTU 07/26/2019 1005 Field 
oc 07/26/2019 1005 Field 

s.u. 07/29/2019 1513 KMG SM 4500 H B 

µmhos/cm 07/29/2019 1513 KMG SM 2510B 

mg/L 07/26/2019 1444 IJQ SM 2540 

mg/L 08/02/2019 0950 IBS SM 1030E 

mg/L 07/29/2019 1513 KMG SM 2320B 

mg/L 08/02/2019 0950 IBS SM 2340B 

mg/L 07/29/2019 0948 AMB EPA 350.1 

08/02/2019 0950 IBS Calculation 

mg/L 07/29/2019 1513 KMG SM 2320B 

mg/L 07/29/2019 1513 KMG SM 2320B 

mg/L 07/29/2019 1513 KMG SM 2320B 

mg/L 07/29/2019 2107 KMG EPA 300.0 

mg/L 07/29/2019 1513 KMG SM 4500FC 

mg/L 07/29/2019 1218 AMB EPA 353.2 

mg/L 07/29/2019 2107 KMG EPA 300.0 

mg/L 07/29/2019 1512 DG EPA 200.7 

mg/L 08/01/2019 1309 DG EPA 200.7 

mg/L 08/01/2019 1309 DG EPA 200.7 

mg/L 07/29/2019 1512 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

lfH S 2f02 ~ 
RECD oq-lQ - ,9 

Page 1 of 6 

Addendum 06-1 0 -301 
DEQ Ex. 3-791



l~O . RrookMine "l'ffl'I: Your Environmental M"onltonng·partner 
Inter-Mountain Labs--------------------------------------

1""~· .. 0""'"1" ..... 1673 Terra Avenue , Sheridan , Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: 
Lab ID: 

RAMACO-2013104-98 
S1907400-001 

Client Sample ID: LAYA #2 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation / Anion Balance 

Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 
Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

10.73 

ND 

ND 

0.51 

0.04 

ND 

38.87 

12.35 

23.71 

0.34 

11 .59 

48.03 

50.17 

2.17 

ND 

ND 

ND 

0.5 

ND 

ND 

ND 

ND 

ND 

0.34 

ND 

ND 

ND 

ND 

ND 

1.65 

0.49 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ &-~ 
Ian Scofield, Project Manager 

September 2019 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 8/2/2019 
Report ID: S1907400001 

Work Order: S1907400 
Collection Date: 7/26/2019 10:05:00 AM 
Date Received: 7/26/2019 1 59:00 PM 

Sampler: RF 
Matrix: Water 

COC: 180758 

Units Date Analyzed/lnit Method 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

% 08/02/2019 0950 IBS SM 1030E 

mg/L 07/29/2019 1512 DG EPA 200.7 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/29/2019 1512 DG EPA 200.7 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/29/2019 1512 DG EPA 200.7 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/29/2019 1512 DG EPA 200 .7 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/29/2019 1512 DG EPA200.7 

mg/L 07/30/2019 1046 JJB EPA 245.1 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/29/2019 1512 DG EPA 200.7 

mg/L 07/30/2019 0127 MS EPA 200.8 

mg/L 07/29/2019 1512 DG EPA 200.7 

mg/L 07/30/2019 1542 DG EPA 200.7 

mg/L 07/30/2019 1542 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

Tr S 2f02~ 
RECD oq- lO- t9 

Page 2 of 6 

Addendum D6- 10-302 
DEQ Ex. 3-792



~~ 
~WWCENGINEERING 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

SAMPLING INFORMATION 

Sampling Point /....ff:Y#:Ji: 5 Project ~ 
. N i'I , 1 I 2-s-CJ 

locahon w-;,;;::t;t, W.0 .# ~ ;bla'29-99 
Sample ID# t/ -tt:. Date Sampled 7 I A I, I Io/ Time / /IJ tJ @ pm 

~,, ~ "' -~~~~- :-'~ Describe Sampling Point _____ ;J __ ...;.:;~~......::::=-...!:l~~-_,,_---0~-~!!."""~=,c_:::_:=---""'~~~=...L._....----

Well Depth NI/ ft below MP Depth to Water (below MP) 11Jf: ft Casing Diameter !5 in 

Date 
_ , • I ~ Time am pm Casing Volume gal 

----- ----

At least '11 Ir bore volumes have been evacuated before sampling DISCHARGE RATE 
,---__ ___,.,,--~,,,~ -~ -

Sampling method : Submersible pump Bladder~ V £Lt, > _______ gpm 

Tap Bailer Grab a~ /o x 0.00223 

Pump intake or bailer set at ____ ft below MP. ~ P ~ - cfs 

~ W~~r; fl 
• Tubing (type: f ~ • lo C.o~~~or previously used ) was used to collect all samples ( yes or no) 

and all field measurements ( yes or no ). Tubing used only for 

EVACUATION / STABILIZATION TEST DATA 
Temperature Cumulative Volume 

Corrected of Water Pumping 
PH Conductance Temperature Turbidity Removed from Well Rate 

Time (units) fumhos/cm) re, (NTU) faallons) lanm) 

;~ ~o 7,~// !t>B ~ II, /:r 2..0 
l t7 tf.O 7' i-& I (}[alj II, 3 
/()~ 7.27 /o {, '8 !/. 0 ,Y 

- -

/ I oO 7-~7 /b7 I I I' () , . 7 / ,,,,_Boo ,v 
--- - -~------ -- - - - --

Pumping Start Time Jo 2.0 WL ____ Pumping End Time _____ WL __ _ 

Comments: c~~ Ml h{l44t,A,f, hM d.df ~ a,,,,...,d, brw du..t -< fa wJ,/t CP/+J 
f~ 1 ~ w,µ,_, ... - '?1P t,_~ V,P~ - W~ e~ - ~ ~ -

~RL,,~ 

Form completed by: :.,_)Afttnessed by: 
September 2019 Addendum D6-10-303 

C:lfuller Filet\MonitorWell Sample Fenn-RF.doc DEQ Ex. 3-793



l~O . Rrook Mine ,, l'ffl'I: Your Environmental M'onltonng·Parrner 
Inter-Mountain Labs--------------------------------------

'"rc~-.. 0u"''"'" L••• 1673 Terra Avenue, Sheridan, Wyoming 82801 ph: (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 

1849 Terra 

Sheridan, WY 82801 

Project: RAMAC0-2013104-98 

Lab ID: S 1907 400-002 

Client Sample ID: LAYA#3 

Analyses 

Field 
pH 

Conductivity 

Turbidity 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids, Total Dissolved (Cale) 

Alkalinity, Total (As CaC03) 

Hardness, Calcium/Magnesium (As CaC03) 

Nitrogen, Ammonia (as N) 

Sodium Adsorption Ratio 

nions 
Alkalinity, Bicarbonate as HC03 

Alkalinity, Carbonate as C03 

Alkalinity, Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.57 

1071 

1.71 

11 .0 

8.2 

1070 

720 

650 

418 

516 

ND 

0.59 

510 

ND 

ND 

4 

0.7 

0.3 

203 

92 

70 

2 

31 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ & ~ 
Ian Scofield, Project Manager 

September 2019 

RL Qual 

0.1 

5 

10 

10 

5 

1 

0.1 

0.01 

5 

5 

5 

0.1 

0.1 

Date Reported: 8/2/2019 

Report ID: S1907400001 

Work Order: S1907400 

Collection Date: 7/26/2019 11 00:00 AM 

Date Received: 7/26/2019 1:59:00 PM 
Sampler: RF 

Matrix: Water 

COC: 180758 

Units Date Analyzed/lnit Method 

s.u. 07/26/2019 1100 Field 

µmhos/cm 07/26/2019 1100 Field 

NTU 07/26/2019 1100 Field 

·c 07/26/2019 1100 Field 

s.u. 07/29/2019 1527 KMG SM 4500 H 

µmhos/cm 07/29/2019 1527 KMG SM 2510B 

mg/L 07/26/2019 1445 IJQ SM 2540 

mg/L 08/02/2019 0950 IBS SM 1030E 

mg/L 07/29/2019 1527 KMG SM 2320B 

mg/L 08/02/2019 0950 IBS SM 2340B 

mg/L 07/29/2019 0948 AMB EPA 350.1 

08/02/2019 0950 IBS Calculation 

mg/L 07/29/2019 1527 KMG SM 2320B 

mg/L 07/29/2019 1527 KMG SM 2320B 

mg/L 07/29/2019 1527 KMG SM 2320B 

mg/L 07/29/2019 2120 KMG EPA 300.0 

B 

mg/L 07/29/2019 1527 KMG SM 4500FC 

mg/L 07/29/2019 1219 AMB EPA 353.2 
mg/L 07/29/2019 2120 KMG EPA 300.0 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/29/2019 1514 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

Tr ~ $; ?HH~ 
RECD 0~ -20- i~ 

Page 3 of6 

Addendum D6-10-304 
DEQ Ex. 3-794



.... O Your Environmental ~Jn9tg~g~1Hirer 
Inter-Mountain Labs--------------------------------------

'"n"-.. 0u"'"'" LAos 1673 Terra Avenue , Sheridan, Wyoming 82801 ph : (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: 
Lab ID: 

RAMACO-2013104-98 
S 1907 400-002 

Client Sample ID: LA YA #3 

Analyses 

Cation/Anion-Milliequivalents 
Bicarbonate as HCO3 

Carbonate as CO3 

Hydroxide as OH 

Chloride 

Fluoride 

Nitrate + Nitrite as N 

Sulfate 

Calcium 

Magnesium 

Potassium 

Sodium 

Cation I Anion Balance 

Cation Sum 

Anion Sum 

Cation-Anion Balance 

Dissolved Metals 

Aluminum 

Arsenic 

Barium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Zinc 

Total Metals 
Iron 

Manganese 

These results apply only to the samples tested. 

Result 

8.35 

ND 

ND 

0.12 

0.03 

0.01 

4.22 

4.60 

5.72 

0.04 

1.35 

11 .72 

12.76 

4.26 

ND 

ND 

ND 

0.2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ &~ 
Ian Scofield, Project Manager 

September 2019 

RL Qual 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.005 

0.1 

0.1 

0.001 

0.01 

0.01 

0.05 

0.02 

0.02 

0.001 

0.02 

0.01 

0.005 

0.01 

0.05 

0.02 

Date Reported: 8/2/2019 
Report ID: S1907400001 

Work Order: S1907400 
Collection Date: 7/26/2019 11 00:00 AM 
Date Received: 7/26/2019 1 5900 PM 

Sampler: RF 
Matrix: Water 

COC: 180758 

Units Date Analyzed/In it Method 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

meq/L 08/02/2019 0950 IBS SM 1030E 

% 08/02/2019 0950 IBS SM 1030E 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 1048 JJB EPA 245.1 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 0151 MS EPA 200.8 

mg/L 07/29/2019 1514 DG EPA 200.7 

mg/L 07/30/2019 1553 DG EPA 200.7 

mg/L 07/30/2019 1553 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 

1 f ~ ? .., Page 4 of 6 
Tr~ ~ u.., !'!I Addendum D6- 10-305 
aecn o9- 20-t9 DEQ Ex. 3-795



RAM~~ 

~WWC ENGINEERING 

SAMPLING INFORMATION 

Brook Mine 
1849 Terra Avenue 

Sheridan, Wyoming 82801 
(307) 672-0761 

Sampling Point 678f le('- 1/:/..- - / Project ~ 
loca\lon ________________ W.0.#-__ 1..0~~0~_3 _ _ , ________ _ 

Sample ID# !f7Bif16" - ,4-l. - / Date Sampled // I 8 I IC/ Time_ /-=O_21) ______ ~ pm 

Describe Sampling Point C, ;v ~ UJ~ 

Well Depth _?6 , a 2., ft below MP Depth to Water (below MP) 3/, /2., ft Casing Diameter Z,, in 

Date Ii ' 8 ' 11 Time~ /~0~ 2:~ O _ __ @)_m pm Casing Volume 21# gal 

At least bore volumes have been evacuated before sampling DI SC HARG E RA TE 

Sampling method : Submersible pump ~ _______ gpm 

Tap Grab X 0.00223 

Pump intake or bailer set at ____ ft below MP. cfs 

c ubing (type: _________ ). ( New or previously used ) was used to collect all samples ( yes or no ) 

and all field measurements ( yes or no ). Tubing used only for 

PH 
Time (units) 

/ouz_ 1,tJO - - - -

-

~ 8;. 
-Bl,/~ 

- -·-

5,-tt 

Pumping Start Time 

Comments: 

EVACUATION / STABILIZATION TEST DATA 
Temperature CumulaUve Volume 

Correctad ofWaC.r Pumping 
Conductance Temperatu,. Turbidity Removed from Well Rate 
lumhoe/cm) f"C) INTU) laallona) lnnm) 

7,.././yO /l1, 1 IJ VF-~ J.1,.,rC__ !5,o 
r-- - ·- - -

- -

- - -- - - >-- -

X t,,t'73 ::. o, 85x3 ::: J..,, ~'f C :." ~- ~ .J 

r 

Wl ---- Pumping End Time ____ _ WI.. __ _ 

C /tCF 

Formcom=: ~ 'Mlnnoedby 
December 2019 Addendum D6-10-306 

TF N6 

" ,., 
2 / 025 C:\Fulet FilN\Monllot Well ~• Ferm-RF.doc 

: G 13,2019 
DEQ Ex. 3-796



ACO • Formerly Inter-Mountain Laboratories Brook Mine 
Analytical---------------------------

1673 Terra Avenue Sheridan, WY 82801 ph : (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: RAMACO-2013139-98 
Lab ID: S1911126-001 
Client Sample ID: 578415-AL-1 

Analyses 

Field 

pH 

Conductivity 

Turbidity 

Depth To Water 

Temperature 

General Parameters 
pH 

Electrical Conductivity 

Total Dissolved Solids (180) 

Solids , Total Dissolved (Cale) 

Alkalinity, Total (As CaCO3) 

Hardness, Calcium/Magnesium (As CaCO3) 

Nitrogen, Ammonia (as N) 

Sodium Adsorption Ratio 

__ nlons 

Alkalinity , Bicarbonate as HCO3 

Alkalinity, Carbonate as CO3 

Alkalinity , Hydroxide as OH 

Chloride 

Fluoride 

Nitrogen, Nitrate-Nitrite (as N) 

Sulfate 

Cations 
Calcium 

Magnesium 

Potassium 

Sodium 

These results apply only to the samples tested. 

Result 

7.0 

2430 

Over Limit 

31 .12 

10.7 

8.0 

2500 

2190 

1950 

768 

1560 

0.2 

0.98 

937 

ND 

ND 

10 

0_3 

ND 

900 

245 

230 

15 

89 

Qualifiers: B Analyte detected in the associated Method Blank 
E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X MatrixEffect 

Reviewed by: ~---C~e:.,_ 
John Jacobs, Project Manager 

December 2019 

Date Reported: 11/26/2019 
Report ID: S1911126001 

Work Order: S1911126 
Collection Date: 11/8/2019 10:20:00 AM 
Date Received: 11/8/2019 2:30:00 PM 

Sampler: RF 
Matrix: Water 

COC: 182525 

RL Qual Units Date Analyzed/lnit Method 

0.1 

5 

10 

10 

5 

0.1 

0.01 

5 

5 

5 

0.1 

0.1 

s.u. 

µmhos/cm 

NTU 

ft 

'C 

s.u. 

µmhos/cm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

11/08/2019 1020 Field 

11/08/2019 1020 Field 

11/08/2019 1020 Field 

11/08/2019 1020 Field 

11/08/2019 1020 Field 

11/09/2019 0812 AB SM 4500 H B 

11/09/2019 0812 AB SM 2510B 

11/11/2019 0824 IJQ SM 2540 

11/26/20191118 JJ SM 1030E 

11/09/20190812 AB SM 2320B 

11/26/2019 1118 JJ SM 2340B 

11/25/2019 1044 AMB EPA 350.1 

11/26/2019 1118 JJ Calculation 

11/09/2019 0812 AB SM 2320B 

11/09/2019 0812 AB SM 2320B 

11/09/2019 0812 AB SM 2320B 

11/16/2019 0732 AB EPA 300.0 

11/09/2019 0812 AB SM 4500FC 

11/21/20191706 AMB EPA 353.2 

11/16/2019 0732 AB EPA 300.0 

11/11/20191633 DG EPA 200.7 

11/11/20191633 DG EPA 200.7 

11/11/20191633 DG EPA 200.7 

11/11/2019 1633 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 
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ACO • Formerly Inter-Mountain Laboratories Brook Mine 
Analytical--------------------------

1513 Terra Avenue Sheridan, WY 82801 ph : (307) 672-8945 

Sample Analysis Report 

CLIENT: Western Water Consultants 
1849 Terra 
Sheridan, WY 82801 

Project: RAMACO-2013139-98 
Lab ID: S1911126-001 
Client Sample ID: 578415-AL-1 

Analyses Result 

Cation/Anlon-Milliequivalents 

Bicarbonate as HCO3 15.36 

Carbonate as CO3 ND 

Hydroxide as OH ND 

Chloride 0.27 

Fluoride 0.01 

Nitrate + Nitrite as N ND 

Sulfate 18.73 

Calcium 12.20 

Magnesium 18.90 

Potassium 0.37 

Sodium 3.87 

Cation I Anion Balance 
Cation Sum 35.37 

Anion Sum 34.39 
• 
Cation-Anion Balance 1.40 

Dissolved Metals 
Aluminum ND 

Arsenic ND 

Barium ND 

Boron 0.4 

Cadmium ND 

Chromium ND 

Copper ND 

Iron 0.13 

Lead ND 

Manganese 1.20 

Mercury ND 

Molybdenum ND 

Nickel 0.01 

Selenium ND 

Zinc ND 

Total Metals 

Iron 114 

Manganese 3.07 

These results apply only to the samples tested. 
Qualifiers: B Analyte detected in the associated Method Blank 

E Value above quantitation range 
H Holding times for preparation or analysis exceeded 
L Analyzed by another laboratory 

ND Not Detected at the Reporting Limit 
S Spike Recovery outside accepted recovery limits 
X Matrix Effect 

Reviewed by: ~ ~~e,_._ 
John Jacobs, Project Manager 

December 2019 

Date Reported: 11/26/2019 
Report ID: S1911126001 

Work Order: S1911126 
Collection Date: 11/8/2019 10 20:00 AM 
Date Received: 11/8/2019 2:30:00 PM 

Sampler: RF 
Matrix: Water 

COC: 182525 

RL Qual Units Date Analyzed/lnit Method 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/20191118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/20191118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 meq/L 11/26/20191118 JJ SM 1030E 

0.01 meq/L 11/26/2019 1118 JJ SM 1030E 

0.01 % 11/26/20191118 JJ SM 1030E 

0.1 mg/L 11/11/2019 1633 DG EPA 200.7 

0.005 mg/L 11/12/2019 0143 MS EPA 200.8 

0.1 mg/L 11/12/2019 0143 MS EPA 200.8 

0.1 mg/L 11/11/20191633 DG EPA 200.7 

0.001 mg/L 11/12/20190143 MS EPA 200.8 

0.01 mg/L 11/11/20191633 DG EPA 200.7 

0.01 mg/L 11/12/2019 0143 MS EPA 200.8 

0.05 mg/L 11/11/2019 1633 DG EPA 200.7 

0.02 mg/L 11/12/20190143 MS EPA 200.8 

0.02 mg/L 11/11/2019 1633 DG EPA 200.7 

0.001 mg/L 11/15/2019 1030 HCZ EPA 245.1 

0.02 mg/L 11/12/20190143 MS EPA 200.8 

0.01 mg/L 11/11/2019 1633 DG EPA 200.7 

0.005 mg/L 11/12/20190143 MS EPA 200.8 

0.01 mg/L 11/11/2019 1633 DG EPA 200.7 

0.05 mg/L 11/15/20191338 DG EPA 200.7 

0.02 mg/L 11/14/2019 1925 DG EPA 200.7 

RL - Reporting Limit 
C Calculated Value 
G Analyzed at IML Gillette laboratory 
J Analyte detected below quantitation limits 
M Value exceeds Monthly Ave or MCL or is less than LCL 
0 Outside the Range of Dilutions 
U Analysis reported under the reporting limit 
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RAMACO Brook Mine 

EXECUTIVE SUMMARY 

The Tongue River originates in Wyoming on the eastern side of the Big Horn Mountains and 
flows through the Towns of Dayton and Ranchester east and north into Montana. The project 
area, which begins at the Wyoming-Montana state line, consists of approximately 463,990 
acres. Annual precipitation ranges from 32 inches in the headwaters to 12 inches near the 
state line. Major tributaries of the Tongue River above the Town of Ranchester include Little 
Tongue River, Smith Creek, Columbus Creek, Five Mile Creek, and Wolf Creek. Goose Creek and 
Prairie Dog Creek are the primary perennial tributaries in the lower portion of the project area, 
however intermittent draws may contribute stormwater run-off during precipitation or 
snowmelt events. Tributaries provide irrigation water and make up a portion of the water 
supply to rural residents in the watershed. The project area includes a combination of private, 
State, and Federal lands, with private lands dominating the portion of the watershed 
downstream of the Bighorn National Forest {BNF). Land uses include irrigated and non
irrigated hay and crop lands, pasture, livestock grazing, energy development, recreation, the 
Towns of Dayton and Ranchester, and wildlife habitat. The Tongue River and major tributaries 
are perennial waterbodies expected to support drinking water supplies {when treated), fish and 
aquatic life, recreation, wildlife, industry and agriculture uses. Five Mile Creek and other draws 
are not expected to support fish populations or drinking water supplies. The State of Wyoming 
has identified the Tongue River and several tributaries as impaired for recreational use because 
of bacteria concentrations. Some lower Tongue River segments have also been identified as 
impaired for Cold Water fisheries because of high water temperatures. 

The Sheridan County Conservation District (SCCD) initiated water quality monitoring on the 
Tongue River Watershed in 1996. The original 1996 Tongue River project area consisted of 
eight sites in approximately 313,121 acres upstream of the Town of Ranchester. The 1996-1999 
Tongue River Watershed Assessment Final Report was completed in September 2000 and 
resulted in the development of the Tongue River Watershed Plan. The Plan outlined the goals, 
objectives, and action items for addressing bacteria concerns within the watershed. 

The project boundary was expanded twice since the Tongue River Watershed Assessment, but 
still includes the initial eight sites. The first expansion, in 2006, included two new sites on the 
Tongue River between the Town of Ranchester and the confluence with Goose Creek. The 
section from Goose Creek to the Montana State Line was added in 2013 to tie into existing 
efforts on adjacent watersheds. In the 2013 expansion, four sites on the Tongue River were 
added, along with the lowermost sites on Goose Creek and Prairie Dog Creek. 

There have been five rounds of interim water quality monitoring since 1999; one in 2003, 2006, 
2010, 2013, and the most recent in 2016. Interim monitoring includes water quality monitoring 
along with benthic macroinvertebrates and habitat assessments at a limited number of 
stations. Interim monitoring evaluates trends in bacteria and other water quality parameters. 
Benthic macroinvertebrate populations and habitat assessments are evaluated at a limited 
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number of stations. The water quality parameters include: water temperature, pH, 
conductivity, dissolved oxygen, discharge, turbidity, and E. coli bacteria. 

Brook Mine 

Implementation of the Tongue River Watershed Plan resulted in the development and 
administration of a water resources improvement program, which included cost-share funding 
for projects with the potential to benefit water quality. Despite improvement efforts, bacteria 
concerns continued to exist and the initial watershed plan was updated in 2007. In 2012, the 
plan was updated again to meet the nine essential elements of a Watershed Based Plan, 
required by the U.S. Environmental Protection Agency. Ongoing interim water quality 
monitoring influenced the decisions, priority areas, and action items within the plan. 

Water quality monitoring for 2016 was performed at 13 stations; six sites on the mainstem of 
the Tongue River, and seven sites on the major tributaries that flow into the Tongue River. 
These seven tributaries included Smith Creek, Little Tongue River, Columbus Creek, Five Mile 
Creek, Wolf Creek, Goose Creek, and Prairie Dog Creek. Stations were equipped with a SCCD 
calibrated staff gauge or located at USGS gauging stations. Grab samples for bacteria and 
turbidity were collected five times in the early season from May-July and five times in the late 
season from July-September. Instantaneous temperature, pH, conductivity, dissolved oxygen 
(% and mg/L), and gauge height were measured on-site during sampling events. Continuous 
temperature loggers were used to monitor water temperature at the seven mainstem stations. 
Macroinvertebrate collections and habitat assessments were conducted on five mainstem sites 
of the Tongue River during the month of September. All monitoring methods, standard 
operating procedures, and OA/QC protocols used for this project were described in the 2016 
Quality Assurance Project Plan 2015 Update and the 2016 Tongue River Watershed Interim 
Monitoring Sampling and Analysis Plan. 

Data Quality Objectives (DQOs) were established for each monitoring parameter for precision, 
accuracy, and completeness at levels sufficient to allow SCCD to recognize project goals and 
objectives. With few exceptions, all parameters met the DQO's and data were accepted. 
Meter malfunction resulted in discarding all dissolved oxygen measurements for one sample 
day. In addition, one-set of E. coli and turbidity samples on Five Mile Creek were discarded 
because of non-representative sample conditions. 

Summary statistics and geometric mean values were calculated for instantaneous monitoring 
parameters on accepted data. Instantaneous water temperature measurements were recorded 
above the maximum 20°c instream temperature standard at 12 of the 13 sites on at least one 
occasion; the uppermost station (TR09) did not have any temperature measurements above 
20°c. Continuous temperature loggers reported temperatures above 20°C at all but the 
uppermost station in Tongue River Canyon. Conductivity and pH were within the expected 
ranges during 2016. Turbidity values were considered normal for the watershed with 
occasional high values occurring during late-spring, early summer precipitation and run-off 
events. All sites met the minimum instantaneous dissolved oxygen concentration for early and 
other life stages. Four tributary stations and four mainstem stations had one or more samples 
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that were below the 8,0 mg/L water column concentration recommended to achieve the inter
gravel concentrations for early life stages. 

Bacteria geometric mean concentrations in the early season were typically higher than in the 
late season on tributary sites. In contrast, mainstem sites had higher bacteria concentrations in 
the late season except on TR03 and TR09. While some mainstem sites did not meet Wyoming 
Water Quality Standards, the highest bacteria concentration observed at a mainstem site was 
169 cfu/100 ml or 25% above the standard. Bacteria concentrations at tributary stations 
appeared to contribute to bacteria increases on the Tongue River at adjacent downstream 
stations in the upper portion of the watershed during the early season. Except for Wolf Creek 
during the late season, bacteria concentrations at all tributary stations exceeded Wyoming 
Water Quality standards in both the early season and the late season. 

For the most part, bacteria concentrations decreased from 2003-2016 and from 2013-2016 at 
all mainstem sites in the early season but increased in the late season. In contrast, bacteria 
concentrations at TR09 in the early season increased since 2003, but were still well below 
Wyoming Water Quality standards. 

The collection and analysis of stream benthic macroinvertebrate samples during 2016 revealed 
similar trends in biological condition observed during previous monitoring at Tongue River 
mainstem stations. No Tongue River tributary stations were sampled during this 2016 report 
period. Biological condition scores at reference station TR09 varied little over the years. With 
the exception of 1995 and 2007, the biological condition scores indicated full support for 
aquatic life use. The slightly positive trendline indicating improvement in biological condition at 
station TR09 over the years indicated stability in the biological community and confirmed that 
station TR09 was a representative reference station. The biological condition of the benthic 
macroinvertebrate community at Tongue River TR07 station varied little from the period of 
1996 through 1999 and indicated indeterminate or full support for aquatic life use each year. 
However, a negative trendline indicated a general decline in biological condition since sampling 
began in 1996. The biological condition scores at station TR05 in from 1995 to 2004 indicated 
full support for aquatic life use. Sampling from 2006 to 2016 indicated indeterminate support 
for aquatic life use. The negative trendline for biological condition at TR05 indicated a gradual 
downward trend in biological condition since sampling in 1995. Biological condition scores at 
the most downstream station TR0l located near the Montana border indicated full support for 
aquatic life use during each year since 1998. However, a graph of biological condition scores 
indicated that biological condition has declined over time. Full support for aquatic life use may 
change should the decline in biological condition continue. No threatened or endangered 
benthic macroinvertebrate taxa or fish species have been identified since sampling began in the 
Tongue River watershed in 1993. The generally widespread occurrence of indicator laxa 
indicated that water contained no toxic substances in sufficient concentration to prevent the 
establishment and survival of these taxa. The disappearance of stoneflies since the latter 
1990's noted at some mainstem Tongue River stations continued. The general disappearance 
of stoneflies at Tongue River stations downstream of TR09 since the 1990's indicates that water 
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quality and habitat change have negatively affected this pollution intolerant group of aquatic 
insects. Monitoring of aquatic benthic macroinvertebrate communities in the Tongue River 
watershed have not identified the presence of aquatic invasive species of concern to the 
Wyoming Game and Fish Department. No zebra mussel (Dreissena polymorpha), quagga 
mussel (Dreissena rostriformis bugensis), New Zealand Mudsnail (Potamopyrgus antipodarum) 
and the Asian Clam (Corbicu/a fluminea) have been identified in the Tongue River watershed. 
Recommended future benthic macroinvertebrate monitoring by SCCD will be attentive to the 
presence of aquatic invasive species. 

Tubifex tubifex, a species of aquatic worm, involved in the whirling disease life cycle that may 
decimate trout populations, have not been collected at Tongue River stations since monitoring 
began indicating a low probability for the occurrence of whirling disease. However, the 
presence of the genus Tubifex and immature Tubificid worms in samples collected in the 
Tongue River watershed suggest the future potential occurrence of T. tubifex. Whirling disease 
has not been detected in the Tongue River watershed or nearby Little Goose Creek and Big 
Goose Creek watersheds. 

Attempts to determine if improvements in overall water quality have been achieved are often 
difficult, especially when comparing water quality data that has been collected during seasons 
with different hydrological and meteorological conditions. Although normal flow conditions 
cannot be anticipated nor expected during monitoring, these varying conditions do make water 
quality comparisons more difficult. Bacteria concentrations, in particular, are known to vary in 
response to a number of different water quality and water quantity factors, including changes 
in water temperature, water quantity, and suspended sediment loads. Higher E. coli bacteria 
concentrations in May can be associated with precipitation events in the spring, including run
off from snowmelt, that contribute surface contaminants. Increased stream discharge can also 
disturb bed sediment containing high concentrations of bacteria. From 2000 through 2006, the 
local area was in a prolonged drought and below average stream discharge conditions were 
experienced. Years 2001 and 2002 lacked adequate peak flows during May and June which 
normally "flush" stream channel sediment accumulated during the previous year. During 2003 
and 2010, the Tongue River experienced higher than normal peak flows, which may have had 
the ability to "flush" streambed sediment that had accumulated during previous drought years. 
Flows in 2013 and 2016 were generally below normal at most stations, especially during the 
early season. 

The positive effects that improvement projects have on water quality may not be immediately 
determined due to factors such as the bacteria storage capacity of bed sediment, which is 
normally suspended during bankfull flows. Bacteria "storage" in bed sediments and their 
annual release during high flows may cause a delay in observing quantifiable changes in 

bacteria currently entering the system. The data provided by the 1996 - 1999 watershed 
assessment and subsequent interim monitoring indicate the need for additional improvement 
projects as well as additional future monitoring to create and measure positive water quality 
changes. The SCCD anticipates that voluntary, incentive based watershed planning and 
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implementation will be successful; however, it may require several years to measure these 
achievements. Nonetheless. each improvement project that has been implemented or is 
currently being implemented on the watershed certainly induces positive water qualit y 
changes, whether they are immediately apparent or not. 

SCCD will continue to monitor water quality in the Tongue River Watershed on a three-year 
rotation, pending available funding sources. Planning and implementation of remedial 
measures to restore full aquatic life use support in the streams in the Tongue River watershed 
should continue. Continued benth ic macroinvertebrate sampling should be conducted at 
stations in the watershed to track potential changes in biological condition. 
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CHAPTER 1 PROJECT AREA DESCRIPTION 

1.1 W ATERSHED DESCRIPTION 

The Tongue River originates in the Bighorn National Forest (BNF) on the eastern side of the Big 
Horn Mountains, flows east and north through the towns of Dayton and Ranchester, and 
eventually into the Yellowstone River in Montana. The project area, which begins at the 
Wyoming-Montana state line, consists of approximately 463,990 acres in northern Sheridan 
County, in north-central Wyoming and Big Horn County in south-east Montana (Appendix A-1). 
Of the 463,990 acres, 81,207 acres (17.5 %) are located in Montana adjacent to smaller, 
ephemeral tributaries and draws and are not included in the following project area description. 
This area did not include the entire Goose Creek and Prairie Dog Creek Watershed areas, which 
have separate monitoring and improvement efforts. The designated project area, including the 
project area description, includes only a small area above the sampling site at those stations. 

Elevation of the Tongue River within the project area starts at 4,160 feet in the Tongue River 
canyon (TR09) and drops to 3,420 feet just below the confluence with Prairie Dog Creek at 
TR0l. Total elevation difference is 740 feet over a distance of approximately S3.01 miles (13.96 
ft/mile or 0.07% slope). The annual precipitation is 28 to 32 inches at the headwaters in the 
BNF. At the uppermost monitoring station in Tongue River Canyon (TR09), the annual 
precipitation is 16 to 18 inches. Downstream of the Town of Ranchester, the watershed 
transitions to a drier precipitation zone; near the Wyoming-Montana state line, at TR0l, the 
precipitation is only 12 to 14 inches (Appendix A-2). The watershed is comprised of three 
ecological site groups (Appendix A-3). Sites within the lower watershed, below the Town of 
Ranchester to the State Line, are in the 10-14" Northern Plains Ecological Site Group. The 
middle to upper portion of the watershed, including Tongue River Sites TR07 and TR08, are 
within the 15-19" Northern Plains Ecological Site Group. The 20+" Mountains Ecological Site 
Group, encompasses the remaining portion of the watershed, including all of the area within 
the BNF and the uppermost sample station (TR09). 

Major tributaries of the Tongue River above the Town of Ranchester include Little Tongue 
River, Smith Creek, Columbus Creek, Five Mile Creek, and Wolf Creek. Goose Creek and Prairie 
Dog Creek are the primary perennial tributaries below the Town of Ranchester, however 
intermittent draws may contribute stormwater run-off during precipitation or snowmelt 
events. The largest of these draws include Six-mile Creek, Earley Creek, North Dry Creek, Slater 
Creek, South Dry Creek, and Hidden Water Creek. Tributaries provide irrigation water to 
ranches and make up a portion of the water supply to rural residents in the watershed. 
Diversions result in the transferring and mixing of waters from different areas of the watershed. 

1.2 LAND OWNERSHIP AND U SES 

Descriptions of land ownership and uses are limited to the 382,783 acres within the State of 
Wyoming. The project area includes a combination of private, State, and Federal lands with 
private lands dominating the portion of the watershed downstream of the BNF (Appendix A-4). 
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Nearly 1771127 acres (46%) are privately owned. State lands comprise approximately 24,664 

acres (6%) and include the Amsden Creek Big Game Winter Range . Federal lands constitute 
approximately 180,993 (47%) of the total acres, including: 

• 174,111 acres managed by the BNF, 

• 5207 acres managed by the Bureau of Land Management (BLM), 
• 1150 managed by the Department of Defense, and 

• 525 acres managed by the United States Fish and Wildlife Service (USFWS) . 

Land uses within the watershed include irrigated and non-irrigated hay and crop lands, dry land 
pasture, livestock grazing, energy development, various types of recreation, the urban areas of 
Dayton and Ranchester, and prime wildlife habitat that is concentrated along stream bottoms 
and brushy draws where riparian zones are intact (Appendix A-5}. Sensitive species including 
warm water game and non-game fish, sage grouse and prairie dog populations occur within the 
project area. The headwaters, located in the BNF, supports wildlife habitat, livestock grazing, 
logging, recreation, including angling, camping, hiking, ATV trails, and other uses. The historic 
coal mining community of Monarch, as well as others, has been almost entirely removed, with 
some remnant homesites, a church (converted into a residence), and a water tower remaining. 
A railroad, local highway, and the interstate run parallel to the Tongue River between the Town 
of Ranchester and Acme. The lower portion of the project area has more coal bed methane, 
mining, and other energy development than other areas of the watershed . 

There are five permitted point source discharges (not including storm drains} within the upper 
portion of the project area; four are from sanitary wastewater facilities (including the Towns of 
Dayton and Ranchester}, and one from a Concentrated Animal Feeding Operation (CAFO) . The 
lower portion of the project area contains point source discharges from coal bed methane 
production, although some of these are inactive. The City of Sheridan Wastewater Treatment 
Plant discharges into Goose Creek approximately 7 miles upstream of the GC0l site. 
Approximately S miles upstream of the GC 01 site, the KOA campground also had a permitted 
discharge from a small wastewater facility; however, that system is being replaced with a 
connection to the City of Sheridan sanitary sewer system in 2017. 

The mainstem of the Tongue River and major tributaries contain numerous small to very large 
ranches. Status for domestic wastewater treatment at ranches and rural subdivisions is 
unknown. Agriculture related land use dominates the watershed . Agricultural operations 
center on cattle and hay production enhanced by irrigation water from the Tongue River and its 
tributaries during the summer growing season. Livestock tend to be fed and wintered along the 
creek bottoms since these areas provide the necessary shelter and water. A more 
comprehensive, detailed description of the project area has been previously provided in the 
1996-1999 Tongue River Watershed Assessment Final Report {SCCD, 2000), which includes 
narrative descriptions of water uses, land uses, surface geology, soil types, and other factors . 
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1.3 STREAM CLASSIFICATIONS AND BENEFICIAL Uses 
The Wyoming Department of Environmental Quality (WDEQ) is charged with implementing the 
policies of the Clean Water Act and providing for the "highest possible water quality" for 
activities on a waterbody (WDEQ, 2013) . Depending upon its classification, a waterbody is 
expected to be suitable for certain uses (Table 1-1). 

Table 1-1. Wyoming surface water classes and use designations (WDEQ, 2013) 
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1 Class 1 waters are not protected for al l uses in all ci rcumstances. For example, all waters ln the National Parks and Wilderness 
areas are Class 1, however, all do not support fisheries or other aquatic life uses (e.g. hot springs, ephemeral waters, wet 
meadows, etc.). 

2The drinking water use involves malntainlng a level of water quality that ls suitable for potable water or Intended to be suitable 
after receiving conventional drinking water treatment. 

3The fisheries use includes water quality, habitat conditions, spawning and nursery areas, and food sources necessary to sustain 
populations of game and non-game fish. This does not include the protection of exotic species which are designated 
" undesirable" by the Wyoming Game and Fish Department or the U.S. Fish and Wildlife Service with their appropriate 
jurisdictions. 

4The fish consumption use involves maintaining a level of water quality that will prevent any unpalatable flavor and/or 
accumulation of harmful substances in fish tissue. 

5Aquatic life other than fish includes water quality and habitat necessary to sustain populations of organisms other than fish in 
proportions which make up diverse aquatic communities common to waters of the state. This does not include the protection of 
insect pests or exotic species which are designated "undesirable" by the Wyoming Game and Fish Department or the U.S. Fish 
and Wildlife Service with their appropriate jurisdictions. 

6Recreational use protection involves maintaining a level of water quality that is safe for human contact. It does not guarantee 
the availability of water for any recreationa l purpose. Both primary and secondary contact recreation are protected in Class 2AB 

waters. 

7The wildlife use designation involves protection of water quality to a level that is safe for contact and consumption by avian and 
terrestrial wild life species. 

8For purposes of water pollut ion control, agricultural uses Include irrigation or stock watering. 

91ndustrial use protection involves maintaining a level of water quality useful for industrial purposes. 

10scenic value involves the aesthetics of the aquatic systems t hemselves (odor, color, taste, settleable solids, floating solids, 
suspended solids, and solid waste) and is not necessarily related to general landscape appearance. 
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Stream classifications are assigned by WDEQ and identified on the Wyoming Surface Water 
Classification List (WDEQ, 2013a) or in subsequent reports. Chapter 1 of the Wyoming Water 
Quality Rules and Regulations (WDEQ, 2013) describes the surface water classes, and 
designated uses, and the water quality standards that must be achieved for a Wyoming 
waterbody to support its designated uses (WDEQ, 2013). 

Streams within the Tongue River Watershed project area are classified as either 2AB or 3B 
(Table 1-2). Class 2AB waters are perennial waterbodies expected to support drinking water 
supplies (when treated), fish and aquatic life, recreation, wildlife, industry, and agriculture uses 
{WDEQ, 2013). Five Mile Creek and other draws, which are Class 38 surface waters, are not 
expected to support fish populations or drinking water supplies. 

Table 1-2. Stream classifications of waterbodies in the Tongue River watershed 

Stream Classifications 

Class 2AB Class 38 

Tongue River (below BNF boundary) Ash Creek 
Amsden Creek Earley Creek 

Columbus Creek Five Mile Creek 
Little Tongue River Six Mile Creek 

Sheep Creek Slater Creek 
Smith Creek South Dry Creek 

Wolf Creek Squirrel Creek 

Goose Creek Youngs Creek 
Prairie Dog Creek 

1.4 STREAM IMPAIRMENTS ANO LISTINGS 

States are required to summarize water quality condit ions in the state through section 305(b) 
of the Clean Water Act; this report is commonly known as the 305(b) report and is published 
every two years. If a waterbody exceeds narrative or numeric water quality standards, it is 
considered "impaired" or not meeting its designated uses. Section 303(d) of the Clean Water 
Act requires states to identify waters that are not supporting their designated uses and/or need 
to have a Total Maximum Daily Load (TMDL) established to support the designated uses. A 
TMDL describes the amount of a given pollutant a waterbody can receive and still meet water 
quality standards. Currently, impaired waterbodies are first included on the Wyoming 303(d) 
list of Waters Requiring TMDLS under Category 5 (WDEQ, 2016). Once a TMDL is completed, a 
waterbody is moved from Category S to Category 4, which includes the list of waterbodies with 
TMDLs. 

Some streams within Tongue River Watershed were listed as early as 1996, but were removed 
or included in the list of waterbodies requiring further monitoring in the 1998 list . Subsequent 
monitoring by SCCD, USGS, WDEQ, and others resulted in impairment designations on the 
Tongue River and several tributaries (Table 1-3). These waterbodies were assigned a low 
priority for TMDL development because of local watershed improvement efforts. 
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Table 1-3. Impaired stream segments within the Tongue River watershed (WDEQ, 2016) 

Name Class Location Miles Uses 

Tongue River 2AB 
From Monarch Road upstream to Wolf 

13.5 Recreation 
Creek Road 

Tongue River 2AB 
From Goose Creek downstream to the 

22 .1 Cold Water Fishery 
Montana border 

Prairie Dog Creek 2AB 
From 1-90 to a point 47.2 miles 

47.2 Recreation 
downstream 

Prairie Dog Creek 2AB From 1-90 to a point 4 7.2 miles 
47.2 Drinking Water 

downstream 

Prairie Dog Creek 2AB 
From 1·90 to a point 47.2 miles 

47.2 Cold Water Fishery 
downstream 

Prai rie Dog Creek 2AB 
From Tongue River to a point 6.7 miles 

6.7 Recreation 
upstream 

Prairie Dog Creek 2AB 
From Tongue River a point 6.7 miles 
upstream 

6.7 Drinking Water 

Prairie Dog Creek 2AB 
From Tongue River a point 6.7 miles 
upstream 

6.7 Cold Water Fishery 

Goose Creek 2AB 
From Little Goose Creek downstream to 

12.7 
Aquatic life, 

the Tongue River Cold Water Fishery 

Goose Creek 2AB From Little Goose Creek downstream to 
12.7 Recreation 

the Tongue River 

Wol f Creek 2AB 
From Tongue River upstream to East Wolf 

10.6 Recreation 
Creek 

Five M ile Creek 3B 
From Tongue River upstream to Hanover 

2.1 Recreation 
Ditch 

Columbus Creek 2AB 
From Tongue River to a point 3.1 miles 

3.1 Recreation 
upstream 

Little Tongue River 2AB 
From Tongue River upstream to Frisbee 4.8 Recreation 
Ditch 

Smith Creek 2AB 
From Tongue River to a point 5.8 miles 

5.8 Recrea t ion 
upstream 

North Tongue River 

(Bighorn National 1 From Road 171 upstream to Pole Creek 11.1 Recreation 

Forest) 

Impairment 

E. coli 

Temperature 

Fecal Coliform 

Manganese 

Temperature 

Fecal Coliform 

Manganese 

Temperature 

Habitat Alterations, 

Sediment 

Fecal Coliform 

Fecal Coliform 

Fecal Coliform 

Fecal Coliform 

E. coli 

Fecal Coliform 

Fecal Coliform 
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CHAPTER 2 PROJECT BACKGROUND 

2.1 PREVIOUS SCCO MONITORING EFFORTS 

The Sheridan County Conservation District (SCCD) initiated water quality monitoring in the 
Tongue River Watershed in 1996, in partnership with the USDA Natural Resources Conservation 
Service (NRCS) and the Tongue River Watershed steering committee. The original 1996 project 
area consisted of approximately 313,121 acres and contained eight water quality monitoring 
sites; three mainstem sites and five tributary sites. The 1996-1999 Tongue River Watershed 
Assessment Final Report was completed in September 2000 and identified fecal coliform 
impairments on Five Mile Creek, Columbus Creek, Smith Creek, Little Tongue River, and Wolf 
Creek (SCCD, 2000). The Lower Tongue River station, near the Ranchester Water Treatment 
Plant intake, also exceeded the fecal coliform standard on some occasfons. Other water quality 
parameters monitored during this assessment (including nutrients and pesticides) were found 
at low or non-detectable levels, suggesting fertilizers and pesticides appeared well managed 
within the watershed. 

Previous interim water quality monitoring was conducted in 2003, 2006, 2010, and 2013 
utilizing many of the same monitoring sites, water quality parameters, and sampling periods 
(SCCD, 2004; SCCD, 2007; SCCD, 2012; and SCCD, 2015). Interim monitoring includes water 
quality monitoring along with benthic macroinvertebrates and habitat assessments at a limited 
number of stations. In 2003 and 2006, SCCD collected fecal coliform and E. coli samples to 
correspond with changes in WDEQ water quality standards. The water quality parameters 
include: water temperature, pH, conductivity, dissolved oxygen, discharge, turbidity, and E. coif 
bacteria. Upper tributary stations were not monitored in subsequent years because no water 
quality impairments were identified at these stations during the initial assessment. In addition, 
SCCD did not collect nutrient, pesticide, or herbicide data because these parameters were 
found at low or non-detectable levels during the initial assessment. 

The project boundary was expanded in 2006 and again in 2013. The 2006 expansion included 
two new sites on the Tongue River between the Town of Ranchester and the confluence with 
Goose Creek. The section from Goose Creek to the Montana State Line was added in 2013 to 
tie into existing efforts on adjacent watersheds. SCCD added four new Tongue River sites, 
along with sites on Goose Creek (GC0l} and Prairie Dog Creek (PD01), which are the pdmary 
tributaries in the lower watershed. Two of the Tongue River sites were retained for monitoring 
in 2016; the other two were discontinued due to limited staff and funding resources. 

The general trend in bacteria concentrations on Tongue River stations were typically higher in 
the early season than in the late season; while tributaries are much more variable. Relatively 
high bacteria concentrations in May of 2010 were followed by sharp decreases in 2013 at most 
stations, which may have resulted from higher than normal precipitation and early season flows 
in 2010. Extremes in short and long-term weather conditions have produced bacteria data that 
are not directly comparable among years. Nonetheless, values that exceed bacteria standards 
were observed on essentially the same stream reaches year after year and indicate water 
quality impairments continue to exist, regardless of hydrologic conditions. 
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Biological condition trends are relatively stable for most years through 2013 at the uppermost 
station in Tongue River Canyon (TR09) and stations below the Town of Ranchester, including, 
the station near Kleenburn (TR0S) and near Decker Highway {TR03). While the lowermost 
station (TR0l) continued to show full support for aquatic life use, biological condition declined 
from 2004-2013. The site within the Town of Ranchester downstream of the confluences with 
Wolf Creek and Five Mile Creek (TR07) declined from ful l support of aquatic life use from 1996-
1999 to partial or non-support in 2010 and 2013. 

2.2 WATERSHED PLANNING AND IMPLEMENTATION 

The 1996-1999 Tongue River assessment served as the foundation of a local watershed 
planning and improvement effort. The Tongue River Watershed steering committee, which 
consisted of stakeholders representing rural , urban, and other local interests, recognized 
bacteria levels as a major concern. Wildlife, livestock and other domestic animals, and humans 
were identified as possible bacteria sources. The Tongue River Watershed Plan was developed 
to address these concerns and was approved by WDEQ in 2000 (SCCD, 2000a). The plan 
outlined the goals, objectives, and action items for improving water quality with the Tongue 
River Watershed, along with prioritizing best management practices, and providing future 
recommendations. This initial plan included recommendations for continued monitoring, 
information and education, and improvement projects. 

Since the completion of the original Tongue River Watershed Management Plan, there have 
been two updates. The Tongue River Watershed Management Plan, Revision 1 (SCCD, 2007a) 
recommended continuation of improvement efforts and monitoring. Although excess sediment 
was not identified as a source of impairment in the Tongue River watershed, it was a concern 
for watershed residents. As a result, sediment contributions related to unstable channels and 
irrigation diversions were included in the 2007 Plan. In 2012, the SCCD and steering committee 
developed the Tongue River Watershed Plan, Revision 2 (SCCD, 2012a) to include the nine 
essential elements required by the USEPA. The 2012 Plan identifies impaired waters; 
designates and characterizes distinct subwatersheds; quantifies existing pollutant loads from 
previous monitoring efforts; develops estimates of the load reductions required to meet water 
quality standards; and develops effective management act ion items to reduce pollutant loads. 
Ongoing interim water quality monitoring influenced the decisions, priority areas, and action 
items within the Tongue River Watershed Plan, Revision 2 (SCCD, 2012a). As part of the Tongue 

River Watershed Plan, Revision 2, SCCD/NRCS will implement the following recommendations: 

• Continue a watershed improvement effort by providing leadership and project oversight; 

• Reduce bacteria contributions by an average of 18% by 2017; 
• Continue mitigation efforts in the highest priority reaches, which include Smith Creek, Little 

Tongue River, Columbus Creek, and Five Mile Creek, along with their tributa ries. 
• Reduce water quality impacts, other than bacteria, such as nutrient concentrations, organic 

matter, temperature, and sediment loads; 
• Increase awareness and encourage participation in the watershed improvement efforts; and 
• Increase awareness and understanding about water quality impacts and re lationships among 

water quality parameters. 
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As of December 2016, there have been several improvement projects completed within the 
Tongue River Watershed, including: 10 septic system replacements; 3 riparian 
fencing/stockwater developments, 7 corral relocation projects; 6 irrigation diversion 
replacements; 10 stinger/t ree cutting sites; and 9 stream/channel stabilization projects. In 
addition, riparian buffers on four tr ibutaries and a reservoir restorat ion project have been done 
without financial assistance from the SCCD. Some of the buffers included contracts under 
USDA programs while others were completed by the landowner without assistance from SCCD 
or USDA. These and other watershed improvement project s are documented on a progress 
register map for the watershed (Appendix A-6). 

The Tongue River Watershed improvement effort has helped to increase awareness about 
several important resource issues and has led to more public interest in the watershed. The 
SCCD anticipates that voluntary, incentive based watershed planning and implementation 
efforts will eventually be successful; however, it may require several years to measure t hese 
achievements. Continued monitoring can provide information on water quality changes over 
the long-term. 

2.3 PROJECT PURPOSE AND O BJECTIVES 

The purpose of this project was to complete the 2016 interim milestone in the Tongue River 

Watershed Plan, Revision 2 (SCCD, 2012a). The 2015 monitoring is within a three-year 
monitoring rotation currently conducted by SCCD on the Tongue River, Goose Creek, and Prairie 
Dog Creek watersheds and is funded through the Sheridan County Watershed Improvements #4 
Project funded by WDEQ through Section 319 of the Clean Water Act. 

The project was consistent with the goals and overarching principles outlined in the Wyoming 
Nonpoint Source Management Plan Update {WDEQ, 2013b). The monitoring is part of a locally
led collaborative process that includes information and education programs and project 
implementation through the organization and facilitation of local stakeholder groups. 
The specific objectives of this project were to use water quality monitoring information/t rends: 

• to identify and prioritize areas affected by nonpoint source pollution and 

• to evaluate effectiveness of implementation of improvement projects and other 
activit ies. 
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CHAPTER 3 HISTORICAL AND CURRENT DATA 

Historical data, for the purposes of this project, are defined as data greater t han five years old 
from the start of the 1996-1999 Assessment. The 1996-1999 Tongue River Watershed 
Assessment Final Report included a comprehensive compilation of known water quality data for 
the watershed and contained historical and current data through 1999 (SCCD, 2000) . Data 
collected by SCCD, government agencies, and various other sources were provided in tabular 
form and are not repeated in this document. 

Summaries of current water qual ity data collected after the 1996-1999 Assessment were 
provided in the reports for the 2003, 2006, 2010, and 2013 interim monitoring (SCCD, 2004, 
2007, 2012, and 2015). USGS collected water quali ty and/or discharge data from seven stat ions 
within the expanded watershed boundary through 2016 (Table 3-1). Among other things, the 
USGS collected temperature, pH, dissolved oxygen, specific conductivity, and flow throughout 
the period (Appendix Tables C-17 through C-20). USGS did collect water quality samples for 
other parameters, but they are not included here. It was not the purpose of the interim 
monitoring to conduct a comprehensive review of data from other sources. 

Table 3-1. Active USGS stations in the Tongue River watershed project area during 2016. 
Site ID Drainage "Real-time: Current Field Lab Water Daily/Monthly/ Annual 

Area (mlles2) Observations Quallty Samples Statistics 

06306300 1451 10/1994-Cirremt 10/16/1985- 7 /1960-Current 

Tongue River, at Stale Discharge Current Discharge 

Line Near Decker, MT Conductivity Conductance 
SAR 

06306250 358 6/15/2000-6/30/2016 6/23/1986-6/24/2016 10/1970·6/2016 

Prairie Dog Creek, Near Discharge Field Discharge Temperature 

Acme, WY Conductivity 5/15/2000· 7/7/2016 Discharge 
SAR Conductance 

SAR 

06305700 413 10/01/1990-Current 10/1983-8/2008 S/1984-Current 

Goose Creek Near Acme Discharge Fleld Discharge Discharge 
5/1984-10/2017 

06299980 478 5/1/2004-Current 4/3/1974-Current 5/2004-Current 

Tongue River, at Discharge Discharge 

Monarch, WY Conductivlty Conductance 
SAR 

06306020 Not Identified 3/26/2009-

Tongue River BL You ngs 6/24/2016 

Creek, NR Acme 

06298000 206 9/1987-Current 10/10/1966- 11/1918-Current 

Tongue River Near Discharge 08/14/2002 Discharge 

Dayton, WY 

06297500 Highline Ditch NA 10/1996-Current Field Discharge 6/1920-Current 

near Dayton Discharge 9/1979-Current Discharge 

USGS has not reported any field/laboratory data from Stat ion No. 06298000 (Tongue River Near 
Dayton) since August 2002; discharge information from this station is included in this report. 
USGS Station 06297500 Highline Ditch near Dayton, which collected discharge information, is 
not located on one of the contributing t ributaries or mainstem of the Tongue River. Therefore, 
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no information from this station is included in this report. Station 06305700 (Goose Creek near 
Acme) has intermittently collected hydrologic information since 1983; "real-time" flow 
observations began again in June 2015. 
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CHAPTER4 MONITORING DESIGN 

4.1 KEY PROJECT PERSONNEL AND RESPONSIBILITIES 

This project involved various individuals from the SCCD, NRCS, WDEQ, and others (Table 4-1). 
The District Manager served as the Project Coordinator and Field Supervisor and was 
responsible for the implementation of the Quality Assurance/Quality Control (QA/QC) 
procedures. The Program Specialist was responsible for data entry and initial QA/QC 
pwcedures through mid-July 2016. These duties were assumed by the Program Assistant after 
that time. Other SCCD Supervisors and NRCS personnel assisted with the project as needed. 
WDEQ provided assistance and oversight as well as administration of the funds provided 
through Section 319 of the Clean Water Act. Progress updates were provided to the SCCD 
Board of Supervisors, steering committee, and cooperating stakeholders and landowners who 
provided site access for sampling and other information. 

Table 4-1. Key personnel and organizations involved in the project 
Personnel/Organization Project Role 

Carrie Rogaczewski, District Manager Project management/oversight; field monitoring; QA/QC 
protocol and oversight; data validation; reporting 

Amy Doke, Program Specialist Assistance with field data collection, data management, 
QA/QC protocols, and reporting through July 2016 

Theresa Shaw, Program Assistant Assistance with field data collection, data management, 
QA/QC protocols, and reporting after July 2016 

SCCD Board of Supervisors Project review; field monitoring assistance 
NRCS Sheridan Field Office Staff Field monitoring assistance 

Wyoming Department of Environmental Quallty Project review; QA/QC review; report review, funding 
administration 

Inter-Mountain Laboratories Laboratory analyses of water quality samples 

Aquatic Assessments, Inc. Macroinvertebrate sample sorting and midge 
identification; macroinvertebrate data interpretation 

Aquatic Biology Associates Macroinvertebrate sample identification and analyses 

Landowners/ Steering Committee Project and data review; sampling access 

4.2 MONITORING PARAMETERS 

Water quality parameters monitored in 2016 included : water temperature, pH, conductivity, 
dissolved oxygen, discharge, turbidity, and E. coli bacteria. Monitoring was performed at 13 
stations; six sites on the mainstem of the Tongue River and seven sites on the major tributaries 
(Appendix A-1). Samples were collected 5 times in May-July and 5 times in July-September. 
Continuous data loggers recorded water temperature at five stations at 15-minute intervals 
from May through November. Macroinvertebrate sampling and habitat assessments were 
performed at five mainstem stations in September-October. 

4.3 SITE DESCRIPTIONS 

Sites were selected based on a review of the historical data, historical SCCD sampling sites, 
availability, and access (Table 4-2). During the initial site reconnafssance and site set-up SCCD 
identified land uses and other site characteristics. Considerations for site selection included 
the ability to reveal types and regions of non-point source pollution at a level that would 
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optimize landowner participation in the watershed planning process and would allow SCCD to 
direct remediation assistance in the most cost-effective and environmentally sound ways. 

All of the sites used in this project were previously monitored in the 1996-1999 assessment 
and/or subsequent monitoring years. In total, there were 13 water quality sampling stationsi 
six sites on the mainstem of the Tongue River and seven tributary stations. These seven 
tributaries include Smith Creek, Little Tongue River, Columbus Creek, Five Mile Creek, Wolf 
Creek, Goose Creek and Prairie Dog Creek. Macroinvertebrates were collected from five 
Tongue River stations. Detailed site and watershed descriptions were provided in the 1996-
1999 Tongue River Assessment Final Report (SCCD, 2000) and/or subsequent SAPs and Reports. 

Historically, SCCD requested and documented verbal permission to collect water quality 
samples and publish the data in a report. On July 1, 2012, changes to the Wyoming Public 
Records Act (W.S. 16-4-291 through 16-4-205) required written permission to release any 
information collected on agricultural operations. In addition, Wyoming Statute W.S. 6-3-414 
through the 2015 Enrolled Act #61 (The Trespass Bill), requires written permission to access for 
the purpose of collecting data. Signed consent forms were maintained for all sample sites; all 
sites were accessed using public highways/roads or private driveways/parking areas where 
consent forms had been received. 

October 20 18 

TFH 6 ?/02 5 
RECD f0-25-18 

Addendum D6 - l 1-26 DEQ Ex. 3-824



0 
n ,... 
0 
CJ' 
(b .., 
~ 
0 .... 
00 

)> 
a. 
a. 
(b 

::l 
a. 
C 
3 
a 
°' ' --' t-..) 

--.J 

Table 4-2. Tongue River watershed 2016 sample site descriptions 

1996-2010 UTMZone latitude 
Site ID 

Site Name 
Sample Site Description 

13(NAD83) Longitude 

Water Quality Stations 
On Tongue River, approximately 200 

4983391N 44.989417N 
TR0l -- meters downstream of river bend off of 

0356301E 106.822851W 
well pad road from County Road 1211 

On Prairie Dog Creek approximately 150 
4982905N 

44.984773N 
PD0l -- meters downstream USGS station 

0354974E 
106.839612W 

06306250. 
On Tongue River, approximately 20 

497864 5N 44.944777N 
TR03 -- meters downstream of Hwy 338 bridge 

0346783E 106.941805W 
crossing 

On Goose Creek between USGS Station 

GC0l No. 06305700 and HWY 339 bridge 
4971855N 44.882964N 

-- 0343017E 106.987587W 
crossing. 

On Tongue River at Kleen burn Road 

TR0S TRl 
Recreational Picnic Area approximately 4974512N 44.906308N 
0.7 miles downstream of USGS Station 0341266E 107.010622W 

06306250 

On Tongue River, approximately 3 meters 
4974826N 44.9063314N 

TR07 TRL downstream of the Ranchester Water 
0329210E 107.163592W 

Treatment Plant intake 

On Wolf Creek, upstream of t he County 4973980N 44 .898278N 
WC0l WCL 

Road 67 bridge crossing 0328613E 107.172225W 

On Five Mile Creek upstream of the Hwy 4975024N 44 .908068N 
FMCOl FMCL 

14 Bridge in Ranchester 0328635E 107 .170918W 

TR08 TRM 
On Tongue River, downstream of the 4973244N 44 .891483N 

Halfway Lane County Road bridge 0325508E 107.209832W 

On Columbus Creek downstream of the 4973511N 44 .892859N 
CCOl CCL 

Hwy 14 bridge crossing 0323346E 107.237026W 

HUC 

100901010407 
Beatty Gulch-
Tongue River 

100901010307 
Lwr Prairie Dog 

Creek 

100901010407 
Beatty Gulch-
Tongue River 

100901010109 
Soldier Creek-
Goose Creek 

100901010211 
Slater Creek-
Tongue River 

100901010210 
Five Mile Creek-

Tongue River 

100901010209 
Lower Wolf Creek 

100901010210 
Five Mile Creek-

Tongue River 

100901010210 
Five Mile Creek-

Tongue River 

100901010207 
Columbus Creek-

Tongue River 

Elevation 
Land use(s) 

(ft) 

3,435 

3,484 

3,544 

3,630 

3,595 

3747 

3763 

3748 

3778 

3707 

Cattle grazing, irrigated 
haylands, and wlldlife 

habitat. 

Cattle grazing, irrigated 
haylands, and wildlife 

habitat. 

Primarily wildlife habitat. 
Winter cattle grazing only. 

Cattle grazing, irrigated 
hayland, and wild life 
habita t. Parallel to 

rai lroad. 
Primarily wildlife habitat. 
Reclaimed mining lands 
made into recreational 

picnic area. 

Urban: Ranchester City 
limits. Site of City water 

intake. 

Rural residentia l, wildlife 
habitat, cattle grazing, and 

irrigated haylands. 

Urban, Ranchester City 
limits. Rural residential 

livestock. 

Cattle grazing, irrigated 
haylands, and wildlife 
habitat. Some rural 

residential. 

Cattle grazing, feedlot, 
irrigated hay and wild life. 
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Table 4-2 (continued). Tongue River Watershed 2016 Monitoring Sample Site Descriptions 
Latitude 

Site ID 
1996-2010 

Sample Site Description 
UTMZone 13 Longitude 

Site Name (NAD83) 

On Little Tongue River, approximately 
4971707N 44.877175N 

LTR0l LTRL 300 meters upstream of Tongue River 
confluence 

0321031E 107.265394W 

On Smith Creek downstream of County 4971970N 44.878043N 
SC0l SCL 

Road 92 bridge crossing 0321164E 107.268177W 

4968747N 44.849105N 
TR09 TRU At the USG5 Station No. 06298000 

0317895E 107.304038W 

Macroinvertebrate Stations 

On Tongue River, approximately 50 
4983391N 44.989417N 

TR0l - - meters downstream of river bend off of 
0356301E 106.822851 W 

well pad road from County Road 1211 

On Tongue River, approximately 500 
4978650N 44.944778N 

TR03 -- meters upstream of Hwy 338 bridge 
0346809E 106.941806W 

crossing 

On Tongue River at Kleenburn Road 

TR05 TRl 
Recreational Picnic Area approximately 4974512N 44.906308N 
0. 7 miles downstream of USGS Station 0341266E 107.010622W 

06306250 

On Tongue River upstream County Road 4974822N 44.9063314N 
TR07 TRL 

bridge crossing 0329198E 107.163592W 

On Tongue River at USGS Station No. 4968747N 44.849105N 
TR09 TRU 

06298000 0317895E 107.304038W 

HUC 
Elevation 

(ft) 

100901010206 
3726 

Little Tongue River 

100901010207 
Columbus Creek- 3885 

Tongue River 

100901010205 
Sheep Creek- 4060 
Tongue River 

100901010407 
Beatty Gulch- 3,435 
Tongue River 

100901010407 
Beatty Gulch- 3,530 
Tongue River 

100901010211 
Slater Creek- 3,595 
Tongue River 

100901010210 
Five Mile Creek- 3750 

Tongue River 

100901010205 
Sheep Creek- 4060 
Tongue River 

Land use(s) 

Urban: Dayton city limits. 
Occasional wildlife habitat. 

Urban: Dayton city limits. 

Primarily wildlife habitat. 
Recreational camping. 

Parallel to County Road . 

Cattle grazing, irrigated 
haylands, and wildlife 

habitat. 
Primarily wildlife habitat. 

Winter cattle grazing only. 
BLM recreation area . 

Primarily wildlife habitat. 
Recla imed mining lands 
made into recreational 

area . 

Wildlife habitat, irrigated 
haylands, rural residential. 

Primarily wildl ife habitat. 
Recreational camping. 

Parallel to County Road. 
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4.4 SAMPLING AND ANALYSIS METHODS 

Water quality sample collection, discharge measurements, macroinvertebrate sampling, and 
habitat assessments were performed according to the methods described in the project Sampling 
Analysis Plan (SCCD, 2016) and the SCCD Water Quality Monitoring Program Quality Assurance 
Project Plan, 2015 Update (SCCD, 2015a), according to the WDEQ Manual of Standard Operating 
Procedures for Sample Collection and Analysis (WDEQ 2015} and accepted analytical methods 
(Table 4-3). Samples were obtained from representative riffles. 

Table 4-3. Standard field and laboratory methods applicable to 2016 monitoring 

Parameter Units Method / Reference'-2 
Location of 

Preservative Holding Time 
Anatvses 

Tempera ture 9C grab/USE PA 170.1 
On-site n/a 11/a 

SM2550 

Temperature 2( continuous recorder On-site n/a n/a 

pH SU grab/USEPA 150.2 On-si te n/a n/a 

Conductivity µS/cm grab/USEPA 120.1 On•slte n/a n/a 

Dissolved Oxygen-Probe mg/I grab/USEPA 360.1 On-site n/a n/a 

E. coll 
col/100 grab/SM 92238, 

IML4 Cool to 1o•c 8 hours 
ml CFR1363 

Turbidity NTU grab/ SM2130 IML4 Cool to 6°C 48 hours 

Stage Height cfs Calibrated staH gauge On-si te n/a n/a 

Discharge cfs Mid-Section Method On-site n/a n/a 

Macroln11ertebrates Metrics King 1993 
AN 99% ethyl alcohol or 

n/a 
ABA6 isopropanol 

Habitat (Reach level) n/a King 1993 On-site n/a n/a 

•USEPA Method references from Methods for Chemical Ana lysis of Water and Wastes (USEPA, 1983) 
' SM Method references from Standard Methods for the examination of water and wastewater (APHA, 1998 & 2005}. 
' CFR reference from 40 CFR Part 136. Guidelines Establishing Test Procedures (Federal Register, 2012) 

•IML refers to Inter-Mountain Laboratories in Sheridan, Wyoming. 
•AA refers to Aquatic Assessments, Inc. in Sheridan, Wyoming. 
6ABA refers to Aquatic Biology Associates, Inc. in Corvallis, Oregon. 

Sample sites were equipped with a staff gauge for flow measurements. Initially, two sample sites 
were already equipped with USGS gauges (station 06298000 in Tongue River Canyon and 06306250 
on Prai rie Dog Creek}. The USGS gauge on Prairie Dog Creek was scheduled to be discontinued in 
July 2016 and a staff gauge was installed. During site reconnaissance, staff gauges were inspected, 
surveyed, and replaced if needed. Upon installation and/or inspection, gauges were surveyed and 
compared with a permanent bench mark; this confirmed the stability of the gauge to ensure 
consistent measurement. Staff gauge calibrations were performed by measuring instantaneous 
discharge with a Marsh-McBirney 2000 current meter using the mid-section method {WDEQ 2015). 
The resulting stage-discharge relationships were used to estimate flow during sampling events. 

Grab samples for E. coli and turbidity were collected within two separate 60-day periods in May
July and July-September. Gauge height, pH, conductivity, dissolved oxygen, and instantaneous 
water temperature were also measured during these sampling events. Continuous temperature 
data were collected by anchoring data loggers to the bottom of the staff gauges and downloading 
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the recorded information. Benthic macroinvertebrates were collected and habitat assessments 
were performed at five stations in September. 

Sample containers for bacteria and turbidity were provided by the contract laboratory and left 
unopened until sample collection. Bacteria containers were sealed, clear, cylindrical, IDEXX bottles 
that contained the sample preservative. The turbidity containers were 125 ml plastic, opaque 
bottles. All containers had blank labels, which were completed in the field. Containers for 
macroinvertebrate samples were 32 oz, pre-cleaned, HDPE wide mouth bottles. Labels were 
completed and affixed in the field with packing tape. 

Turbidity and E. coli samples were hand delivered to Inter-Mountain Laboratories (IML) in Sheridan, 
Wyoming for analysis. Macroinvertebrate samples were sorted by Aquatic Assessments, Inc. (AA) 
in Sheridan, Wyoming and analyzed by Aquatic Biology Associates, Inc. (ABA) in Corvallis, Oregon. 

4.5 MONITORING SCHEDULE 

The 2016 monitoring schedule included sampling to determine the geometric means of E. coli, 
based on 5 samples collected within a 60-day period in May-July and 5 samples collected within a 
60-day period in July-September (Table 4-4). Other field water chemistry parameters were also 
measured. A total of ten water quality samples were collected at each site. 

Sample dates were based on random numbers generated for Monday-Thursday due to lab 
availability and sampling holding times. Continuous temperature data loggers were deployed to 
measure instream temperatures from May 18th through October 3rd. Macroinvertebrate 
collections and habitat assessments were completed in September-October. 

Table 4-4. Sample schedule for 2016 Tongue River watershed monitoring 

Date(s) Sites Parameters 

May 18th -
TR01,TR03, TR0S, TR07,TR09 Continuous Temperature 

October 3rd 

May 18th Instantaneous temperature, pH, 

May 31st TR01,TR03, TR0S, TR07, Conductivity, Dissolved Oxygen, Stage 

*June 13th 
TR08, TR09, PD0l, GC0l, Height/Discharge, Turbidity, and E. coll. 

June 27th 
WC01, FMC0l, CC01, SC0l, 
LTR01 *Early Season upstream and downstream 

July 13th photos were taken on 6/13/16 

July 28th Instantaneous temperature, pH, 

* August 10th TR0l, TR03, TR0S, TR07, Conductivity, Dissolved Oxygen, Stage 

August 22nd 
TR08, TR09, PD0l, GC0l, Height/Discharge, Turbidity, and £. coli. 
WC0l, FMC0l, CC0l, SC0l, 

September 7th LTR0l *Late Season upstream and downstream 
September 20th photos were taken on 8/10/16 

September 22 nd -
TR01,TR03, TR0S,TR07,TR09 Macroinvertebrates, Habitat, Photo 

October 4th 

Tf 210'5 
E D 10- 2 -18 

October 2018 Addendum D6- 11-30 DEQ Ex. 3-828



RAMACO Brook Min 

CHAPTER 5 QUALITY ASSURANCE/QUALITY CONTROL 

5.1 FUNCTION OF QUALITY ASSURANCE ANO QUALITY CONTROL 

Quality Assurance (QA) may be defined as an integrated system of management procedures 
designed to evaluate the quality of data and to verify that the quality control system is operating 
within acceptable limits (Friedman and Erdmann, 1982; USEPA, 1995). Quality control (QC) may be 
defined as the system of technical procedures designed to ensure the integrity of data by adhering 
to proper field sample collection methods, operation and maintenance of equipment and 
instruments. Together, QA/QC functions to ensure that all data generated are consistent, valid and 
of known quality (USEPA, 1980). QA/QC should not be viewed as an obscure notion to be tolerated 
by monitoring and assessment personnel, but as a critical, deeply ingrained concept followed 
through each step of the monitoring process. Data quality must be assured before the results can 
be accepted with any scientific study. Project QA/QC is fully described in the SCCD QAPP (SCCD, 
2015a) and the Project SAP (SCCD, 2016). 

5.2 SAMPLING PERSONNEL QUALIFICATIONS 

Water quality monitoring, data management, and reporting were performed by SCCD personnel , 
which had the appropriate training and qualifications to implement the project (Table 5-1). SCCD 
Supervisors and NRCS Field office staff assisted with site set-up, surveys, discharge measurements, 
water quality monitoring, and macroinvertebrate collection . During monitoring activities, SCCD 
personnel collected the samples/measurements, while the other staff recorded the information on 
the appropriate data sheets. Assisting personnel were under the direct supervision of SCCD staff. 
The SAP defined all necessary field protocols and was available to the sampling team for every 
sampling event. 

Table 5-1. SCCO sampling personnel and qualifications 

Personnel Qualifications 

Carrie Rogaczewski M.S. Universi ty of Wyoming in Rangeland Ecology and Watershed 

District Manager Management with an emphasis in Water Resources; BKS Environmental; 
17+ years of experience with the SCCD; WACO Water Quality training 

Amy Doke B.A. Universi ty of Wyoming in Environment and Natura l Resources with an 

Program Specialist emphasis in internat ional studies and ecology; 10+ yea rs of experience 
with SCCD, assisting in other watershed efforts 

Theresa Shaw B.S. Montana State University in Sociology, Social and Criminal Just ice; 

Program Assistant United States Air Force Specia l Investigat ions Officer and Special Agent; 
joined SCCD in August 2016 and under supervision of District Manager 

5.3 SAMPLE COLLECTION, PRESERVATION, ANALYSIS, AND CUSTODY 

Accepted referenced methods for the collection, preservation and analysis of samples were 
adhered to as described in the SAP. In addition to field data sheets, samplers carried a field log 
book to document conditions, weather, and other information for each sample day and/or site. 
Calibration logs were completed for each instrument every time a calibration was performed. 

Project field measurements were recorded on field data sheets. Water samples requiring 
laboratory analysis were immediately preserved (if required), placed on ice, and hand delivered to 
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the laboratory. A Chain of Custody (COC) form was prepared and signed by the sampler before 
samples entered laboratory custody. A laboratory employee would then sign and date the COC 
form after receiving custody of the samples. After samples changed custody, laboratory internal 
procedures were implemented according to their Quality Assurance Plans. 

Benthic macroinvertebrate samples were preserved in the field, placed in a cooler, and transported 
to the SCCD office in Sheridan. A project specific macroinvertebrate COC form was completed. 
After all macroinvertebrate samples were collected, samples and COC forms were hand delivered 
to the contractor for initial sorting. COC forms were signed by SCCD and the contractor receiving 
the samples. Sorted samples, COC forms, and lab bench sheets were hand delivered to SCCD and 
then shipped to the contract laboratory for identification. Upon receipt, the contract laboratory 
performed a visual check for the number and general condition of samples, and signed the COC 
form. The completed COC form was returned to SCCD. 

5.4 CALIBRATION AND O PERATION OF FIELD EQUIPMENT 

The project SAP outlined requirements for calibration and maintenance of fie ld equipment; 
calibration instructions and manuals were carried on sampling days. On every sampling day, before 
leaving the office, the pH meter, conductivity meter, and dissolved oxygen meter were calibrated 
according to the manufacturer's instructions. The Hanna 9025 pH meter was calibrated using a 
two-point calibration method with pH 7.01 and pH 10.01 buffer solutions. The Hanna 9033 
conductivity meter was calibrated using a 1413 µS/cm calibration standard. All calibration 
solutions were discarded after each use. The YSI Pro20 dissolved oxygen meter did not require a 
calibration solution; the meter was calibrated by inserting the probe into the moist calibration 
chamber. The barometric pressure on the meter was cross referenced to the barometric pressure 
at the Sheridan County airport to check calibration accuracy. Calibration of each meter was 
documented on the corresponding calibration logbook. 

The Marsh-McBirney flow meter was factory calibrated and did not require field calibration; 
however, SCCD conducted a "zero check" prior to the beginning of the field season using a five
gallon plastic bucket of water. However, the meter began to malfunction and provide erratic 
readings in September. Another Marsh McBirney flow meter was obtained from the Sheridan 
WDEQ field office for some of the final discharge calibrations and velocity measurements during 
macroinvertebrate sample collection. Factory calibration of Onset HOBO data loggers, used for 
continuous temperature monitoring, was checked by performing a crushed-ice test at the 
beginning and end of the season to validate the loggers' accuracy. 

Equipment used for benthic macroinvertebrate sample collection and reach level habitat 
assessments did not require calibration; however, surber sampler nets and other equipment were 
checked for damage prior to entering the field. Equipment maintenance, to include replacement of 
the dissolved oxygen meter membrane cap before each sampling day and battery replacement as 
needed, was performed according to the SAP and manufacturer's instructions. All maintenance 
activities were documented on the maintenance log. 
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5.5 SUMMARY OF QA/QC RESULTS 

Data Quality Objectives (DQO's) are qualitative and quantitative specifications used by water 
quality monitoring programs to limit data uncertainty to an acceptable level. DQO's were 
establ ished for each monitoring parameter for precision, accuracy, and completeness at levels 
sufficient to allow SCCD to realize project goals and objectives (Table 5-2). SCCD evaluated 
collected data according to the DQOs in the SAP (SCCD, 2016) and WDEQ protocols (WDEQ, 2015). 

Table 5-2. Data Quality Objectives for 2016 Tongue River watershed monitoring (SCCD, 2016) 

Parameter Precision (%) 
Accuracy•• Completeness Minimum 

(%) (%) Detection Umlt 

scco• WDEQ• 

Temperature 10 10 10 95 0.2 °c 
pH 5 ±0.3 SU 5 95 0.01 s.u. 
Conductivity 10 10 10 95 1 µS/cm 

Dissolved Oxygen 20 10 20 95 0.2 mg/L 

Tu rb idity 20 20 10 95 0.1 NTU 

E. coli so SOif>lOO 
NA 95 1 CFU/100 ml 

NA if <100 

Macroinvertebrates NA NA 95 NA 

Tota l Taxa 15 NA 95 NA 

Total Abundance 50 NA 95 NA 

Habitat Assessment NA NA 95 NA 

Intra -Crew 15 NA 10 NA 

Discharge NA NA 95 NA 
Stage-Discharge 

NA NA 95 Minimum r2 = 0.95 
Relationships 

" SCCD Precision DQOs were/ram the Tongue River 2016 Sampling Analysis Pion and the SCCD Quality Assurance Project Pion, 2015 
update; WDEQ precision DQOs were from the 2015 Manual of Standard Operating Procedures. 
*~Accuracy values shown ore acceptable departures from 100% accuracy. A 10 percent accuracy value means accuracy values of 90 
to 110 percent ore acceptable. 

5.5.1 COMPARABILITY 

Comparability refers to the degree to which data collected during this Project were comparable to 
data collected during other past or present studies. This was an important factor because future 
water quality monitoring will occur within the watershed and current project data must be 
compa rable to future data in order to detect water qua lity change with confidence. Recognizing 
that periodic adjustments to locations, parameters, and/or sampling methods are needed, several 
steps were taken to assure data comparability including: 

• Collection of samples at previously used monitoring stat ions; 
• Collection of samples during the same time of year; 
• Collection of samples using the same field sampling methods and sampling gear; 
• Analysis of samples using the same laboratory analytical methods and equ ipment; 

• Use of the same reporting un its and significant figures; 
• Use of the same data handling and redu ction methods (round ing and censoring) ; and 

• Use of similar OA/QC processes. 
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Chemical, physical, biological, and habitat data collected during this project were highly 
comparable because of close coordination prior to initiation of sampling. Where possible, each 
step identified above was implemented to assure comparability. 

Prior to 2014, £. coli standards were based on a geometric mean of S samples collected within a 30-
day period. SCCD collected water quality parameters on the same schedule as the E. coli samples; 
5-sample geometric means were calculated for all water quality parameters for the 30-day periods. 
During revisions to water quality standards and methods in 2014, WDEQ changed the basis for the 
E. coli standard to a geometric mean of 5 of more samples collected within a 60-day period (WDEQ, 
2014). As a result, SCCD incorporated 60-day geometric means into the 2016 schedule. 
Comparisons among years are still valuable for evaluating water quality trends; both the 30-day 
geometric means and the 60-day geometric means capture samples collected during early season 
(May-June/July) and late season (July-August/September) conditions. 

5.5.2 CONTINUOUS TEMPERATURE DATA LOGGERS 

The continuous temperature data loggers, Onset's HOBO Pendent Temperature 64 Data Logger, 
were used at TR0l, TR03, TR0S, TR07, and TR09 during the 2016 monitoring project. These loggers 
were factory calibrated, encapsulated devices that cannot be re-calibrated. 

To verify the accuracy of the factory calibration, SCCD performed a crushed-ice test before and 
after the sampling season. A seven-pound bag of crushed ice was emptied into a 2.S gallon bucket. 
Distilled water was added to just below the top level of the ice and the mixture was stirred. The 
data loggers were submerged in the bath and placed in a refrigerator to minimize temperature 
gradients. If t he ice bath was prepared properly and if the loggers maintained their accuracy, the 
loggers should read the temperature of the ice bath as 0°C ±0.232°C. The pre-season ice bath 
temperature on 4/5/2016 was reported to be between 0.0l°C to 0.232°(, which was within the 
manufacturer's predicted range. The post-season ice bath temperature on 12/15/2016 also 
reported temperatures between 0.1 °C to 0.232°C (Appendix Table B-3). 

Onset suggests the loggers should maintain their accuracy unless they have been utilized outside 
their range of intended use (-20°C to 50°C). None of the data loggers were used outside of this 
range and returned the expected results in the crushed ice tests. All of the temperature loggers 
were considered to have maintained their accuracy and have provided valid water temperature 
data for the 2016 monitoring project. 

5.5.3 STAGE-DISCHARGE RELATIONSHIPS 

The relationship between stage height and discharge for a given location yields an equation that 
allows the calculation of discharge at various stage heights recorded on a staff gauge. A correlation 
coefficient (R2 value) of at least 0.95 (95%) is desirable for proper calibration of the gauge. Stage
discharge relationships were established for all staff gauges installed by SCCD (Table 5-3). These 
relationships were developed by recording the stage height and measuring discharge using the 
mid-section method (WDEQ, 2015) on at least three occasions with varying flow conditions. 
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Staff gauges installed by SCCD were surveyed against established benchmarks upon installation and 
at the end of the season. The difference between the height of the gauge and the height of the 
benchmark were compared to verify gauge stability (Table 5-3). 

Table 5-3. Summary of R2 values for 2016 stage-discharge relationships 

Site 
Pre-Season Post-Season Pre/Post Survey Stage-Discharge 

Survey Survey Difference Relationship R2 Value 

TROl 1.24 1.24 0 .00 0.9775 
PDOl 6.09 6.08 0.01 0.9931 

TR03 7.81 7.82 O.Dl 0.9988 

GCOl 1.96 1.98 0 .02 0.9999 

TR05 8.05 8 .04 O.Dl 0.9992 
TR07 1.53 1.53 0 .00 0.9643 

WCOl 6.04 6.04 0.00 1.0000 

FMCOl 1.18 1.18 0.00 0.9926 

TR08 4.84 4.84 0 .00 0 .9987 

CCOl 3.95 3.98 0.03 0.9383 
LTRO l 2.70 2.70 0.00 0.9995 

SCOl 3.40 3.42 0.02 0.9877 

TR09 NA-USGS NA-USGS NA-USGS NA-USGS 

A gauge was not installed at TR09; flow information was obtained from USGS Station 06298000. 
None of the gauge surveys resu lted in differences greater 0.05 between the pre-season and post
season surveys. Only CC0l had a coefficient value (0.9383) below the DQO of 0.95 . Because the 
va lue approached the DQO and represented the best, and in some cases the only, flow information 
available, the value was used in the calculation of summary statistics and in the development of 
load estimates, where appropriate. 

5.5.4 BLANKS 

Trip blanks were prepared to determine whether samples might be contaminated by the sample 
container, preservative, or during transport and storage conditions. One blank for every 10 

samples for each parameter is required. Two E. coli and turbidity trip blanks were prepared for 
every sampl ing event. Prior to sampling, the contract laboratory fi lled sample containers with 
laboratory de-ionized water and the appropriate preservative. The t rip blanks were maintained in 
the cooler with the collected samples and returned to the laboratory for analysis. No trip blanks 
used during the project contained detectable levels off. coli or turbidity (Appendix Table B-4). 

Field blanks were prepared to determine whether samples might be contaminated by conditions 
associated with sample collection procedures. One blank for every 10 samples for every parameter 
is requ ired . E.coli and turbidity field blanks were prepared at two separate sites during every 
sampl ing event. At the designated sites, sample bottles were labeled, rinsed (if turbidity), and f illed 
with de-ionized water provided by the contract laboratory. The bottles were then placed in the 
cooler and delivered to the contract laboratory with the other samples. No field blanks prepared 
during the project contained detectable levels off. coli; one sample had a turbidity va lue of 0.6 
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NTU (Appendix Table B-4). Because the value approached the detection limit and the other blank 
sample for the day was below the detection limit, all bacteria and turbidity results were accepted. 

5.5.5 SAMPLE HOLDING TIMES 

All laboratory data sheets were reviewed to ensure all samples were analyzed before their holding 
times had expired. This review found that all f. coli samples were analyzed within their required 8-
hour holding time and all turbidity samples were analyzed within the required 48 hour holding 
time. All water quality field samples were analyzed on-site immediately following sample 
collection. Benthic macroinvertebrate samples were preserved on-site upon sample collection; 
there is no holding time for benthic macroinvertebrate samples. 

5.5.6 DUPLICATES 

The project SAP specified that duplicate chemical, physical, biological, and habitat samples be 
obtained for at least 10% of all field samples. Duplicate water quality samples were obta ined by 
collecting consecutive water quality samples from a representative stream riffle. Dupl icate 
macroinvertebrate samples were collected by two field samplers, each equipped with a surber net, 
collecting samples simultaneously and adjacent to one another. Intra-crew habitat duplicates were 
conducted simultaneously by each observer performing independent assessments without 
communication, at the same site and same time. All DQOs for duplicates were met (Table 5-4) . 

Table 5-4. Summary of 2016 Tongue River watershed monitoring duplicates 
No.of No.of " Parameter samples Duplicates Duplicated DQO(") 

Water Quality Samples in 2016 (13 sites X 10 samples) 130 20 15.4 10 

Macroinvertebrate Samples in 2016 5 1 20.0 10 

Habitat Assessments in 2016 5 1 20.0 10 

5.5. 7 PRECISION 

Precision was defined as the degree of agreement of a measured value as the result of repeated 
application under the same condition . The Relative Percent Difference (RPO) statistic was used, 
because the determination of precision is affected by changes in relative concentration for certain 
chemical parameters. Precision was determined for water quality samples by conducting duplicate 
samples at 10 percent of the sample sites. RPD is calculated by the formula : RPD = [(A-B) / (A+B)] X 
200 where A is the value for duplicate 1 and Bis the value for duplicate 2. With few exceptions, all 
parameters met the DQO's for precision (Table 5-5) . 
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Table 5-5. Precision of 2016 Tongue River Watershed water quality monitoring data 
Date Duplicate Site TEMP pH CONO DOmg/L DO% TURB E.coli 

Sample ID Duplicated RPO RPO RPO RPO RPO RPO(%) RPO 
(%) (%) (%) (%) (%) (%) 

SCCD OQO Relative Percent Difference: 10 5 10 20 20 20 so 
W,DEQ OQO Relative Percent 10 :t0.3SU 10 10 10 20 SO If >100 

Difference or Other: NA lf<100 
5/18/16 Dupl TROl 1.5 1.5 2.3 ND ND 79.0 36.2 

Dup2 TR09 1.1 0.0 9.5 ND ND 20.7 66.7 <100 

5/31/16 Dupl PDOl 0.8 0.1 1.8 0.2 0.2 7.7 15.6 
Dup2 SCOl 0.0 0.2 0.0 0.3 0.2 4.2 77.5 

6/13/16 Dup 1 TR03 0.6 0.1 8.9 0.2 0.1 9.8 48.0 
Dup2 LTROl 0.6 0.0 L3 0.8 0.7 3.8 21.6 

6/27 /16 Dup 1 GCOl 0.5 0.2 0.2 1.0 0.7 14.0 42.1 
Dup2 CCOl 0.5 0.2 0.4 0.5 0.3 32.0 11.5 

7/13/16 Dup 1 TROS 0..5 0.1 08 1.1 1.1 7.7 0.0 
Dup 2 TR08 0.0 0.1 lA 0.6 0.6 8.0 9.0 

7/28/16 Dup 1 TR07 0.0 0.2 0.5 2.6 1.9 2.7 59.3 

Dup 2 FMCOl 0.0 0.3 1.7 14.6 17.4 111.6 7.5 

8/10/16 Dup 1 WCOl 0.5 0.2 0.2 0.4 0.1 0.0 18.3 
Dup 2 TR09 0.5 0.6 1.3 2.7 2.0 0.0 35.9 

8/22/16 Dup 1 TROl 0.5 0.0 0.1 0.7 0.4 0.8 25.7 

Dup 2 SCOl 1.9 0.1 2.1 1.3 0.9 3.4 10.7 

9/7/16 Dup 1 PDOl 0.6 0.1 0.3 0.3 0.2 4.3 17.1 

Dup 2 LTROl 0.7 0.1 1.2 0.6 0.5 9.5 7.3 

9/20/16 Dup 1 TR03 0.6 0.5 0.8 1.0 1.0 8.0 66.7<100 

Dup 2 CCOl 0.7 0.1 0.0 0.8 0.7 8.6 11.1 
AVERAGE RPO FOR ALL SAMPLES 0.61 0.25 1.73 1.64 1.61 16.79 29.04 

All temperature, pH, and conductivity samples met the appropriate DQO for precision. In addition 
to meeting the DQO of 5% RPD, all pH samples were within ±0.3 SU as required by WDEQ. One 
dissolved oxygen measurement (mg/Land percent saturation) exceeded the WDEQ precision DQO 
of 10% on 7 /28/16. These samples were within the SCCD DQO of 20% and the other duplicate 
sample for the day was within 10%. All reported dissolved oxygen measurements, based on RPO, 
were accepted. However, all dissolved oxygen measurements from 5/18/16, including duplicates, 
were discarded because of meter malfunction. 

Four turbidity samples exceeded the OQO of 20%. Because turbidity values can be relatively low, 
small variations can result in high RP Os. Samples from 7 /28/16 and 6/27 /16 were accepted because 
values were confirmed by the contract laboratory and RPDs from other duplicates collected on the 
same day were within the DQO of 20%. Both duplicates collected on 5/18/16 exceeded 20%; 
however, the RPO for one of the duplicates was only slightly over 20% and was calculated on very 
small values (3.2 and 2.6). All turbidity sample results were accepted based on RPO. 

Four E. coli samples exceeded the SCCD precision OQO of 50%. Two of the samples, occurring on 
5/18/16 at TR09 and 9/20/16 at TR03, were calculated on reported values that were less than 100. 
According to WOEQ requ irements, the DQO of 50% would not apply to these samples. The RPDs 
for the sample from TR07 on 7 /28/16, which was 59.3, was calculated on one sample that was less 
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than 100 (76 col/100 ml) and one that was above 100 (140 col/100 ml) . The duplicate sample for 
the sample collected at SC0l on 5/31/16 was reported as >2419.6 col/100 ml, which was 
converted to 2420 for calculation of the RPD statistic. This was a conservative estimate and may be 
closer to the sample site value, which was reported as 5480 col/100 ml. In addition, the RPDs for 
the other duplicate samples collected on the same sample day were within the DQOs. All of the 
data for bacteria samples, based on RPD, were accepted. 

Duplicate macroinvertebrate samples and habitat assessments were collected at greater than 10% 
of the macroinvertebrate and habitat assessment sites. The RPO for total macroinvertebrate 
abundance was 8 percent, which was within the DQO of 50 percent {Table 5.6). The RPO for total 
macroinvertebrate taxa was 28 percent, which exceeded the DQO of 15 percent. The higher RPD 
for total taxa was due primarily to the presence of 8 taxa present in the duplicate 2 sample that 
were not present in the duplicate 1 sample. Each of the 8 taxa present in the duplicate 2 sample 
was represented by a single organism (Appendix Table E-2). Although a single organism was 
present for each of the 8 taxa, the abundance was reported as 2 organisms in Appendix Table E- 2 
after adjustment by the correction factor of 1.429. The difference in total taxa between duplicate 
samples based upon the presence of several taxa each represented by a single organism should be 
considered an anomaly especially considering the RPD for total macroinvertebrate abundance was 
only 8 percent. The macroinvertebrate data was determined to be valid and of known quality 
based upon those considerations. The RPD for the duplicate habitat assessment was 6 percent 
(Appendix Table D-5), which was within the established DQO of 15 percent. 

Table 5-6. Precision of 2016 Tongue River benthic macroinvertebrate and habitat data 

Parameter TROl Duplicate 1 TROl Duplicate 2 (%·RPO) DQO(%) 

Total Abundance 997 924 8 50 
Total Taxa 31 41 28 15 

Intra-Crew Habitat Assessment Score 152 162 6 15 

5.5.8 ACCURACY 

Accuracy is the degree of agreement of a measured value with the true or actual value. Accuracy 
for water quality parameters measured in the field was assured by calibration of equipment to 
known standards. Conductivity, dissolved oxygen, and pH meters were calibrated on the morning 
of every sampling event. A "crushed ice test" was used to verify the accuracy of the continuous 
temperature data loggers. There are no current laboratory methods to determine the accuracy of 
biological samples; therefore, the accuracy of E. coli samples could not be determined. Accuracy 
for macroinvertebrate sampling and habitat assessment could not be determined since the true or 
actual value for macroinvertebrate populations or habitat parameters was unknown. Precision 
served as the primary QA check for f. coli bacteria, benthic macroinvertebrates, and habitat 
assessments. 

5.5.9 COMPLETENESS 

Completeness refers to the percentage of measurements determined to be valid and acceptable 
compared to the number of samples scheduled for collection . This DQO is achieved by avoiding 
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loss of samples due to accidents, inadequate preservation, holding time exceedances, and proper 
access to sample sites for collection of samples as scheduled. DQOs for most parameters were met 
with the exception of dissolved oxygen measurements (Table 5.7). The dissolved oxygen meter 
malfunctioned on one sample day, which resulted in all of the measurements for that day being 
discarded. One set of E. Coli and turbidity samples on Five Mile Creek were discarded because of 
non-representative sample conditions. 

Table 5-7. Completeness of 2016 Tongue River monitoring data 
#Samples #Samples % 2016 

Parameter Planned Collected Completeness• DQO(") 
Water Temperature 130 130 100.0 95 
pH 130 130 100,0 95 
Conductivity 130 130 100.0 95 
Dissolved Oxygen 130 117 90.0 95 
Discharge 130 130 100,0 95 
Turbidity 130 129 99.2 95 
E.coli 130 129 99.2 95 
Total Abundance of Marcroinvertebrates 5 s 100 95 
Total Ta1ta 5 5 100 95 
Intra-Crew Habitat Assessments 5 5 100 10 

"Bold values are below the DQO's percentage. 

5.6 DATA VALIDATION 

Data generated by the contract laboratories was subject to the internal contract laboratory OA/QC 
process before it was released. Data are assumed to be valid because the laboratory adhered to its 
internal QA/QC plan . Field data generated by SCCD were cons idered valid and usable only after 
defined QA/QC procedures and processes were applied, evaluated, and determined acceptable. 
Questionable data were rechecked by the contract laboratory and either confirmed or corrected. 
Data determined to be invalid were rejected and not used in preparation of this report. 

Low flow values and lab results reported below the detection limit were to be reported as½ the 
detection limit for the purpose of summary statistics, as specified in the SAP for this project 
(Gilbert, 1987 and SCCD, 2016). With the exception of field and trip blanks, there were no samples 
reported below the detection limit in 2016. Blank data were not used in the calculation of 
summary statistics, so no reporting adjustments were necessary. 

One E. coli sample from SCOl on S/31/16 was reported as >2419.6; SCCD used 2420 for calculation 
of relative percent difference for precision . 

5. 7 DOCUMENTATION AND RECORDS 

All water quality field data were recorded on data sheets prepared for the appropriate waterbody 
and monitoring station. After each sampling day, water quality field data sheets are scanned and 
filed electronically on SCCD's computer; hard copies were duplicated and maintained in a binder. 
Macroinvertebrate and habitat assessment data were recorded onto data sheets that were in a 
similar format to those used by WDEQ in the past. WDEQ now uses a more comprehensive 
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protocol for macroinvertebrate and habitat assessments, but SCCD decided to continue with their 
existing data sheets for consistency and simplicity. Equipment checklists, COC forms, and 
calibration and maintenance logs were documented on the appropriate forms and are maintained 
on file and/or electronically in the SCCD office. Photographs and photograph descriptions were 
organized by station, maintained in digital format in the SCCD office (Appendix F). 

Water quality and supporting QA/QC data were received electronically from the contract 
laboratory. Printed hard cop ies are maintained on file in the SCCD office. Macroinvertebrate 
sample results were received from the contract laboratory electronically and printed. All electronic 
data are maintained in a database on the SCCD server in Sheridan, Wyoming. 

5.8 DATABASE CONSTRUCTION AND DATA REDUCTION 

The project database consists of a series of electronic computer fi les. Each project database file 
was constructed with reportable data (accepted after QA/QC checks) by entering into Microsoft 
Excel• spreadsheets. Electronic files for water quality, discharge, continuous water temperature, 
macroinvertebrate, and habitat data were constructed. All computer data entries were checked 
for possible mistakes made during data entry. If a mistake was suspected, the original field or 
laboratory data sheet was re-examined and the data entry corrected. SCCD also maintains an 
ACCEss• Database for all reportable water quality data collected by SCCD; validated data are copied 
into the ACCESS Database only after approval of the monitoring report by WDEQ. 

After data validation and database construction, data were statistically summarized for the 
following calculations {Appendix C}: 

• Number of samples; 
• Maximum; 

• Minimum; 
• Median; 
• Mean; 
• Geometric mean; and 
• Coefficient of variation. 

These statistics and analyses provided insight for temporal and spatial water quality changes within 
the watershed. Microsoft Excel• was used to generate the statistical tables, geometric means, and 
graphics for this report. Geometric means were calculated for all water quality parameters for 
three reporting periods of 60 days each, including May 18-July 13, June 13-August 10, and July 28-
September 20. Summary statistics did not include discarded data or instances where the staff 
gauge was submerged. 

5.9 D ATA RECONCILIATION 

Data collected by SCCD were evaluated before being accepted and entered into the project 
database. Obvious outliers were flagged after considerat ion of "expected" values based upon 
evaluation of historical and current data. Field data sheets were re-checked and if no calibration or 
field note anomalies or excursions were identified, the data were accepted as presented. 
Otherwise, data were rejected and not included in the project database. 
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5.10 DATA REPORTING 
Data collected by SCCD for this project are presented in tabular, narrative, and graphical formats 
throughout this report. This report will be submitted to WDEQ and other interested parties as 
necessary. Copies of this report will be available through the SCCD office. Compact disks 
containing the Microsoft Excel•, Microsoft Word•, Adobe Reader x•, and Arc Map 10• files used to 
construct this document will also be available. 

In addition to this report, the SCCD will submit a separate data package to WDEQ. The complete 
data package will include copies of all field and laboratory data sheets, field and equipment 
calibration logs, survey notes, and QA/QC documentation. Other information may be submitted as 
requested by WDEQ. 
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CHAPTER 6 WATER QUALITY STANDARDS ANO DISCUSSION OF RESULTS 

6.1 WATER QUALITY STANDARDS 

Wyoming's surface waters are prot ected through application of numeric and narrative 
(descri ptive) water quali ty standards. The appl icable water quality standards and other 
recommendat ions were used in interpretation of results and included in this report (Table 6-1). 

Table 6-1. Standards applicable for 2016 Tongue River watershed monitoring (WDEQ, 2013) 
NUMERIC STANDARDS 

Parameter Reference Standard / Description 
Dissolved Oxygen Chapter 1 Sections 21 & 30 For Class 1, 2AB, 28, and 2C waters 1 day minima 

Appendix D Early life stages: 5.0 mg/L intergravel concentration 
8.0 mg/L water co lumn 

Other life stages: 4.0 mg/L 
E. coli Chapter 1 Section 27 Geometric mean of a consecutive 60 day period shall not 

exceed 126 organisms per 100 ml for primary contact 
recreation waters/seasons (May 1-Sept 30) and shall not 
exceed 630 organisms per 100 ml for secondary contact 
recreation waters/seasons. 

pH Chapter 1 Sections 21 & 26 6.S-9.0 standard units 
Appendix B 

Temperature Chapter 1 Section 25 Discharge shall not increase temperature by more than 2 
degrees F; maximum allowable temperature is 68 degrees 
F/20 degrees C (cold water fisheries) except on Class 2D, 3 
and 4 waters. 

Turbid ity Chapter 1 Section 23 For cold water fisheries and drinking water supplies, 
discharge shall not create increase of 10 NTU's. 

NARRATIVE STANDARDS 

Settleable Solids Section 15 Sha ll not be present in quantities that could degrade 
aquatic life habitat, affect public water supplies, 
agricultural or industrial use, or plant and wildlife. 

Floating and Section 16 Shal l not be present in quantities that could degrade 
Suspended Solids aquatic life habitat, affect public water supplies, 

agricul tural or industrial use, or plant and wildlife. 

Taste, Odor, Color Section 17 Substances shall not be present in quantities that would 
produce taste, odor, or color in: fish flesh, skin, cl othing, 
vessels, structures, or public water supplies. 

Macroinvertebrates Chapter 1 Section 32 Score for Full, Indeterminate, or Partial/Non Support 
Hargett (2011) Sedimentary Mountains Biaregion: >52.3, 34.8-52.3; <34.8; 

High Valleys Bioregion: >48.8, 32.5-48.8, <32.5; 
Northeast Plains Bioregion: >58.4, 38.9-58.4, <38.9 

ADDITIONAL PARAMETERS AND RECOMMENDED STANDARDS 

Habitat King (1993); Habitat condition no less than SO percent of reference; 
Stribling et al. (2000) total habitat score >100 to qualify as reference 

Conductivity King (1990) Concentrations greater than 6900 µmhos/cm may affect 
aquatic organisms in ponds in NE Wyoming. 
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6.2 FIELD WATER CHEMISTRY AND PHYSICAL PARAMETERS 

Water quality data were collected from May 18 through September 20, 2016 at 13 stations 
(Appendix Tables C-3 through C-15). Summary statistics were calculated for all instantaneous 
monitoring parameters on accepted data (Appendix Table C-16). Geometric means for three 
60-day periods were calculated for bacteria samples; arithmetic means for all other parameters 
were established for the same 60-day periods as well as for the season. 

In addition, USGS collected water quality data from four stations from 2013-2016: 
• Station 06306300 Tongue River at State line Near Decker, MT; 
• Station 06306250 Prairie Dog Creek, Near Acme, WY; 

• Station 06306020 Tongue River Below Youngs Creek Near Acme, WY; and 
• Station No. 06299980, Tongue River near Monarch, WY. 

For the most part, measurements were collected monthly from USGS Station 06299980 
(Tongue River at Monarch), USGS 06306020 (Tongue River Below Youngs Creek) and USGS 
Station 06306250 (Prairie Dog Creek) and anywhere from zero to two times per month from 
USGS station 06306300 (Tongue River Near State Line). Among other things, the USGS 
collected temperature, pH, dissolved oxygen, specific conductivity, nutrients, and metals 
throughout the period. For these stations, only data similar in scope to the parameters 
collected by SCCD during 2016 are discussed. 

6.2.1 INSTANTANEOUS WATER TEMPERATURE 

Instantaneous water temperature measurements were recorded above the maximum 20°C 
instream temperature standard at 12 of the 13 sites on at least one occasion (Table 6-2). The 
uppermost station (TR09) had a maximum instantaneous temperature of l8.6°C. Instantaneous 
temperature measurements do not necessarily represent daily minimum, maximum, or average 
water temperatures. 

All stations reported the highest instantaneous temperature on July 28, 2016. The maximum 
instantaneous temperature for the season was recorded at TR0S (24.6°C). Average 
instantaneous temperature was higher in June-August period than in the May-July and July
September periods at all stations; however, there was very little difference in the June-August 
and July-September periods at station TR0S near Acme (20.5°C and 20.4°C, respectively) . 
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Table 6-2. Instantaneous temperature measurements exceeding 20°C in 2016 

Temperature (•C) 

Site 6/27/2016 7/13/2016 7/28/2016 8/10/2016 8/22/2016 

Tongue River (TR0l) 21.6 20.4 23 .6 22.2 

Prairie Dog Creek (PD0 l ) 21.1 20.0 

Tongue River (TR03) 21.3 21 .0 24 .1 23 .9 20.3 

Goose Creek (GC0l) 21.6 21 .1 23 .3 22 .1 

Tongue River (TR05) 24 .6 22.9 20.7 

Tongue River (TR07) 22.5 

Wolf Creek {WC0l) 21.4 23.5 

Five Mile Creek (FMCOl) 21.2 

Tongue River (TR08) 20.5 

Co lumbus Creek (CC0l) 20.9 20.4 22.7 

Little Tongue River (LTR0l) 20.5 

Smith Creek (SC0l) 21.1 

For Tongue River sites, average instantaneous water temperatures generally increased from 
upstream to downstream (Figure 6-1) and were higher at sites located downstream of the 
lnterstate-90 crossing near Acme. 

Figure 6-1. Average instantaneous water temperature in the Tongue River watershed by site and 

sample period in 2016 
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Changes in seasonal average instantaneous water temperatures were relatively consistent 
among sites (Figure 6-2). Seasonal average temperatures have increased since 2010. This could 
be attributed to higher than normal air temperatures, lower streamflows, or fewer samples 
being collected earlier in the season. Direct comparisons among years are difficult because of 
variations in water quantity and temperatures. 

Figure 6-2. Seasonal average instantaneous water temperature at select Tongue River stations 
from 1999-2016 
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All USGS Stations reported instantaneous water temperatures that exceeded 20°C during 
certain periods (Appendix Tables C-17 through C-20). USGS 06306300 (Tongue River Near State 
Line) had the highest number of measurements over 20°C, including measurements in August 
2014, Ju ly 2015, and June and July in 2016. The highest instantaneous measurement of 25.7 
°C was observed at USGS Station 06299980 (Tongue River at Monarch) in July 2016. 

6.2.2 CONTINUOUS WATER TEMPERATURE 

Continuous temperature data loggers were deployed at five Tongue River stations. Two loggers 
were found out of water at some point during the season and only have partial datasets. The 
data from the time the logger was discovered on the bank or out of water back to the previous 
sample date, when the logger was known to be in the water, was considered suspect and 
discarded. Data at TR0S is unavailable from 7 /13 to 7 /28; data at TR09 is unavailable from 
7 /28-8/10. All but one station reported temperatures that exceeded the temperature 
standard of 20° C. The uppermost station in Tongue River Canyon (TR09) was the only station 

that did not have any measurements above 20°C. 
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Temperatures at the three stations below the Town of Ranchester (TR0l, TR03, and TR0S) 
stayed above the standard for extended periods from late June through the middle of August. 
During the same period, temperatures at TR07 had daily maximum temperatures that exceeded 
20"C, but daily minimums were below the standard. Maximum temperatures for each station 
occurred in late July or early August (Table 6-3}. The loggers at TR0S and TR09 did not have full 
datasets; reported maximum temperatures may not represent the actual maximum daily 
temperature for those sites. 

Table 6-3. Maximum daily water temperatures recorded by continuous data loggers in 2016 
Site MaxlmumT1111 .• rQ Maximum Temaenture on Select Datas 

Date Temp 7/Zl 7/27 7/30 8/Z 
TR0l 7/21 31.268 31.268 30.154 30.054 30.356 
TR03 7/27 30.862 30.255 30.862 29.953 30.457 
TR05 7/30 30.054 ND * ND* 30.054 29.953 
TR07 8/2 25.513 24.158 24.448 25.319 25 .513 
TR09* 7/27 18.996 11.041 18.996 ND "' ND* 

"Loggers at these stations were washed onto the bank for certain periods, which resulted in incomplete datasets. 

Yearly comparisons for 2003, 2006, 2010 and 2016 at TR07 showed that daily average 
temperatures for 2016 were similar to 2003 and 2006 (Appendix Figure C-6). Daily average 
temperatures were generally lower in 2010 than in the other years from May-July. 

6.2.3 PH 
Ranging from 7.88 SU (FMC0l) to 8.70 SU (TR0l), all pH values were with in the Wyoming water 
quality standard of 6.5-9.0 SU. There was little variability among samples in 2016; only three 
samples were below 8.00 SU (Appendix Tables C-3 through C-15). In addition, average pH 
values have remained relatively consistent since 1999 (Table 6-4) . 

USGS stations reported similar pH values, which ranged from 7.5 to 8.9 from October 2013 
through October 2016 (Appendix Tables C-17 through C-20). Measurements were collected 
monthly from USGS Station 06299980 (Tongue River at Monarch), USGS 06306020 (Tongue 
River Below Youngs Creek) and USGS Station 06306250 (Prairie Dog Creek) and anywhere from 
zero to two times per month from USGS station 06306300 (Tongue River Near State Line). 
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Table 6-4. Average seasonal pH within the Tongue River watershed from 1999-2016 
Site 1999 2003 2006 2010 2013 2016 

TROl 8.35 8.34 

PD0l 8.14 8.33 

TR03 8.36 8.43 

GC0l 8.31 8.36 

TR0S 8.13 8.17 8.38 8.43 

TR07 8.31 8.09 8.06 8.26 8.33 8.34 

WC0l 8.09 8.08 8.05 8.17 8.24 8.33 

FMC0l 8.08 7.95 7.98 8.19 8.15 8.13 

TR08 8.23 8 .14 8.04 8.38 8.44 8.47 

CC0l 7.97 8.06 8.09 8.24 8.32 8.20 

LTR0l 8.28 8 .16 8.15 8.35 8.41 8.48 

SC0l 8.18 8.27 8.29 8.32 8.52 8.44 

TR09 8.36 8.30 8.27 8.60 8.58 8.49 

6.2.4 CONDUCTIVITY 

The average conductivity increased from upstream to downstream on Tongue River stations in 
2016 (Figure 6-3) and was higher in July-September than in May-July. Tributary stations were 
typically higher than the adjacent ma instem stat ions. Prairie Dog Creek (PDOl) had the highest 
conductivity with a May-July average of 1651 µSand a July-September average of 1575 µS. 

Figure 6-3. Average conductivity in the Tongue River watershed by site and sample period in 
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Prairie Dog Creek and Five Mile Creek were the only stations with conductivity values over 1000 
µS, with maximum values of 2800 µSand 1221 µ5, respectively. All 2016 conductivity 
measurements from Prairie Dog Creek were above 1000 µS; values ranged from 1046 µS to 
2800 µS. 

With some exceptions, conductivity values were relatively consistent among years at most 
stations. For mainstem sites, yearly variability was greater in the downstream sites. 
Variability at all stations appeared to be higher in the early monitoring periods than in the later 
periods (Table 6-5). 

Table 6-5. Average conductivity on the Tongue River Watershed from 1999-2016 

Site 
May August 

2003 2006 2010 2013 2016 1999 2003 2006 2010 2013 2016 
TR0l 595 431 831 739 

PD0l 1646 1651 2265 1575 

TR03 369 313 577 532 

GC0l 436 432 718 729 

TR0S 224 349 314 273 548 426 sos 420 

TR07 275 206 336 287 239 327 372 433 375 407 364 

WC0l 354 268 383 373 358 490 616 661 573 628 491 

FMC0l 926 663 793 1080 647 679 584 440 415 442 429 

TR08 270 191 302 263 218 285 341 384 325 374 328 

CC0l 1030 586 655 561 338 299 312 312 331 321 281 

LTR0l 420 442 476 664 263 454 330 407 426 412 289 

SC0l 900 548 620 565 441 495 619 567 621 506 479 

TR09 193 157 202 192 174 219 224 237 252 245 230 

Conductivity values reported by USGS from 2013-2016 ranged from 199 to 902 µS at mainstem 
stations; both the highest and lowest were observed at USGS 06299980, Tongue River at 
Monarch. USGS Station 06306250 (Prairie Dog Creek) reported the highest conductivity values, 
which ranged from 710 to 2020 µ5; all but three of the values were above 1000 µS. USGS also 
reported Dissolved Solids, which followed a similar pattern. The highest values were reported 
from USGS Station 06306250 (Prairie Dog Creek) and ranged from 468-1500 mg/L. Values for 
the other USGS Stations ranged from 117-604 mg/L. 

There is no standard for conductivity in the state of Wyoming; however, because conductivity is 
highly dependent on the amount of dissolved solids (such as salts), high values could become a 
concern for agricultural operations related to crop/hayland production . Quality standards are 
established for Wyoming groundwater such that concentrations of total dissolved solids (TDS) 
for domestic, agricultural, or livestock use shall not exceed 500 mg/L, 2000 mg/L, or 5000 mg/L, 
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respectively (WDEQ, 2005). While conductivity is not directly proportional to the TDS 
concentration, conductivity can be used to estimate the relative concentration of TDS. 

6.2.5 DISSOLVED OXYGEN 

All sites met the minimum instantaneous DO concentration standard of 4.0 mg/L for other life 
stages and the 5.0 mg/L for early life stages (Table 6-6). Because of meter issues on the first 
sample day, only nine measurements were collected per site. Four tributary stations and four 
mainstem stations had at least one sample below the 8.0 mg/L water column concentration 
recommended to achieve the 5.0 mg/Linter-gravel concentration for early life stages. 

Table 6-6. Dissolved oxygen ranges and number of samples below 8.0 mg/l in 2016 

Mainstem Sites Tributary Sites 
Site # of samples Range Site # of samples Range 

below 8.0 (mg/L) below8.0 (mg/L) 
mg/L mg/l 

TR0l 4 6.35-10.10 PDl 2 6.83-9.80 
TR03 1 7.32-9.31 GCl 1 6.10-12.10 
TR05 1 7.03-10.19 WCl 0 8.30-12.08 
TR07 1 7.10-10.91 FMCl 3 5. 70-9.52 
TR08 0 9.46-11 .78 CCl 2 7.52-9.55 
TR09 0 9.16-11.20 LTRl 0 8.50-10.84 

$Cl 0 8.12-10.42 

The uppermost mainstem stations (TR08 and TR09) and the uppermost tributaries (Little 
Tongue River and Smith Creek) did not have any values below 8.0 mg/L. Dissolved Oxygen on 
mainstem sites ranged from a minimum of 6.35 at TR0l to a maximum of 11.78 at TR08; on 
tributary sites, values ranged from 5.70 (FMC0l) to 12.10 (GCOl). The lowest dissolved oxygen 
measurement was on Five Mile Creek (5. 70 mg/L), which had three measurements below 8.0 
mg/L. The lowermost sample site, TR0l, had the highest number of values below 8.0 mg/L 
with four values between 6.35 and 7.91 mg/L. 

Dissolved Oxygen concentrations at USGS stations were above 5.0 mg/L from 2013-2016 
(Appendix Tables C-17 through C-20), with the lowest value of 6.8 mg/L reported at two 
stations: USGS 06306300 (Tongue River at State Line) in July 2015 and USGS Station 06306020 
(Tongue River Below Youngs Creek) . In most cases, Dissolved Oxygen concentrations were 
above the 8.0 mg/L recommended water column concentration . The USGS station on Prairie 
Dog Creek (06306250), USGS 06306300 (Tongue River at State Line), and USGS Station 
06306020 (Tongue River Below Youngs Creek) each had two occasions where dissolved oxygen 
concentrations were below 8.0 mg/L. All dissolved oxygen concentrations were above 8.0 mg/L 
at USGS Station 06299980 (Tongue River at Monarch). 

T·l62/ 5 
EC 10- 25-1 

October 2018 Addendum D6-11 -50 DEQ Ex. 3-848



RAMACO Brook Min 

Early and late season averages were above 4.0 mg/Land 5.0 mg/Lat all sites during all sampling 
years (Table 6-7). Overall, there were more dissolved oxygen average values below 8.0 mg/Lin 
the late season than in the early season, which had no averages below 8.0 mg/L. In 2013, five 
sites had late season averages below 8.0 mg/L. 

Table 6-7. Average yearly comparisons of dissolved oxygen {mg/L) from 1999-2016 

Site 
May August 

2003 2006 2010 2013 2016 1999 2003 2006 2010 2013 2016 
TR0l 8.48 8.79 6.99 7.78 

PD0l 9.24 9.40 7.98 8.58 

TR03 8.53 9.03 7.23 8.49 

GC0l 9.43 9.65 8.13 9.53 

TR0S 10.30 10.35 9.56 9.74 8.73 7.60 8.40 9.11 

TR07 11.10 10.92 11.29 10.54 10.50 9.97 8.63 9.59 9.02 9.03 9.28 

WC0l 10.22 10.23 10.65 9.46 10.66 9.30 6.14 8.20 7.96 7.34 10.29 

FMC0l 9.18 10.64 10.01 9.70 8.90 9.88 7.46 8.49 8.06 6.98 8.02 

TR08 11.61 11.02 11.76 11.00 10.26 9.53 9.07 9.71 9.42 9.10 10.33 

CCOl 9.62 10.12 9.94 8.98 8.52 8.67 7.77 9.35 8.27 7.84 8.44 

LTROl 11.38 10.42 11.46 9.80 9.67 9.88 9.11 9.68 9.38 8.52 9.24 

SC0l 10.54 10.11 11.15 9.87 9.09 9.23 8.57 10.03 9.20 10.39 9.06 

TR09 11.88 11.18 11.95 10.86 10.03 9.64 9.07 9.97 9.22 8.45 9.52 

6.3 DISCHARGE 

SCCD installed and used calibrated staff gauges to estimate discharge during water sampling 
events (Appendix Tables C3-C15). SCCD used a USGS gauge and "real-time" flow information at 
TR09 (Station 06298000 Tongue River Near Dayton). USGS Station PD0l (Station 06306250 
Prairie Dog Creek, Near Acme, WY) was discontinued in July 2016 and a staff gauge was needed. 

On mainstem sites, the highest flows occurred on 6/13/2016 for the lowermost sites (TR0l and 
TR03) followed by 5/31/16 (Table 6-8) . For all other mainstem sites, these were reversed; the 
highest flows occurred on 5/13/16 followed by 6/13/16. A similar pattern was observed for the 
lowest flows. The lowest flows were on 7 /28/16 followed by 8/10/16 for the two lower 
stations. With the exception of TR09, the remaining mainstem sites had the lowest flow on 
8/10/16 followed by 7 /28/16. The lowest flow observed at TR09 occurred on 8/22/16. 

Discharge at tributary stations was much more variable. For the most part, the highest flows 
occurred in the early season and the lower flows occurred later in the summer/fall. However, 
the highest or 2nd highest flows were observed during the late season on Prairie Dog Creek 
{9/20) and Columbus Creek {8/22 and 8/10) . On one occasion, the lowest flow was observed in 
the early season; the lowest observed flow on Five Mile Creek occurred on 5/18. 
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Table 6-8. Highest and lowest instantaneous discharge measurements in 2016 

Ht.rhest Discha,_ 2nd Hl.t.Ml Dlschan:e Lowest Dlsc:harn zlld Lowest Dlsehanle 

Site Date Flow (cfs) Date Flow(cfs) Date Flow(cfs) Date Flow (cfs) 

MAINSTEM SITES 

TR01 6/13 1192.10 5/31 917.39 7/28 30.43 8/10 80.67 

TR03 6/13 549.76 5/31 508.88 7/28 36.01 8/10 59.43 

TROS 5/31 423.61 6/13 332.35 8/10 30.56 7/28 44.08 

TR07 5/31 208.66 6/13 182.95 8/10 23.95 7/28 41.68 

TR08 5/31 271.21 6/13 242 .87 8/10 29.27 7/28 39.52 

TR09 5/31 383.00 6/13 373.00 8/22 55.00 8/10 57.00 

TRIBUTARY SITES 

PDl 5/18 48.83 9/20 24.18 7/13 1.4 7/28 2.16 

GCl 6/13 694.43 5/31 343.83 7/28 17.02 8/10 21.85 

WCOl 5/31 58.70 6/13 35.18 8/10 0.5 7/28 0.64 

FMC0l 6/27 4.32 6/13 3.02 5/18 1.02 8/10 & 9/20 2.37 

CCOl 8/22 13.53 
5/31 & 

7.16 7/13 0.42 7/28 1.77 
8/10 

LTR0l 5/18 19.92 5/31 19.47 8/22 1.23 8/10 1.32 

SC0l 6/27 11.38 5/31 10.14 9/20 1.27 8/10 3.26 

High flow values in 2016 correspond to high instantaneous discharge measurements reported 
by the USGS at mainstem sites on in May and June 2016; the highest instantaneous discharge 
measured at USGS stations on the Tongue River occurred on 5/26 followed by 6/22 and 6/24 
(Appendix Tables C-17 through C20). low discharge measurements on mainstem stations 
were reported by USGS on 7 /27 and 8/25 at Stations 06306300 (Tongue River at State line) and 
06299980 (Tongue River at Monarch). USGS Station 06306020 (Tongue River Below Youngs 
Creek) did not report any discharge measurements after 6/24/16. USGS Station 06306250 on 
Prairie Dog Creek reported an instantaneous discharge of 116 cfs on 4/27 /16, which was 
followed by 24 cfs on 5/26/17 and 11 cfs on 6/24/16. The gauge was discontinued after 
6/24/216. USGS mean daily flows within the watershed for 2016 were typically below the 
normal mean daily flow, with a few exceptions {Appendix Figures C-7 through C-11). 

6.4 TURBIDITY 

Average early season and late season turbidity generally increased from upstream to 
downstream (Figure 6-4). Samples collected in the early season had higher average turbidity 
than samples collected later in the season at all stations except TR07 and TR0S. Tributary sites 
were typically higher than adjacent mainstem stations in the early season. Five Mile Creek was 
the only tributary with higher average turbidity in the late season than in the early season. 
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Figure 6-4. Average turbidity in the Tongue River watershed by site and sample period in 2016 
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Average turbidity was typically lower in 2016 than in previous years in both the early season 
and late season samples (Table 6-9). In the early season, only Smith Creek had higher turbidity 
in 2016 than in 2013 and 2006 and Columbus Creek had higher turbidity in 2016 than in 2006. 

Table 6-9. Yearly comparisons of Average Turbidity {NTU) from 1999-2016 

May-July 2016 

Site 2003 2006 2010 2013 2016 

PDl 50.32 10.74 

TR0l 33.82 6.82 

TR03 41.24 8.60 

GCl 26.72 11.22 

TR0S 49.63 128.92 42.22 5.82 

TR07 29.60 18.30 43.08 16.78 3.94 

WCOl 37.40 37.13 25.72 18.26 6.98 

FMC0l 684.80 31.23 96.62 152.88 7.66 

TR0S 15.20 10.85 31.48 11.30 2.58 

CC0l 79.00 24.58 182.02 76.22 34.52 

LTROl 29.20 4.50 57.84 6. 16 2.92 

SC0l 66.60 9.28 56.36 16.12 24.00 

TR09 5.00 9.68 6.48 6.18 2.04 
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For late season samples, average turbidity on Five Mile Creek was higher in 2016 than all other 
sampling years except 1999. Turbidity on Columbus Creek was higher in 2016 than all years 
except 1999 and 2003. Turbidity in 2016 was only slightly higher than previous sampling years 
on Goose Creek and Smith Creek. 

6.5 BACTERIA 

In 1996-1999, 2003, and 2006 fecal coliform bacteria were the indicator for pathogen 
impairments under Wyoming Water Quality Standards. During a 2007 revision, E. coli became 
the indicator. In anticipation of this change, SCCD collected both E. coli and fecal coliform in 
2003 and 2006 so E. coli samples could be compared to fecal coliform data from previous years. 
While there is no standard conversion from fecal coliform to£. coli, it is possible to find a 
relatively consistent relationship within an individual watershed (Rasmussen, 2003). Within the 
Tongue River watershed, the R2 value of this comparison was 0.99, which SCCD determined was 
sufficient for looking at long-term trends (Figure 6-5). Using the results of the comparison, 
SCCO converted fecal coliform values from 1999 to£. coli so comparisons among years could be 
made. Fecal coliform data collected from 1996-1998 were not converted, because samples 
were collected monthly and no geometric means were calculated. These converted data were 
not used in any listing determination or other regulatory action. Only one site (WCL) that did 
not exceed the fecal coliform bacteria standard in 1999 did exceed the E.coli standard when E. 
coli concentrations were calculated. 

Figure 6-5. Tongue River watershed fecal coliform and E. coli bacteria comparison from 
samples collected by SCCD in 2003 and 2006 (n=233) 
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Ten E. coli bacteria samples were obtained from each of the 13 monitoring stations within two 
60-day periods in May-July and July-September (Appendix Tables C-3 through C-15). Bacteria 
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geometric mea n concentrations in the early season were higher than in the late season on all 
tributaries except Little Tongue River (Figure 6-6). In contract, mainstem sites had higher 
bacteria concentrations in the late season with two exceptions; bacteria concentrations in the 
early season were higher at TR03 and TR09. Early season geometric means were within 
Wyoming Water Quality Standards at all mainstem sites except TR0S and TR03, both of which 
were 138 cfu/100 ml. While some mainstem sites did not meet Wyoming Water Quality 
standards during the late season, the highest bacteria concentration observed on mainstem site 
was 169 cfu/100 ml or 25% above the standard. Bacteria concentrations at tributary stations 
appeared to contribute to bacteria increases on the Tongue River at adjacent downstream 
stations in the upper portion of the watershed during the early season. With one exception, 
bacteria concentrations exceeded Wyoming Water Quality standards at all tributary stations in 
both the early season and the late season; late season bacteria concentrations on Wolf Creek 
were below 126 cfu/100 ml. 

Figure 6-6. f. coli Bacteria geometric means in the Tongue River watershed by site and 
sample period in 2016 
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Comparisons among years could be made from 2003-2016 at the stations within and above the 
Town of Ranchester, which were within the original assessment boundary. The original 
assessment included sites TR07, TR08, and TR09 on the Tongue River. Tributary stations 
included Wolf Creek, Five Mile Creek, Columbus Creek, Litt le Tongue River, and Smith Creek. 
Comparisons between 2013 and 2016 could be made at all stations sampled in 2016. 
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Table 6-10. Bacteria geometric means and percent change among years at comparable 
stations in the Tongue River watershed 

Mav-Julv E. Coll geometric means (du/100 mll 2016 percent Percent Change 
above/below 2003- 2013-

Site 1999• 2003 2006 2010 2013 2016 WQStandard 2016 2016 

TR0l 154 93 -35% -40% 

E TR03 162 138 9% -15% 
QI 

TR0S 299 440 153 138 9% -10% t: 
C 
ii TR07 189 176 248 166 112 -13% -41% -33% 
:E 

TR08 113 68 97 139 67 -88% -41% -52% 

TR09 13 11 5 14 22 -473% 67% 57% 

Prairie DOil Creek (PDOl) 144 332 62% 131% 
VI 
C Goose Creek (GC0l) 260 194 35% -26% 
0 .. 

Wolf Creek (WC0l) 209 40% -38% 6% "' 339 145 427 197 .. 
II) 

Flvemlle Creek (FMCOl) ~ 2713 640 861 2399 641 80% -76% -73% 

"' Columbus Creek (CCOl) ~ 89 176 572 659 352 64% 295% -47% 
.a 

Little Ton1ue River (LTROl) 'C 74 72 136 126 167 25% 127% 33% 
I-

Smith Creek (SCOl) 768 163 516 319 646 80% -16% 103% 

July-September E. coll geometric means 
(du/100ml) 2016% Percent Change 

above/below 2003-
Site 1999• 2003 2006 2010 2013 2016 WQStandard 2016 

TR0l 43 117 -8% 

E TR03 8 15 -740% 
QI 

TR0S 86 50 41 169 25% t: 
C 9% ii TR07 48 104 112 95 116 139 33% 
:E 

TR08 74 124 67 82 141 163 23% 32% 

TR09 1 45 14 31 16 14 -800% -69% 

Prairie Dotr Creek (PDOl} 136 301 58% 
VI 
C Goose Creek (GC0U 92 183 31% 
0 .. 

Wolf Creek (WC0l) 128 253 145 113 -12% -55% J! 257 143 
II) 

~ Flvemlle Creek (FMCOl) 519 689 250 378 463 301 58% -56% 

; Columbus Creek (CCOl) 373 377 128 291 214 257 51% -32% 
.a 

Little ToNNe River (LTROl) 'C 261 1191 308 273 283 243 48% -80% 
I-

Smith Creek (SCOl) 495 598 298 1337 209 178 29% -70% 

• 1999 E.col i values were calculated using the conversion from Fecal Coliform concentrations 

With one exception, early season bacteria concentrations decreased from 2003-2016 and from 
2013-2016 at all mainstem sites. Bacteria concentrations at TR09 increased since 2003; 
however, concentrations in 2016 were still well below Wyoming Water Quality Standards at 22 
cfu/100 ml (Table 6-10 and Figure 6-7). Bacteria concentrations later in the season increased 

at all mainstem stations except TR09. 

2013-
2016 

170% 

85% 

315% 

20% 

15% 
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--- -
* August 1999 E. coli values were based on the conversion from fecal coliform to E. coli calculation 

Three tributary stations, Goose Creek, Columbus Creek, and Five Mile Creek had decreases in 
early season bacteria concentrations (Table 6-10 and Figure 6-8) from 2013-2016. The decrease 
on Five Mile Creek represented a change from 2399 cfu/100 ml in 2013 to 641 cfu/100 ml in 
2016. All tributary stations showed decreases in late season bacteria concentrations from 
2003-2016. However, increases were observed from 2013-2016 at Prairie Dog Creek, Goose 
Creek and Columbus Creek. All tributary stations continued to exceed Wyoming Water Quality 
standards in the early season and in the late season except for late season bacteria 
concentrations on Wolf Creek, which were 113 cfu/100 ml. 
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Figure 6-8. E. coli bacteria geometric mean trends on Tongue River tributaries from 1999-2016 
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* August 1999 E. coli values were based on the conversion from fecal coliform to E. coli calculation 

6.6 METEOROLOGICAL DATA AND SUPPORTING INFORMATION 

Mean daily air temperatures were above normal for most of May through July 2016 and below 
normal for most of September and October 2013 (Appendix Figure C-12). National Weather 
Service data at the Sheridan County Airport show normal mean daily air temperatures from 
May through October average 59 .4"F while 2016 temperatures averaged 62 .l°F. Monthly 
averages for air temperature were 0.42"F - 7.3"F higher in 2016 than normal (Table 6-11). 

Cumulative precipitation through October 2016 was 13.95 inches, which was 1.61 inches higher 
than normal precipitation (Appendix Figure C-13). The higher than normal cumulative 
precipitation was largely due to higher than normal precipitation in January-April. Monthly 
precipitation for September 2016 was 0.07 inches higher than normal (Table 6-11). 

TF 2/025 
ECO 10- 25-1 8 

0 tob r 2018 Addendum D6- 11 -58 DEQ Ex. 3-856



RA MACO Brook Mine 

Table 6-11. Air Temperature and Precipitation data collected by the National Weather Service 
from the Sheridan County Airport in 2016 

Average Daily Air Precipitation (inches) 
Temperature (°F) 
2016 Normal 2016 Normal 2016 Normal 

Cumulative Cumulative 
January-April 6.4 3.83 

May 53.45 52.74 0.03 0.08 6.87 4.97 

June 69.17 61.87 0.01 0.07 7.68 7 .31 

July 73.10 70.20 0.01 0.04 7.97 8.82 

August 69.13 68.71 0.05 0.02 8.93 9 .72 

September 59.57 57.46 0.12 0.05 10.79 10.78 

October 47.90 45.13 0.05 0.04 13.95 12 .34 

6. 7 BENTHIC MACROINVERTEBRATES 

Benthic macroinvertebrates reside on and in the bottom substrate of streams and provide a 
valuable tool for the assessment of water quality in the Tongue River watershed . They are 
small but visible to the naked eye and large enough to be retained in a U.S. Standard Number 
30 sieve. 

Water chemistry sampling provides information for the quality of water at the time of sample 
collection. In contrast, macroinvertebrates serve as continuous monitors of stream water 
quality since they live in the water during the majority of the ir life cycle and are exposed to 
often variable concentrations of pollutants over extended periods of time. This is an important 
concept because water quality sampling may miss important changes in water quality due to 
normal seasonal and spatial variability, changes in land use, water management, or accidental 
pollutant spills. An optimal water quality monitoring program involves both water chemistry 
sampling and biological monitoring (Rosenberg and Resh 1993). 

Wyoming Water Quality Standards for chemical and physical water qual ity parameters (WDEQ, 
2013) were established to protect aquatic life and human health. Instead of using sampling 
results from individual chemical and physical water quality parameters, evaluation of benthic 
macroinvertebrate populations may serve as a direct measure for the attainment of the Aquatic 
life beneficial use in addition to validating the effectiveness of individual numeric water quality 
chem ical and physical standards. Benthic macroinvertebrates also serve to integrate water 
quality and habitat quality interaction, and evaluate potential synergistic effects from multiple 
chemical and physical water pollutants not measured during routine water quality monitoring. 
Wyoming has developed biological criteria for streams statewide, but they have not been 
adopted as numeric, enforceable standards (Stribling et al., 2000; Jessup and Stribling, 2002; 
Hargett and ZumBerge, 2006; Hargett, 2011). As such, they may be used as narrative standards 
to determine beneficial use for aquatic life and the protection and propagation offish and 
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wildlife. The Biological Criteria in Section 32 of the Wyoming Water Quality Standards provide a 
narrative standard for protection of indigenous or intentionally introduced aquatic 
communities (i.e. brown, brook, and rainbow trout species). In addition, Section 4 in the 
Wyoming Water Quality Standards relates the presence of food sources (e.g. benthic 
macroinvertebrates) for game and non-game fish as a criterion for Surface Water Classes and 
(beneficial) uses (WDEQ, 2013). 

6. 7.1 PREVIOUS BE NTH IC MACROINVERTEBRA TE SAMPLING 

The historic benthic macroinvertebrate data for forty (N = 40) samples collected in the Tongue 
River watershed from 1993 through 1999 were presented and discussed in the Tongue River 
Watershed Assessment 1996-1999: Final Report (SCCD, 2000). SCCD collected nine (N = 9) 
benthic macroinvertebrate samples from eight stations in 2003. The data from the 2003 
sampling were presented and discussed in SCCD (2004). In 2006, a total of three benthic 
macroinvertebrate samples were collected by SCCD from two mainstem Tongue River 
monitoring stations (stations TRL (renamed TR07 in 2013) and TRl (renamed TR0S in 2013)). 
These data were presented and discussed in the 2006 Tongue River Monitoring Project report 
(SCCD, 2007). No benthic macroinvertebrate samples were collected in the Tongue River 
watershed by SCCD from 2007 through 2009. SCCO then collected a total of eleven (N = 11) 
benthic macroinvertebrate samples in 2010 from ten stations. Six of the samples were 
collected from Tongue River mainstem stations and five of the samples were collected from 
tributaries to the Tongue River. These data were presented and discussed in the 2010 Tongue 
River Watershed Interim Monitoring Project report (SCCD, 2012). 

A total of six (N = 6) benthic macroinvertebrate samples were collected by SCCD in 2013 from 
five stations. Two of the monitoring stations were new and included TR03 near the Decker 
Highway bridge crossing, and TR0l near the Wyoming/Montana state line. WDEQ previously 
collected a total of two (N = 2) benthic macroinvertebrate samples at station TR03 in 1998 and 
2004 (see Appendix Tables C-7 through C-8 in SCCD, 2015). In addition, WDEQ collected a total 
of four (N = 4) samples from a location just downstream from SCCD station TR0l during 1998, 
2003 and 2004 (see Appendix Tables C-9 through C-12 in SCCD, 2015). 

Field benthic macroinvertebrate sample collection methods and laboratory analytica l methods 
employed by both SCCD and WDEQ have been the same since sampling began by WDEQ in 
1993 and SCCD in 1996 (i.e; 8 random composite Surber samples with 500-micron net, 500-600 
organisms identified in the laboratory, and similar Standard Taxonomic Effort). This resu lted in 
comparable benthic macroinvertebrate data sets generated by SCCD and WDEQ, and allowed 
all data to be used in the evaluation of biological condition for water bodies sampled within the 

project area. 
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6. 7.2 BENTHIC MACRO/NVERTEBRATE SAMPLING IN 2016 
A total of six {N = 6) benthic macroinvertebrate samples were collected by SCCO in 2016 from 
five stations (Appendix D). All samples were collected from Tongue River mainstem stations 
TR09, TR07, TR0S, TR03 and TR0l. Tongue River stations TR03 and TR0l were newer SCCD 
benthic macroinvertebrate monitoring sites established in 2013. No samples were collected 
from tributaries to the Tongue River. Included in the total number of samples was a duplicate 
benthic macroinvertebrate sample collected from station TR09. The duplicate sample was used 
only for OA/QC purposes, construction of taxa lists and for general discussion of 
macroinvertebrate results. The duplicate sample was not used for the determination of 
biological condition. 

A series of metrics were calculated for each sample. A metric is a characteristic of the 
macroinvertebrate community that changes in a predictable way to increased human influence. 
(Table 6-12). The change in certain macroinvertebrate metrics at a sample station over time, or 
between sample stations, can indicate change in water quality at or among stations. The 
metrics for macroinvertebrate samples collected in 2016 and for previous macroinvertebrate 
samples are presented in Appendix Tables D-7 through D-12. 
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Table 6-12. Definition of select macroinvertebrate metrics and expected response to 
perturbation including water quality and habitat change (from King, 1993 and Barbour et al ., 
1999) 

Metric 

Total Number Taxa 

Total Number EPT Taxa 

Total Number 
Ephemeroptera Taxa 

% Ephemeroptera 

Total Number Plecoptera 
Taxa 

% Plecoptera 

Total Number Insect Taxa 

Total Number Non - Insect 
Taxa 

% Non - Insects 

% Chironomidae 

% Oligochaeta 

% 5 Dominant 

% 10 Dominant 

Number Predator Taxa 

Total Number Scraper Taxa 

% Scrapers 

% Collector - Fi lterers 

% Collector - Gatherers 

Modified HBI 

BCI CTQa 

Shannon H (Log base 2) 

% Multivoltine 

% Univoltine 

October 20 18 

Definition 

M easu res the overall variety of the macroinvertebrate 
assemblage 

Number of taxa in the Insect orders Ephemeroptera 
(mayfl ies}, Plecoptera (stoneflies, and Trichoptera 
(caddisflies) 

Total Number of mayfly taxa 

Percent of mayfly nymphs 

Total Number of stonef!y taxa 

Percent of stonefly nymphs 

Total Number taxa in the Class lnsecta 

Total Number taxa not in the Class lnsecta 

Percent of Non - Insects 

Percent of midge larvae 

Percent of worms 

Total Percent of the 5 most dominant taxa 

Total Percent of the 10 most dominant taxa 

Number of taxa that feed upon other organisms or 
themselves in some instances 

Total Number of taxa that scrape periphyton for food 

Percent organisms that scrape periphyton fo r food 

Percent organisms that filter Fine Particulate Organic 
Material from either the water column or sed iment 

Percent organisms that either collect or gather food 
particles 

Uses tolerance values to weight abundance in an 
est imate of overall pollution. Originally designed to 
evaluate organic pollution . 

To lerance classification based on nonpolnt source 
impact of sedimentation and ve locity alteration 

Incorporates both richness and evenness in a measure 
of genera l diversity and composition 

Percent of organisms having short (several per year) life 
cycle 

Percent of organisms relatively long-lived (life cycles of 1 
or more years) 

Expected Response 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 

Increase 

Increase 

Increase 

Increase 

Increase 

Increase 

Variable, but appears to 
decrease in most regions 
of Wyomi ng 

Decrease 

Decrease 

Increase in most 
Wyoming eco regions 

Increase 

Increase 

Increase 

Decrease 

Increase 

Decrease 
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6. 7.3 BENTHIC INVERTEBRATE TAXA 

Taxa lists for Tongue River watershed benthic macroinvertebrate samples collected by SCCD in 
2016 are presented in Appendix Tables D-1 through D-6. The list of benthic macroinvertebrate 
metrics for historic and current study samples collected at stations TR09, TR07, TR0S, TR03 and 
TR0l from 1993 to 2016 is presented in Appendix Tables D-7 through D-12. 

The benthic community at Tongue River TR09 station was generally dominated by cool water 
taxa indicative of good water quality and good habitat. A mixture of cool water and warm 
water taxa were present at stations TR07 and TR0S. A shift to primarily warm water taxa 
dominated the benthic community at stations TR03 and TR0l. Worms, leeches and other 
organisms indicating degraded water quality have comprised less than 1 percent of the 
macroinvertebrate community at TR09. A higher frequency of occurrence and number of worm 
and leech taxa were observed at downstream stations TR07, TR0S, TR03 and TR0l. 

No threatened or endangered benthic macroinvertebrate taxa or fish species (incidentally 
captured during macroinvertebrate sampling) have been identified since sampling began in the 
Tongue River watershed in 1993. Two new taxa were identified during sampling in 2016. The 
genus Musculium, a clam in the family Pisidiidae, and the genus Golba, a snail in the genus 
Lymnaeidae have not been previously identified in the Tongue River watershed or north-central 
Wyoming wat erbodies. Two specimens of Musculium were identified at station TR09 and 
numerous specimens of Golba were identified at station TR0S. Smith (2001) reported that 
Musculium occurs throughout the United States. The occurrence of Golba was due to a change 
in nomenclature where the genus Fossaria was changed to the genus Golba (Johnson et al., 
2013). Fossaria has been previously identified in samples from the Tongue River watershed. 

The generally widespread occurrence of the freshwater shrimp genera Gammarus and Hyalelfa, 
and the freshwater shrimp species group Hyalelfa azteca (commonly used in laboratory toxicity 
tests) in the Tongue River watershed indicated that water in Tongue River and Tongue River 
tributaries contained no toxic substances in sufficient concentration to prevent the 
establishment and survival of these organisms. 

The disappearance of stoneflies since the latter 1990's was noted at some mainstem Tongue 
River stations. Plecoptera (stoneflies) are considered one of the most pollution sensitive groups 
of aquatic organisms. At stat ion TR07, from 3 to 5 Plecoptera taxa were collected each year 
from 1996 through 1999, but were absent from collections in 2003, 2004, 2006, and 2013. 
One immature stonefly in the family Perlidae was present in 2010 and one lsoperla was 
identified in the 2016 sample. No stoneflies have been collected at station TR0S since sampling 
began in 1995, The stonefly genus /soperla was present at station TR03 in 1998, but has not 
been collected since then. At TR0l, stonefly genera lsoperla and Acroneuria were present in 
1998, but neither has been collected in samples since then. The general disappearance of 
stoneflies at Tongue River mainstem stations downstream of TR09 since the 1990's indicates 

October 2018 

TFN 6 2/025 
RECD 10-25-1 8 

Addendum D6-11-63 DEQ Ex. 3-861



C2I 
N 

" N 
0) 

"' N 
121 
N 
121 

RAMACO Brook Mine 

that water quality and habitat change have negatively affected this pollution intolerant group 
of aquatic insects. 

Whirling disease is caused by a destructive parasite that may decimate trout populations. 
Whirling disease has not been detected in the Tongue River watershed or nearby Little Goose 
Creek and Big Goose Creek watersheds. However, the disease has been detected at six 
locations in the adjacent Powder River watershed. Tubifex tubifex (a species of aquatic worm), 
is significantly involved in the whirling disease life cycle caused by a parasite (Myxobo/us 

cerebra/is) that penetrates the head and spinal cartilage of fingerling trout. Whirling disease 
may eventually cause death in trout. No T. tubifex have been collected at Tongue River stations 
since monitoring began indicating a low probability for the occurrence of whirling disease. 
However, the presence of t he genus Tubifex in a 2006 sample at TR07 and the presence of 
immature Tubificid worms in samples collected at TR0l suggest the future potential occurrence 
of T. tubifex at those locations. 

Wyoming Game and Fish Department implemented an aquatic invasive species monitoring 
program throughout Wyoming including mandatory aquatic invasive species check stations. 
The program is designed to prevent the establishment of the zebra mussel (Dreissena 
po/ymorpha) and the quagga mussel (Dreissena rostriformis bugensis) in Wyoming waterbodies. 
The two clam species may produce serious negative impact to aquatic resources, ecological 
functions of waterbodies, drinking water intakes and water distribution systems. Although the 
mussels have been identified in Utah, Colorado, eastern South Dakota and eastern Nebraska, 
they are not present in Wyoming to date. No zebra or quagga mussels have been identified by 
SCCD sampling in the Tongue River watershed. 

Other aquatic invasive species of significant concern currently in Wyoming include the New 
Zealand Mudsnail species (Potamopyrgus antipodarum) and the Asian Clam species (Corbicu/a 

fluminea). The New Zealand Mudsnail is present in Yellowstone National Park, the Snake River, 
Shoshone River and the Bighorn River. The distribution of the Asian Clam in Wyoming is 
restricted to a few locations in south-east Wyoming. Historic benthic macroinvertebrate 
sampling and current monitoring by SCCD have not identified the New Zealand Mudsnail or the 
Asian clam in the Tongue River watershed or adjacent Little Goose Creek and Big Goose Creek 
watersheds, 

6.8 BIOLOGICAL CONDITION 
The biological condition based on the benthic macroinvertebrate community was determined 
for each station sampled in 2016 and for those comparable stations sampled by WDEQ in 1998, 
2003 and 2004. A total of forty-four (N = 44) biological condition calculations were completed 
and listed in Table 6-15. 
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Biological condition scores were derived using the Wyoming Stream Integrity Index (WSII) 
initially developed by Jessup and Stribling (2002), updated by Hargett and ZumBerge (2006) and 
Hargett (2011). The WSII is based on the analysis of benthic macroinvertebrate monitoring 
data collected by WDEQ from 1993 through 2009 from 1,488 reference and non-reference 
quality streams statewide. The WSII identified eleven bioregions for Wyoming. Each bioregion 
used different scoring criteria because the biological communities naturally differ between 
bioregions. Based on classifications provided by Hargett (2011), biological condition scoring 
criteria for three bioregions were used to evaluate biological condition (Table 6-13) as follows: 

• Sedimentary Mountains bioregion for Tongue River location5 TR09; 
• High Valleys bioregion for Tongue River location5 TR07 and TR0S; and 

• Northeastern Plains bioregion for Tongue River locations TR03 and TR0l. 

Table 6-13. Wyoming Stream Integrity Index (WSII) metrics and scoring criteria for benthic 
macro invertebrate communities in the Sedimentary Mountains, High Valleys and 
Northeastern Plains bioregions (from Hargett, 2011) 

Sedimentary Mountains Bioreglon (TR09) 

Macroinvertebrate Metric Metric Scoring Formulae 
No. of EPT Taxa (less Arctopsychidae and 
Hydropsychidae) lOO*X / 95th%ile 

% Ephemeroptera (less Baetidae and 
Tricorythodes) lOO*X / 95th%ile 

% Collector-gatherer 100*(88.3-X) / (88 .3-5th%ile) 

% Scraper 10o•x / 95th%ile 

Number of Scraper Taxa lOO*X / 95th%ile 

HBI lOO*X / 95th%ile 

Hi11:h Valleys Bioregion (TR07 and TROS) 

Macrolnvertebrate Metric Metric Scoring Formulae 
% Chironomidae Taxa of Tota l Taxa 100*(33 .3-X) / (33.3-5th%i le) 

% Ephemeroptera Taxa of Total Taxa 10o• x / 95th%ile 

No. EPTTaxa lOO *X / 95th%ile 

% EPT (less Arctopsychidae and 
10o• x / 95th%i le 

Hydropsychidae) 

% Scraper lOO* X / 95th%ile 

BCICTQa 100*(79.9-X) / (79.9-5th%i le) 

Northeastern Plains Bioregion (TR03 and TROl) 

Macrolnvertebrate Metric Metric Scoring Formulae 
Number of Ephemeroptera Taxa lOO* X / 75th%ile 

Number of Univoltine Taxa lOO*X / 75th%ile 

HBI 100*(6.8-X) / (6.8-25th%ile) 

October 2018 
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Metric values for the sample benthic macroinvertebrate community were compared to optimal 
benthic macroinvertebrate metric values (WSII) and expressed as a percent. The percentages 
were summed for each sample metric to provide a biological condition rating (Table6-14), 

Table 6-14. Assessment rating criteria for benthic macroinvertebrate communities based on 
the Wyoming Stream Integrity Index (WSII}; (from Hargett, 2011) in the Sedimentary 
Mountains, High Valleys and Northeastern bioregions of Wyoming 

Rating of Biological 
Condition Sedimentary High Valleys Northeastern Plains 

(Aquatic Life Use Mountains bloregion bloregion 
Support) bioregion 

Full Support >52.25 >48.77 >58.42 
Indeterminate Support 34.83-52.24 32.51- 48. 76 38.95-58.41 
Partial/ (Non - Support) 0-34.82 0-32.50 0-38.94 

The calculated biological condition rating was used to rate the biological community as Full 
Support, Indeterminate, or Partial/Non-Support (Table 6-15). A biological condition rating of 
Full -support indicates full support for narrative aquatic life use. The Indeterminate biological 
classification is not an attainment category, but rather a designation requiring the use of 
ancillary information and/or additional data in a weight of evidence evaluation to determine a 
narrative assignment such as full support or partial/non -support (Hargett, 2011). The 
Partial/Non-support classification indicates the resident aquatic community is subjected to 
substantial anthropogenic stressors. Water quality and/or habitat improvements are required 
to restore the stream to full support for narrative aquatic life use. 
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TABLE 6-15. Biological condition score and rating for benthic macroinvertebrate samples 
collected from 1993 through 2016 from Tongue River stations based on the Wyoming Stream 
Integrity Index (WSII; from Hargett, 2011) 

Sedimentary High Valleys 
Mountains Bioregion Bio region 

Sampling Station and Year Score Rating Score Rating 

Tongue River - TR09 - Canyon (1993)A 70.3 Full NAB NA 

Tongue River - TR09 - Canyon (1994)A 58.5 Full NA NA 

Tongue River - TR09 - Canyon (1995)A 52.0 Indeterminate NA NA 

Tongue River - TR09 - Canyon (1996)A 64.3 Full NA NA 

Tongue River - TR09 - Canyon (1997 )A 61 .9 Full NA NA 

Tongue River - TR09 - Canyon (1998)A 56.9 Full NA NA 

Tongue River - TR09 - Canyon (1999 jA 62 .9 Full NA NA 

Tongue River - TR09 - Canyon (1999)c 63.1 Full NA NA 

Tongue River - TR09 - Canyon (2000)A 55.2 Ful l NA NA 

Tongue River - TR09 - Canyon (2001)A 66.5 Fu ll NA NA 

Tongue River - TR09 - Canyon (2002)A 72.5 Fu ll NA NA 

Tongue River - TR09 - Canyon (2003) 63.0 Ful l NA NA 

Tongue River - TR09 - Canyon (2003 jA 75.2 Fu ll NA NA 

Tongue River - TR09 - Canyon (2004)A 71.5 Full NA NA 

Tongue River - TR09 - Canyon (2007)A 51.9 Indeterminate NA NA 

Tongue River - TR09 - Canyon {2009)A 59.4 Fu ll NA NA 

Tongue River - TR09 - Canyon {2010) 55.4 Full NA NA 

Tongue River - TR09 - Canyon (2013) 71.6 Fu ll NA NA 

Tongue River - TR09 - Canyon (2016) 68.4 Fu ll NA NA 

Tongue River - TR07 · Co. Rd 67 (1996) NA8 NA 46.6 Indeterminate 

Tongue River - TR07 - Co. Rd 67 (1997) NA NA 52 .7 Full 

Tongue River - TR07 - Co. Rd 67 (1998) NA NA 45 .S Indeterminate 

A" Sample collected by WDEQ. 
8 = NA = WSII Score or Rating not applicab le since sample was not collected in the bioregion . 
c = Sample collected by USGS. 

Northeastern Plains 

Score 

NAB 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA8 

NA 

NA 

Bioregion 

Rating 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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TABLE 6-15 (continued). Biological condition score and rating for benthic macroinvertebrate 
samples collected from 1993 through 2016 from Tongue River stations based on the Wyoming 
Stream Integrity Index (WSII; from Hargett, 2011) 

Sedimentary High Valleys 
Mountains Bioregion Bioregion 

Sampling Station and Year Score Rating Score Rating 

Tongue River - TR07 - Co. Rd 67 (1999) NA8 NA 48.2 Indeterminate 

Tongue River - TR07 - Co. Rd 67 (2003) NA NA 47.8 lndeterm nate 

Tongue River - TR07 - Co. Rd 67 (2004)A NA NA 41.7 Indeterminate 

Tongue River - TR07 - Co. Rd 67 (2010) NA NA 29.8 Partial or Non 

Tongue River - TR07 - Co. Rd 67 (2013) NA NA 30.4 Partial or Non 

Tongue River - TR07 - Co. Rd 67 (2016) NA NA 47.9 Indeterminate 

Tongue River - TR0S - Kleenburn (199SjA NA NA 63 .6 Full 

Tongue River - TR0S - Kleenburn {1998)A NA NA 56.0 Full 

Tongue River - TR0S - Kleenburn (2004jA NA NA 58.0 Full 

Tongue River - TR0S - Kleenburn (2006) NA NA 46.2 Indeterminate 

Tongue River - TR0S - Kleenburn (2010) NA NA 48.5 Indeterminate 

Tongue River - TR0S - Kleenburn (2013) NA NA 46.0 Indeterminate 

Tongue River - TR0S - Kleenburn (2016) NA NA 34.0 Indeterminate 

Tongue River - TR03 - Decker Hwy (1998)A NA NA NA NA 

Tongue River - TR03 - Decker Hwy (2004)A NA NA NA NA 

Tongue River - TR03 - Decker Hwy (2013) NA NA NA NA 

Tongue River - TR03 - Decker Hwy (2016) NA NA NA NA 

Tongue River - TR0l - State Line (1998)A NA NA NA NA 

Tongue River - TR0l - State Line (2003jA NA NA NA NA 

Tongue River - TR0l - State Line (2004)A NA NA NA NA 

Tongue River - TR0l - State Line (2013) NA NA NA NA 

Tongue River - TR0l - State Line (2016) NA NA NA NA 

A= Sample collected by WDEQ. 
8 = NA = WSII Score or Rating not applicable since sample was not collected in the bioregion . 

c = Sample collected by USGS. 

Northeastern 
Plains Bioregion 

Score Rating 

NA8 NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

100.0 Full 

66.7 Full 

73 .2 Full 

62.7 Full 

97.0 Full 

75 .9 Full 

70.4 Full 

87 .1 Full 

79.4 Full 
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6.8.1 TONGUE RIVER TR09 
The Tongue River TR09 station represents the most upstream monitoring site on the mainstem 
Tongue River and is located in the Sedimentary Mountains bioregion. The station is identified 
as the reference, or control station, for macroinvertebrate monitoring on the mainstem Tongue 
River. The Tongue River TR09 station has been sampled annua lly for benthic 
macroinvertebrates from 1993 through 2004, and in 2007, 2009, 2010, 2013 and 2016 (Table 6-
15). This station has been sampled by SCCD, WDEQ, USGS and EPA over the years and 
represents the most frequently sampled benthic macroinvertebrate station in north central 
Wyoming. It should be noted that data collected by EPA was not used to determine biological 
condition for this report since sampling and analysis methods were not directly comparable to 
those methods used by SCCD and WDEQ. 

Biological condition scores have varied little over the years ranging from a score of 75.2 in 2003 
to a score of 51.9 in 2007 (Table 6-15; Figure 6-9). With the exception of 1995 and 2007, the 
biological condition scores consistently indicated full support for aquatic life use. It should be 
noted that the biological condition scores in 1995 (52 .0) and 2007 (51.9) were very close to 
achieving the full support score of 52.2. The slightly positive trendline shown in Figure 6-9 for 
biological condition indicates stability in the biological community and confirms that station 
TR09 is a representative reference station. The general stability in biological condition over the 
years indicated that despite variable stream flows and likely variable water temperature among 
years, water quality and habitat remained consistently good. 

Figure 6-9. Biological condition at Tongue River Station TR09 

100 

90 
QJ 
L. 

8 80 
Vl 

C .g 70 
'o 
C 60 
8 
r.l so 
·oo 
"6 40 
a5 

30 

20 

October 2018 

-+-Tongue River Station TR09 --Trendline 

F 6 2/02 
ECO 10-25-18 

Addendum D6- 11 -69 DEQ Ex. 3-867



RAMACO Brook Mine 

The benthic community at Tongue River TR09 station was generally dominated by cool water 
taxa indicative of good water quality and good habitat. Worms, leeches and other organisms 
indicating degraded water quality comprised less than 1 percent of the macroinvertebrate 
community over the years. No Tubifex tubifex (a species of worm) have been collected at 
Tongue River TR09 since monitoring began in 1993 indicating a low probability for the 
occurrence of whirling disease. 

The benthic macroinvertebrate data indicated that land use occurring upstream in the Bighorn 
National Forest (BNF) had no measurable effect on the Tongue River TR09 benthic 
macroinvertebrate community. Potential pollutants that may enter the Tongue River from BNF 
are apparently removed by natural stream processes resulting in good year-round water quality 
and healthy biological communities. The high biological condition scores confirmed the overall 
good water quality shown through water quality sampling, habitat assessment, and the 
resultant general full support for aquatic life use. 

6.8.2 TONGUE RIVER TR07 

The Tongue River TR07 stat ion is located just upstream of the County Road 67 bridge near 
Ranchester, WY and is placed in the High Valleys bioregion near the lower boundary of the 
Sedimentary Mountains bioregion. The Tongue River TR07 station has been sampled annually 
for benthic macroinvertebrates from 1996 through 1999, and in 2003, 2004, 2006, 2010, 2013 
and 2016 (Table 6-15). The sample collected by WDEQ in 2004 was comparable to samples 
collected by SCCD at TR07 since the WDfQ sampled in Conner Park about 250 yards 
downstream of SCCD location TR07. 

The biological condition of the benthic macroinvertebrate community at Tongue River TR07 
station varied little from the period of 1996 through 1999 (Table 6-15; Figure 6-10). Biological 
condition scores ranged from 46.6 in 1996 to 52.0 in 1997. The biological condition scores 
indicated indeterminate or full support for aquatic life use each year. 

In 2003, the biological condition score dropped to 47.8 with further declines to 41.7 in 2004, 
29.8 in 2010 and 30.4 in 2013 (Figure 6-10). The biological condition increased to 47.9 in 2016. 
Aquatic life use dropped from full support in 1997 to indeterminate or partial or non-support 
during sabsequent years (Table 6-15). Although the improvement in biological condition from 
2013 to 2016 was encouraging, the negative trendline shown in Figure 6-10 indicated a general 
decline in the biological condition since sampling began in 1996. 
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Figure 6-10. Biological condition at Tongue River Station TR07 
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The decline in biological condition was due to an increase in pollution tolerant organisms and a 
decrease in organisms sensitive to pollution. The total number of Non-Insect Taxa (generally 
more tolerant of pollution than Insect Taxa) and the HBI value (general community measure of 
pollution tolerant organisms) has been relatively high (Appendix Table C-9). Further, the 
number of Chironomidae taxa has generally increased since 1996. As previously noted was the 
near disappearance of Plecoptera (stoneflies) at Tongue River TR07 after 1999. Plecoptera are 
considered to be the most pollution sensitive group of aquatic organisms. From 3 to 5 
Plecoptera taxa were collected each year from 1996 through 1999, but were absent from 
collections in 2003, 2004, and 2006 and 2013. One immature stonefly in the family Perlidae 
was present in 2010. Some Ephemeroptera (mayfly) taxa including the genera Drunella and 
Ephemerella (both indicative of good water quality and cooler water temperature) have nearly 
disappeared at Tongue River TR07 station since 1999. 

The highest number of worm and leech taxa (N = 8 taxa) comprising 2.48% of the total benthic 
community occurred at Tongue River TR07 during 2006. In 2013 there were 5 worm and leech 
taxa comprising 4.19% of the total benthic community. Increase in the density of worms may 
be associated with organic pollution (Klemm, 1985), pollution from feedlots (Prophet and 
Edwards, 1973), and pollutants contained in urban storm water runoff (Lenat et al., 1979; Lenat 
and Eagleson, 1981). The number of worm taxa and percent contribution of worms in 2006 and 
2013 did not indicate a severe pollution problem, but rather a moderate amount of pollution 
indicat ive of animal waste from agricultural, wildlife or urban sources. 

Tubifex tubifex (a species of worm) has not been collected at Tongue River TR07 station since 
monitoring began in 1996. However, the presence of the genus Tub1fex in the 2006 sample 
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suggests the future potential occurrence of T. tubifex at Tongue River TR07. 
The reasons for the general reduction in biological condition and the loss of cool water 
macroinvertebrate taxa at Tongue River TR07 since 1999 are unknown. An increase in the 
amount of sand in the stream substrate and relatively high embeddedness (amount of silt 
covering cobble and gravel) noted during 2006 in Section 7.6 in SCCD (2007) may produce 
adverse effects on the river benthic macroinvertebrate community and other aquatic organisms 
including fish . However, the combined amount of sand and silt at Tongue River TR07 station 
was low (1%) in 2010 suggesting that the lower biological condition rating in 2010 was not due 
to combined silt and sand or embeddedness. The combined amount of sand and silt in the 
substrate increased in 2013 (10%) (Appendix Table E2). The ongoing drought in northeast 
Wyoming from approximately 2000 to 2009 undoubtedly produced a negative effect on the 
aquatic communities in the Tongue River by reducing stream flow and likely increasing water 
temperature. 

6.8.3 TONGUE RIVER TR05 

The Tongue River TR05 station at the Kleenburn County Park was formerly known as Tongue 
River TRl station. SCCD sampled TR05 for benthic macroinvertebrates in 2006, 2010, 2013 and 
2016. WDEQ previously established a site identified as Tongue River at Kleen burn in 1995. 
WDEQ sampled this site in 1995, 1998 and 2004. The station is located in the High Valleys 
bioregion. 

Figure 6-11. Biological condition at Tongue River Station TROS 
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The biological condition scores at station TR0S ranged from a low of 34.0 in 2016 to a high of 
63.6 in 1995 (Table 6-15). Sampling in 1995, 1998 and 2004 indicated full support for aquatic 
life use. Sampling in 2006, 2010, 2013 and 2016 indicated indeterminate support for aquatic 
life use. The trendline shown in Figure 6-11 indicates a gradual downward trend in biological 
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condition since sampling in 1995. The downward trend in biological condition was primarily 
due to a reduction percentage of mayfly taxa to the total number of taxa in the benthic 
community, a reduction in the number of EPT taxa and a reduction in the percent of scrapers. 

The benthic macroinvertebrate community was dominated by warm water taxa each year. The 
mayfly genus Tricorythodes dominated the community in 1998, 2006 and 2016, and was the 
second most dominant taxon in the community in 1995. The riffle beetle genus Microcylloepus 

co-dominated the community in 2006, and was the second most dominant taxon in the 
community in 2010. Trichoptera (caddisflies) were well represented in the benthic community 
each year. The genera He/icopsyche, Hydropsyche and Cheumatopsyche were the most 
common caddisfly taxa. Helicopsyche dominated the benthic community in 2004 and 2013. 
Several specimens in the stonefly genus lsoperla and one immature stonefly in the family 
Capniida.e was present in 1998, but no stoneflles have been collected in samples since then. 
The disappearance of stoneflies since the latter 1990's was noted at other ma1nstem Tongue 
River stations. 

6.8.4 TONGUE RIVER TR03 

The Tongue River TR03 station located upstream of the Decker Highway bridge crossing was 
established and first sampled by SCCD in 2013. WDEQ previously established a site identified as 
Tongue River at Decker Highway in 1998. WDEQ sampled that site in 1998 and 2004. The 
station is located in the Northeastern Plafns bioregion. The biological condition scores ranged 
from a low of 62.7 in 2016 to a high of 100.0 in 1998 (Table 6-15), Sampling in 1998, 2004, 
2013 and 2016 indicated full support for aquatic life use. However, Figure 6-12 shows that 
there has been a downward trend in biological condition. 

October 2018 

TFtl 6 2/02 5 
RECD 10-25-18 

Adctendum D6- 11 -73 DEQ Ex. 3-871



RAMACO Brook Mine 

Figure 6-12. Biological condition at Tongue River Station TR03 
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The benthic macroinvertebrate community was dominated by warm water taxa each year. The 
mayfly genus Tricorythodes dominated the community in 1998 and 2016, and was the second 
most dominant taxon in the community in 2004 and 2013. The riffle beetle genus 
Microcylloepus dominated the community in 2004 and 2013, and was the second most 
dominant taxon in the community in 1998 and 2016. Trichoptera lcaddisflies) were well 
represented in the benthic community each year. The genera Hydropsyche, Helicopsyche and 
Oecetis were the most common caddisfly taxa in 1998, 2004, 2013 and 2014. The stonefly 
genus lsoperla was present in 1998, but has not been collected in samples since then. The 
disappearance of stoneflies since the latter 1990's was noted at other mainstem Tongue River 
stations. 

6.8.5 TONGUE RIVER TROl 

The Tongue River TR0l station near the Wyoming - Montana border in the Northeastern Plains 
bioregion is the lowermost sampling station on the mainstem Tongue River within the project 
area. SCCD established and first sampled this station in 2013. WDEQ previously established a 
site identified as Tongue River - State Line in 1998. WDEQ sampled that site in 1998, 2003 and 
2004. The WDEQ station is located near U.S. Geological Survey Station 06306300 downstream 
of SCCD station TR0l. Biological condition at Tongue River TR0l was relatively stable from 1998 
to 2003, but declined from 2003 to 2014 and from 2014 to 2016 {Figure 6-13). 
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Figure 6-13. Biological condition at Tongue River Station TROl 
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The biologica l condition scores ranged from a low of 70.4 in 2004 to a high of 97.0 in 1998 
(Table 6-15). Sampling during each year indicated full support for aquatic life use. WDEQ 
concurred with this finding, but added that effects due to stressors such as temperature, 
sulfates, nutrients, and sediment were present (WDEQ, 2002). These stressors appeared to 
affect the mainstem Tongue River system below the confluence with Goose Creek (between 
Tongue River stations TR0S and TR03). The biological condition trendline shown in Figure 6-13 
indicated that biological condition has declined over time. Full support for aquatic life use may 
change should the decline in biological condition continue. 

The benthic macroinvertebrate community was dominated by warm water taxa each year. No 
one taxon has dominated the benthic community over the years. The mayfly genera 
Tricorythodes and Fallceon were abundant at times along with the caddisfly genera Hydroptila 

and Oecetis, and the chironomid genus Rheotanytarsus. The riffle beetle genus Microcylloepus 
was the second most abundant taxon in 2016 . Immature Tubificid worms were abundant in 
1998. The stonefly genera lsoperla and Acroneuria were present in 1998, but have not been 
collected in samples since then. The disappearance of stoneflies since 1998 was noted at other 
mainstem Tongue River stations upstream of TR0l. 

Tub1fex tubifex (a species of worm) has not been collected at Tongue River TR0l station since 
monitoring began in 1998. However, the presence of immature Tubificid worms in all samples 
collected over the years suggests the potential occurrence of T. tubifex at Tongue River TR0l. 

6.8.6 SUMMARY OF BIOLOGICAL CONDITION 

The collection and analysis of stream benthic macroinvertebrate samples during 2016 revealed 
similar trends in biological condition observed during previous monitoring at Tongue River 
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mainstem stations. No Tongue River tributary stations were sampled during this 2016 report 
period . 

Biological condition scores at reference station TR09 varied little over the years. With the 
exception of 1995 and 2007, the biological condition scores consistently indicated full support 
for aquatic life use. It should be noted that the biological condition scores in 1995 (52.0) and 
2007 (51 .9) were very close to achieving the full support score of 52.2. The slightly positive 
trendline at station TR09 for biological condition indicated stability in the biological community 
and confirmed that station TR09 was a representative reference station. 
The biological condition of the benthic macroinvertebrate community at Tongue River TR07 
station varied little from the period of 1996 through 1999. Biological condition scores ranged 
from 46.6 in 1996 to 52 .0 in 1997. The biological condition scores indicated indeterminate or 
full support for aquatic life use each year. There was an improvement in biological condition 
from 2013 to 2016; however, a negative trendline indicated a general decline in the biological 
condition since sampling began in 1996. 

The biological condition scores at station TR05 in 1995, 1998 and 2004 indicated full support for 
aquatic life use. Sampling in 2006, 2010, 2013 and 2016 indicated indeterminate support for 
aquatic life use. The negative trendline graph for biological condition indicated a gradual 
downward trend in biological condition since sampling in 1995. 

Biological condition scores at the most downstream station TR0l located near the Montana 
border indicated full support for aquatic life use during each year since 1998. However, a graph 
of biological condition scores indicated that biological condition has declined over time. Full 
support for aquatic life use may change should the decline in biological condition continue. 

Those stations that have the partial or non-support classification for biological condition 
indicated the aquatic communities were stressed and water quality or habitat improvements 
were required to restore the stream to full support for the narrative WDEQ standard for aquatic 
life use. Planning and implementation of remedial measures must continue to restore full 
aquatic life use support in the streams in the Tongue River watershed. Continued benthic 
macroinvertebrate sampling should be conducted at stations in the watershed to track changes 
in biological condition . 

No threatened or endangered benthic macroinvertebrate taxa or fish species have been 
identified since sampling began in the Tongue River watershed in 1993. The generally 
widespread occurrence of freshwater shrimp genera indicated that water in Tongue River 
contained no toxic substances in sufficient concentration to prevent the establishment and 
survival of these organisms. 

The disappearance of stoneflies since the latter 1990's noted at some mainstem Tongue River 
stations continued. The general disappearance of stoneflies at Tongue River stations 
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downstream of TR09 since the 1990's indicates that water quality and habitat change have 
negatively affected this pollution intolerant group of aquatic insects. 

Historic and SCCD monitoring of aquatic benthic macroinvertebrate communities in the Tongue 
River watershed have not identified the presence of aquatic invasive species of concern to the 
WGFD. No zebra mussel (Dreissena polymorpha), quagga mussel (Dreissena rostriformis 
bugensis), New Zealand Mudsnail {Potamopyrgus antipodarum) and the Asian Clam (Corbicufa 
fluminea) have been identified in the Tongue River watefshed or adjacent Litt le Goose Creek 
and Big Goose Creek watersheds. Recommended future benthic macroinvertebrate monitoring 
by SCCE will be attentive to the presence of aquatic invasive species. 

Tubifex tubifex, a species of aquatic worm, involved in the whirling disease life cycle that may 
decimate trout populations, have not been collected at Tongue River stations since monitoring 
began in 1993 indicating a low probability for the occurrence of whi rling disease. However, the 
presence of the genus Tubijex and immature Tubificid worms in samples collected in the 
Tongue River watershed suggest the future potential occurrence of T. tub,fex. Whi rling disease 
has not been detected in the Tongue River watershed or nearby Little Goose Creek and Big 
Goose Creek watersheds. However, the disease has been detected at six locations in the 
adjacent Powder River watershed to the east, Tubifex tub,fex (a species of aquatic worm), is 
significantly involved in the whirling disease life cycle caused by a parasite (Myxobolus 
cerebral(s) that penetrates the head and spinal cartilage of fingerling trout. Whir ling disease 
may eventually cause death in trout . 

6.9 HABITAT ASSESSMENTS 
Qualitative habitat assessments were conducted by SCCD during 2016 at mainstem Tongue 
River stations TR09, TR07, TR0S, TR03 and TR0l. WDEQ used the same habitat assessment 
method as that used by SCCD through 2004. WDEQ changed their habitat assessment methods 
after 2004, thus no habitat data is presented for WDEQ assessments after that time. Habitat 
assessment data, substrate data, and embeddedness (silt cover) data for Tongue River 
mainstem stations are presented in Appendix Tables E- 1 through E-5. Because habitat 
assessments were subjective, SCCD used caution by providing a conservative interpretation of 
data . 

The average habitat score at reference station Tongue River TR09 from 1993 through 2004, 
2010, 2013 and 2016 was 170 (Appendix Table E-1). The range In annual habitat scores at 
Tongue River TR09 station was from 150 in 2010 and 2016 to 184 in 2003. Although 
assessments were generally conducted on sampling dates with in± two (2) weeks of one 
another each year, differences in annual discharge affected scoring for some habitat 
parameters because they were flow dependent. Scores for instream cover, velocity/ depth, 
channel flow status and width depth ratio will normally score higher when discharge is 
increased, but will score lower when discharge is decreased. 
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The average habitat score at Tongue River TR07 station from 1996 through 1999, 2003, 2004, 
2006, 2010, 2013 and 2016 was 139 (Appendix Table E-2). Scores at TR07 ranged from 108 in 
2006 to 163 in 2016. Variation in habitat scores between years appeared to be primarily 
related to difference in annual stream discharge at the time that the habitat assessment was 
conducted. 

The reduction in habitat score from the reference upstream station TR09 to the downstream 
Tongue River TR07 station was generally due to lower scores for embeddedness (silt cover on 
or surrounding cobble and gravel), channel flow status, channel shape, channelization, width 
depth ratio and bank stability. Reduced scores for some of these parameters were related not 
only to current land use practices, but to lingering effects from the period of extensive 
channelization that apparently occurred in the late 1950's to early 1960's. Effects of 
channelization from that period continue to affect the Tongue River stream channel to this day 
requiring patch work repair and bahk stabilization projects. Despite the lower habitat score at 
Tongue River TR07 station, this station ranked high when compared to habitat scores at other 
Wyoming streams in the Sedimentary Mountains bioregion. This observation indicated that 
although Tongue River in-stream and riparian habitat have been altered due to channelization, 
habitat was still in better condition when compared to most Wyoming streams in the 
Sedimentary Mountains bioregion. 

The semi-quantitative stream substrate particle size distribution varied little between the 
Tongue River TR09 and TR07 stations. Cobble dominated the stream substrate at each station. 
Average percent cobble was 66 percent at station TR09 and 55 percent at station TR07 
(Appendix Tables E-1 through E-2) . Average percent coarse gravel ranged from 17 percent at 
Tongue River TR09 to 27 percent at TR07. Silt deposition was minimal. The Tongue River TR09 
station averaged less than 1 percent silt in the stream substrate and TR07 station averaged 1 
percent. Sand comprised 6 percent of the average total substrate at both TR09 and TR07 
stations. The amount of silt and sand in the stream substrate is important since silt and sand 
are detrimental to trout egg survival and maintenance of healthy benthic macroinvertebrate 
populations that provide food for trout (Chutter, 1969). The dominance of cobble and coarse 
gravel at each station allowed comparison of macroinvertebrate communities between stations 
because the variability caused by potential differences in the stream substrate was minimal. 

Embeddedness (silt covering on or surrounding cobble and gravel) was low at the upstream 
reference Tongue River TR09 station. Average weighted embeddedness at TR09 from 1996 
through 1999, 2003, 2004, 2006, 2010, 2013 and 2016 was 95.2. The higher the weight ed 
embeddedness value, the lower the embeddedness or amount of silt deposited on cobble and 
gravel. The weighted embeddedness value of 95.2 indicated that about 95 percent of the 
surface of cobble and gravels were free of silt. The average weighted embeddedness at Tongue 
River TR07 station for the period of 1996 through 1999, 2003, 2004, 2006, 2010, 2013 and 2016 
was 49.9 indicating that about 38 percent of the surface of cobble and gravels were free of silt. 
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The decrease 'in weighted embeddedness from Tongue River TR09 station to downstream TR07 
station indicated increased deposition of silt oh cobble and gravel stream substrate between 
stations. Deposition of silt is controlled by the amount of silt contained in the water column 
and by the current velocity. Silt deposition will normally increase as current velocity decreases. 
The average current velocity measured at Tongue River TR09 station was 2.02 feet per second 
(fps) and 2.16 fps at the TR07 station . Because average water current velocity was slightly 
higher at the Tongue River TR07 station when compared to the upstream TR09 station, the 
apparent increased silt deposition at TR07 station was not related to difference in current 
velocity, but was due to increased amount of silt contained in the water column. 

The general, decrease in substrate particle size from the Tongue River TR09 to the Tongue River 
TR07 station was normal because particle size generally decreases as stream size and stream 
order increase. (Rosgen, 1996). The observed increase in embeddedness from the TR09 station 
to the TR07 station was likewise considered normal for the size and stream order of the Tongue 
River. Embeddedness at the TR07 station should be considered moderate when compared to 
weighted embeddedness values at other comparable streams in the High Valleys bioregion . 

The habitat assessments conducted at Tongue River TR0S station at the Kleenburn Park 
indicated similar habitat characteristics to the upstream Tongue River TR07 station. The 
average habitat score at the Tongue RiverTR05 station for sampl ing years 1995, 1998, 2004, 
2006, 2010, 2013 and 2016 was 139 (Appendix Table E-3). Total habitat assessment scores at 
Tongue River TR0S ranged from 147 in 1998 to 127 and 127 in 2004. Although the Tongue River 
TR0S station was several miles downstream of TR07, the habitat quality was similar at both 
stations. 

The semi -quantitative stream substrate particle size distribution indicated that Tongue River 
TR05 was dominated by cobble (47percent of substrate) and coarse gravel (28 percent of 
substrate) (Appendix Table E-3). Silt deposition was minima l and comprised an average of 2 
percent of the stream substrate . Sand accounted for about 6 percent of the substrate. The 
average embeddedness was 50.8 indicating that about 40 percent of the surface of cobble and 
gravels were free of silt. The average measured current velocity was 2.00 fps. 

Tongue River TR03 located just upstream of the Decker Highway bridge crossing was a newer 
monitoring station established by SCCD in 2013. WDEQ conducted sampling at this station in 
1998 and 2004. 

The total habitat scores at Tongue River TR03 station in 1998, 2004, 2013 and 2016 were 114, 
133, 131 and 134 respectively (Appendix Table E-4). The relatively low habitat assessment 
score was due to high embeddedness (the amount of silt covering cobble and gravel), low pool 
to riffle ratio, low width to depth ratio, high disruptive pressures and low riparian width . 

The semi -quantitative stream substrate particle size distribution at Tongue River station TR03 
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showed a reduction in cobble to more coarse and fine gravel when compared to upstream 
stations TR09, TR07 and TR0S. Cobble comprised an average of 31 percent, coarse gravel 32 
percent and fine gravel 22 percent of substrate since 1998 (Appendix Table E-4). Silt deposition 
was minimal and comprised an average of 2 percent of the stream substrate. Sand accounted 
for about 6 percent of the substrate. The average embeddedness value was 49.6 indicating 
that about 37 percent of the surface of cobble and gravels were free of silt. The average 
measured current velocity was 1.29 fps, 

The Tongue River TR0l station near the Wyoming - Montana border was established and 
sampled by SCCD in 2013. WDEQ previously sampled a site downstream of Tongue River TR0l 
in 1998. The WDEQ station was identified as Tongue River - State Line and was sampled in 
1998, 2003 and 2004. 

The average total habitat assessment score at TR0l was 134 with a range from 127 in 2013 to 
137 in 2004 (Appendix Table E·S). The stream subst rate was dominat ed by cobble (average 40 
percent) followed by coarse gravel (average 33 percent), fine gravel (average 15 percent), sand 
(average 11 percent) and silt (average 1 percent). The average embeddedness score was 35.7 
indicating that about 80 percent of the surface of cobble and grave Is were covered or 
surrounded by silt. The average measured current velocity was 1.49 fps. 

The riparian indicator parameters including bank vegetation, bank stability, disruptive pressures 
and riparian zone width scored relatively high indicating that the stream banks were stable, 
well vegetated, and utilization of bank vegetation was low. 
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CHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS 
Water quality monitoring for 2016 was performed at 13 stations; six sites on the mainstem of 
the Tongue River, and seven sites on the major tributaries that flow into the Tongue River. 
These seven tributaries included Smith Creek, Little Tongue River, Columbus Creek, Five Mile 
Creek, Wolf Creek, Goose Creek, and Prairie Dog Creek. Stations were equipped with a SCCD 
calibrated staff gauge or located at USGS gauging stations. 

Instantaneous water temperature measurements were recorded above the maximum 20°C 
instrearn temperature standard at 12 of the 13 sites on at least one occasion; the uppermost 
station (TR09) did not have any temperature measurements above 20°C. Continuous 
temperature loggers reported temperatures above 20°C at all but the uppermost station in 
Tongue River Canyon. Conductivity and pH were within the expected ranges during 2016. 
Turbidity values were considered normal for the watershed with occasional hi'gh values 
occurring during late-spring, early summer precipitation and run-off events. All sites met the 
minimum instantaneous dissolved oxygen concentration for early and other life stages. Four 
tributary stations and four mainstem stations had one or more samples that were below the 8.0 
mg/L water column concentration recommended to achieve the inter-gravel concentrations for 
early life stages. 

Bacteria geometric mean concentrat ions in the early season were typically higher than in the 
late season on tributary sites. In contrast, mainstem sites had higher bacteria concentrations in 
the late season except on TR03 and TR09. While some mainstem sites did not meet Wyoming 
Water Quality Standards, the highest bacteria concentration observed at a mainstem site was 
169 cfu/100 ml or 25% above the standard. Bacteria concentrations at tributary stations 
appeared to contribute to bacteria increases on the Tongue River at adjacent downstream 
stations in the upper portion of the watershed during the early season. Except for Wolf Creek 
during the late season, bacteria concentrations at all tributary stations exceeded Wyoming 
Water Quality standards in both the early season and the late season. 

For the most part, bacteria concentrations decreased from 2003-2016 and from 2013-2016 at 
all mainstem sites in the early season but increased in the late season. In contrast, bacteria 
concentrations at TR09 in the early season increased since 2003, but were still well below 
Wyoming Water Quality standards. 

With the exception of upstream reference station TR09, biological condition has trended lower 
since the 1990' s at downstream stations TR07, TR0S, TR03 and TR0L No threatened or 
endangered benthic macroinvertebrate taxa or fish species have been identified since sampling 
began in 1993. The general disappearance of stoneflies at Tongue River stations downstream 
of TR09 since the 1990's indicates that water quality and habitat change have negatively 
affected this pollution intolerant group of aquatic insects. 
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Monitoring of aquatic benthic macroinvertebrate communities in the Tongue River watershed 
since 1993 have not identified the presence of aquatic invasive species of concern to the WGFD 
including zebra mussel, quagga mussel, New Zealand mudsnail and the Asian Clam. 
Recommended future benthic macroinvertebrate monitoring by SCCD will be attentive to the 
presence of aquatic invasive species. 

Tubifex tub1fex, a species of aquatic worm, involved in the whirling disease life cycle that may 
decimate trout populations, have not been collected at Tongue River stations since monitoring 
began indicating a low probability for the occurrence of whirling disease. However, the 
presence of the genus Tubifex and immature Tubificid worms at some stations suggest the 
future potential occurrence of T. tubifex. Whirling disease has not been detected in the Tongue 
River watershed or nearby Little Goose Creek and Big Goose Creek watersheds. 

Continued benthic macroinvertebrate sampling should be conducted at stations in the Tongue 
River watershed to track the health of aquatic communities, changes in biological condition, 
potential occurrence of aquatic invasive species and presence of indicator species associated 
with whirling disease. 

Attempts to determine if improvements in overall water quality have been achieved are often 
difficult, especially when comparing water quality data that has been collected during seasons 
with different hydrological and meteorological conditions. Although normal flow conditions 
cannot be anticipated nor expected during monitoring, t hese varying conditions do make water 
quality comparisons more difficult. Bacteria concentrations, in particular, are known to vary in 
response to a number of different water quality and water quantity factors, including changes 
in water temperature, water quantity, and suspended sediment loads. Higher£. coli bacteria 
concentrations in May could be associated to precipitation events in the spring, including run
off from snowmelt, that contribute surface contaminants and increases their concentrations. 
Bacteria deposits from livestock, humans, wildlife, and other sources can be transported from 
upland areas to streams through overland run-off. In addition, deeper, faster moving water 
within the stream channels can scour and suspend sediment that has been previously 
deposited on the channel bottom. These bed sediments have been found to contain elevated 
levels of bacteria. Rangeland studies in Idaho have shown that £. coli concentrations can be 2 
to 760 times greater in bottom sediment than in the water column (Stephenson and Rychert, 
1982). A similar study on the Goose Creek watershed showed up to 3-fold increases of fecal 
coliform bacteria when disturbing the bed sediment (SCCD, 2003). The approximate duration 
for which sediment dwelling bacteria populations can remain viable is unknown. 

From 2000 through 2006, the local area was in a prolonged drought and below average stream 
discharge conditions were experienced. Years 2001 and 2002 lacked adequate peak flows 

during May and June which normally "flush" stream channel sediment accumulated during the 
previous year. During 2003 and 2010, the Tongue River experienced higher than normal peak 
flows, which may have had the ability to "flush" streambed sediment that had accumulated 
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during the several previous drought years. Flows in 2013 and 2016 were generally below 
normal at most stations, especially during the early season. 

The positive effects that improvement projects have on water quality may not be immediately 
determined due to factors such as the bacteria storage capacity of bed sediment, which is 
normally suspended during bankfull flows. This bacteria "storage" in bed sediments and thei r 
annual release during high flows may cause a delay in observing quantifiable changes in 
bacteria currently entering the system. The data provided by the 1996 - 1999 watershed 
assessment and subsequent interim monitoring indicate the need for additional improvement 
projects as well as additional future monitoring to create and measure positive water quality 
changes. The SCCD anticipates that voluntary, incentive based watershed planning and 
implementation will be successful; however, it may require several years to actually measure 
these achievements. Nonetheless, each improvement project that has been implemented or is 
currently being implemented on the watershed certainly induces positive water quality 
changes, whether they are immediately apparent or not. 

SCCD will continue to monitor water quality in the Tongue River Watershed on a three-year 
rotation, pending available funding sources. Planning and implementation of remedial 
measures to restore full aquatic life use support in the streams in the Tongue River watershed 
should continue. Continued benthic macroinvertebrate sampling should be conducted at 
stations in the watershed to track potential changes in biological condition. 
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APPE. ·- ·X B. TONGUE RIVER WATERSHED 2016 QUALITY ASSURANCI ALITY CONTROL DOCUMENTATION 
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APPE. ·- ... B. TONGUE RIVER WATERSHED 2016 QUALITY ASSURANCE: ALITY CONTROL DOCUMENTATION 

Apptmdix Ti1ble B-3. Summary of Re.suits for Pre ,1nd Post Sl!~.son lc:e Test! 

SN: 10612497 SN 9927127 SN· 9nS391 SN· 1048445 5 SN :9927129 
TRO I 11103 TROS Tll07 TR09 

Pr••/5/16 Post 12/lS/16 Pr• •Js/16 PostU/15/16 Pre •/5/16 Post U/15/16 Pre •/5/16 Post 12/15/16 Pr••/5/1' Po<IU/U/16 
Tl me lemp, ,.C Tlme Temp, ·c Tlme Temp, ·c Tlme Temp, •c Tlm• Temp, •c Tim• Te mp, •c Tlm• Temp, •c Tim• Tomp, ·c Tim• Temp, ·c Tlme Temp, 'C 

11:08 B196 9 ·30 14 ,996 11:07 B .581 9 .17 14.613 11:10 23.484 9.15 14,709 11:06 23.484 9 :33 13.654 11.09 23.1 9:29 14.134 
1.1 :09 23196 9 31 9176 11·08 23.484 9:18 8 .68 11:11 22.238 9·16 8978 11:07 23,388 9 ,34 8.581 1110 23.581 9.30 8.481 
11.10 13.196 932 5 655 11.09 23.388 9:19 5.552 11 12 12.01.3 9:17 S 757 U :08 23.196 9 :35 5.347 11 11 21.282 9·31 ~ 244 
U :ll 23.l 9'33 3.578 11..10 l3388 9:20 3.683 11.13 7,582 9:18 3,788 11:09 23 004 9:36 3,472 11.12 11.625 9;32 3,472 
11 :12 13.173 9'34 2303 !I'll 23,388 9:21 2.41 11:14 4934 9:19 2.517 11 :10 22.812 9 :37 2. 303 11·13 7.582 9-33 2 195 
ll :13 8.082 9 :35 1.439 11:12 13 269 9·22 1656 11:15 3155 9:20 1.,764 11:11 22.812 9 :38 J.439 11 '14 5.141 934 1.439 
11:14 S.141 9 :36 0.893 1U3 8 .182 9:23 1.112 11:16 2.088 9:21 !.221 11 ·12 15.569 9 :39 0.893 u ·1s 3.4H 9'35 1.003 
11:15 3.367 9 :37 0.674 11:14 5.347 9:24 0.784 11:17 1.439 9:22 0.893 11.13 9.176 9 :40 0.563 11:16 2.41 9:J6 0 .674 
11:16 2.195 9 :38 0 453 11.15 3.578 9:25 0.563 11:18 0 .893 9:23 0,674 11;14 5.757 9 :41 0.343 11:17 1.656 9 ·37 0 .563 
11:17 1 .439 9 :39 0,343 11.16 2,41 9:26 0.453 11.19 0.674 9;24 0,563 11 ;15 3.683 9 :42 0.232 11 ,18 1.112 9:38 0 .343 
11:18 1.003 9:40 0 .232 11..17 1,656 9:27 0.34.3 11'20 0453 9:25 0.453 11:16 2.303 9,'3 0.232 11:19 0 .784 9 :39 0 .343 
11:19 D.674 9 '41 0 .121 1.1;18 L.221 9:28 0.343 U 21 0.343 9:26 0.343 11:17 1.439 9 .44 0.121 1120 D.563 9.40 0 ,232 
11 :20 D.453 9:42 0 .121 1.1.:19 0.893 9:29 0.343 U ·22 0.232 9:27 0343 11:18 1.003 9 :45 0.121 11 ·21 0.453 9:41 0 .232 
ll :21 0.343 9:43 0.121 11:20 0 ,674 9:30 0.232 11 '23 0.232 9:28 0.232 11 :19 0674 9 :46 0.121 11'22 0.343 9·42 0 .232 
11:Zl 0.232 9:44 0.121 11:21 0.563 9:31 0.232 11·24 0.121 9:29 0.232 ll :20 0 .453 9:47 001 11 ·23 D.232 9·43 0 .121 
11 :23 0.232 9:45 0 .121 11:22 0.453 9 :32 0.232 11:25 0,121 9 :30 0.232 ll:21 0.232 9 :48 0.01 11:24 0.232 9 :44 0 .12.1 
11:24 0,232 9;46 0.121 11 .23 0 ,343 9:33 0.343 11 .26 0 ,121 9 :31 0,232 11:22 0.232 9 :49 001 11 25 0.232 9:45 0 .121 
11:25 0.121 9 :47 0.121 ll ,24 0 ,343 9:34 0.453 11.27 OJ.21 9 .32 0,232 11:23 0 .121 9:50 0,01 11.26 0.232 9:46 0 .121 
1Ll6 0121 9 :48 0 .121 11:25 0.232 9 -35 0.453 11 28 OlH 9:33 0,232 11 -24 0 121 9 :51 0.01 ll :27 0.121 9:47 0 .121 
11:27 0121 9:49 0.01 11'26 0.232 9:36 0.453 11 29 0121 9:34 0,121 11 -25 0 .121 9 :52 0 ,01 ll.28 0 .121 9:48 0 ,121 
IL28 0.121 9 :50 0 .121 ll'27 0 .232 9:37 0.343 11 30 0121 9:35 0 121 11 .26 0.01 9 -53 0 .01 1129 0 .121 9 49 0 .121 
11:29 0.12.1 9:51 0.121 ll:28 0.232 9:38 0.343 1.1;31 OJ.21 9:36 OJ.21 11 :27 0.01 9:54 001 11'30 0.121 9,50 0 .121 
11:30 0.12.1 9:52 0.01 11:29 0.232 9:39 0.232 1.1;32 OJ.21 9:37 OJ.21 11 :28 0.01 9 :55 001 U:31 0.121 9'.51 0 .121 
11:31 0.121 9 :53 0 .121 11•30 o.n2 9 :40 0.232 ll:33 0.121 9 .38 0.121 11:29 001 9:56 001 u ·32 0.121 9 -52 0 .121 
11.32 0.121 9;54 0.01 11 .31 0,232 9:41 0.232 11,34 0.121 9:39 0.121 11:30 0.01 9 :57 0.01 ll :33 0.121 9:53 0 .121 
11:33 0 ,121 9 -55 0.01 11,32 0 ,232 9·42 0 .232 ll ,35 0 .121 9·40 0 ,121 11:31 0.01 9.53 001 ll:34 0.121 9:54 0 .121 
11;34 0,121 9c56 0.01 ll.33 0 232 9:43 0.232 11,36 0121 9-41 0.121 11:32 001 9-59 0,01 11.35 0.121 9 ·55 0 .121 
11.:.35 OJ..21 9:57 0.121 1134 0 .232 9:44 0.232 l l.;37 0 .121 9:42 Oe!21 11:33 0.01 10:00 0.01 11'36 0.121 9 ;56 0 .121 
11;36 0 .121 9:58 0,121 ll3S 0 232 9.45 0 232 11·38 0 121 94.3 0121 11:34 001 10-01 0.01 11.37 0.121 9;57 0.121 
11;37 0121 9:59 001 .U.36 0 .232 9.46 0.232 11.39 0 .121 9:44 0 .121 11:35 001 10:02 0.01 11 38 0.121 9.58 0 .121 
1.1;38 0,121 10:00 0.121 11.37 0 .232 9:47 0.l32 11:•o 0 .111 9:45 0121 11:36 001 10·03 0,01 11:39 0.121 9;59 0 .121 
11.:.39 Oel21 10:01 001 .ll:38 0.232 9•48 0.121 11 '41 0 l2l 9:46 0 l21 11 :37 0 .01 10:04 001 1140 0.121 10,00 0121 
1.1 :40 OU! 10:02 0 .01 11.39 0.132 9"49 0.232 11:42 0 .121 9:47 0.121 11:38 0.01 10:05 001 11 ·•1 0.121 1001 0 .121 
ll :41 0.121 10:03 0.01 11:40 0 .232 9:50 0.232 11:43 0 .121 9:48 0 .121 11:39 0.01 10:06 001 U ·42 0.121 10·02 0 .121 
ll :42 0,!21 10:04 0.121 11:41 0.232 9:51 0.232 11:•• 0 .121 9:49 0.121 11:40 0 .01 10:07 001 ll 43 0 .121 100] 0 .121 
11:43 0.121 10:05 0,121 11 ,42 0 ,232 9.52 0.232 11 ·45 0 .121 9:50 0.121 ll :41 0,01 10:08 0,01 11:44 0 .121 10:04 0 .121 
11:44 0.121 10:06 0 ,01 11 ;43 0 ,232 9.53 0.232 11·46 0 ,121 9,51 0,121 11:42 0,01 10:09 0.01 11 :45 0.121 10:05 0.121 
11 ·•5 0.121 10:07 0.121 11 :44 0.232 9 54 0.232 11 ·•7 0121 9 52 0.121 11:43 0,01 10-10 0.01 11.46 0 .111 10,06 0.121 
11 _.!6 0 121 10:08 001 11 ·45 0.232 9.55 0.232 11 '48 OJ.21 9.53 0121 11:44 0.01 10:11 0.01 1147 0 .121 10:07 0 .121 
U ·47 0121 10:09 001 11:46 0.232 9.56 0.12.1 11'49 0121 9:54 Olli 11:45 0 .01 10:12 001 11:48 0 .121 10:08 0 .121 
11'48 0.121 10:10 0.01 11•47 0.232 9·S7 0 232 11 ·50 0 .1.21 9 :55 0.121 11:46 0.01 10:ll 001 1149 0.121 10·09 0 .121 
11 "49 0.121 10:11 0 .01 11.48 0.232 9·58 0.232 11:51 0 .!21 9 :56 0 .121 11:47 0.01 10:14 001 U:50 0 .121 10:10 0 .121 
11:50 0.121 10:12 0,01 11 :49 0.232 9;59 0.121 11 52 0 .121 9 :57 0121 11:48 0.01 10:15 0.01 11:51 0 .121 10·u 0 .121 
11.51 OU! 10:13 0.01 11.50 0.232 10.00 0.232 11 .SJ 0.121 9 58 0 .121 11 .49 0.01 10:16 0.01 11 ;52 0 .121 10 12 0.121 
11:52 0.121 10:14 0.01 11:Sl 0.232 10:01 0.232 11 54 0.121 9 :59 0.121 11:50 0.01 10:17 0,01 1153 0.121 10·13 0.121 
11:53 0.111 10:15 0 .121 11.52 0,232 10.02 0.232 11.55 0.121 10.00 0 .121 11:51 0.01 10:18 0,01 11.54 0.121 10·14 0.121 
11;5,4 0 121 10.16 0.01 11:53 0 232 10.03 0.121 11.56 0 .121 10:01 0 .121 11:52 0.0 1 10:19 0 .01 11.55 0 .121 10:15 0,121 
11:55 O.Ul 10:17 0 .01 11 :54 0.232 10•04 0.232 11'57 0 .121 10:02 0 .121 11:53 0 .01 10:20 001 11 ,56 0.121 10:16 0.121 
11:56 0 .121 10:18 0.01 11:55 0.232 10:05 0.232 11 ''58 0 121 10;03 0.121 ll '. 54 0-01 10:21 0,01 U.57 0 .121 10:11 0 121 
11:57 0 121 10:19 0.01 11' 56 0.232 10:06 O.Ul 11 59 0 .121 10:04 0 .121 11:55 001 10:22 001 1158 0 .121 10'18 0.121 
11 :58 0 .121 10:20 0 .12 1 11:S7 0.232 10:07 0.121 12 ·00 0 .121 10:05 0 .121 11:56 0 .01 10;23 001 u ·S9 0 .121 10:1-9 OJ.21 
11 :59 0.121 10:22 0.01 11 :58 0 .232 10:09 0.121 12:01 0 121 10:07 0 .121 11:57 001 10:25 0.01 12:00 0.121 10,21 OJ.21 
12:00 0.121 10:23 0.01 11:59 0.232 10.10 0.121 12 .02 0.121 10.08 0 .121 11;58 0.01 10:26 0.01 12 01 0 .121 10:22 0.121 
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APPE .. _,_. B. TONGUE RIVER WATERSHED 2016 QUALITY ASSURANCE:: ALITY CONTROL DOCUMENTATION 

Appendl• Tobie B-3 (conllnuod) S..mm•,Y of Re,ulu for Pre •nd Post Se•son l<e Test> 

Sl'(. 106U497 SN 9917127 SN ; 9775391 SN: IO-C84455 SN 9927129 
TROI TR03 TII05 TR07 TR09 

,,_ •!SIU. PostU/15/16 PrU/S/16 PoolU/lS/16 PrU/S/JJ, PottU/lS/16 Pr••/5/16 Pott U/15/ 16 ,.,.,,s11, -tll/15/16 
Time Temp. ·c Time Ternp, •c nme Trmp, 1C Tlme Te.mp. •c Time Temp, ' C Time 

12:01 0 .121 10:24 0121 12;00 0.232 10 11 0232 11:03 0.121 1009 
12:02 0 121 10:25 0.01 12:01 0.232 10,12 0 232 12 04 0.121 10 10 
12113 0.121 10-26 0 ,121 12:02 0.232 10.13 0 .121 12'05 0 .121 10..l.1 
12.04 0 .121 10:27 0,121 12:03 0.232 10:14 0.232 12'06 0.121 10·12 
12 ·05 0.121 10:28 0,01 12:04 0,232 10 15 0.232 1207 0.121 10.13 
12 .06 0.121 10 29 0.01 12:0S 0.232 1016 0 .232 ll.08 Olli 10 14 
12.07 0 .121 10:30 001 12:06 0 .232 10 17 0 ,232 12:09 0.121 10.15 
U :08 0.121 10·31 0121 12:07 0 .232 10 18 0121 12 10 0 .121 1016 
12;09 0.121 10·32 0121 12:08 0.232 1019 0232 12 11 0 .121 10,17 
12:10 0 .121 10:33 0.01 12·09 0.232 10·20 0 121 12.12 0.121 10·18 
12 .11 0 ,121 10:34 001 12 .10 0 232 10:21 0 .232 12.ll 0.121 1019 
12 ,12 0 121 10.35 0 01 12:11 0.232 10:22 0,232 1 ·14 0 ,121 10:20 
12:13 0 .121 10.36 0 ,Ul 12·12 0.232 10.23 0,232 12:15 0 .121 10.21 
12:14 0.12.1 10•37 0 .01 12.13 0.232 10 24 0.232 12.16 0.121 10·22 
12:15 0 .121 10:38 0 .01 12:14 0.232 10•25 0 232 12:17 0.121 10:23 
12:16 0.121 10:39 0 .01 12:15 0.232 1026 0.232 12.18 0.121 10"24 
12:17 0.121 10:40 0 .01 12'16 0.232 10:27 OH2 ll·l9 0.121 10-25 
12:l S 0 .121 10:41 0,121 12:17 0.232 10·28 0232 12:20 0.121 1026 
12•19 0.121 10:42 0.01 12:18 0.232 10:29 0.112 12:21 0 .121 10:27 
12:20 0.121 10.43 0 .01 12:19 0.232 10·30 0121 12 22 0 .121 10·28 
12:21 0.121 10·44 0 .121 12:20 0,232 10:31 0.232 12:23 0.121 10:29 
12:22 0.121 10"45 0 .01 12:21 O.H2 10:32 0.232 12 24 0.121 10:30 
12,23 0.121 10'46 0 121 12·22 0 232 1033 0.232 12 25 0,121 10:31 
12:24 0 .121 10.47 0 .01 12:23 0.232 10'.34 0121 12:26 0.121 10.32 
12.25 0.121 10'48 0121 12:24 0 232 10'35 0121 12 27 0.121 1033 
12:26 0.121 10:49 0.01 12:25 0.232 10:.36 O..l.21 12·28 0.121 10·34 
12:27 0.121 1050 0.01 12:26 0 232 10:37 0.232 U :29 0.121 10·35 
12'28 0.121 10 SI 0.121 12 .27 0 232 1038 0 232 12 .30 0 .12.1 10,36 
12 .29 0 121 10·52 0.121 12-28 0.232 10:39 0 232 12.31 0.121 10"37 
12 ,30 0.121 10:S3 001 12 .29 0.232 10:40 0.232 12·32 0.121 10"38 
12 31 0.121 10:54 0 .01 12:30 0.232 10.41 0 232 12 33 0.12.1 10·39 
12:32 0121 10:SS 0.01 12 .31 0.232 10 42 0.121 12-34 0 .121 10:40 
12:33 0.121 10 56 0.01 12.32 0 232 10:43 0 232 12.35 0.121 10.41 
12 ·34 0.121 10..57 0.01 12·33 0 232 10.44 0121 12 36 0.121 10.42 
12:35 0.121 10·58 0.01 12:34 0 232 10.45 0 232 12 37 0,121 10.43 
12·36 0.121 10'59 0 .01 12:3S 0 232 10·46 0121 1238 0.121 1044 
12 '37 0.121 11 ·00 0121 12:36 0 232 10:47 0 232 12·39 0.121 10-45 
12:!8 0.121 11:01 0,01 12:37 0.232 10:48 0,121 12.40 0.121 10"46 
12 39 0.121 11:02 0.01 12:38 0 232 10.49 0 232 12·4I 0.121 10:47 
12:40 0121 11-<>3 0 .01 12 ·39 0 232 10.SO 0 232 12 42 0,121 10.48 
12 ·41 0.121 11 -04 0 .01 12.40 0 232 10:51 0 232 12.43 0.121 10.49 
12:42 012.1 u ·os 0 .01 12.41 0232 10 52 0 232 12:44 0121 1050 
12'43 0.121 11 ·06 0 .01 12:42 0 232 10·53 0.232 12"45 0.121 10 SI 
12:44 0.121 11:07 0 .01 12:43 0.232 10·54 0 232 12:46 0.121 10 52 
12 45 0.121 U .08 0 .121 12-44 0 232 10·55 0232 12·47 0.121 10 53 
12:46 0.121 11.09 0 .121 12.45 0232 10:56 0.121 12"48 0.121 1054 
12:47 0 121 11:10 0,121 12:46 0.232 10:57 0.232 12:49 0.121 lO·SS 
12 .48 0.121 II.II 0 121 12 47 0,232 10'58 0121 12:50 0.121 10.S6 
12:49 0.121 11:12 0 121 12·48 0.232 10 59 0121 12,Sl 0.121 10:57 
12·so 0.121 11:13 0 121 12·49 0,232 11:00 0,121 12.52 0.121 10·58 
11 ·51 0.121 11 "14 0 .121 12 so 0 232 11:01 0 232 12 53 0.121 10·59 
12:52 0.121 11 .15 0..121 12 '51 0 232 11:02 0 121 12:54 0.121 1100 
12:53 0.121 11 ·16 0.121 12:52 0.232 11:03 0..J.2 1 12·55 0.121 11 ·01 
12 .54 0.121 1117 0.121 12:53 0,232 11 .04 0,121 12.56 0.121 11 ,02 

Sheridan County Conservation District 
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Temp, ·c Tlme Temp, •c Time 
0.121 11 .59 0,01 10·21 
0.111 12 ,00 0.01 10 28 
0.121 12·01 0.01 10.29 
0.121 12:02 0.01 10.30 
0 121 1203 0.01 10·31 
0.121 12:04 0.01 10·32 
0.121 12:05 0.01 10:33 
0.121 12 06 0.01 10:34 
0.121 12,07 0.01 10 :35 
0.121 1208 0.01 10 36 
O..l.21 12 09 0.01 10 37 
0.121 12·10 0 .01 10·38 
0.121 12·11 0.01 10•39 
0,121 12 12 0.01 10"40 
0.121 12.13 0.01 10:41 
0.121 12:14 0.01 10:42 
0.121 12,lS 0.01 10.43 
0 .121 12:16 0.01 10.44 
0.121 12.17 0.01 10:45 
0 .121 12 18 0 .01 1046 
0 .121 12:19 0.01 10:47 
0.121 12 20 0.01 10·48 
0.121 12 21 0 .01 10·49 
0 .121 12 .22 0.01 1050 
0 .121 12:23 0 .01 10 51 
0.121 12 24 0 .01 10·52 
0..J.21 12:25 0.01 10·53 
0 .121 12'26 0 .01 10:54 
0.121 12 27 0.01 10-ss 
0.121 12 28 0.01 !O·S6 
0.121 12 29 0 .01 10:S7 
0 .121 12'30 0.01 10:58 
0,121 12.31 0 .01 10:59 
0 .121 12·32 0 .01 11 .00 
0 ,121 12:33 0 .01 11 .01 
0 .121 12·34 0.01 11:02 
0121 12.35 001 11 .03 
0 .121 12'36 0 .01 11:04 
0121 12'37 001 11:05 
0 .121 12"38 0.01 1106 
0.121 12.39 0.01 11 .07 
0 121 12 40 0.01 11 '08 
0121 12 41 0,01 1109 
0..121 12 42 0,01 11 ·10 
0 121 12 43 0,01 1111 
0 ,121 12 44 0,01 11·12 
O..l.21 12:45 0.01 11:13 
0 .121 12 46 0.01 11.14 
0.121 12:47 0.01 1115 
0,121 12:48 0.01 11 ·16 
0.121 12 .49 0,01 11 17 
0,121 12-50 0.01 11:lS 
0 121 12:51 001 11:19 
0.121 12·52 0.01 11 -20 

Temp, •c Time Temp, ·c Tlme 

O.Ol 12·02 0.121 10;23 
0.01 12;03 0.121 10.24 
0.01 ll.04 0,121 10:25 
0.01 ll:05 0,121 10:26 
0.01 12·06 0 ,12 1 10:27 
0.01 1207 0 ,121 10:28 
0.01 12:08 Oel.21 10:29 
0.01 1209 0 ,121 10:30 
0.01 12·10 0 ,121 10:U 
0 .01 12 ·11 0 .121 10:32 
001 12:12 0.121 10:33 
0.01 12.13 0.121 10:34 
0 .01 12•14 0121 10:35 
0.01 12, 15 0.121 10:36 
0.01 12·16 Olli 10'.37 
0 .01 12:17 0.12.1 10•38 
0 .01 12.18 0121 10:39 
0.01 12:19 0 .121 10:40 
0,01 12:20 0.121 10:41 
0 ,01 12,21 0.121 10:42 
0.01 12:22 0.121 10:43 
0.01 12:23 0.121 10:44 
0 .01 12:24 0.121 10·45 
0 .01 12:25 0.12.1 10:46 
0 .01 12 ·26 0.121 10:47 
0 .01 12 .27 0.121 10:48 
0 ,01 12:28 0,121 10:49 
0 .01 12,29 0,121 10:SO 
0 .01 12:30 0121 10 .51 
0 .01 12:31 0,121 10:52 
0.01 12:32 0 121 10 S3 
0.01 12' 33 0 121 10:54 
0.01 12:34 0.121 10:SS 
0.01 12'35 0.121 10·S6 
0.01 12:36 0.121 10·57 
001 12:37 0121 10'58 
0.01 12:38 0121 10:59 
0,01 12.39 0,121 11:00 
001 12:40 0121 11·01 
001 12:41 0.121 ll02 
001 12:42 0 .121 11-0l 
0.01 12:4i 0.121 ll ·04 
0.01 12 '4A 0.121 1105 
0.01 12.45 0.121 11:06 
0.01 12:46 0121 11:07 
0.01 12.47 0.121 1108 

0121 12·"8 0 ,121 11:09 
0.121 12·49 0 .121 11 ,10 
0.121 u ·so 0 .121 1111 
0.121 12"51 0 .121 n :12 
0.121 12-s2 0 .121 ll.'1.3 
0,121 12:53 0 .121 11:14 

0.01 12,54 0.121 11:15 
0.01 12 55 0121 11:16 

Tf S 2/025 
ED 10-l:>-18 

T11mp, •c 
0,121 
0121 
0 ,121 
0 ,121 
0 ,121 
0 .121 
0.121 
0 121 
0121 
0.1.2.1 
0121 
0 121 
0,121 
0.121 
0.121 
0.121 
0 lll 
0.lll 
0.121 
0.121 
0.121 
0.121 
0121 
0.121 
0121 
0 121 
0121 
0 .121 
0.121 
0121 
0.121 
0.121 
0.121 
0. 121 
0. 121 
0 121 
0.121 
0.121 
0 121 
0 121 
0 121 
0 .121 
0 121 
0 121 
0 121 
0,121 
0,121 
0 121 
0 121 
0,121 
0121 
0 121 
0.121 
0 ,121 

•peuue.os 
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APPE. -- ··: B. TONGUE RIVER WATERSHED 2016 QUALITY ASSURANC~ ALITY CONTROL DOCUMENTATION 

Appendix Table 8-4. Summary of 2016 Water Quality Sample Blank Data for the Tongue River Watershed 

Trip Blank Data Field Blank Data 
Sample Location of Collection 

Sample Date ID TURB E. coli Field Blank Time TURB E.coli 
(NTU) ( cfu/1 OOm L) (NTU) (cfu/100ml) 

5/18/2016 -01 <.0.1 <1 PD0l 9:30 <0.1 <1 

5/18/2016 -02 <0.1 <1 5C01 12:10 <0.1 <1 

5/31/2016 ~01 <0.1 <l TR03 9:55 <0.1 <1 

5/31/2016 -02 <0.1 <l LTR0l 11:20 <0.1 <l 

6/13/2016 -01 <0.1 <1 GCOl 10:05 <0.1 <1 

6/13/2016 -02 <0.1 <l CC0l 11 :20 <0.1 <1 

6/27/2016 ~01 <0.1 <1 TR0S 11:00 <0.1 <1 

6/27/2016 -02 <0.1 <l TR08 12:45 0.6 <1 

7/ 13/ 2016 -01 <0.1 <1 TR07 11 :45 <0.1 <l 

7/13/2016 - 02 <0.1 <1 FMCOl 12 :55 <0.1 <l 

7/28/2016 -01 <0.1 <l WC0l 13:00 <0.1 <l 

7/28/2016 ~02 <0.1 <1 TR09 14:15 <0.1 <l 

8/10/2016 ~01 <0.1 <l TR0l 9:00 <0.1 <l 

8/10/2016 ~02 <0.1 <l 5(01 13:05 <0.1 <l 

8/22/2016 ~01 <0.1 <1 PD0l 9:20 <0.1 <l 

8/22/2016 ~02 <0.1 <l LTROl 11:35 <0.1 <1 

9/7/2016 ~01 <0.1 <l TR03 10:20 <0.1 <l 

9/7/2016 ~02 <0.1 <l CC0l 11:55 <0.1 <l 

9/20/2016 ~01 <0.1 <1 GC0l 10:30 <0.1 <1 

9/20/2016 ~02 <0.1 <1 TR08 12 :35 <0.1 <l 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 
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Appendix Table B-5. Summary of 2016 Duplicate Samples for the Tongue River Watershed 
Sample Descriptors Field Data Laboratory Data 

Date Time Duplicate of Hanna YSI pH COND DO DO TURB E_COU 

mmddyy (rnlliWy) 
StotiontD 

Site Temp [•c) Temp ("C) (SU) (umho/cm) (mg/L) (%) (NTU) (cfu/lOOmL) 

S/18/2016 9:05 TRD01 TR01 13.1 12.7 8.51 469 ND' ND 1 23.3 S2 

5/18/2016 9:05 TROl 12.9 12..4 8.38 480 N01 N01 10.1 75 

Relarlve Percent Difference J.5 2.4 J.5 2.3 ND 1 ND 1 79.0 36.2 

5/31/2016 9:30 TRD01 PD01 12.2 11.7 8.36 1466 9.63 88.6 9.5 249 

5/31/2016 9:30 PDOl 12.3 11.7 8.35 1493 9.65 88.8 8.8 291 

Relative Percent Difference 0.8 0.(} 0.1 1.8 0.2 0.2 7.7 15.6 

6/13/2016 9:45 TRDOl TR03 17.S 17.0 8.16 172 8.43 87.2 16.0 160 

6/13/2016 9:45 TR03 17.4 17.0 8.15 188 8.45 87.l 14.5 261 

Relative Percent Difference 0.6 o.o 0.1 8.9 0.1 0.1 9.8 48.0 

6/27/2016 10:40 TRDOl GCOl 21.7 21.2 8.49 S98 10.63 119.9 2.3 169 

6/27/2016 10:40 GCOl 21.6 21.l 8.47 S97 10.74 120.7 2.0 259 

Relative Percent Difference 0.5 o.s 0.l 0.l 1.0 0.7 14.0 42.l 

7/13/2016 11:05 TRDOl TROS 19.9 19.3 8.49 378 9.35 101.7 2.5 162 

7/13/2016 11:05 TROS 19.8 19.3 8.48 381 9.45 102.8 2.7 162 

Relative Percent Difference 0.5 o.o 0.1 0.8 1.l J .J 1.1 o.o 
7/28/2016 12:2.S TRDOl TR07 22.S 22.0 8.24 389 6.92 77.7 3.7 76 

7/28/2016 12:25 TR07 2.25 22.0 8.26 391 7.10 79.2 3.6 140 

Relative Percent Difference o.o o.o 0.l o.s 1.6 1.9 1.7 59.3 

8/10/2016 11:05 TRDOl WC01 19.6 19.1 8.15 575 8.33 89.7 2.2 119 

8/10/2016 11 :05 WCOl 19.7 19.1 8.13 S74 8.30 89.8 2.2 99 

Relativ11 Percent Difference 0.5 o.o 0.l 0.1 0.4 0.1 o.o 18.3 

8/22/2016 8:55 TRDOl TROl 18.9 18.3 838 743 7.56 80.8 13.1 2.28 

8/22/2016 8:55 TROl 18.8 18.3 8.38 744 7.61 80.S 13.0 276 

Relative Per~ent Difference o.s o.o 0.0 0.1 0.7 0.4 0.8 19.0 

9/7/2016 9:55 TRDOl PD01 16.2 15.6 8.36 1446 9.66 97.l 2_4 S79 

9/7/2016 9:55 PDOl 16.1 1S.S 837 1442 9.69 97,3 2.3 488 

Relative Percenr Difference 0.6 0.6 0.1 0.3 0.3 0.1 4.3 17.J 

9/20/2016 10:10 TRDOl TR03 17.1 16.S 8.57 489 9.17 93.8 2.4 3 

9/20/2016 10:10 TR03 17.0 16.4 8.61 493 9.26 94.7 2.6 6.0 

Relative P~rcent Difference 0.6 0.6 0.5 0.8 1.0 1.0 8.0 66,7 

0.61 0.41 0.31 L59 0.82 0.63 13.39 31.U 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 
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Appendi>C Table B-5 (continued) . Summary of 2016 Duplicate Samples for the Tongue River Watershed 
Sample Descnptors Field Data Laboratory Data 

Date Time Duplicate of Hanna YSI pH CONO 00 DO TURB 
E_COU 

mmddw (m il itary) 
StationlO 

Site Temp (• C) Temp (' C) (SU ) (um ho/cm) (mg/L) (%) (NTU ) 
(cfu/l00mL 

J 

S/18/2016 12:25 TRD02 TR09 9.1 8.6 8.43 151 ND ' ND' 3.2 20 

5/18/2016 12:2S TR09 9.0 8.S 8.43 166 N0 1 ND 1 2.6 10 

Relative Percent Difference 1.1 1.1 0.0 9.5 ND 1 ND 1 10,7 66.7 

5/31/2016 lU0 TRD02 SCOl 9.8 9,2 8.39 352 10.39 90.4 28.0 2420 

5/31/2016 11:30 SCOl 9.8 9.2 8.37 352 10.42 90.6 29.2 S480 

Rela tive Percent Difference o.o 0.0 0.1 0.0 0.3 0.2 4.1 77.5 

6/13/2016 11:30 TR002 lTR0l 15.S 15.0 8.49 236 9 .56 94.7 2.7 308 

6/ 13/2016 11:30 LTROl 15.4 14.9 8.49 239 9.64 9S.4 2.6 248.0 

Relative Percent Difference 0.6 0.7 o.o 1.3 0.8 0.7 3.8 11.6 

6/27/2016 13:15 TROOZ CCOl 21 .0 20.4 8.15 285 8.58 95.2 38.10 816 

6/27/2016 13:15 CCOl 20.9 20.4 8.13 286 8.62 95.S 52.6 727 

Relative Percent Difference 0.5 o.o 0.1 0.4 0.5 0.3 31.0 ll.5 
7/13/2016 13:05 TR002 TR08 17.8 17.3 8.52 289 9.79 102.0 1,2 32 

7/13/2016 13:05 TR08 17.8 17.3 8 .51 293 9.85 102.6 1.3 35 

Relative Percent Difference 0.0 0.0 0.1 1.4 0.6 0.6 8.0 9.0 

7/28/2016 13:15 TRD02 FMCOl 21.2 20.8 7.86 518 6.60 73 .9 29.5 219 

7/28/2016 13:15 FMCOl 21.2 20.8 7.88 527 5.70 62.1 104.0 236 

Relative Percent Difference o.o o.o 0.J 1.7 14.6 17.4 Ul.6 7.5 

8/10/2016 13:30 TRD02 TR09 18.4 17 9 8.65 233 8.92 94 .4 0.9 16 

8/10/ 2016 13:30 TR09 183 17.9 8.60 236 9.16 96.3 0.9 23 
Relative Percent Difference 0.5 0.0 0 .6 1.3 2.7 2.0 0.0 3S.9 

8/22/2016 11 :45 TRD02 SCOl 16.3 15.7 8 .51 416 9.05 91 .2 2.9 178 

8/22/2016 11 :45 scot 16.0 15.S 8.50 425 9.17 92.0 3.0 160 

Relative Percent Difference 1.9 l .3 O.l 2.1 1.3 0.9 J.4 10.7 

9/7/2016 12:20 TRD02 LTROl 13.7 13.1 8.44 261 9.62 91 .6 L1 14S 

9/7/ 2016 12:20 LTROl 13.6 13.1 8.43 258 9.68 92.l 1.0 156 

Relative Percent Difference 0.7 0.0 0.1 1.2 0.6 0.5 9,5 7.3 

9/20/2016 13:00 TRD02 CCOl 15,1 14 .S 8.29 313 9.21 90.S 15.S 161 

9/ 20/2016 13:00 CCOl 15.0 14.S 8.30 313 9.28 91.1 16.9 144 .0 

Relative Percent Difference 0.7 0 .0 0.1 0,0 0 .8 0 .7 8 .6 11 .1 

0.60 0.31 0.18 1.87 1.46 2.59 10.18 25,87 

Average RPO for at[ samples 0.61 0 .36 0.25 1.73 1.64 1.61 16.79 29.04 

TF S 2 / 2 5 
ECO 10-25-1 8 
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APPENDIX TABLE B-6. Summary of 2016 Habitat Assessment Duplicate Samples for the the Tongue River Watershed 

Stream Name Tongue R. Tongue R. 

Location TR09 TR09 

Sampler SCCD SCCD 

Date 10/4/2016 10/4/2016 

Assessor Name Assessor1 Assessor 2 
Habitat Parameter 

Percent Fines 15 18 

lnstream Cover 16 18 

Embeddedness 16 16 

VelocityfDepth 16 16 
Channel Flow 19 18 
Channel Shape 7 10 

Pool/Riffle 13 13 

Channel Alteration 11 13 

Width/Depth 6 11 
Bank Vegetation 8 8 
Bank Stability 8 8 
Disruptive Pressures 9 9 
Riparian Width 8 4 

Total Score 152 162 
RPO .. 6% 

TF S 2/02 
RECD 10-25-1 8 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-1. SITE ABBREVIATIONS FOR THE SCCD 2016 TONGUE RIVER WATERSHED INTERIM MONITORING 

Site Abbreviation Descriptions 
TROl Tongue River; 200 meters downstream of river bend; off of well pad road that is off of Lower Prairie Dog Road; lowest sit e on the Tongue River 

PDOl Praire Dog Creek; approximately 150 yards downstream from USGS station No. 06306250; lowest site on Prairie Dog Creek 

TR03 Tongue Rive r; approximately 20 meters downstream of bridge on Decker Road (Hwy 338) 

GCOl Goose Creek; located in between USGS Station No. 06305700 and HWY 339 bridge crossing; lowest site on Goose Creek 

TR05 Tongue Rive r; Off of the Kleenburn Road; In Sheridan County' s Recreational Picnic Area; downstream 0. 7 miles from USGS Station 06306250 

TR07 Tongue River; 10 feet downstream of the Ranchester Water Treatment Plant intake 
WCOl Wolf Creek; upstream of the County Road 67 bridge crossing 

FMCOl Fivemile Creek; upstream of the Hwy 14 Bridge in Ranchester 

TR08 Tongue River; downstream of the Halfway Lane County Road bridge 

CCOl Columbus Creek; downstream of the Hwy 14 bridge crossing 

LTROl Little Tongue River; 300-400 yards upstream from the Tongue River confluence 

SCOl Smit h Creek; downstream of the County Road 92 bridge crossing 
TR09 Tongue River; at the USGS Station No. 06298000; highest SCCD site on the Tongue River 

APPENDIX TABLE C-2. CODES USED FOR THE SCCD 2016 TONGUE RIVER WATERSHED INTERIM MONITORING 
CODE PARAMETER UNITS 

SCCD Sheridan County Conservation District 

Collection Date Collect ion Date Month/Day/Vear 

Collection Time Collection nme Mil itary Time 

Hanna Temp Water Temperature - Hanna Instrument Degrees Centigrade ("C) 

YSI Temp Water Temperature - YSI Instrument Degrees Centigrade ('C) 

pH pH Standard Units (SU) 

COND Electrical Conductivity µ5/cm 

DO (mg/L) Dissolved Oxygen mg/L 

00(%) Di ssolved Oxygen Percent Saturation (%) 

Staff Water level/Gauge Height feet 

Discharge Calculated Discharge or USGS Discharge cfs 
TURB Turbidity NTU 

E CO LI Escherichia Coli cfu/lOOmL 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report TF 6 2/0 ... 5 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-3. SCCO 2016 WATER QUALITY DATA AT SITE TROl 

Field Data 

Waterbody Site Date nme Hanna VSI pH COND 
(mmddvvl (military) Temp (• c) Temp ("C) (SU) (um ho/cm) 

Tongue River TROl 5/18/2016 9:05 12.9 12.4 8.38 480 
Tongue River TROl 5/31/2016 9:25 12.7 12.2 8.14 345 
Tongue River TROl 6/13/2016 9:10 18.3 17.8 8.10 242 
Tongue River TROl 6/27/2016 9:35 21.6 21.1 8.70 533 
Tongue River TROl 7/13/2016 9:55 20.4 19.9 8.31 555 
Tongue River TROl 7/28/2016 9:30 23.6 23.0 8,13 739 
Tongue River TROl 8/10/2016 9:00 22 .2 21.7 8.31 769 
Tongue River TROl 8/22/2016 8:55 18.8 18.3 8.38 744 
Tongue River TROl 917/2016 9:40 17.7 17.2 8.48 737 
Tongue River TROl 9/20/2016 9:30 16.0 15.5 8.49 707 

NOTES: 
Ari thmetic Averages (means) 

N0 1- 00 meter malfunction Period TEMP TEMP PH CONO 

NO' ••sample discarded Ma y 18-July 13 17.2 16. 7 8.33 431 
June .13-August 10 21.2. 20.7 8.31 568 

July 28-Septem ber 20 19.7 19,1 8.36 739 
Annual 18.4 17,9 8.34 585 

APPENDIX TABLE C-4. SCCO 2016 WATER QUALITY OATA AT SITE POOl 

Fleld Data 

Wa erbody S'ite Date Time Hanna YSI pH COND 
(mmddyy) (military) Temp (•C) Temp (*CJ (SU) (umho/cm) 

Prairie Dog Creek POOl 5/18/2016 9:30 13.0 12.5 8 .49 1046 
Pralrie Dog Creek POOl S/31/2016 9:30 12.3 11.7 8.35 1493 
Prairie Dog Creek PDOl 6/13/2016 9:25 19.9 19.4 8.35 1317 
Prairie Dog Creek PDOl 6/27/2016 9.:45 18.7 18. l 8.32 1600 
Prairie Dog Creek POOl 7/13/2016 10:00 18.3 17.6 8.21 2.8mS 
Pralrie Dog ueek PDOl 7/28/2016 9:50 U .1 20.6 8.11 2 7mS 
Prairie Dog Creek PDOJ 8/10/2016 9 :15 20.0 195 8.23 1357 
Prairie Dog Creek PDOl 8/22/2016 9 :20 17.0 16.4 8.38 1306 
Prairie Dog Creek PDOl 9/7/2016 9:55 16.1 15.S 8 .37 1442 
Prairie Dog Creek PDOl 9/20/2016 9:50 14.6 14.1 8.49 1068 

NOTES: 
Arithmet ic Averages (mea ns) 

ND1- DO meter malfunction Period TEMP TEMP PH COND 

ND'-sample discarded May 18-July 13 16.4 15.9 8.34 1651 

June 13-AugustlO 19.6 19.0 8.24 19S5 
July 28-September 20 17.8 17.2 8.32 1575 

Annual 17.1 16.S 8.33 1613 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 
(mg/L) (%) 

ND1 ND' 2.05 
8.94 83.2 2.58 
7.91 83.2 2.89 
10.10 113,3 1.36 
8.20 89.4 0.91 
6.35 73.9 0.59 
7.21 82.2 0.90 
7.61 80.S 1.09 
8.35 86.5 1.14 
9.39 94 .1 1.06 

00 (mg/l) 00(%1 STAFF 

8.79 92 .3 1.96 
7.95 88.4 1.33 
7.78 83.4 0.96 
8.23 87 4 1.46 

DO DO STAFF 
(mg/L) (%) 

N01 NO' 1.34 
9.65 88.8 0.98 
8.55 92.8 0.88 
9.66 102.4 0.62 
9.75 103.3 0.29 
7,94 88.3 0.35 
683 73.3 0.73 
8.63 88.3 0.85 
9.69 97.3 0.79 
9.80 95.2 0.99 

OO{mg/LI 00(%) STAFF 

9.40 96.8 0.82 

8.55 92.0 0.57 

8.58 88.5 0.74 
8.94 92 .2 0.78 

DISCH 
(els) 

539.53 
917.39 
1192..10 
209.22 
82.75 
30,43 
80.67 
12S.52 
139.22 
117,69 

Discharge 

588.20 
319,04 
98.71 
343.45 

DISCH 
(cbl 

48,83 

23.61 
18.39 
8.15 
1.40 
2.16 
IL.91 
16.97 
14.31 
24.18 

Discharge 
20,08 

8.40 

13.91 
16.99 

Laboratory Data 

TURB E_COU 
(NTU) ( cfu/ 100 m L) 

10,l 75 
25 .6 261 
14,1 135 
2.1 46 
1.8 58 

4,80 61 
8.80 143 

13.00 276 
12.20 132 
5.70 68 

Geometric 

Means 
Turbidity E.coli 

10,7 93 
6.3 79 
8.9 117 
9.8 

Laboratory Data 

TURB f_COLI 
!NTU) (cfu/lOOmll 

16.7 189 
8.8 291 
5.2 S79 
1.9 260 
1.5 488 
2.30 866 
3.70 214 
6.60 146 
2.30 488 
5.20 186 

Geometric 

Means 

Turbidity E.toll 

6.8 332 

2.9 423 

4.0 301 
5.4 

S 2/ '5 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C·S. SCCD 2016 WATER QUALITY DATA AT SITE TR03 

Field Data 

Waterbody Site Date nme Hanna YSI pH COND 
(mmddyy) (mllltary) Temp ("C) Temp ("Cl (SU ) lumho/cm) 

Tongue River TR03 5/18/2016 10:00 12.6 12.2 8.60 308 
Tongue River TR03 5/31/2016 9:55 11.8 11.3 8.18 248 
Tongue River TR03 6/13/2016 9:45 17.4 17.0 8.15 188 
!Tongue River TR03 6/27/2016 10:10 21 .3 20.8 8.45 378 
Tongue River TR03 7/B/2016 10:25 21.0 20.4 8.51 441 
Tongue River TR03 7/28/2016 10:15 24.1 23.6 8.37 503 
Tongue River TR03 8/10/2016 10:00 23.9 23 .3 8.41 607 
Tongue River TR03 8/W20t6 9:50 20.l 19,7 8.55 538 
Tongue River TR03 9/7/2016 10:20 18.2 17.6 8.50 519 
l ongue River TR03 9/20/2016 10:10 17.0 16.4 8.61 493 

NOTES: 
Arithmetic Averages (means) 

NO ' - DO meter malfunction Period TEMP TEMP PH CONO 
NO'-sample discarded May 18•July 13 16.8 16.3 8.38 313 

June l3·August 10 21.S 21.0 8.38 423 
July 28-September 20 20.7 20. l 8.49 532 

Annual 18.8 18.2 8.43 4U 

APPENDIX TABlE C-6. SCCO 2016 WATER QUALITY DATA AT SITE GC0l 

Field Data 

Waterbody Site Date Time Hanna YSI pH COND 
(mmddyy) (mi li tary) Temp (·CJ Temp (·C) (SU ) (umho/cm) 

Goose Creek GCOl 5/18/2016 10:20 12.0 11.8 8.39 334 

Goose Creek GCOl 5/31/2016 10:10 11.3 106 8.11 265 
Goose Creek GCOl 6/13/2016 10:05 15.3 14.7 7.98 146 

Goose Creek GCOl 6/27/2016 10:40 21.6 21.1 8.47 597 
Goose Creek GCOl 7/13/2016 10:50 21 .1 20.6 8.32 819 
Goose Creek GCOl 7/28/2016 10:50 23.3 22.8 8.29 942 
Goose Creek GCOl 8/10/2016 10:15 22.l 21.6 8.49 692 
Goose Creek GCOl 8/22/2016 10:05 19.2 18.7 8.43 647 
Goose Creek GCOl 9/7/2016 10:40 17.9 17.3 8.52 688 
Goose Creek GCO! 9/ 20/2016 10:30 16.8 162 8.63 678 

NOTES: 
Arithmetic Averages (means) 

ND'-oo meter malfunction Period TEMP TEMP PH COND 

ND2 - sample discarded May 18-July 13 16.3 15.8 8.25 432 
June 13-August 10 20.7 20.2 8,31 639 

July 28-September 20 19.9 19.3 8.47 729 
Annual 18.1 17.5 8.36 581 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFf 
(mg/l) (%) 

ND1 ND' 1.89 
9.30 84.9 2.56 
8.45 87. l 2.75 
9.31 104. l 0.94 
9.07 100.6 0.44 
7.32 86.4 0.22 
8.13 95.3 0.35 
8.51 93.2 0.60 
9.25 96.9 0.64 
9.26 94.7 0.56 

00 (mg/LI 00(%) STAFF 

9.03 94.2 1.72 
8.46 94.7 0.94 
8.49 93.3 0.47 
8,73 93.7 L lO 

DO DO STAFF 
(mg/l) (%) 

NO' ND 1.59 

9.41 84.4 L88 
8.86 87.0 2,41 

10.74 120.7 0.83 
957 106.2 0.74 
6.10 69.5 0.65 

10.83 122 .7 0.71 
8.97 95.8 0 .80 
9.66 100.6 0.81 
12.10 123.0 0.83 

DO(mg/L) 00(%) STAFF 

9.65 99.6 1.49 
9.1.2 101.2 1.07 
9.53 102.3 0.76 
9.58 101.1 1.13 

mzmZ/9Z/Zm 'peUU8~S 

laboratory Data 

DISCH TURB E_COLI 
lcfs) (NTU) (cfu/lOOml) 

366.78 7.8 41 
508.88 16.2 214 
549.76 14.5 261 
172.60 2.3 272 
76.08 2.2 79 
36.01 4.50 11 

59.43 4.00 15 
106.32 7.10 24 
113.99 3.80 32 
98.69 2.60 6 

Geometric 

Means 
Discharge Turbloity E.CO ii 

334.82 8.6 138 
178.77 5.5 62 
82.89 4 .4 15 
208.85 6.5 

laboratory Data 

DISCH TUR8 E_COLI 
(cfs) (NTU) ( tfu/ 100m L) 

214.00 9.1 253 
343.83 24.0 S63 
694.43 16.0 288 

33.99 2.0 259 
24 .56 50 26 
17.02 9.90 866 
21.85 3.90 46 
30.62 6.30 166 
31.72 6.30 291 
33.99 4.40 106 

Geometric 
Means 

Discharge Turbidity E.col i 

262.16 11.2 194 
158.37 7.4 151 
27.04 6.2 183 

144.60 8.7 

TF S 2/ 'J 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENCIXTABLE C-7. SCCO 2016 WATER QUALITY CATA AT SITE TROS 

Field Data 

Waterbodv Site Date nme Hanna YSI pH COND 
(mmddyy) (military) Temp( ' C) Temp ("C) {SU) (umho/cm) 

Tongue River TROS 5/18/2016 10:3S 11.8 11.5 8.36 271 
Tongue River TROS 5/31/2016 10:20 10.4 9.8 8.21 206 
Tongue River TROS 6/13/2016 10:15 15.6 15.l 8.28 204 
Tongue River TR05 6/27/2016 11:00 19.8 19.4 8.41 304 
Tongue River TROS 7/13/2016 11:05 19.8 19.3 8.48 381 
Tongue River TROS 7/28/2016 11:20 24.6 24 .4 8.57 438 
Tongue River TROS 8/10/2016 10:30 22.9 22.4 8.42 466 
Tongue Rive r TROS 8/22/2016 10:20 20.7 19.1 8.46 413 
Tongue River TROS 9/7/2016 10:50 17.0 16.4 8.48 396 
Tongue River TR05 9/20/2016 10:55 16.9 16.4 8.59 385 

NOTES: 
Arithmetic Averages (means) 

ND' ·-DO meter malfunction Period TEMP TEMP PH COND 

ND' -sample discarded May 18-July 13 15.S 15.0 8.35 273 
June 13-August 10 20.5 20.l 8.43 359 

July 28-September 20 20.4 19.7 8.50 420 
Annua l 18.0 17.4 8.43 346 

APPENDIX TABLE C-8. SCCO 2016 WATER QUALITY CATA AT SITE TR07 

Field Data 

Waterbody Site Date Time Hanna YSI pH COND 
(mmddyy) (military) Temp ("C) Temp ('Cl (SU) (um ho/cm) 

Tongue River TR07 5/18/2016 11:00 10.0 9-5 8.45 2.21 
Tongue River TR07 5/31/2016 10:35 8.6 8.1 8.26 190 
l ongue River TR07 6/B/2016 10:40 14.4 13.9 8.35 192 
Tongue River TR07 6/27/2016 11:35 16.8 16.3 8.37 263 
Tongue River TR07 7/13/2016 11:45 17.5 17.0 8.38 328 
Tongue River TR07 7/28/2016 12:25 22.5 22.0 8.26 391 
Tongue River TR07 8/10/2016 11:00 19.9 19-4 8.19 384 
Tongue River TR07 8/22/2016 10:45 17.3 16.7 8.31 363 
Tongue River TR07 9/7/2016 11:10 14.7 14.2 8.38 33B 
Tongue River TR07 9/20/2016 11,35 14.7 14.2 8.41 344 

NOTES: 
Ari thmetic Averages (means) 

N01- 00 meter malfunction Period TEMP TEMP PH COND 

N0 2- sample discarded May 18-July 13 13.S 13.0 8.36 239 
June 13-August 10 18.2 17.7 8.31 312 

July 28•September 20 17.8 17.3 8.31 364 
Annual 15.6 15.1 8.34 301 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 
(mg/L) (%) 

N01 ND1 2.15 
10.19 89.8 2.78 
9.50 94.3 2.35 
9.81 106.6 1.31 
9.45 102.8 0.85 
7.03 82.4 0.58 
9.47 109.1 0.45 
9.32 100.3 0.78 
9.71 99.3 0.98 
10.03 102.3 0.84 

DO (mg/L) DO(%) STAFF 

9.74 98.4 1,89 
9.05 99.0 1.11 
9.11 98.7 0.73 
9.39 985 L31 

DO DO STAFF 
(mg/L) {%) 

ND1 N01 2,83 
10.91 92.2 3.14 
9.97 96.7 2.92 
10.68 108.8 2.08 
10.44 108.3 1.69 
7.10 79.2 L29 
8.96 973 0.95 
9.72 99.9 1.91 
10.10 98.4 2.05 
10.51 102.4 2.09 

OO(mg/l) DO(%) STAFF 

10.50 101.5 2.53 
9.43 98. l 1.79 
9.28 95.4 1.66 
9.82 98.l 2.10 

Laboratory Data 

DISCH TURB E_COU 
(cfs) (NTU) (cfu/ lOOm L) 

292.30 5.5 122 
423.61 10.6 22S 
332.35 6.5 166 
142.95 3.8 68 
76.SS 2.7 162 
44 .08 4.80 83 
30.56 5.40 214 
67.62 5.90 276 
94 .01 5 .50 152 
75 .2S 3.70 186 

Geometric 

Means 

Discharge Turbidity E.coli 

253.SS 5.8 138 
125.30 4.6 127 
62.31 5.1 169 

157.93 5.4 

Laboratory Data 

DISCH TURB E_COU 
(cfs) (NTU) (cfu/lOOm l) 

172.87 3.5 74 
208.66 6.0 276 
182 .9S 4.9 150 
98.99 3.4 81 
67.97 1.9 72 
41.68 3.60 140 
23.95 19.50 147 
84.83 4.70 178 
96.42 4.40 120 
99.8S 3.10 118 

Geometric 
Mean, 

Discharge Turbidity E.coli 

146.29 3.9 112 
83.11 6.7 112 
69.35 7.1 139 
107.82 5.5 

TF 
. :co 

2/ ... 5 
0- 25 -1 3 C-4 
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APPENDIX C. TONGUE RIVER WATERSHED 201 6 WATER QUALITY DATA 

APPENOIX TABLE C-9. SCCD 2016 WATER QUALITY DATA AT SITE WCOl 

Field Data 

Waterbody Site Date nme Hanna YSI pH COND 
(mmddyy) (military) Temp (· c) Temp (·C) (SU) (umho/cm) 

Wolf Creek WCOl 5/18/2016 11,15 13.4 13.0 8.45 305 
Wolf Creek WCOl 5/31/2016 10:SO 9.6 9.0 8.14 220 

Wolf Creek WCOl 6/13/2016 10:50 17.2 16.6 8,39 237 
Wolf Creek WCOl 6/27/2016 12:25 21,4 20.9 8.38 525 

Wolf Creek WCOl 7/13/2016 12:30 19.8 19.3 8,36 sos 
Wolf Creek WCOl 7/28/2016 13:00 23.5 23.0 8.21 S15 
Wolf Creek WCOl 8/10/2016 11:05 19.7 19. l 8.13 574 

Wol f Creek WCOl 8/22/2016 10:50 17.9 17.3 8.36 463 

Wolf Creek WCOl 9/7/2016 11:20 15.6 15.1 8.37 419 

Wolf Creek WCOl 9/20/2016 12:10 15.9 15.4 8.46 483 

NOTE.S: 
Arithmetic Averages (means) 

ND1 •·DO meter malfunction Period TEMP TEMP PH COND 

ND1··sample discarded May 18-July 13 16.3 15,8 8.34 358 
June 13-August 10 20,3 19,8 8.29 471 

July 28-September 20 18.5 18.0 8.31 491 
Annual 17.4 16.9 8.33 425 

APPENOIX TABLE C-10, SCCO 2016 WATER QUALITY DATA AT SITE FMCOl 

Waterbody Site Date Time Hanna YSI pH CONO 
(mmddyy) (military) Temp (• C) Temp ( ' C) (SU) (um ho/cm) 

Fivemlle Creek FMCOl 5/18/2016 11:25 12.2 11.7 8,38 1221 

Flvemlle Creek FMCOl 5/31/2016 10:S5 11.9 11.4 8.36 792 

Avemile Creek FMCOl 6/13/2016 11:00 16,9 16.3 7.94 453 

Flvemile Creek FMCOl 6/27/2016 12:35 18.1 17.S 8.03 00.4mS 

Flvemlle Creek FMCOl 7/13/2016 12:55 16.9 16.3 8.10 367 

Fivemile Creek FMCOl 7/28/2016 13:1S 21.2 20.8 7.88 527 

Flvemile Creek FMCOl 8/10/2016 11:15 19.4 18.9 8.01 444 
Flvemlle Creek FMCOI 8/U/2016 11:00 16.8 17.2 8.08 427 

flvemlle Cr eek FMCOl 9/7/2016 11:30 14.6 14.1 8.25 377 
Fivemlle Creek FMCOl 9/20/2016 12:20 14.6 14.1 8.31 368 

NOTES: 
Arithmetic Averages (means) 

N01- DO meter malfunction Period TEMP TEMP PH COND 

No'-•sample di5C.lrded May l8·Jllly 13 1S.2 14.6 8.16 647 
June 13-August 10 18.5 18.0 7.99 438 

July 28-September 20 17,3 17.0 8 .11 429 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 
(mg/L) (%) 

N0 1 N01 0,84 

10.17 88.1 1.20 

9.26 95. l 0,99 

11.91 133.3 0.34 
11.28 122.4 0,24 

9.56 109.1 0.22 
8,30 89.8 0.20 

10.76 11 1.9 0.33 

10.73 106.6 0,33 
12.08 120.7 0,27 

DO(mg/L) 00(%) STAFF 

10.66 109.7 o,n 
10.06 109.9 0.40 
10,29 107.6 0.27 
10,45 108.6 0.50 

DO 00 STAFF 
(mg/L) (%) 

ND' ND1 6.74 

9.42 86.l 7.05 
7.84 80.l 7.09 
9 .04 94,6 7.21 
9.29 94,6 7.08 
5,70 62.1 7.04 
7.55 81 ,0 7.01 
8.25 84.5 7.04 

9 .06 88,2 7.04 
9.52 92,5 7.01 

DO (mg/L) 00 (%) STAFF 

8.90 88.9 7.03 

7.88 82.S 7.09 
8.02 81.7 7.03 

DISCH 
(els) 

22.72 
58,70 

3S.18 
2.05 
0.81 

0.64 
0.50 
1.89 
1.89 
1.11 

Discharge 

23,89 

7.83 
1.21 
12.55 

DISCH 
(ds) 

1.02 

2.67 

3.02 
4.32 
2.93 

2.59 
2.37 
2.59 

2.59 
2.37 

Discharge 

1.79 
3,04 

2.50 

F 
E 

Laboratory Data 

TURB E_COU 
(NTU) (cfu/100ml) 

9.3 171 
14.6 248 

8.7 249 
1,0 261 

1.3 145 

2.0 88 
2.2 99 
2.0 261 

2.S 162 
1.9 49 

Geometric 

Means 

Turbid ity E.coli 

7,0 209 
3.0 152 
2.1 113 
4,6 

TURB E_COLI 
(NTU) ( cfu/ 1 OOm L) 

5.7 886 

8.9 n6 
6.3 1080 

14.S 733 
2.9 199 

104,00 236 
9.80 291 

40,60 291 

NO' ND2 

7.60 411 

Geometric 

Means 

Turbidity E.co li 

7.7 641 

27.5 404 
40,5 301 

I 25 
-2 C-5 

co 
8 
0 
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3: 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-11. SCCD 2016 WATER QUALITY DATA AT SITE TR08 

Field Data 

Waterbody Site Date Time Hanna YSI pH COND 
(mmddyy) (military) Temp (· C) Temp ("Cl (SU) (um ho/cm) 

Tongue River TR08 5/18/2016 11:40 10.2 9.7 8.51 216 
Tongue River TR08 5/31/2016 11:05 8.4 7.8 8.34 173 
Tongue River TR08 6/13/2016 11:lS 14.6 14.0 8.45 172 
Tongue Riller TR08 6/27/2016 U :4S 18.0 17.4 8.48 234 
Tongue River TR08 7/13/2016 13:05 17.8 17.3 8.51 293 
Tongue River TR08 7/28/2016 13:30 20.5 20.0 8.42 341 
Tongue River TR08 8/10/2016 11:40 18.3 17.8 8.41 343 
Tongue River TR08 8/22/2016 11:15 16.3 15.8 8.41 324 

Tongue River TR08 9/7/2016 11:45 14.2 13.5 8.44 3U 
Tongue River TR08 9/20/2016 12:3S 13.9 13.4 8.69 318 

NOTES: 
Arit hmet ic Averages fmeans) 

ND' ··DO meter malfunction Period TEMP TEMP PH COND 

N01- sample discarded May 18-July 13 13.8 13.2 8.46 218 
June 13-August 10 17,8 17.3 8.45 277 

July 28-September 20 16.6 16.1 8.47 328 
Annual 15.2 14.7 8.47 273 

APPENDIX TABLE C-12 . SCCD 2016 WATER QUALITY DATA AT SITE CCOl 

Field Data 

Waterbody Site Dae Time Hanna YSI pH COND 
(mmddyy) (military) Temp ("C) Temp (" C) (SU) (umho/cm) 

Columbus Creek CCOI 5/18/2016 11:50 14.1 13.6 8.35 416 

Columbus Creek CCOl 5/31/2016 11:15 11.7 11.1 8.23 294 

Columbus Creek CCOl 6/13/2016 11:20 19.1 18.6 8.09 321 
Colurnbus Creek CCO l 6/27/2016 13:15 20.9 20.4 8.13 286 
Columbus Creek CCOl 7/13/2016 13:35 20.4 19.8 8.10 374 

Columbus Creek CCOl 7/28/2016 13:4S 22 .7 22 .2 8.11 321 
Columbu,s Creek CCOl 8/10/2016 12:15 19.3 18.8 8.24 256 
Columbus Creek CCOl 8/22/2016 11:30 17.7 17.2 8 .28 246 

Columbus Creek CCOl 9/7/2016 11:SS 15.5 lS.O 8.21 269 
Columbus Creek CCCI 9/20/2016 13:00 15.0 14.5 8 ,30 313 

NOTES : 
Arithmetic Averages (mea ns) 

ND1- DO meter malfunction Period TEMP TEMP PH CONO 

ND'-sample discarded May 18-July 13 17.2 16.7 8. 18 338 
June 13-August 10 20 .5 20.0 8.13 312 

July 28-September 20 18.0 17.5 8.23 281 
Annual 17.6 17.1 8.20 310 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 
(mg/L) (%) 

ND ND1 1.99 
11.10 93.4 2.39 
9.96 96.6 2.19 
10.14 105.8 1.23 
9.85 102.6 0.69 
9.95 109.3 0.52 
9.46 99.8 0.41 
9.96 100.2 O.S3 
10.48 100.5 0.61 
11.78 112.7 0.57 

DO (mg/l) 00(%) STAFF 

10.26 99.6 1.70 
9.87 102.8 1.01 
10.33 104.5 0.53 
10.30 102.3 1.11 

DO DO STAFF 
(mg/L) (%) NEW 

NO' ND1 0 .59 
9,55 86.9 0.65 
7,88 84 ,2 0 ,40 
8.62 95 .S 0.41 
8.01 87.8 0.23 
7,52 86.4 0.39 
8.13 87.2 0.65 
8.24 85.7 0.82 

9.03 89.S 0.49 
9,28 91.1 0 .49 

DO(mg/L) oo (" l STAFF 

8.52 88.6 0.46 
8.03 88.2 0.42 
8.44 88.0 0.57 
8.47 88.3 0.51 

DISCH 
(cfs) 

215.20 
271.21 
242.87 
117.21 
56.48 
39.52 
29.27 
40.48 
48.34 
44.37 

Discharge 

180.60 
97.07 
40.40 

110.50 

DISCH 
(ds) 

5.50 
7. 16 
1.90 
2.03 
0.42 
1,77 

7. 16 
13.53 
3.31 
3,31 

Discharge 

3.40 
2.66 
5.82 
4.61 

F 

Laboratory Data 

TURB E_COLI 
(NTU) (cfu/lOOmL) 

3.4 63 
3.6 81 
2.6 101 
2.0 77 
L3 3S 

2.60 201 
8.50 114 

7,80 238 
2.50 154 
1.80 138 

Geometric 

Means 

Turbid ity E.co li 

2.6 67 
3.4 91 
4.6 163 
3.6 

Laboratory Data 

1URB E_COU 
(NTU) lcfu/lOOmlJ 

16.3 120 
3LO 308 
48.6 435 
52.6 727 
24.1 461 

42.40 261 
51.40 488 
35.70 291 
-19.80 210 
16,90 144 

Geometric 

Means 

Turbid ity E.coli 

34.5 352 
43.8 451 
33.2 257 
33.9 

2/ '5 
-2 5-1 C-6 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENOIX TABLE C-13. SCCO 2016 WATER QUALITY OATA AT SITE LTR0l 

Field Data 

Waterbody Site Date Time Hanna YSI pH COND 
(mmddyy) (military) Temp ('C) Temp ("C) (SU) (umho/cm) 

Little Tongue River LTROl 5/18/2016 12:00 10.9 10.4 8.42 338 
Little Tongue River LTROl 5/31/2016 ll:2D 9.3 8.7 8.37 257 
Little Tongue River LTROl 6/13/2016 11:30 15.4 14.9 8.49 239 
Little Tongue River LTROl 6/27/2016 13:25 18.S 18.0 8.57 235 
little Tongue River LTROl 7/13/2016 13:40 17.5 16.8 8.62 248 
Little Tongue River LTRO l 7/28/2016 13:SS 20.S 19.9 8.38 310 
Little Tongue Rlver LTROl 8/10/2016 12:40 18.0 17.5 8.53 296 
Little Tongue River LTROl 8/22/2016 11:35 16.2 15.7 8.45 296 
Little Tongue River LTROl 9/7/2016 12:20 13.6 13.l 8.43 258 
Little Tongue River LTROl 9/20/2016 13:10 13.8 13.3 8.56 283 

NOTES: 
Arithmetic Averages (means) 

ND1- DO meter malfunction Period TEMP TEMP PH COND 

ND'-sample discarded May 18-July 13 14.3 13.8 8.49 263 
June 13-August 10 18.0 17.4 8 .52 266 

July 28-September 20 16.4 15.9 8 .47 289 
Annual 15.4 14.8 8 .48 276 

APPENOIX TABLE C-14. scco 2016 WATER QUALITY DATA AT SITE scot 
Waterbody Site Date Time Hanna YSI pH COND 

(mmddyy) (military) Temp ("C) Temp ("C) (SU) (umho/cm) 

Smith Creek SCOl S/18/2016 12 :10 14.3 13.7 8.54 716 
Smith Creek SCOl 5/31/2016 11:30 9.8 9.2 8.37 3S2 
Smith Creek SCOl 6/13/2016 11:40 16.5 16.0 8.38 329 
Smith Creek SCOl 6/2.7/2016 13:30 19.3 18.6 8.22 00.4 ms 
Smith Creek SCOl 7/13/2016 13:50 18.7 18.1 8.52 409 

Smith Creek SCOl 7/28/2016 14:00 21 .1 20.6 8.44 414 

Smith Creek SCOl 8/10/2016 13:05 18.0 17.4 8.52 454 
Smith Creek SCOl 8/ 22/2016 11:45 16.0 15.S 8.50 425 

Smith Creek SCOl 9/7/2016 12:30 14.2 13.7 8.50 387 
Smith Creek SCOl 9/20/2016 13:20 14.8 14.3 8.45 717 

NOTES , 
Arithmetic Averages (means) 

N0 1- DO meter malfunction Period TEMP TEMP PH COND 

ND1 - sample discarded May 18-July 13 15.7 15.1 8.41 441 
June 13-August 10 18.7 18.1 8.42 401 

July 28-September 20 16.8 16.3 8.48 479 
Annual 16.3 15.7 8.44 460 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 
(mg/L) (%) 

ND1 ND1 1.01 
10.84 93.1 1,00 

9.64 95.4 0.47 
9.35 98.8 0.53 
8.86 91.5 0.51 
8.50 92.3 0.32 
8.93 93.2 0.31 
9.29 93.6 0.30 
9.68 92 .1 0.47 
9.79 93.4 0.38 

DO (mg/l) 00(%) STAFF 

9.67 94 .7 0.70 
9.06 94.2 0.43 
9.24 92.9 0.36 
9.43 93.7 0.53 

DO DO STAFF 
(mg/L) (%) 

ND1 ND1 0.61 
10.42 90.6 1.04 
9.03 91.4 0.68 
8.45 90.4 LlO 
8.44 89.3 0.69 
8.12 89.1 0.99 
9.00 94.4 0.60 
9.17 92.0 0.67 
9.59 92.5 0.74 
9.41 92 .0 0.38 

DO(mg/l) 00(%) STAFF 

9.09 90.4 0.82 
8.61 90.9 0.81 
9.06 92.0 0.68 
9.07 91.3 0.75 

Laboratory Data 

DISCH TURB E_COU 
(cfs) (NTU) (cfu/100ml) 

19.92 3.8 63 
19.47 4.8 365 
3.44 2.6 248 
4.53 1.6 96 
4.15 1.8 238 
1.42 1.70 770 
1.32 1.60 727 
1.23 1.00 194 
3.44 1.00 156 
2.11 0.60 50 

Geometric 

Means 

Discharge Turbidity E.coli 

10.30 2.9 167 
2.97 1.9 316 
1.90 L2 243 
6.10 2.l 

DISCH TURB E_COLI 
(cfs) (NTIJ) (cfu/lOOml) 

3.37 6.0 520 
10.14 29.Z 5480 
4.22 6,7 275 

1138 73.1 3260 
4.35 5.0 44 
9.16 6 20 461 

3.26 3.40 326 
4.09 3.00 160 
5.02 2.70 131 
1.27 2.00 57 

Geometric 

Means 

Discharge Turbidity E.coli 

6.69 
6.47 
4.56 
5.63 

f 
ECD 

24.0 646 
18.9 359 
3.S 178 

13.7 

21 2 5 
10-25- 18 C-7 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-15. SCCD 2016 WATER QUALITY DATA AT SITE TR09 

Field Data 

Waterbody Site Date Time Hanna VSI pH COND 
(mmddyY) (mili tary) Temp (·q Temp ( · C) (SU) (um ho/cm) 

Tongue River TR09 5/18/2016 12:25 9.0 8.5 8.43 166 

Tongue River TR09 5/31/2016 11:40 7.4 6.9 8.25 144 

Tongue River TR09 6/13/2016 11:50 13.3 12.6 8.39 154 
Tongue River TR09 6/27/2016 13:40 15.5 15.0 8.50 193 
Tongue River TR09 7/13/2016 14:00 15.2 14.8 8.51 213 

Tongue River TR09 7/28/2016 14:15 18.6 18.1 8.54 229 
Tongue River TR09 8/10/2016 13:30 18.3 17.9 8.60 236 

Tongue River TR09 8/22/2016 12:00 15.5 15.0 8.53 231 

Tongue River TR09 9/7/2016 13:00 12.8 12.3 8.53 223 
Tongue River TR09 9/20/2016 13:30 13.0 12.5 8.59 230 

NOTES: 
Ari thmetic Averages (means) 

ND1- DO meter malfuncti on Period TEMP TEMP PH COND 

ND' -- sample discarded May 18-July 13 12.1 11.6 8.42 174 
June 13-August 10 16.2 15.7 8.51 20S 

July 28-September 20 15.6 15.2 8.56 230 
Annual 13.9 13.4 8.49 202 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 
(mg/L) (%) 

ND' ND1 2.64 

11.20 92,0 2.98 
9.94 93.2 2.96 
9.78 96.8 2.38 

9.20 90.9 2.06 
9.24 94.3 1.92 
9.16 96.3 1.80 
9.35 92.7 1.82 
9.93 92.7 1.88 
9.90 92.8 1.86 

DO{mg/L) 00(%) STAFF 

10.03 93.2 2.60 
9.46 94.3 2.22 
9.52 93.8 l .86 
9.74 93.S 2.23 

Laboratory Data 

DISCH TURB E_COLI 
(cfs) (NTU) (cfu/lOOm L) 

255.00 2.6 10 

383.00 2.3 12. 
373.00 2.5 35 
154.00 1.4 42 

98.00 1.4 29 
77.00 1.70 30 
57.00 0.90 23 

55.00 0.90 18 
64.00 1.00 25 
63.00 0.50 2 

Geometric 

Means 

Discharge Turbidity E.coli 

252.60 2.0 22 
151,80 1.6 31 
63.20 1,0 14 
157.90 1.5 

TF 8 2/ 2 5 
- 25 -1 8 E D 

C-8 

DEQ Ex. 3-911
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-16. SUMMARY STATISTICS FOR SCCD 2016 WATER QUALITY DATA 

Hanna YSI pH 

Site Statistic Temp(•C) Temp('-C) (SU) 

COUNT 10.0 10.0 10.0 

MAXIMUM 23.6 23.0 8.70 

MI NIMUM 12.7 12.2 8.10 

TR01 MED IAN 18.6 18.1 8.35 

MEAN 18.4 17.9 8.34 

GEOMEAN 18.1 17.5 8.34 
COEFF ICIENT OF VARIATION(%) 20.22 20.71 2.25 

COUNT 10.0 10.0 10.0 

MAXI MUM 21.1 20.6 8.49 

MINI MUM 12.3 11.7 8.11 

PD01 MEDIAN 17.7 17.0 8.35 

MEAN 17.1 16.5 8.33 

GEOMEAN 16.8 163 8.33 
COEF FICIENT OF VARIATION(%) 17.80 18.45 1.44 

COUNT 10.0 10.0 10.0 

MAXIMUM 24 .1 23.6 8.61 

MINIMUM 11.8 11.3 8.15 

TR03 MEDIAN 19.3 18.7 8.48 

MEAN 18.8 18.2 8.43 

GEOMEAN 18.3 17.8 8.43 

COEFFICIENT OF VARIATIO N (%) 22.51 22.96 1.90 

COUNT 10.0 10.0 10.0 

MAXIMU M 23.3 22.8 8.63 

MINIMUM 11.3 10.6 7.98 

GC01 MEDIAN 18.6 18.0 8.41 

MEAN 18.1 17.S 8.36 

GEOMEAN 17.6 17.0 8.36 

COEFFICIENT OF VARIATION(%) 23.24 23.93 2.35 

COUNT 10.0 10.0 10.0 

MAX IMUM 24.6 24.4 8.59 

MINIMUM 10.4 9.8 8.21 

TR0S MEDIAN 18.4 17.8 8.44 

MEAN 18.0 17.4 8.43 

GEOMEAN 17.4 16.8 8.43 
COEFFICIENT OF VARIATION (%) 25.29 26.04 1.41 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

COND 

(umho/cm) 

10.0 

769 

242 

631 

585 
552 

31.76 

10.0 

2800 

1046 

1400 

1613 

1525 

38.67 

10.0 

607 

188 

467 

422 

398 

32.45 

10.0 

942 

146 

663 

581 

512 

43.51 

10.0 

466 

204 

383 

346 

333 

27.17 

DO DO STAFF DISCH TURB E_COU 
(mg/L) '"' (cfs) (NTU) (~/lOOmL) 

9.0 9.0 10.0 10.0 10.0 10.0 

10.10 113.3 2.89 1192.10 25.6 276.0 

6.35 73 .9 0.59 30.43 1.8 46.0 

8.20 83.2 1.12 132.37 9.5 103.5 

8.23 87.4 1.46 343.45 9.8 125.5 
8.16 86.8 1.29 186.74 7.4 104.3 

13.87 12.88 53.31 118.12 72.03 66.32 

9.0 9.0 10.0 10.0 10.0 10.0 

9.80 103.3 1.34 48.83 16.7 866.0 

6.83 73 .3 0.29 1.40 1.5 146.0 

9.65 92.8 0.82 15.64 4.5 275.5 

8.94 92.2 0.78 16.99 5.4 370.7 

8.89 91.8 0.72 11.38 4.1 316.0 

11.65 9.87 39.66 80.54 84.85 62.10 

9.0 9.0 10.0 10.0 10.0 10.0 

9.31 104.1 2.75 549.76 16.2 272.0 

7.32 84.9 0.22 36.01 2.2 6.0 

9.07 94.7 0.62 110.16 4.3 36.5 

8.73 93.7 1.10 208.85 6.5 95.S 

8.71 93.5 0.79 142.48 5.1 45.4 

7.89 7.00 86.26 92.23 77.61 113.96 

9.0 9.0 10.0 10.0 10.0 10.0 

12.10 123.0 2.41 694.43 24.0 866.0 

6.10 69.5 0.65 17.02 2.0 26.0 

9.57 100.6 0.82 32.85 6.3 256.0 

9.58 101.1 1.13 144.60 8.7 286.4 

9.44 99.4 1.01 59.14 6.9 188.4 

17.42 18.71 54.33 153.39 76.77 89.17 

9.0 9.0 10.0 10.0 10.0 10.0 

10.19 109.1 2.78 423.61 10.6 276.0 

7.03 82.4 0.45 30.56 2.7 680 
9.50 100.3 0.92 85.28 5.5 164.0 

9.39 98.5 1.31 157.93 5.4 165.4 

9.34 98.2 1.10 111.24 5.1 152.8 

9.91 8.55 62.69 88.09 39.52 38.72 

TF S 2/025 
ECD 10- 25-18 C-9 

DEQ Ex. 3-912
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-16 (CONTINUED). SUMMARY STATISTICS FOR SCCD 2016 WATER QUALITY DATA 

Hanna YSI pH COND 

Site Statistic Temp ("C) Temp(* C) (SU) (umho/cm) 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 22.S 22.0 8.45 391 
MINIMUM 8.6 8.1 8.19 190 

TR07 MEDIAN 15.8 15.3 8.36 333 

MEAN 15.6 15.1 8.34 301 
GEOMEAN 15.1 14.6 8.34 291 

COEFFICIENT OF VARIATION (%) 26.74 27.62 0.96 25.90 

MAXIMUM 23.5 23.0 8.46 574 
MINIMUM 9.6 9.0 8.13 220 

WC01 
MEDIAN 17.6 17.0 8.37 473 

MEAN 17.4 16.9 8.33 425 

GEOMEAN 16.9 16.4 8.32 404 
COEFFICIENT OF VARIATION(%) 23.22 23,97 1.45 29.72 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 21.2 20.8 8.38 1221 

MINIMUM 1.1.9 11.4 7.88 367 

FMC01 MEDIAN 16.9 16.3 8.09 436 

MEAN 16.3 15.8 8.13 538 

GEOMEAN 16.01 15.56 8.13 495 
COEFFICIENT OF VARIATION(%) 18.31 19.06 2.20 50.47 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 20.5 20.0 8.69 343 

MINIMUM 8.4 7.8 8.34 172 

TR08 MEDIAN 15.5 14.9 8.45 303 

MEAN 15.2 14.7 8.47 273 

GEOMEAN 14.7 14.2 8.47 264 
COEFFICIENT OF VARIATION (%) 24.76 25.83 1.11 24.77 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 22.7 22.2 8.35 416 

MINIMUM 11.7 11.1 8.09 246 

CC01 MEDIAN 18.4 17.9 8.22 304 

MEAN 17.6 17.1 8.20 310 

GEOMEAN 17.3 16.8 8.20 306 
COEFFICIENT OF VARIATION (%) 19.65 20.30 1.12 17.06 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO 

(mg/L) 

9.0 

10.91 

7.10 

10,10 

9.82 

9.75 

11.96 

12.08 

8.30 

10.73 

10.45 

10.38 

11.99 

9.0 

9.52 

5.70 

9.04 

8.41 

8.31 

14.74 

9.0 

11.78 

9.46 

9.96 
10.30 

10.28 

6.99 

9.0 

9.55 

7.52 

8.24 

8.47 

8.45 

8.12 

DO 

'"' 9.0 
108.8 

79.2 

98.4 

98. l 

97.8 

9.08 

133.3 

88.1 

109.1 

108.6 

107.6 

14.26 

9.0 

94.6 

62.1 

86. l 

84.9 

84.26 

11.91 

9.0 

112.7 

93.4 

100.5 

102.3 

102.2 

5.94 

9.0 

95.5 

84.2 

87.2 

88.3 

88.2 

3.84 

STAFF 

10.0 

3.14 

0.95 

2.07 

2.10 

1.98 

33.65 

1.20 

0.20 

0.33 

a.so 
0.40 

74.16 

10.0 

7.21 

6.74 

7.04 

7.03 

7.03 

1.67 

10.0 

2.39 

0.41 

0.65 
1.11 

0.90 

70.15 

10.0 

0.82 

0.23 

0.49 

0.51 

0.49 

33.03 

TF 
E 

DISCH TURB 

(cfs) (NTU) 

10.0 10.0 

208.66 19.5 

23.95 1.9 
97,71 4.0 

107.82 5.5 
90.34 4.4 

56.87 91.75 

58.70 14.6 

a.so 1.0 

1.89 2.1 

12.55 4,6 

3.16 3.0 

160.24 101.96 

10.0 9.0 

4.32 104.0 

1,02 2.9 

2.59 8.9 

2.65 22.3 

2.52 11.74 

30.36 146.72 

10.0 10.0 

271.21 8.5 
29.27 1.3 
52.41 2.6 

110.50 3.6 

78.96 3.0 

86.41 69.09 

10.0 10.0 

13.53 52.6 
0.42 16.3 

3.31 33.4 

4.61 33.9 

3.22 31.0 

84.51 42 .31 

2/ 2 5 
1 - 25 - 1 

I 
E_COLI 

(cfu/100mL) 

10.0 

276.0 

72.0 

130.0 

135.6 
124.9 

44,82 

261.0 

49.0 

166.5 

173.3 

153.4 

45.47 

9.0 

1080.0 

199.0 

411.0 

544.8 

458.17 

59.95 

10.0 

238.0 

35.0 
107.5 

120.2 

104.9 

52.77 

10.0 

727.0 

120.0 

299.5 

344.5 

300.7 

53.74 

C-10 

~ 
~ 
• 0 
0 

DEQ Ex. 3-913
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APPENDIX C. TONGUE RIVER WATERSHED 201 6 WATER QUALITY DATA 

APPENDIX TABLE C-16 (CONTINUED). SUMMARY STATISTICS FOR SCCD 2016 WATER QUALITY DATA 

Hanna YSI pH COND 

Site Statistic Temp(•C) Temp (•C) (SU) (umho/cm) 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 20.5 19.9 8.62 338 

MINIMUM 9.3 8.7 8.37 235 

LTR01 MEDIAN 15.8 15.3 8.47 271 

M E.AN 15.4 14.8 8.48 276 

GEOM E.AN 15.0 14.4 8.48 274 

COEFFICIENT OF VARIATION {%) 22.82 23.58 1.01 12.30 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 21.1 20.6 8.54 717 

MINI M UM 9.8 9.2 8.22 329 

SC01 MEDIAN 16.3 15.8 8.48 412 

MEAN 16.3 15.7 8.44 460 

GEOM EAN 16.0 15.4 8.44 444 

COEFFICIENT OF VARIATION(%) 19.83 20.51 1.16 30.32 

COUNT 10.0 10.0 10.0 10.0 

MAXIMUM 18.6 18.1 8.60 236 
MINIMUM 7.4 6.9 8.25 144 

TR09 MEDIAN 14.3 13.7 8.52 218 

MEAN 13.9 13.4 8.49 202 

GEOMEAN 13.4 12.8 8.49 199 
COEFFICIENT OF VARIATION(%) 26.00 27.14 1.24 17.41 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO DO STAFF 

(mg/L) (%) 

9.0 9.0 10.0 

10.84 98.8 1.01 

8.50 91.5 0.30 

9.35 93.2 0.47 

9.43 93.7 0.53 

9.41 93.7 0.48 

7.20 2.36 49.79 

9.0 9.0 10.0 
10.42 94.4 1.10 

8.12 89.1 0.38 

9.03 91.4 0.69 

9.07 91.3 0.75 

9.05 91.3 0.72 

7.71 1.82 30.08 

9.0 9.0 10.0 

11.20 96.8 2.98 

9.16 90.9 1.80 

9.78 92.8 1.99 

9.74 93 .5 2.23 

9.73 93.S 2.19 

6.56 2.08 21.26 

DISCH TURB 
(cfs) (NTU) 

10.0 10.0 

19.92 4.8 

1.23 0.6 

3.44 1.7 

6.10 2.1 

3.65 1.7 

118.96 64.68 

10.0 10.0 

11.38 73.1 

1.27 2.0 

4.28 s.s 
5.63 13.7 

4.73 6.6 

59.79 162.63 

10.0 10.0 

383.00 2.6 

55.00 0.5 

87,50 1.4 

1S7.90 1.5 

118.26 1.4 

83.14 48.42 

TF IS 2/025 
ECD 10-25- 18 

I 
E_COLI 

(cfu/lOOmL) 

10.0 

770.0 

so.a 
216.0 

290.7 

201.5 

89.22 

10.0 

5480.0 

44.0 

300.5 
1071.4 

339.2 

170.10 

10.0 

42.0 

2.0 

24.0 

22.6 

17.8 

54.16 

C-11 

DEQ Ex. 3-914
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-17. USGS WATER QUALITY DATA (SELECT PARAMETERS) STATION 06306250 Prairie Dog Cr Acme 

Temperature Discharge Gage Height Conduct ivity DO 

Date/Time ("C) (ds) (ft) (uS/cm) (mg/L) 

1/23/2014 10:05 -0.1 18 1.8 1870 12.7 

2/27/2014 11:00 -0.4 24 2.08 1850 12.4 

3/27/2014 9:45 4.9 55 2.24 1810 11.7 

4/25/2014 10:20 9.7 48 1.96 1580 10.3 

5/20/2014 17:20 16.4 32 1.6 1930 9.7 

6/24/2014 15:25 20.7 50 2.14 1060 8.4 

7/23/2014 7:40 19.4 12 l.06 1780 8.2 

8/26/2014 7:55 13.4 67 2.5 710 9.1 

9/17/2014 7;45 12.l 54 2.2-2 932 9.6 

10/22/2014 16:35 10.3 21 1.32 1730 10.5 

11/25/2014 15:50 -0.1 21 1.68 1550 12.4 

12/18/2014 12:40 -0.3 17 1.49 2020 12.5 

1/22/2015 8:35 -0.1 15 1.48 1870 13.3 

2/20/2015 9 :20 2.4 31 1.71 1990 12 ,1 

3/ 24/2015 9:55 7.6 29 1..5 1700 10.6 

4/23/2015 11:00 11.9 39 1.83 1150 10.3 

5/26/2015 18:45 15.4 318 5.43 855 7.2 

6/18/2015 7:25 17.1 114 3.39 1060 7.9 

7/17/2015 8:55 18.4 17 1.19 1400 8.3 

8/27/2015 9:10 17.5 19 1.22 1340 8,6 

9/18/201512:00 14.6 9 .8 0.94 1840 11 .1 

10/29/2015 12:55 5 24 1.44 1390 12.4 

11/19/2015 10:50 0.6 22 L4 1490 13.3 

12/17/2015 8:35 -0.3 13 1.49 1740 14 .1 

1/27/2016 10:40 -0.3 14 1.8 1500 12 

2/25/2016 11:20 -0.2 31 1.63 1970 13.4 

3/23/2016 8:05 3.5 18 1.17 1800 12.3 

4/27/201612:00 6.4 116 3.54 1460 11.3 

5/26/2016 9:30 14.1 24 1.5 1350 9.4 

6/24/2016 11:40 21.8 11 1.01 1410 9.8 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO pH 

(%) (SU) 

97 

97 
105 

104 

113 

106 

101 

99 

102 

107 

97 

97 

103 

101 

102 

110 

83 

93 

101 

102 

124 

112 

105 

109 

92 

103 

106 

105 

104 

128 

SZSZ/9Z/ZR 'peuueos 

Dissolved Solids 

8 

7.9 

8.2 

8.2 

8.3 

8.3 

7.8 

7.8 

7.8 

8.2 

7.9 

8.1 

7.8 

8.3 

8.4 

8.3 

7.7 

7.8 

8 

8.2 

8 

8.4 

8.2 

7.9 
7,9 

8,3 

7,9 

8,3 

8.1 

8 

TF 
ECO 

(mg/L) 

1400 

1370 

1390 

1170 

1470 

719 

1260 

468 

598 

1250 

1130 

1530 
1430 

1490 

1210 

809 

573 

745 

1020 

948 

1370 

976 

1020 

1260 

1070 

1500 

1360 

1080 

981 

1050 

2/ 02 :, 
-2 - 1 

C-12 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-18. USGS WATER QUALITY DATA (SE.LECT PARAMETERS) STATION 06299980 Tongue River Monarch 
-

Temperature Discharge Gage Height Conductivity DO 

Dare/Time ("C) (cfs) (ft) (uS/cm) (mg/L) 

1/23/2014 14:35 0 79 3.54 459 13.6 

2/26/2014 16:25 -0.2 56 3.16 494 12.1 

3/26/2014 15:45 6.6 117 2.54 617 12.2 

4/25/2014 7:20 6.8 303 3 .2 394 10 

5/21/2014 7:40 7.8 1060 4.78 217 10.4 

6/25/2014 7:20 13 664 4.03 254 9 

7/23/2014 9:15 19.6 188 2,9 322 83 

8/26/2014 11:15 14.2 129 2.56 388 10 

9/17/201411:10 13.3 145 2.63 377 9.8 

10/22/2014 15:00 9.6 110 2.48 405 10.1 

11/26/2014 8 :15 0 104 2.87 432 12.S 

12/18/2014 8 :25 -0 .2 47 2.49 480 13.3 

1/22/2015 12:20 -0.1 70 3.14 471 14.2 

2/19/2015 16:30 3.1 88 2.33 506 13 

3/23/2015 17;00 10.1 102 2.41 432 13.7 

4/23/2015 7:30 10.6 121 2.52 373 9.7 

5/26/2015 19:40 10.9 1460 5.33 257 10.1 

6/18/2015 12:30 16.2 699 261 9.3 

7/ 17/2015 10:45 18.9 163 2.73 337 8.3 

8/26/2015 15:50 20.2 70 2.22 460 10.4 

S/18/2015 14:15 16.2 84 2,31 429 10.2 

10/29/2015 10:00 4.3 82 2.29 424 12.1 

11/19/2015 12:30 1.2 72 2.27 456 13.2 

12/ 17/2015 12:15 -0.3 52 2.41 452 15.5 

1/27/201612:15 -0.2 54 3.1 462 13.4 

2/25/201612:55 2 66 2.23 455 14.5 

3/22/201616:30 6.5 82 2,29 428 11.3 

4/ 27/201614:00 6 217 2.89 425 11.6 

5/26/2016 7 :20 9.1 485 3.66 198 10 

6/22/2016 15:55 22 .1 195 2.79 275 10.7 

7/27/201613:05 25.7 45 2.06 447 10.5 

8/25/201612:55 18.2 47 2.09 445 10.5 

9/22/2016 7:25 13.6 72 2.26 397 8.5 

Sheridan County ConseNation District 
2016 Tongue River Watershed Interim Monitoring Report 

DO 
(%) 

105 

95 

116 

94 

99 

98 

103 

111 

107 

101 

97 

103 

110 

111 

141 

101 

105 

108 

102 

131 

118 

107 

107 

119 

104 

119 

106 

107 

99 

140 

146 

126 

94 

pH 

(SU) 

8.3 
7.9 

8.5 

8 

7.8 

8 

8.1 

8.3 

8.2 

8.5 

8.2 

8.2 

8 

8.7 

8.5 

8.2 

7.7 

7.7 

8 

8.4 

8.3 

8.3 

8.2 

8.1 

8.1 

8.5 

8.4 

8.4 

7.6 

8.3 

8.2 

8.4 
8,1 

TF 
EC 

Dissolved Solids 

(mg/L) 

274 

308 

401 

237 

125 

147 

186 

231 

222 

239 

257 

284 

285 

311 

260 

226 

154 

156 

198 

284 

253 

252 

274 

273 

276 

286 

260 

268 
117 

165 

272 

265 

237 
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APPENDIX C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

APPENDIX TABLE C-19. USGS WATER QUALITY DATA (SELECT PARAMETERS) STATION 06306020 Tongue River Blw Youngs Creek 

Temperature Discha rge Conduct 111ity DO DO pH 

Date/Time ("C) (cfs) (uS/ t m ) (mg/L) (%) {SU) 

10/30/2013 9:30 3.9 299 430 11.1 97 8.4 

11/22/2013 8:20 0 106 501 14.3 109 8.3 

12/20/2013 10:40 0 185 518 12.8 100 8 

1/23/2014 12:40 0 178 586 13.4 103 8.1 

2/27/2014 8:40 -0.4 139 646 12.9 100 7.9 

3/27/2014 7:50 5.3 253 733 8 73 8.2 

4/25/2014 8:55 8.1 599 424 9.9 96 8.3 

5/20/2014 18:25 10.8 1600 240 10.3 106 8 

6/24/2014 17:00 16,l 1520 207 9.6 111 7.9 

7/22/2014 16:50 24,3 319 414 9.1 123 8.1 

8/26/2014 9 :30 14 .5 262 491 8.6 95 8.3 

9/17/2014 9:20 13.3 349 426 8.8 96 8.2 

10/23/2014 8:00 8 210 507 8.9 86 8.2 

11/25/ 201414 :40 0 E 240 534 12.2 95 8.1 

12/18/201411:25 -0.2 146 567 13.2 102 8.3 

1/22/201510:2.5 -0.1 157 561 13.4 103 8.2 

2/20/2015 7:30 3 182 622 11.7 99 8.2 

3/24/2015 8:20 8.8 213 550 9 89 8.4 

4/23/2015 9:00 12.6 234 446 9.l 98 8.7 

5/26/2015 9:30 10.9 E4600 294 8.6 89 7.8 

6/18/2015 9:25 15.5 E 1560 266 8.7 99 7.7 

7/17/2015 7:30 21 E300 462 6.8 87 8 

8/27/2015 7:50 19.2 96 595 7.2 89 8.2 

9/18/2015 10:35 15.5 128 563 8.3 94 8.3 

10/29/2015 11:30 5.5 178 563 11 100 8.7 

11/19/2015 9:40 0.9 162 569 12.8 102 8.3 

12/17/2015 10:25 -0,3 157 569 14.6 112 8.2 

1/27/2016 8:35 -0.3 113 563 11.8 .90 8.1 

2/25/2016 10:00 ·0,2 82 593 13.1 100 8.6 

3/23/2016 9:45 5 202 564 11.2 100 8 

4/27/2016 10:15 6 509 498 11 101 8.3 

5/26/2016 14:00 13.4 694 247 10.2 112 7.9 

6/24/2016 10:30 21.9 275 350 8.2 107 8 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 
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APPENDIX C. TONGUE RIVER W ATERSHED 2016 WATER QUALITY DAT A 

APPENDIX TABLE: C-20. USGS WATER QUALITY DATA (SELECT PARAM ETERS) STATION 06306300 Tongue River Decker 

Temperature Discharge Gage Height Conductivity DO 
Oate/11me ("C) (ds) (ft) (uS/cm) (mg/L) 

4/8/201 4 14:15 10_1 372 3.21 902 13.7 

4/22/2014 12:30 12.8 497 3.55 692 8.5 

5/15/2014 8:30 9.9 795 4.17 435 10 

6/4/2014 8:40 3350 7.62 199 9.8 

6/18/2014 10:15 12.9 1590 S.44 250 8.8 

7/9/2014 9:15 19.9 722 3.96 351 8 

7/23/2014 14:15 343 3.03 490 10.5 

8/ 5/2014 9:15 21.5 192 2.56 625 6.8 

8/19/2014 17:30 25.S 224 2.67 586 13.7 

9/24/2014 9:15 15.7 329 3.03 528 8.5 

10/29/2014 16:15 207 2.68 626 16.1 

3/19/2015 10:30 6.1 271 1.79 720 11 

4/23/2015 12:20 14.l 294 2.83 573 13_2 

5/26/2015 14:45 12.6 4700 8.39 338 8.2 

6/17/201517:00 16.4 2200 6.11 282 9.5 

7/16/2015 15:35 24 .6 315 Hl 528 11.8 

8/20/2015 7:45 16.8 187 2.58 706 7.3 

9/21/2015 11;40 16,1 157 2.44 669 11.1 

10/21/2015 10:10 9.2 188 2.53 688 11.2 

2/25/2016 8:00 ·0.3 89 2.48 878 13.4 

4/25/201617:45 9.1 900 4.26 625 9.9 

5/26/201611:20 13.3 729 3.97 295 9.4 

6/24/2016 7:50 21.3 286 3.06 405 

7/27/201610:40 24.3 43 1.98 763 9.2 

8/25/2016 10:30 17 73 2.16 677 9.7 

9/22/2016 9:45 14.9 125 235 634 8 

10/14/2016 7:50 6.7 247 2.75 598 11.4 

Sheridan County Conservation District 
20 16 Tongue River Watershed Interim Monitoring Report 

Suspended 

DO pH Dissolved Solids Sediment 

(%) (SU) (mg/L) (mg/L) 

138 8.7 604 64 

93 8.6 446 52 

99 8.5 268 36 

8 120 49 

95 8 149 41 

100 8.2 208 28 

8.5 297 12 

87 8.2 391 16 
1.93 8.7 357 15 

.97 8.2 329 17 

8.8 403 15 

100 8.6 470 32 

147 8.6 357 27 

88 7.5 204 280 

110 7.6 170 44 

162 8.8 330 17 

86 8 453 25 

129 8.4 425 14 

110 8.5 451 25 

102 8.4 584 4 

98 7.8 410 113 

102 8 179 55 

8 236 3 

125 8_2 7 

113 8.4 438 12 

90 8.2 379 19 

107 8.1 385 17 
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APPE .. ~.,, C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-1. 2016 Continuous Temperature Data Site TROl 
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APPEt--.iu,X C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-2. 2016 Continuous Temperature Data Site TR03 
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APPH-.u,X C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-3. 2016 Continuous Temperature Data Site TROS 
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APPEl\iu,X C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-4. 2016 Continous Temperature Data Site TR07 
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APPEi\..,.,, C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-5. 2016 Continuous Temperature Data Site TR09 
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APPENu," C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-6. Yearly Mean Daily Water Temperature Comparisons for TR07 
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APPEr-...,,,, C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-7. 2016 Mean Daily Flow and Normal Flow at USGS Station 06306300 
Tongue River Near Decker, MT with 2016 Instantaneous Discharge (TR0l} 
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Figure C-8. 2016 Mean Daily Flow and Normal Flow at USGS Station 06306250 
Prairie Dog Creek Near Acme with 2016 Instantaneous Discharge (PDOl) 
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APPEr-.u ,X C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-9. 2016 Mean Daily Flow and Normal Flow at USGS Station 06305700 
Goose Creek Near Acme with 2016 Instantaneous Discharge (GC0l) 
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APPE .. ..,.,, C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-10. 2016 Mean Daily Flow and Normal Flow at USGS Station 06299980 
Tongue River at Monarch with 2016 Instantaneous Discharge (TR0S} 
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APPEi\..,,,, C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 

Figure C-11. 2016 Mean Daily Flow and Normal Flow at USGS Station 06298000 
Tongue River Near Dayton with 2016 Instantaneous Discharge (TR09) 
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APPE .. ~.X C. TONGUE RIVER WATERSHED 2016 WATER QUALITY DATA 
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Figure C-12. 2016 Mean Daily Air Temperature and Normal Mean Daily Air 
Temperature from the National Weather Service at Sheridan County Airport 
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Figure C-13. 2016 Mean Daily Precipitation and Normal Mean Daily Precipitation 
from the National Weather Service at Sheridan County Airport 
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RAMACO Brook Min 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE D-1 

Tongue R Canyon. u/s USGS gauge, TR09 (tormeny TRU). Octooer 4, 2016 
WY: Sheridan County Conservation Olstnct. WY DEO protocols. 
R1ftle habllat, comp0S1te 8 Surb r, 8 •Quare r t total area, 500 micron. 
Abundances• tull samp4e and l m2 basis ABA. Inc , 

,w:z;gJ}fJi@g& r ot Llstea1ml 

Talon Abundance '% 

Lel>e<tia 2 0.19 
Sperchon 8 0.77 
TestudaC81US 2 019 
TOTAL: NON INSECTS 12 1,16 
Amelotus 2 0.19 
Baelis lncaudalus oomplex 2 0.19 
{J(ufllll/8 dodcH;,, 4 039 
{J(ufllllla grendis 119 11 .95 
Ephem(l(e//e excrocillns group 15 1.54 
Rllirh~ne 12 1.16 
Tricorvrhodes exp/fcarus 8 077 
N90chofOIO,(J(JS 2 0.19 
Parateomplllel>ta 8 0.77 
TOTAL: EPHEMEROPTERA 171 17 16 
Swe/r.,, 15 1.54 
TOTAL· PLECOPTERA 15 1.54 
Bn.>chvmmrus smenc11nus 2 0.19 
Brachvmntrus ocat18n/ahs 115 11 .57 
Glos.so.soma 225 22.55 
Hvaropsvt.116 29 2.89 
Lap,dostoma (NaocJiMrtnrum) 129 12.92 
Oligoplllo/Jodes 54 5.42 
TOTAL: TRICHOPTERA 5f>4 55.57 
Clflo1e1,.,., addencJa 4 0.40 
OJJ(iosmvus 175 17.55 
Za:ttze11,a UtJfVUJ8 17 1.74 
TOTAL: COLEOPTERA 196 19.69 
Athon'1' 4 0.39 
An/Oc:lla 10 0.96 
Hoiaroms 1 0.13 
TOTAL· OIPTERA 15 1.48 
Chlronom!dae 6 0.58 
Cladotanvrarsus 2 019 
Drthocle'1/US 2 0.19 
Orthocled1us oomp/ox 13 1.35 
Polyped,lum 10 0.96 
Racto1anypus 2 019 
TOTAL' CHIRONOMIOAE 35 3.47 
b ""NU I VI AL '"" 100.w 
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APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE 0-2 

Tongue R Canyon, u/s USGS gauge, TR09 - Oupllcale 1 (!ormerly TRU), OCloDe, 4, 2016 
wr snendan Coun1y Conser11auon Ois1nc1. WY OEO pr01ocols, 
Riffle habllat, composile 8 Su<ber, 8 square reel total area. 500 micron. 
Abundances~ full saJTil)le ana 1 m2 basJs ASA, Inc. 

l~J&Zl~1fJ!fft:g~; 1No1L1stea1 3odl 

,axon Maundance ,, 
T1epu0t1emaia 7 0.76 
Ns,s 2 0.19 
MuSCt1l111m 5 0.57 
PiskJ,um 11 1 14 
Trombid\rormes 2 0.19 
Spe,-cr,on 9 0.95 
TOTAL: NON INSECTS 35 3.80 
Amalerus 2 019 
Aoonrre/JB ,ns,oni/icans mmp/8x 2 0.19 
V,une/la cJodrJSil 4 0.38 
Dwnella granrJ,s 123 13.29 
Epll8mer8IIB ,.,,,,.,,,,,.,,, group 19 2.09 
E/JflO(IJS 2 0. 19 
RMfl1TJ!l6n8 4 0 .38 
TrtGrJryt/JodeS exp/"'81115 9 0.95 
Psra/optophlebia 2 0.19 
TOTAL: Ef'tiEMEROPTERA 165 1784 
S weJt s.a 2 0 .19 
S~wala 2 0 19 
TOTAL: PI.ECOPTERA 4 0 .38 
Corlxlaae 4 0.38 
TOTAL: HEMIPTERA 4 0.38 
BraehVf1Bnl/1Js oeckJe11tal1s 70 7.59 
GJossosom8 174 18.79 
Hya,opsycl>e 16 1.71 
Lop,aostoma fNBO<tinartlYumJ 128 13.86 
O/Jaopl>Jebodes 74 7.97 
TOTAL: TRICHOPTERA 461 49.92 
Clspttllm/s a<t<tenda 7 0.76 
OptK>servus 132 14.29 
Zahzevia parvula 14 1.52 
TOTAL: COLEOPTERA 153 16 52 
At/leri,r 5 057 
W,ec!sma/0"'8 2 0.19 
Musciaae 2 0.19 
Amor.l>R 19 2.09 
UmnophMa 2 0 19 
TOTAL OIPTERA JO 323 
Chirononwdae 2 0.19 
Cla<101snytarsus 7 076 
O<10mom&sa 4 0.38 
Ortlloela(llus 4 038 
Ortf>Oels<tius oomp/ex 32 342 
P8g8SU/i 2 0.19 
ParaphaenocJocJ,us 2 019 
Po/ypeo,Jum 4 038 
Radotammus 16 1 71 
Tn,enemannimyta group 4 0.38 
TOTAL. CHIRONOMIDAE 74 7 97 
Vfv •u -,j U I V I I\L ~~- ,uu,00 
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RAMACO Brook Mine 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE 0-3 

Tongue R. uls Counly Rd 67. TR07 (formerly TRL). Sepl 26. 2016 
WY: Sheridan Counly Conservation Dislricl. WY DEC pro1ocors. 
Riffle nabilal. composite 8 Surbe<. 8 square feel Iota! area, 500 micron 
Abundances• Juli sample -and 1 m2 basis. ABA, Inc 

1&MZtJ$~Jw~g@1 I Not [ ,sled 2 ldl 
Taxon Abundance ii, 

T repa,onomata 26 1 63 
Tubir1anae 20 1.27 
Opt,idonais serpenuna 9 0.54 
Physella 6 0.36 
Fam'ssia 3 0 18 
Hya/s!la 26 1.63 
Spercl>on 55 3.45 
TOTAL: NON INSECTS 144 9.07 
Acenrrnllo 1ns,gnificens romp/ex 3 0.18 
Baa6s tr,cstJdolus rompleir 26 1.63 
Fa/lawn 29 1.8 1 
tswaeon 9 0.M 
Caoms J 018 
Eplletnflrel!a excrucians woup 3 0.18 

EPI"-'""''" 9 0.54 
Maccalfertlum termmarum 6 036 
TriaxyrhodaS exp/lCll/US 518 32 67 
Pare/optoplllobia 9 0.54 
TOTAL: EPHEMEROPTERA 613 38.65 
/SO(}IN/8 3 0.18 
TOTAL. PLECOPTERA 3 018 
Con,cldae 75 4.72 
TOTAL HEMIPTERA 75 4.72 
BnJ<;hycen/rus occklontalis 37 2 36 
HeNcopsvr.he 17 1.09 
Clteumatopsyclle 132 8.35 
HycJropsyche 308 19.42 
Hyaropli/8 3 0.18 
Noctopsyche 6 0.36 
Oecelis svara group 26 1.63 
Neurecllps,s 3 0.18 
Polycen/topus 3 0.18 
TOTAL. TRICOPTERA 535 33.76 
PBITOph/18 78 4.90 
TOTAL. lEPIDOPTERA 78 4.90 
Cl6plolmls addenda 3 0.18 
Dubrapn/a 15 0.9 1 
Optjose,vus 17 1.09 
Zaitzev,a parvula 6 0.36 
TOTAL; COLEOPTERA ~o 2.54 
Cera1opo110nlnae J 0 18 
Eph)'dridae 3 0.18 
Penc,;marre1ma1osoopus 3 018 
S,mullum l!O 1.27 
CalOparyphus 3 0. 18 
Trpu/a 6 0 ,36 
TOTAL: OIPTERA 37 2 .36 
Chlrono,,.dae J 0 18 
Crimlopu,r lrifBsda group 6 036 
Eukiefferiolla 14 0.9 1 
MlcropS6cira 9 0 .54 
Mlcrotend1pes 3 0.18 
NenoclarJius 3 018 
Or1hocl8'1ius romp/ox 9 054 
Po/yped1/um 12 0.73 
T/lienomannlmvia .Qroup 3 0 ,18 
TOTAL: CH IRONOMIDAE 60 3,81 
;u ,vu,u IU I AL l~uu IW,UC 
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RAMACO Brook Min e 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE 0-4 

Tongue R u/s Acme Road (at KJeenburn Park!, TR.OS. Oclober 4, 2016. 
WV: SheM an Counly Conservation D1stricl WY DEQ prolocols. 
Rifll e habllal. compas, le 8 Surber, 8 sQuare feet tolal area, 500 micron. 
At>undancese. full sample and 1 m2 basis, ASA, Inc. 

l~J&JtJ~fJl°tA@gi IN01 Cls1ed ml 
1a,c:on Abundance Yo 

Trepaxonemata 72 2.73 
Lumbnculldae 9 0.3'1 
Nald1dae 13 0 .51 
Tubl~c,nae 63 2 39 
AulO<Jrilus 4 0,17 
Galba 179 6.82 
Physel/a 13'1 5,12 
P/Sl(J/um 4 017 
Sperchon 11 6 4.44 
TOTAL: NON INSECTS 596 22,69 
Acenfralla inslanificans complex 85 3 24 
BBelis lrlcauda/us comple< 9 0,34 
Fallcoon 67 2.56 
lswaeon 27 1.02 
Ephemera 4 0.17 
Maccaffort,um term,natum 9 0.34 
Tncorvthodes e)(J)IICB/us 681 25.93 
Paralep/op/1/e/Jla 4 0.17 
TOTAL EPHEMEROPTERA 887 33.78 
Brachycentrus ocddontao·s 40 1.54 
HeNcopsyct,e 63 2.39 
Cheumaloosvcne 40 1.54 
Hv<JropSVCl19 58 2.22 
HydroptJla 13 0.51 
Nectopsycl,o 22 0.85 
Oea,tfs avara group 18 0.68 
Msnlia 4 0 17 
Chimarra 18 0.68 
TOTAL TRICOPTERA 278 10.58 
Peuopn.ta 31 1.19 
TOTAL: LEPIOOPTERA 31 1.19 
Dublraphia 13 0 51 
Mlaocvt/otlpus 13 0.51 
Maocyl/otlpus 72 2.73 
Stene/mis 4 017 
Steoo/mls 45 1 7 1 
ZaHzevia parvula 9 0.34 
TOTAL: COEOPTERA 157 5.97 
ce,atopogon1nae 4 0.17 
Dasyhelea 49 1 88 
Fo,opomy,a 9 0,34 
Simulrum 76 2.90 
Lm10nia 4 01 7 
TOTAL: OIPTERA 143 5.46 
Ch1ronomdae 4 0.17 
Al)8{11/um 4 0.17 
Cr1COtopus 27 1.02 
Cncoropus Wncws g,oup 130 4.95 
Cricotopus trifasc,a (Jloup 40 1 54 
D/aocen/Jlpes 4 0. 17 
Eukielfariotla 13 0.51 
umnopnyes 4 0.17 
Maopsecua 36 1 36 
OrlllOdadlus 4 0.17 
Ortllodadius complex 63 2,39 
Pentanel.Jf8 31 1,19 
PseurJoC111ronomus 65 3.24 

RheoCTICOI0{JUS 4 0.17 
Rh90tanytatsus 4 0.17 
srempel/1oofla 9 0.34 
Tanyp0d/nae 4 0.17 
Tanytarsus 4 0.17 
Th,onemannio1'8 13 0 .51 
Th/eoomannimyfa _qroup 45 1.71 
TOTAL: CHIRONOMIOAE 533 20.30 

1vrv·w •nJ IU I PIL <O<~ ,uu.u, 
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RAMACO Brook Mine 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE 0 -5 

T ongue R. ws Deci<erHlghway, TR03, Sept 22, 2016 
wv, sne~dan County Conservauon DIStrict wv DEO protocols 
R iffle habitaL composite 8 Surber, 8 square feet total area , 500 mocrcn, 
Abundanc11s• full sample and l m2 bas,s. ABA, Inc 

ltJ;1J~~~fJl°;Ag$gff IN01 Listed sl 
Ta,on Abundance % 

Trepa:ii.onemata 48 , .o~ 
Na1d1C1ae 8 0.17 
Tublfianae 32 0 70 
Physel/a 137 2 97 
Pisidlum .., 0 70 
Sphaer,um stnatmum 40 087 
Hya/6118 73 1,57 
Spore/Jon 40 0 87 
TOTAL· NON INSECTS 412 8.92 
ArgiB 16 035 
TOTAL: ODONATA 16 0.35 
Aconrre11a Jns,g,,,ticans complox 65 1 40 
Fallcoon 266 5.17 
lswa90n 32 0.70 
EphBmaro 16 035 
AskJp/aK admundsi 8 017 
Tnror)lll>Oc/eS a,ipl~IIIS 1251 l 110 
Neocl>Oroterpes 178 385 
TOTAL EPHEMt:ROPTERA 1816 39;)'1 
Hal,copsycM 242 524 
ChBumatop . ..,,,,,.. 105 2.27 
Hydrop!i11Cn9 48 1 05 
NOC!OpSt1C119 32 070 
O&cet,s avara group 105 2 27 
TUT AL TRl1;HuPTERA 533 11 54 
P&ttop/Jifa 24 0 52 
TOTAL: LEPIDOPTERA 24 0.52 
Duoirapllla 16 035 
Duorap""1 153 332 
Mk.rocylloepus 1073 23 25 
Stanolf1U 186 4 02 

ZaiU9v.a parvuta 16 0 35 
TOTAL; COLEOPTERA U45 31.29 
Simu/ium 16 0.35 
TOTAL; OIPTERA 16 035 
Chironom"dae 24 0.52 
Crmlopus blcrncrus g,oup 16 0 35 
Cncotopµs rnlsscJa group 97 2.10 
Dia-o1an<1,pes 8 O.H 
Nanodadius 16 0.35 
OrlhOdBditJS compl91t 32 0 70 
Pentanot1E1 40 0 87 
RhBocn'ootopus 8 017 
R/leotsnvtarsus 32 0 70 
rllienemann,myia qroup 81 1.75 
TOTAL: CHIRONOMIDAE 355 7.69 
,.,,..,.,..,,v,,. .. •o•u ruuuu 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 
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RAMACO Brook Mine 

APPENDIX 0 . TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE D-6 

fongue R. u/s Montana Border, TR01 , Sept 22 , 2016. 
WY: Sneridan County Conservation OtstrtcL WY DEQ protocols. 
Riffle habitat, composite 8 Surber, 8 sQuare feet total area. 500 micron. 
Abundancesw- full sample and 1 m2 basis. ABA , Inc. 

l~MJ;gJtf;Ag$&S r' [ ,Sled sl 
, axon Abundance % 
Nemata 7 0.18 
Tublficinae 7 0.18 
Physe/la 47 1.25 
Spt,aenum slflatmum 182 4.82 
Sperchon 7 0.18 
TOTAL NON INSECTS 249 6.61 
Hetaenna 7 0.18 
Argia 20 0.54 
TOTAL: ODONATA 27 0.71 
Aoonlre/la insignificans complex 121 3.21 
Fal/c&Otl 551 14.64 
fswaeon 323 8.57 
Maccattert,um termmaltJm 13 0.36 
Tnco,ytlKJ<Jes 9xp/lC8l11S 437 1161 
Neocho!oterpes 81 2.14 
TOTAi_'. EPHEMEROPTERA 1527 40.54 
Cr,/opt,/a 7 0.18 
Helicopsyche 81 2.14 
CneumBlOPsyc/J9 114 3.04 
Hvuropsyche 87 2.32 
NeciOpsv,;lle 7 0.18 
Oeoolfs avara gmup 229 6.07 
Cn,marra 7 0.18 
TOTAL: TRICHOPTERA 531 14.11 
Petrophi/a 34 0.8~ 
TOTAL: LEPIDOPTERA 34 0.89 
Oub.-aph/a 61 1.62 
Miaocyltoepus 524 13.91 
Sten<itmis 235 6.25 
TOTAL: COLEOPTERA 820 21 .79 
Simutil,m 20 0.53 
TOTAL: OIPTERA 20 0.53 
Ch1ronomldae 61 1.61 
Cncotopus trrfaSCJa group 390 10.36 
Pontan<iura 54 1.43 
Rlleocrlcotopus 7 0.18 
Rll6otanytarsus 20 0.54 
Thfenamanmmyia group 27 0.71 
TOTAl'. CHIRONOMIOAE 558 14,82 
'-'"-""'U Ul"'L J,a, •=.Ul 
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RAMACO Brook Mine 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TASLE 0.1. Benthlc. lll •c.rolnvertll!lbfate MatrJcs .at Tongue River Stat.Ion TR09 (Formerly k.nown as TRU • upPer c:.•n)'oo 5C,11Uonl ; 1993-2001 

,..._.._a ·-"·• 
,...,,.. .... ........... Tonguo R. C, 

TA:OIC.nyon TRDICan'J'DII TROI Ca,yyan TRDQC.anyon TROIC.anyan 
WDEQ WDEQ WOEQ WOEQ WDEQ 

METRIC 1"3 19'M 1095 

,_ 
1097 

No Olanr\ch:w,1t1: t• ii;a ' 1 0 0 0 
% OhaachM!l110nn.~ 0 16 008 0 0 0 

'11,Tut,o .. rio°""'IIY 0 0 0,. 0 0 

1i. C NosllXIOcladlm Dtm&llv 0 0 0 0 0 

O....•y (NoJ m2) 1001 302• ...,,9 2'l5CI 6370 

EPT Donsov fNoJ m2l • 10 >Jl!i 31l52 1319 6031) 

TottlT.a-. J3 •• ., 27 211 
No. £PT f1u .a 23 211 22 n 20 

I-la.I 1.8~ '20 3.fl:5 '!.00 2.38 

-·............,. 25 1 ~-, 2 30 HO 229 

No "'°""'f'50Ci 1 u:.. 1 3 2 I l 

'llr. Non--lMOctOnnl,ihi 0 16 018 1 ~ 0 19 0 16 

No ~i,., Tu-. 0 0 0 0 0 

'II, Odonota Dons•y 0 0 0 0 0 
No E~_.......,.. Tau • 1 • 6 1 
'11,on-.,.o,,n, .. 

4J '"' 
,45 10 6127 51 88 ,47 01 

No , t'lltGODI~ T 111 q ,0 10 8 ' 7 
,r,P1Aot...remrw-ihl 13 25 B 17 ,a 103 go3 

No HemJpUnlau 0 0 0 0 0 
'II, ,_,pt_ Oondy 0 0 0 0 0 
No ........_lnn\Ma T.11xa 0 0 0 0 0 
'II, .......... le<. Oen,;ty 0 0 0 0 0 
No Tric:--T•xa 1 • • • • 
'!I.T-"""'•'"°""""" 15'1 23 8'I 1 \ .09 i • .81 37 81 

No LopldOptnnrDon .. y 0 0 " 0 0 
'IJrtiiL.............., _ _____. 0 0 0 0 0 
No_C'.n&AoN'w.1 T111u 2 3 3 2 1 
'11,~(lo_,. 13.25 0 64 ... 864 ... 
No. MISC Dioletl Taltl ' ' 8 J 3 

'11,....,. o-o. ... , 338 2 01 37 I 0 I 02 

No Ch.ifQl'IDn'lldH- Ta.u 2 It • • I 

% Chuonomtd""' Oensitv 1 20 9 .87 S.8 1 17 1 0 1• 
No Predator Tua 12 12 8 • 1 
'II, p.,. • .,. o.n,., .. , ••• 30\ 008 , .. 
No Paf•!IJM• T a:ii:1t 0 0 1 I 1 

% P,msi\e Oensf~ 0 0 I • 0 10 o 1e 

No Coltec:11:W Gll!I~ TDtt 10 18 18 ,, 8 

11i, CoOec:IOr Oat.hem Oemntv 3302 50 1, 0410 45 30 40 32 

Mo CoOeclOf Altafflt To:a 1 2 2 2 1 

'II, CoOocklf Fine,.. Denl• v ,. 22 8 8 3 703 1117 ,. 83 

No Mall"ffllVMllo Herti+vare fa.u 1 I 1 0 0 

'Ai Mllcmnhv1e Hofbfv<Me OeMilY 0 1e 008 o•• 0 0 

No Piletcef Hortwofe TH • 0 0 0 0 0 

"Ji, F>letce, Hmbvoro Dens•tv 0 0 0 0 0 

No Scr11por-lax• l ' J 3 • 
'11,SCn,jlefn.n.wv 30 03 30 l5 16 83 3203 3 1 83 

No ShntdtHh' Tax.• I 3 1 2 1 

..... Sh1odd&1 Oemitl' 0 16 OOJ 008 0 61 1.oa 

NoX~Tue 0 0 0 0 0 

"111. XuinnM.na Donsll \l' 0 0 0 0 0 

No Ornnl'vore 1 .... • • • 2 3 
%0mniYotttOen:atty 124 3a 1 .J 53 285 . ,. 
No Unluv,.n 1 •,:• I I I 1 0 
,-Unl<.-,0....Wy 032 1 38 I ,. 057 0 
Peroenr I Domln11n1 16 64 24.09 3A 00 15 50 2060 

Pen;:ent6 0omlNlnt 60 80 03 00 72 45 6898 74 ..5 1 

Pef'Ol'lffl IDOorrtl!Ntnt 81171 a, :ii, 11688 00,. 94 03 

Rollo EPT/O!loonomldoe Oanob 83 183 11 4 0 52 ,4.,C 5>06 

Ratio HY(t"ruptych/Tot f~lffla 0.55 027 085 040 03Q 

Ratio Baotidae/T 01 Ephame,upttn 0 ,. 0.55 0.51 02, 0 41 

Ratio ScnperJCollec:lor A ltemn, 25• 458 2 12 217 215 

RaUO SatlpM1Scrap •Coll Flller 0 72 082 008 01' 008 

Ro1lo Stwed<O<S!To4 O.oslt, 0002 0 01 0 00 1 001 

BCI 111 .. 82 02 129 

8CI Pmdiaed !,O 50 so so so 
BCI CTOA 42..70 5g 13 8 ·1 34 54 50 38 0 1 

BCI CTOO 83 Sil 56 5013 "110 42 

Di'fflnrtvLOGe 2.56 21 1 2 42 
,.. 

23 
°""'""ylOG2 30g 301 3 49 '68 332 

6WtnnetS 0 73 010 085 0 75 011 

s,,,..,,.,o 0 10 0 ,, 0 10 0 ,, 0 13 

'ti. Mu~• Q02 27 00 303 ,. "" H!40 

'- Unrvoftine 67 8 1 S8 ., 5 1 1 1 1300 71.20 

'.l'- Semi\lOllllno 73 18 t3 .. ., 13 :Ml II 20 ,a 40 
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APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE D-8. Benlhlc M1crolnverteb<att Metrics OI Tongue R.lver Station TR09 (FO<mer1y ~nown H TRU . upper canyon statlon); 2002-20 16 

T_.,.R, 0 T_.,.R. 0 TonguoR. O TonguoR, 0 TongueR. O 
TROIC..nyan TROIC.nyan T~OICanyon TROI C.JIYOII TJIC»Canyon 

WDEQ acco WDEO WDEQ WllfQ 

MElllJC Z002 2003 2003 ><MM 2007 0 . 1 

No 0al:Joc:Ntl'I• l IU 0 I 0 0 0 

"~"D@m;Jtv 0 038 a 0 0 

"' Turbftlktna [)em;ly 0 0 0 0.35 1 00 

Iii C NoslDcodadlt.m Olln.-Y OQl 6 .00 .. , 0 0 ,. 

eeo.ar,1No1"'21 Jl>7 """" 7317 15l52 -R~"" 
EPT °"""'Y (Nol m21 26,0 ID7fl 93:ZZ 13(117 ----Total 111.ui 40 " 33 S3 16 

No EPJ Tau 24 26 19 ,0 23 

HBI 210 500 100 , .... 3 32 

Bnl_,,DIYo,...y -R- 300 -R- -R- -R-
No Non-Insect Tau I 3 2 4 2 
.. Non. jnM!ICtl_,__ 056 I 7J 055 I 59 03{0 

No Odonnta T1JJ.a 0 0 0 0 0 

,i, Odoooll> o....~, 0 0 0 0 0 
No E...,__,.11!!,. Tax,, • • 7 7 • -.E °""'"" 

.,.., 1000 21 32 10 22 50 03 

No Plfla)mt'.!fll Tau ' • 2 • 0 .. p-"""'"· 20, 2 4 0 1 1 247 • 02 

Na .._...lplerafag 0 0 0 0 0 

11--0onsM:v 0 0 0 0 0 

No U-..Jopkn f •g Q Q 0 0 0 

9A,Monalon11,o!Oa~tv 0 0 0 0 0 
No ,..........,.._111T111t1 8 I Q 10 1 8 
... ll'lil".hftftlefa Oen:lltY 54 .20 4J 46 0307 887.SS 2 1 13 

No Llfflirloclftn Otmsl'ty 0 0 0 0 0 

~ l ll!!!nirinnl,:i,ra Oen1111'1' 0 0 0 0 0 

INo Cnllllnnlet11 l-.ca 5 l J J 2 

"llt.CoWID'lentOansil't ,. I)& 15 tD 441 110 528 

No~ ~,u• 3 • 6 3 5 

.. ....,,Dip ..... ~ '"' 670 478 053 3 I 

No ChWmlom!WI• T11u 8 IO J J • 
"!It Ct-.,tonomdac!t Den~V 20 """ 308 000 4 37 

No Prod a to, T •~ 10 10 • • 7 

11, p,_io, °""""V 4 I • 80 1 65 282 3 28 

No Pat11.t1te J • u 0 2 D 1 .............. 
"II Perii$11e Oensitv 0 13" 0 05' Nol Reportftd 

No CaRedor G•ttier.r T • x,i 18 18 " 12 14 

.. Col-G.o- """""' 2201 280ll 21 14 10-40 •2 30 

No CotlM:tor F'il~Tawo 2 2 2 I 3 

%~FJ!t!l!'e'"Oemih' '85 1305 735 • 50 0 74 

""lo Mai::roohY10 HorbM;Q 1 axa I 1 2 0 I 

"'~e ~ ..._...KV 003 0 IQ I 85 0 0 18 

No Pil!m!K HertNYom lax.a 0 1 0 D ---., PJl8D!lor Hert.~ DIIMit't 0 0 .. 0 0 NotR--
No Scraper T • xa 5 • 0 5 4 

11,Scn,porDerwllY ""°" .... 8!179 &!131 23 8G 

No Shn!ddet T • :u I I 2 I 2 

11,Sh-ro.-tv 3-54 I 15 278 2., 081 

No XvlocMm! Tua NOI Rl!!ootlad 0 NOi~- D -R•--
,x--0on> .. -R--" 000 -R- D --.. No OmnMJAt: f HB 2 • 3 3 -~ 
"-0"""""'"°""'"' 01, 102 120 053 _A..,,., .. 
No !JnMownlu. 2 2 ' I "'°'""-~ Un"r"10'<1111n Densitv 075 11 5 0,31 0 1a NolR-
PetceN 1 Domalianl 3112 2077 5lij,1 50 ,. 31 15 

PlllfCMll~ DomtMnl 70.52 ., OIi 75 1e 82 3" .... 
Percent 1 a Dominant .. ,.. 70 38 8052 0365 5005 

f:tliUo EPT JChltTlt'IOl'THdM Dentit"J' ,. 13 • 01 22., 10158 1967 

RllioHl<J..,,,.l<hlTOO Tri<-.,. 008 024 O.Oll 0 07 0 25 

Ratk> ~Ol E~te-111 0"'5 0 23 025 0•1 0-53 

fbtMJ&:taPC11~Fi•eniir11 "00 ... ••• tS 17 -R-
R:aUo Sowpe,/SGQp •Col Fillo, 003 0 78 000 Qij,1 - R•-
AatlO Shmddil!nlfd... Dfl-.t\l ,.,........,_ 001 -- Nol Rep,xllld Nol Rl!pOr'lai 

8CI 73 
,. 00 06 82 

!!Cl Pmdleled 50 50 50 50 50 
8CICTQA 6859 .., .. 56.., 5100 8000 

8CICTOO - R""°""" No!Ro,,..,od NotRepo,1ed Nol R.,,..,od Nol Ropoflod 

0-YLOGo 3 61 3(),1 201 I e1 220 

°""'""' L002 
251 .,. 2 o, 200 3.31 

EYOn-. OOll 0 10 OOll 007 -R-
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RAMACO Brook Mine 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE 0 -9. Benthlc Macrolnvert.ebratfl Metrics at TOt\gue Rl·vu Statlon TR07 ~Fortnerly known as TRL • lower R•n<:hcister staUon); 1996-2016 
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APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE [).10. Benlhic '-4acrolnwnabrale Matr,cs al TongUl!I Rlvflr St•Uon TAOS (Formerly known i15 TRt - K~enbum station): 1995 -2016 
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RAMACO Brook Mine 

APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE D-11 . Benthlc Macrolnvenebraltt Metrics at Tongue River Station TR03 • Decker HWY; 1998·2016 
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APPENDIX D. TONGUE RIVER WATERSHED 2016 BENTHIC MACROINVERTEBRATE DATA 

APPENDIX TABLE 0.12. Benthlc Macroln11ttnebn1te Metrics at Tongue River Station TR01 • near stale line: 1998--2016 

T""9""A. Tonguo A. TongueR.. Ton,gue-R. Tcw,guoA. Tongu.R, r_.,.R. 
TR01 TA01 TROt TIIOI TIUU - Oup.1 TIIOl •D'-'J'.2 TR01 

WD£D WDEQ WDEQ Wl>£Q accD SCCD !ICCD 

ME"TRIC 1NIDus,.1 1Nl0up. J >003 2004 >Oil 2013 >010 

No Oliooc:hm!taTou • . 2 2 2 2 I 

"°"""'"'"'""' °""'""' 2 , 08 475 3 03 881 088 183 0 18 
,._ T wbel .. 111 OllnuY 035 171 0114 02• 1 07 I D 
.. c-...,.o.,,.,;,, 0 0 0 024 0 0 0 

I lloMJN (NoJ ffl21 15300 1•M 1 7182 n51s 6701 .. 10 376" 

EPT Oono<, (Nol m21 70~ Q002 Not Reoot1ftd 1176& 3208 20 18 2058 

TC11alTt111;1 • 6 •• 33 43 32 33 31 

No EPT 11..a 10 20 ,. 1• 13 12 13 

HB1 H 52• 0.211 . ., 502 598 50 
BrilounO-.... 280 213 No.R,-od No<R,_.. Nol R•po,lOd NolR- No<R-
No Nan-ln5ftd. r• xa 0 0 1 12 5 1 5 
'I> Non-lnsod Oen.,ly 22 85 17 72 788 11 35 283 537 801 

No OdoNUI Taxa 2 1 0 I 1 0 2 

"'OdoN1aDMo•v 053 0 18 0 D 12 002 0 0 71 

No Enbamemnb!!,a Ta,q 8 10 • 1 5 • • 
'I> E"""'"-'"" """- 3080 '48i3 1854 J1 .. 2 3H2 27 01 4054 

No P1N.1.'w1Nlta Ta.Q 2 2 0 0 0 0 0 

"Ptoa,r,.,aOoruwly 0 30 0 63 0 0 0 0 0 

No HemkitOlll T U-8 1 0 0 0 D 0 0 
'Iii Hemkilen~ 0 10 0 0 0 0 0 0 

No MecJBIDDlcnT• u D D D D D D 0 .. ....... ""' ............ 0 0 D D D D 0 

No fnd'lonlAna Tu• • 8 0 7 8 • 7 

,i. Trk:hool11:11n1 OensJIY 1002 l1 52 ., ,, 
''"" 21 .. , 14 93 IA 11 

No LIIIIW'lop!Ofll Oen!!:ill" D D 1 1 1 1 1 

1il~[1Anuv 0 0 2.25 084 035 017 080 

rlloGa6acJrp,11111 l • 1a • 3 • 3 3 3 3 

,r~tAn.Qel'IUtv 11 6 016 1048 1083 2000 '23 I~ 21 19 

~ Misc rhnlt!n Ju.a 1 3 1 2 2 ' ' Iii, Mac umtma Oenslty D 18 0 .63 .. , 5 / J 11 SO 2047 003 

,-., Chcronamidae Tu.a • 1 • 10 r • • 
,-o,~Densltlt 1• -43 11,.. 543 ,a,, 198 88D 14 82 

No PfndelDI' TAAII 10 7 J 5 1 5 5 
I, Predator Dens;lly 302 1 80 1.5 ... 1020 1040 80J 

No Patatltfl Tb.II 0 1 1 1 1 2 2 

1' Pal'lsilll Dfrn:MI~ 0 .,. 01' 1 ss 0 18 03' 030 

No ColleclOf' GI~ la;i1.9 2J 2 1 14 17 11 13 13 

"'CoHec:lol' Gatherer Densltv 8025 886" 200J ..... 50 80 52 88 75 54 

No C..lec101 Fillcnu r.,_. 2 J 5 • • 7 • 
.. Colleclor FlierM Oem.llY 281 4 35 20 • • 27 12 2180 31 54 11 ,tJ 

No wacmntw1e ~tert,ivore T 61(1 0 0 1 D 0 1 0 

1' MaC..........,.fl Hetbl'IOM 0.,.-.d'J 0 D 1'73 0 0 017 0 

No PIMWCef HMblvon! r au ' I 0 0 2 1 0 

.,P+ercorHe,bhloteDensdy 380 J 11 0 0 J 18 2 35 0 

INo Scrwoet TaM • • • • 3 3 4 

,.. SCraoer Oandv 1037 15 01 18 35 698 1.2• 218 Hl 

Nn Shreddttr T•u D 0 0 0 1 1 1 

"Shl_Oon .. y D 0 0 0 0 3S 03' 0 18 

No )(V1cohlMJ81' UAI D 0 -Repooed 0 Not R--'od -Repo<1od No<Reponod 

"X""""'-llomilv D D NolR....,,,_, 0 No<R"""""" -- NOIRIMlMlod 

No 0mnr,ora Tau 3 • . l ' 0 0 

"' 0mn!YO~ 0nns1Cy 170 1 57 14..23 275 O JS D 0 

No UnknaM1 Tau 1 I 0 0 0 0 0 

"'u...,,.,..,, °""'"' 0 , . 528 0 0 0 D 0 

Pwcenf: I Oonw,nanl 2150 ,.. 10 15 73 22 82 1100 2047 .... 
P9tCltitll50on'lloanl 84 1• 50 30 5005 50.2ft 73 00 .... 59 11 

P@mfK'II tO0om1Nnl 1005 7400 780J 1g a, 8954 82 "5 82 SO 

R.allo EPTi'ChlmronidM Densd:y ... 5 30 11 1 •• 72 • 71 380 

RIIIJo Hwtmoalo'd'!Jfol. Tnchoolf!nl 026 0 .35 D 18 0351 0805 02M> 0 38 

RIUO a..tldae/ToL E- 005 ODO ... 02!>U 0188 0850 0052 
R.ar,o Scmn111~ Fitten9rs JOO J • • DD 033 0045 0080 031 

RIUo Scnpe,/Scnip •Col F"ne, D70 078 047 02.a 0043 0086 025'1 

RaUo ShnaddenlT o1 C)en<Utv D 0 0 0 DOD< 0003 0002 

OC1 116 .. .. 80 83 00 84 

8CIPttld"'od 55 •• •• •• •• •• 55 

OCICTOA 83 02 7Q 36 .... 0185 87 50 92 18 ... , 
OCICTOO 8533 82 35 Nol R- Nol Reporu,d BV 13 02 32 87 7U 

OIY,o,.;,•LOGo 270 2,. 4 87 274 2 30 2 88 273 

QMW'llh LOG2 300 3 05 3.24 398 3'8 3 03 3114 
Ewnneas 071 073 0 10 006 080 076 079 

s..~o 01) 0 14 008 0 102 NOl~-ld NotR..--t No1Repo<1od 

., Mult1volllne 18 7 ,o 11 25 84 NolR...,._, .... 5050 80 71 

'IU"'""'""' ,.~ ,.,. 5100 NalR,-od 13 20 18 12 , .. " 
.. s._ 17111 H3 ,a •e Ho4R- 10~ 22 32 25 18 
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APPENDIX E. TONGUE RIVER WATERSHED HABITAT ASSESSMENT DATA 

T MLE E• 1. STREA>I HABITAT , SUBSTRATE, ""O VELOCITT OAT A COLLECTED O\JRIHO HA8IT AT ASSESSMENTS AT TONOUE RIVER ST A TION TROO --- To--R. , T--11.. I T-•R. I T-R. I T-ll I T---R. T-R. I T--.-R. I T--R. I T.....__A.. I -r---R. I T.....- A. I T-R. IT-A.. I T-R. I T-R... I T--R, L- TRGI [~• TM111:~on1 TitCII •=-onl TIIII =--Oftl TROl~GAI TIIOl~I TROIC-oel TROIC-1 TRlll~onl TitOIC---1 TIIOl~anl TROl~Ofll TROIC--1 Tllll ~•TRtll =-onl TIIOIC-1 TRll~on - I - I - I - I - I - I - I WDEQ I - I - I - I sea, I -Q I - I -=co I IICCO I ICCO I -.,... I 1..- I , __ I 1_,,.,,_ I 
-- I 1Gl1SIIN1 I 1Gl1J/19N I I0/111- I -· 1_,10/a01 I 111- I tw24121113 I ll3Gl20031 11111,- I lll/2010 I wwzon 1 ,_,_,. I ,..,, __ 

HASnAT PAAAMETEJI 
P•mentFlne• •• " II II 17 .. .. , . ,. 20 17 ,. ,. 12 17 .. 18 
lnaAamCowr " .. •• 19 ,. .. .. , . .. 18 17 ,. 20 11 19 t• 18 
Embtid<Mdnu,. II 19 17 ,. 20 20 20 II II 20 20 20 20 20 ,. ,. 19 
V•lodt'w/o.oth II •• •• 18 I I ,. II 17 II 15 10 20 20 15 .. 10 18 
Ch.tnn.lFkM 11 II 11 19 19 II 19 II 17 10 1• 20 17 11 II 19 18 
Ch#l,,.ISh~ • II 11 11 II • • 10 II 8 • 1 7 10 7 7 9 
Pool/Riffltll II ,. ,. 13 12 " ,. ,. •• 12 12 15 15 • .. 13 13 
Chan,,.1 All.,-atlon 15 15 15 ,. 1• 15 15 15 15 15 11 15 15 .. 12 II 1• 
WldlM>op<h 1 • 13 13 II 11 I 1 2 3 • 10 J 3 • I 7 

8anil;V .... tatlon I • • • • • 10 10 10 15 8.5 10 10 • 10 • 10 
Ban~ SlabllllY 10 • • • • • 10 10 10 10 10 10 10 • 10 • 10 
O'INntNa Preuurn 10 10 10 10 10 10 10 10 10 10 • 10 10 10 10 • 10 
RIPwi•n Width • 1 • • • 2 • 7 10 10 1.5 10 10 • • • 8 
Total Scor9 115 173 171 111 177 173 17> 167 172 172 155 1 .. 171 150 169 150 170 
SUBSTRATE 
M•an'liCobbM 72 .. ea 13 •• 112 82 58 37 49 14 II .. 13 13 M 66 
... a.n"l,COWNGrawl 15 II 11 7 • 10 11 27 25 ,. 11 22 .. 12 • .. 17 
MIHn"fhMG~ 7 10 7 • 3 • 19 12 15 17 I I 10 • 1 • 9 
... an'liSUI 0 I 0 0 0 0 0 0 1 0 D D 0 0 0 D 0 
... M S Sand I I • • 1 3 l J • 0 1 • I 11 • 12 6 
MIHn~Clav D D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MHn%Oraanlc D D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
IHan ~ Pt.dolll•• 0 D 0 0 0 0 0 0 0 0 D D 0 0 0 0 0 
Welahlad--dnua 12.D 95.D 92.2 .... 00.0 19.0 9U IU N.I 100.0 97.0 100.0 100.0 17,5 .... n~ 95.2 
S TIIE/Jol VELOCITY 
M'H1' (Ft. per Second) UIJ 1.70 2.00 2.30 1.72 2,451 , ... 1.1121 1.541 5.581 1.50 2.001 I .MIi 1.231 1. 121 U91 2.02 

N~e. WOEO 8Ssessme<11S !<om 10110/'2007 800 10/1512009 not repooed 

TF 6 2/0 25 
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APPENDIX E. TONGUE RIVER WATERSHED HABITAT ASSESSMENT DATA 

TABLE E-2. STREAM KAB.ITAT, SUBSTRATE. Al<O VEl.OCITY DATA COl.lECTEO OVRI/IO >WIITAT ASSE!ISMEHTS .t.T TO~UE RIVER STATION TR07 -- I To-•R. I r--11. 1 r--11. I Tn--ll I t-•R. I T-•R. I To-•R. I r--11. 1-.,.R. .__...... I TR07 I TR07 I TIIOT I TIIOT I TR07 I Tll07 I TIIGT I TIIG7 TROT I ,_ I WDEQ I - I WDEQ I ll0CD I 9CCCI I - I 9CCCI I ll0CD sea, - I 10t11M- I 111114t1N'I I 1a,12/19N I ,_,_. - I 1omaooo 1 Ill.,_ I 117/ZlltO 117/201' 
>W!ITAT PARAMETER 
P•~n!FlM• 20 19 20 20 1! 18 13 ,. 16 
109t.raam Cowr 12 13 19 11 18 19 ' 10 16 
Embeddlidn.u I 7 • 2 10 " 5 12 10 
VtlOcit'VIDtDtn " ,a 17 19 12 20 18 15 16 

Ch•nne-lF'°"' 15 ,a 15 ,. 19 ,. 18 ,. ,. 
ChAnntl ~oe • a 10 • 11 ,, 3 10 10 
,>ooltRlfll• 12 13 14 " 13 ,. • 11 ,. 
Cho1nMIAl:tar.tl-on 11 9 • 11 11 7 7 • a 
Wldth/0.,,lh • 2 2 J 2 l 2 2 • 
8111nk Vo-atUltfon I 1 • 1 II • 8.5 10 a 
Bonk St•l>lli1Y 6 a 6 I II • 8.5 10 8 
Dhw\lntiva Pr-.•••nu 8 10 g I I • 7.5 8 a 
RlnaN•n Width • 9 2 2 9 a 7,5 8 I 
Total Scon 127 137 135 1:14 146 161 108 139 142 

SUBSTRATE 
M••n %.CobbJti 72 .. ., 68 54 36 38 40 .. 
Mean 'I. Coan.e Gn1wl 18 2A 51 11 29 .. 11 35 12 
Mean 'I, Flna G1'WY'411 9 1 7 ,. 12 11 17 24 11 

MHn "I.SlJt 0 1 0 u 1 0 0 0 • 
Mt1at1'l,s..ld 1 2 0 0 • I 34 I 8 
MHn 'l,Clay 0 0 0 0 0 0 Q 0 Q 

lhan 'I, Orq.nlc 0 0 0 0 0 0 Q 0 Q 

MHn 'I, Prac:Jpitat• 0 0 0 0 0 0 Q 0 0 
Weighted Embeddedneu 21 .8 47.6 33.0 25.4 59.1 64,0 31.8 es.o 58.0 
STREAM VELOCITY 
M••n (Ft. p,tr ~nd) I 3.201 2.31 2.29 uo 1.90 1.80 1.70 2.251 1,7"1 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

8Z8Z/9Z/Z8 •peuu'3~S 

T-•R. I r--11. 
TROT I TR07 
ICCD I -.,_,.. AIIY_,. 

20 18 
18 14 
1• 8 
18 16 
19 16 
12 9 

" 11 
11 9 
9 4 
a 8 
9 8 
8 8 
8 7 

163 139 .. 55 
24 27 
12 12 
0 1 
0 6 
0 0 
0 0 
Q 0 

TU 49.9 

2.051 2.16 
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APPENDIX E. TONGUE RIVER WATERSHED HABITAT ASSESSMENT DATA 

TABLE E-J. STREAM HABITAT, SUBSTRATE. AND VELOC1TY DATA COLLECTED DURJNG HABITAT ASSESSMENTS AT TONGUE RIVER STATION TR05 -- I T--R. I T--R I T--R I T--ll. I T-•R. T,......• R. I T-•R. T,vv,,o.-R. 

~ I TIii$ I TIIII$ I TIIII$ I TIIII$ I TIIII$ I TIIII$ I TIIII$ TIIII$ ,_ I WDEQ I WDEQ I WDEQ I acco I -acco I sc:co I sea, I -.,_ I IIIZMN6 I 1111511- I IIIIJI- I .,,_ _,, I l/$l2013 I 1c»ta01• I NIY_. 

HABITAT PARAME'TEII 
P•n:itr,lFU'M-1o ,. 17 IJ ,. 16 17 16 16 
l~Cc,ftt 10 16 ·10 7 ,. 15 17 13 -d .... 11 8 7 15 • 7 • 9 
Ve lOc:itY/o.oth 14 15 15 14 16 17 16 15 
Ch•n.ntl Flow II ,a 17 .. .. ,. 16 17 
Chll'\ntl S,h,oei 11 10 10 12 11 11 13 11 
Pool/Ftlffle • 11 10 2 11 13 12 10 
ChanMI Alteraion 11 15 10 10 5 7 14 10 

Wldth/Doo<h 5 • 1 2 2 • 2 3 
Bonk Voaot1Uo.i • • 10 10 8 • • 9 
B•nJISlabm~ • • 10 • • • • 8 
OIII\.IDtM P~,..• • 10 • 10 10 10 • 9 
Rir..ri•nWldtn 10 • • • 8 8 7 7 
Tot.a Seo,. 144 147 127 128 1)9 139 1A6 139 

SUBSTRATE 
.... _n%.c~. 73 2• 32 18 lO 6' 30 • 7 
M•an11.c~a.-.. .... 1 ,. ., 38 • 40 ,. 32 28 
lluin'l,,FlrwGrn•I 1 l9 11 7 25 1• l9 17 

MHn~Sllt 1 0 10 Q Q Q 0 2 
M•an %Sand 2 • 7 s • • • 6 
Mun'I.Clay Q 0 0 0 0 0 0 0 
MHn "°Orqantc 0 0 0 0 0 0 0 0 
MHl'I 'I, Pt.-dphate 0 0 0 0 0 0 0 0 
W•igh1ed E~dne-as u .1 ... A2.0 56.0 .... '4.A Al.a 50.8 

STREAM VELOCITY 
Mean (FL s-r S.COndl 2.581 1.561 1.121 1.e21 1.6'1 1.851 2161 2.00 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 
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APPENDIX E. TONGUE RIVER WATERSHED HABITAT ASSESSMENT DATA 

TABLE E ... STREAM HABITAT, SUBSTRATE, -'HD VELOCITY 0 1\TA COLLECTED DIJRJNG HABITAT ASSESSMENTS AT TONGUE RMR STATION TR03 

..... - I T-R. T--R. T R. T--R. r--R. r--11. T--R. T--llt. T 
i.-.. I 1ll01 I TR03 I ,,., 1ll01 I TR03 I TIIOt I TROt I TR01 I - I - I WDEQ I ICCO I 9(!C[) I •- I - I - I WDEQ I 
Dao I ton.,_ I t0i12/2004 I IWJ/2013 "2212011 I AIIY_, I tOil!lntN I 1GIZ2l20031 ·-· HA8ffAT PARAMETER 
P• rcmt Flnu 12 17 .. 11 14 ,. 20 17 
ln.lll9• mCDviar 17 12 9 15 13 ,. I 10 
Embedded,,._ • 1 14 a a 2 2 4 
V• a,,.,,"'"'IDIDlh ,. 17 1Z 16 15 ,. ,. 16 
ChafirMl f ~ ,, 19 15 15 17 1a 1a 15 
ChanrMt Shaoe 10 a 11 12 10 11 11 10 
Pootlftlffle • 12 5 13 10 11 • I 
Channe.l AlletMlon 13 13 11 11 12 14 15 15 
Wldth/Ooo<h 1 2 1 3 2 2 0 2 
Banlt V.oet•Uon • a 10 9 8 • 10 10 
Bank S1abliltli' • a a 8 8 • 10 10 
Disru-P~nt9 l 4 10 9 7 8 10 10 
RIDAnan Width 1 • 10 • 5 5 9 10 
TOl'lil Score 114 133 1l1 1.34 128 131 13" 1J7 

SUBSTRATE 

M111.an ~ Cobbl• 11 211 45 41 31 SQ "" 17 
Ma i11n % CoarH Gnrw.f 30 .. 29 17 32 17 58 .. 
M•an 4', Fine Graval ., 111 ,. 22 22 12 12 28 
MHn %. Sl.n 0 II 0 0 2 1 0 1 
MHn%Sand 10 2 12 19 12 11 0 6 

lu,an 1'. Cl,n 0 0 Q 0 D 0 0 0 
UHn '!Ci. OrQ.n\c 0 0 0 D D 0 0 0 
llHn 1', p,.dokata 0 0 0 D D 0 0 0 
Welqtrfed EmbeddedMss 35,0 35.1 75.1 51.9 49.6 25.0 23.e 35.1 

STREAM VELOCITY 
Mean tfl . par SeoondJ 1.211 1.121 1.211 1. 54 1 1.291 1.111 1,72 1,70 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

R. r--11.. 
TR01 I TAG1 I 
ICCD I sea, I 

11312013 I IWD/2011 I 

16 9 
13 14 
7 • 

13 17 
11 11 
11 11 

7 12 
14 13 

J 7 

I I 
7 I 
I 9 
4 1 

1V 141 

eo 38 
2, 17 
I 19 

1 0 
a 21 
0 Q 

0 0 
0 • 

"2,0 51.1 

o.a21 1.411 

r--R. 
TROt -MY_, 

15 
12 
5 

15 
17 
11 

9 
14 
3 
9 
9 
9 
7 

1.34 

40 
33 
15 

1 
11 
D 
0 
D 

35.7 

1.49 
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APPENDIX E. TONGUE RIVER WATERSHED HABITAT ASSESSMENT DATA 

TABLE E-5. STREAM ""'81TAT. SUBSTAATE. A.MOVElOCITY OATA COlLECTED OURJHO ""'81TAT ASSESSMEHTSAT TOHOUE Rll/ER STATION TR01 --- r--R. r--R. r--R. 1--R. r--R. 1-- 11. 
L..- TIIG1 TII01 Tllll1 TII01 TIIOI TIIIII 
~ - - - acco ICC0 -- 1Cll1- ICIIZV1003 

,_ 
.,_., _.. AIIY ... 

Habitat P•amatar 
~1'1:11111 Flnu " 20 17 11 • 15 
r,-.,.unCOYtr ti • 10 ,, 

" 12 -- 2 2 • 7 • 5 
Volo<ftyJl>opU, ,. ,. ti n 17 15 
Channel Flow 11 11 ,. 16 11 17 
Channel.Sh.- 11 11 10 11 11 11 
PooUR1fflll 11 I I 7 12 9 
Chan.Ml Alleration 1• 15 15 ,. 13 14 
Wld!hlOop<h 2 0 2 l 1 3 
Bank V-..ton I 10 10 I • 9 
B•n--StabMIN I 10 10 7 • 9 
OlanJottva Prauurn I 10 10 • • 9 
RJc,wl•n 'Wldth • • 10 • 1 7 
Tote,! ScOfe 131 13' 137 127 141 13' 
Subtlnll• 
Mun 'I. Cobbl• l8 )0 17 eo 36 •o 
MN.n 'I, CoMN Ora,...I 17 51 4ll 2• 17 33 
MH n '- Fine Graw-I 12 12 26 I ,. 15 
Motn % SJtt I 0 I 1 0 1 
M••n. "' Sand 11 0 • • 26 11 

M••n 4' Cl8'f 0 0 0 0 0 0 
MHn 't. Ot'IQlnlC 0 0 0 0 0 0 
lil•an .-,. Pf-.dpk..t• 0 0 0 0 0 0 
:W.U.hl•d E~d,__.. no ua 35.8 .,_. S1,I 3$.7 
Slrum Volo<llY 
Uean (FL per Saeond) U1 1.n 1,70 0.12 IA1 1.'9 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Tongue River Site TROl Photopoints 

Early Season Late Season 

Upstream Upstream 

Site TROl Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site TROl Facing Downstream 

6/13/2016 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitorine Report 

Site TROl Facing Upstream 

8/10/2016 

Late Season 

Downstream 

Site TROl Facing Downstream 

8/10/2016 

TF ti ~ 2 / 0 2 5 
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Site PDl Facing Upstream 
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Tongue River Site TR03 Photopoints 

Early Season Late Season 

Upstream Upstream 

Site TR03 Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site TR03 Facing Downstream 
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Goose Creek Site GCl Photopoints 

Early Season Late Season 

Site GCl Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site GCl Facing Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Tongue River Site TROS Photopoints 

Early Season Late Season 

Site TROS Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site TROS Facing Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Tongue River Site TR07 Photopoints 

Early Season Late Season 

Site TR07 Facing Upstream 
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Early Season 

Downstream 

Site TR07 Facing Downstream 
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Wolf Creek Site WCOl Photopoints 

Early Season Late Season 

Upstream Upstream 

Site WC0l Facing Upstream 
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Early Season 

Downstream 

Site WCOl Facing Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Five Mile Creek Site FMCOl Photopoints 

Early Season 

Upstream 

Site FMC0l Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site FMC0l Facing Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Tongue River Site TR08 Photopoints 

Early Season Late Season 

Upstream 
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Site TR08 Facing Upstream 
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Early Season 

Downstream 

Site TR08 Facing Downstream 

6/13/2016 

Sheridan County Conservation District 
2016 Tongue River Watershed Interim Monitoring Report 

Octobe r 2018 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Columbus Creek Site CCOl Photopoints 

Early Season Late Season 

Site CC0l Facing Upstream 
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Site CCOl Facing Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Little Tongue River LTROl Photopoints 

Early Season Late Season 
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Early Season 

Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Smith Creek Site scot Photopoints 

Early Season late Season 

Upstream 

Site SC0l Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site SC0l Facing Downstream 

6/13/2016 
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October 2018 
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late Season 

Downstream 
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APPENDIX F. 2016 TONGUE RIVER WATERSHED PHOTOS 

Tongue River Site TR09 Photopoints 

Early Season Late Season 

Upstream Upstream 

Site TR09 Facing Upstream 

6/13/2016 

Early Season 

Downstream 

Site TR09 Facing Downstream 

6/13/2016 
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Late Season 

Downstream 
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Tongue River Site TROl Reach Assessment Photos 

U stream 

Site TR0l Bottom of Riffle Facing Upstream 
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Site TR0l Panorama from River Right Bank of Entire Riffle 

9/22/2016 1045 
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Panorama of Riffle 

Downstream 
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Tongue River Site TR03 Reach Assessment Photos 
Upstream 

Site TR03 Bottom of Riffle Looking Upstream 

9/22/2016 13S5 

Site TR03 Panorama from River Right Bank of Entire Riffle 

9/22/2016 1415 
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Panorama of Riffle 

Downstream 

Site TR03 Bottom of Riffle Facing Downstream 
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Tongue River Site TROS Reach Assessment Photos 

Upstream 

Site TR05 Base of Riffle Facing Upstream 

10/04/2016 925 

Site TR05 Panorama from Right River Bank of Entire Riffle 

10/04/2016 925 
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Downstream 
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Tongue River Site TR07 Reach Assessment Photos 

Upstream 

Site TR07 Bottom of Riffle Facing Upstream 

9/26/2016 1140 

Site TR07 Panorama from Right River Bank of Entire Riffle 

9/26/2016 1205 
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2016 Tongue River Watershed Interim Monitoring Report 

Panorama of Riffle 

Site TR07 Top of Riffle Facing Downstream 

9/26/2016 1140 

1D-25-18 

F-17 

DEQ Ex. 3-968



0 
(') 

0 
er 
~ ., 
l:v 
0 ,__. 
00 

• 0. 
0. 
~ 
;:I 
0. 
C 
3 
0 
O'I 

I ,_. 
,__. 

I ...... 
~ ...... 

APPENDIX f. 2016 TONGUE RIVER WATERSHED PHOTOS 

Tongue River Site TR09 Reach Assessment Photos 

Site TR09 Bottom of Riffle Facing Upstream 

10/04/2016 1200 

Site TR09 Panorama from River Right Bank of Entire Riffle 

10/04/2016 1200 
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TRODUCTIO 

This sectio of Appendi D6 will de with the presen occurr noe of 

groundwater within the general Big Horn ine area. The general Big Horn Mlfl 

area is defined as the potential five-foot groundwater drawdown contour for t 

life of the mine. This contour and he 15-foot drawdown contour, indicative of a 

si nificant drawdown impact, are depicted on Exhibi 06- I. The extent of those 

drawdown contours were determined by considering the total dewat ring eUects of 

he pr sent mining operations (Pit L Truck-Shovel Pi 3 Scraper, Pit 4 and Pit 5) 

and the proposed Pit 3 Truck-Shovel/ Amendm nt One operation (herein referred to 

a.s the Pit 3 operation or area). The drawdown calculations are presented in the 

Mine plan. 

Emphasis will be direct d to the review and definition of ex.1st1ng subsurface 

movement, distribution, quantit and qua1i1y of water, including a description ol 

the geologic etting and id ntificatlon of principal recharge and discharge areas. 

Much of the following is based upon a review of previous studies conducted 

within the vicinity of the active Big Horn coal mine experience gained during 

mining operations at the mine and the empirical d ta collected from the gen ral 

area. pecificaJly1 studies conducted by the Big Horn Coal Company within the 

general area include the "Proposed Dragline Pi Area, Amendment Three Hydrology 

Report 11 on the now~active Pit 3 craper operation. Among other studies on the 

immed ate area ar those conducted by Argonne National Laboratories (Dettmann 

and Olson l 977), the ater Resource R search Institute, University of yomin 

(1977), and the- Montana Bureau of Mines and G ology (Van Voast and Thompson, 

19&2). R ionally, the most recent results of studies by Van Voast, et. al. . (1978) 

on spoil aquif r hydraulics w re also cit d. Alluvial valley floor evaluation of th 

en ral rea have been conducted nd will be r fer need (App ndi D 11 ). 
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GEOHYDROLOGIC SETTING 

Aquifer Identification 

The Tongue River Member of the Fort Union Formation underlies the area 

and consists of interbedded coals, shales, sandstones, siltstones and sandy shales. 

The following stratigraphic units were investigated as potential groundwater 

aquifers: 

l. Consolidated sediments overlying and underlying the coal seams. 
2. The Dietz 2 (Armstrong) coal seam. 
J. The Dietz 3 (Upper Monarch) coal seam. 
4. The Monarch (Lower Monarch) coal seam. 
5. The Carney coal seam. 
6. The reclaimed - mine spoils. 

Quaternary alluvial deposits lying within the Tongue River and Goose Creek 

valley were also investigated as potential aquifers. This evaluation is presented in 

Appendix D 11 and to some extent in the Groundwater Hydrology - Pit 3 ~peration 

section. 

The stratigraphic sequences, lithologic thicknesses and local structure of 

these units are illustrated by geologic cross sections, isopach maps and structure 

contour maps in Appendices D5 and D11. 

The stratigraphic units within the general Big Horn Mine area that are 

capable of yielding enough water to be classified as aquifers are the Fort Union 

coal seams, the Tongue River and Goose Creek alluvium and the reclaimed mine 

spoils. Due to the fine-grained nature of the consolidated sediments of the Fort 

Union Formation, they characteristically serve as aquicludes or confining beds 

between the more permeable coal aqujfers. The drilling of aquifer test wells and 

geologic exploration holes within the area has shown that these fine-grained 

sediments yield no or very small quant ities of water. 

06-4 
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The permeability of the coal seams is of a secondary nature . 

system determines the degree of permeability (Komar , et. al., 

1980; Schubert, l 980). 

Brook Mine 

As mining in the area Ms progressed and overburden rock materials (spoils) 

are backfilled into the pits, groundwaters have readily re-entered the spoils. 

Sources of the re-entering water are undisturbed coal seams and alluvium. The 

hydraulic charac teristics of the re.saturated mine spoils are aetively_ being 

investigated by the Kiewit Mining & Engineering Hydrology staH at Big Horn Coal. 

Geologic features Influencing Agwfers 

A thorough explanation of the geology, including a geologic explanaUon of 

the origin of the sediments is g\ven in Appendix D5. The lithology of the sediments 

lying between the coal seams consists generally of high amounts of clay and 

silt-sized particles. Such fine-grained sediments transmit only very small amounts 

of water, serving locally as confining beds between the permeable coal bed 

aquifers. In general, the geologic structure of the area is relatively simple. The 

interbedded fine-grained sediments and coal beds dip east-southeast at 

approximately 1.5° -3.0°. They Ile unbroken by faulting and exhibit essentially no 

local warping. 

Two large perennial streams having broad actively degrading channels and 

well defined terraces flow through the Big Horn Mine area: the Tongue River and 

1t$ rnajor tributary, Goose Creek. Much of the Big Horn Mine area is capped with 

unsaturated remnant Tongue River terraces which are higher in elevation than, and 

not in hydraulic communication with, the present Tongue River terrace system. 

The most significant source of groundwater recharge within the vicinity of 

the Big Horn Coal Mine is the Tongue River. The gradient of the Tongue River is 

D6-5 

October 2018 
Tftl S 2/025 
RECD t0-25-18 Addendum D6-12-6 DEQ Ex. 3-975



RAMACO Brook Mine 

·" 
less than the dip of the Fort Union Formation, consequently the i,r,rnellble strata 

(coal seams) that subcrop beneath the saturated Tongue River aUuv~ are subject 

to recharge at the point of intersection. Alluvial aquifer tests con~·ted in the ., 
immediate vicinity have revealed that the alluvial materials are sufficiently 

permeable to permit unimpeded recharge. 

An understanding of the alluvial recharge mechanism can be gained by a 

review of the potentiometric surface maps. Exhibit D6-2 and D6-3 show influent 

stream conditions for the Tongue River in the alluvial aquifer for both May and 

August. Exhibits 06-4, D6-5 and D6-6 ace potentiometric surface maps for the 

Dietz 2, Dietz 3 and Monarch coals. These maps, coupled with the Dietz 2, Dietz 3 

and Monarch coal structure contour maps (Appendix 05), show that hydrostatic 

pressure within the coal seams rapidly increases downdip from their subcrops. This 

is indicative of direct recharge at the point of intersection between the coals and 

alluvium. 

The four major coal beds of economic interest in the Big Horn Mine area are, 

in descending stratigraphic order: Dietz 2, Dietz 3, Monarch and Carney. Only the 

first three beds are presently in production . Extensive exploratory drilling has 

verified that these coal seams cannot be classified as aquifers where they lie 

stratigraphically higher in elevation than the Tongue River (refer to the 

Groundwater Hydrology sections of Pits 3, 4 and 5 for site specific discussions) and 

are not subject to recharge from the river. These coals lying stratigraphically 

updip of their alluvial subcrops have burned extensively (Appendix 05) and baked 

overlying rocks into a hard rock type, known locaJJy as "clinker" or "scoria". 

Significant clinker deposits are found in and to the north and west of the Big Horn 

Mine area. These deposits are generally permeable but do not receive significant 

recharge and generally do not yield a significant quantity of water, except in 
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special cases, to be classified as aquifers. No such cases exist within or near the 

general Big Horn Mine area. 

Although not a natural feature, several underground mines are pr~ent in the 

Big Horn Mine area (Mine Plan). The exact influence of the mined areas on 

aquifers is not well understoO<l. They a re generally viewed as groundwater sinks 

but the influence on aqui1er properties, particularly confining influence, is site 

specific. 

Groundwater Flow 

Wells 

Within the general area of the Big Horn Coal Mine, 139 observation water 

wells have been completed to ascertain hydraulic properties of the aqufiers and 

groundwater movement. Twenty of these wells have thus far been removed from 

the groundwater monitoring network by mining activities. The currently active 

network includes: 61 alluvial wells, 5 Dietz l coal wells, 12 Dietz 2 coal welts, 

10 Dietz 3 coal wells, 13 Monarch coal wells, five Dietz 3 and Monarch coal seams 

combined wells, three Carney coal wells, nine wells completed in localized fort 

Union water-bearing formations (Pit 4 a rea), and 11 wells completed in reclaimed 

spoils. Exhibit D6- 7 shows the locations of all active observation water wells. 

Addendum D6-l presents a comprehensive listing of all these observation wells, 

including completion information. 

Shale packers are fitted in all coal wells in order to separate aquifer units, 

minimize potential mixing of aquifer waters and prohibit the entrance of surface 

water runoff. Coal wells are drilled with air/water injection. The alluviaJ and burn 

wells a re drilled with air and revert drilling fluid. After drilling and casing 

emplacement, the aJluvial and burn wells are gravel packed to limit entry of 

fine-grajned material into the well and to ensure good well efficiency. Finally, all 
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wells are flushed with water and blown out whh the rig's air compressor to remove 

any foreign mud and debris introduced during drilling. During this completion 

period, the productivity of the wells, in gaJlons per minute, was measured as 

closely as possible. A thorough description of an observation we ll's construction 

can be found on the last page of its lithologic log, Appendix D5. Figure D6-1 

pictorially illustrates the typical designs of groundwater observation wells. 

Monitoring Water Levels 

A listing of the currently active groundwater monitoring sites for the Big 

Horn Mine area is presented in Addendum D6-1. Water levels from all observation 

wells are recorded at the beginning of every month a fter the welJ is installed. 

Certain selected wells have been equipped with Steven's F-68 continuous water 

level recorders where more detailed groundwater hydrographs are desired. The 

frequency of monitoring the alluvial water wells (17 Tongue River and 10 Goose 

Creek) upstream of the mining operation has been reduced to quarterly. Almost 

three years of monthly data was obtained from these alluvial wells, and because 

mining should not a ffect this area, quarterly monitoring is sufficient to determine 

future fluctuations in water levels. 

The extent and severity of mine-associated aquifer dewatering is not only 

dependent upon the size, location and orientation of the excavations, but also upon 

the source and rate of aquifer recharge. The Tongue River is the most significant 

source of aquifer recharge within the immediate area. Aquifers being dewatered 

at the Big Horn Coal Mine include the Dietz 2, Dietz 3 and Monarch coal seams and 

the Tongue River alluvium. The Dietz 2 and Diet z 3 coal seams are presently being 

dewatered by the Pit 1 excavation and the Monarch seam is being dewatered by 

both Pits l and 3. The Tongue River alluvium is currently being dewatered along 

the southern highwall of Pit 3. 
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TY ICAL DESIGN OF BIG HORN COAL 
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Fluctuations of the groundwater elevations for representativ~ · weU~ at-e 

shown in Figures D6-2 through D6-4 and Exhibit D6-8. As can be seen \from these 
\ ' 

groundwater hydrographs, the greatest water level declines have been oBse1')':,ed i~ 
(I'" ~-

those wells located closest to the mine excavations. -

As illustrated by Exhibit 06-8, no significant water level declines have 

occurred in the Dietz 2 coal aquifer during the observation period. This suggests 

that the Dietz 2 coal is being locally recharged at a rate which is sufficient to 

negate dewatering by the Pit l excavation. 

Exhibit 06-8 and Figure D6-3 show that the greatest overall drawdown in the 

Dietz 3 coal aquifer during the observation period has occurred in those wells 

which are nearest the Pit 1 excavation. The vast majority of groundwater inflow 

to Pit l has historically been from the exposed coal seams in the north highwall. 

Mining has progressed in Pit 1 to the point that backfilling has covered over most 

of the exposed coal in the north highwaU, thus, decreasing the volume of 

groundwater discharge and coal aquifer dewatering. Exhibit D6-8 illustrates how 

the Dietz 3 coal water levels have recently begun to recover. Those observation 

wells situated closest to the coal's Tongue River alluvial subcrop have exhibited the 

greatest amount of recovery. Also, water levels observed at well BH208 change 

directly with river stage fluctuations due to its location immediately adjacent to 

the Dietz 3 coal erosional subcrop under t he Tongue River alluvium. This is 

indicative of the tremendous potential that the Tongue River and its alluvium have 

to rapidly recharge the groundwater system after reclamation in the area is 

completed. 

The Monarch coal water well hydrographs, Exhibit D6-8 and Figure D6-4, 

show drawdowns ranging from approximately eight feet to 65 feet. The degree of 

drawdown is a function of an observation well's location with respect to the 

D6-10 

TFHS 2/025 
Octobe r 2018 RECD 10- 25-13 AddendumD6-12-11 DEQ Ex. 3-980



0 
() ,.... 
0 
o' ., 
Iv 
0 ...... 
(X) 

M 
C 

-c:::, 
I 

"' u, 
I -0C> 

)> 
0. 
0. 
Cl> 
::l 
0. 
i:: 
3 
0 
0\ 
I ...... 
Iv 
I -Iv 

-,0 
-r, 

0, 

"-) 

....... 
c:, 

u, 

----------------------------------------------------------------

_J 

U] 

<l: 

0 
I-
<( 

w 
_J 
w 
n:: 
~ 
<-1 -. > 

:.':..,,1,.1 

I 

' 
!~D~ 

t· 

t· ... 
·- ,._ 

' ... 

I 

" 

I I 

' \ 

!..'\ -t-----.,..---------------------,--r----+--+---t---t--+--.---+-------------..-----_,__-+_ 

I l 
!'' . 

! !,.,. - l--+--.----,--,---.,......• -..----.--+-----,--........ ---.---+--+--+--..--,.-...----r---,,---.---r-~--,-----1 
,c ,,, ,,,o .. ,, .... ,.1'\u• ''" ,1'\,1''" ,, , .. 11'" ..,,,<t .r" .;''' .,'' ,,, • .,i'' .,,,·, ,,,\ ,.,/·_,,, j , • 

' 
I' \ l \ \ ,1'' j' ' ,.I'' ,,I\ 1 , 1 \' ,,I ' t l ' 0 • ,t. ;I,, .. 11 

Ufl I ,t, 

IHI (,I 

Ut1 .!t.... I 

- t:ltt : Jo I C ,»lr O) cJ 11 / 7 ,J 

~ uu ~, 

DATE 

FIGURE : 06-2 -------------------...... BIG HORN COAL 

Shcr1don Counl 

ALLUVIAL WATE~ W LLS 

,u-,f-

!,Ul_l_l_ 

f'lfWIT SO s'COMPAN\' - MINING 0ISrRCT 

DEQ Ex. 3-981



0 
() ,..... 
0 
er 
(II 
"1 

t0 
0 ...... 
00 

• 0. 
0. 
(II 

::l 
0. 
C: 
3 
0 
°' I ,_. 
t0 
I ,_. 

<,.) 

-_J 
CJ) 

~ 
<l: -z 
0 

~ 
)> 
w 
_J 
w 

Cl 0:: 
(1\ w 
I ti .... 

N 3 

l ~,i~ 

j.:. :.,i.) 

,. H :) 

~~~o 

~!,.{~ 

, ·u 

~- "'~ 

j '!,,.,H) 

!>~5 

~· v 

~') .~ -
>4U 

3 :Jj.~ 

- -- - L- - 1------11---+-- -+- - +-- -t 

- - -- - <----
- l _ __ _. ,,_ ___ --- - !'I,.. -- - - ---.,j -- -- ~ - -- • __ ._ ___ ~...,_ -- -:-----~-- -

~ - ~ ·· · .. . -~ -.:. .... --; 

0 /78 11/78 •2/78 I/ (9 ?./T9 l/79 4/79 ~/79 6/79 7/7 8/79 9/ 79 'IJ/79 11/79 Jl/79 1/80 2/l!O 3/80 4/80 MIO 6 /110 7/ 80 8/00 

L EGEND 

,, - ...., Btl - 20 8 
o o BH-468 
o--.. BH- 575 
0 • O BH-576 
o-- --o BH-582 

DATE 

BIG HORN COAL CO. 
SHERIDAN COUNTY, WYO. ---- -

DIETZ 3 COAL WATER WELLS 

------·- - - - ------ -DNA ... .. 1,..i FIGURE 06 -3 .;:;._;_ __ _ 
;(,:"K~ l'l 1111 Iii ': 11 !. 11:. ' 11.11 •, , 11r -11 .,1,. , 

T · I 
:co 

2 / 2 5 
10- 25 -1 

----0R4WII ~ 

JMB 
DUf 

12-15-80 
•-~ " I L T 

l -
\ I-, I , ,II I 

-- . . 

co 
"1 
0 
0 
:-;-

§; 
:J 
(II 

DEQ Ex. 3-982



-_J 
(/) 

~ 
<( -z 
0 

~ > w 
_J 
w 
0:: 
w 

::D -4 
m -n 

0 ti "' I 3: -\,J 

n 
c:::, 

en -Cl t'J 

I ""' ..., 0 
u, "-> 

I U"I -co 

> 
0. 
a. 
(11 

::l 
0. 
i::: 
3 
Cl 

°' I -i,,:, 
' -+> 

1:ia -

l:. I~ -

>C7V 

,J~ :, 

l:,~ I 

,~~, ,_ -
!, t; ,u 

,~-· 

)~ 0 -

' ~) - -

,~,o 

):) / :, 

~- 0 

\ 

' \ 
' ', 

----

-

--- ..... ~ ---- •- -- ~ ----- · =- , ... _ _ ----. 

-- ---- ,__ - -

-- - ~--1---~-4----1 

_ .,_ __ 
•--+-- -+----t-- -+-- --11 

-

- - -

- -'F "=--........,,----+-- -- ..... ' ... -~- i ~ . ,....:, ~ -=- --=-=4._ka=_.$ __ ... ~~;.;;.-· •• ,... ~ -- - I,-- ____.,jl),--- -
- .... v '.s:::.l>,_,s ~+._- s- +---==::.+~......::..J---+-_;;;;~ - ~ 

---..... ' ,~ .,_ _ __ .... >-.... '• ~......_S~ ... 

-+----,I--· -

.... ~ ---.;;;;-
~ -.... ~... -- ..... , ~ 
~ .,___ ........... --~=i~ 

1 - ..... ~+• - ~,,f - 11---- -- ......... - - ... __ -.. 

.... D- ---• ·~ ' ___ __ ,.__ -•----- -
,_ _ --..- -• - · 

·- .. 

,_ - - -- ...i+-~~-~"!..:::::b~4:::-....,._c-- -t---t-- -t--t - .... ~ r-.--
1,,.. ....._ p--.. -9"-. .-........ 

~,_ 1- --- --1---+-- -t--+--+--+--+-- 1-- +--11--+--ll-- +-~hc .. - ~~"'=:::-IJ-,........,..,. .... -1 _ _ - .-.. -_+--t 
' 

l5t0 + - -i--+---+--+-- -+--+---+-- ,- -.-- -+--+-- -+--+-- -+--+---t--+----J--+-----+-"-:::._-1------+----._- -I -· 
"05 "---+--~--+----11---+--1---+--1---+---11---+---11---+---11----+--~i---+--~---+--~--+--~--+----a 

2/ 1s -,/79 4/79 '!,/7s ,11s 1 '111 a/111 s/7s I0/79 uht 1211, 1, eo 2/80 l /80 4/80 5/80 /80 7/60 &/&O IQ/7ij 11/78 12/78 I 7 

LEGEND 

o --- - o BH - 204 
" - , , --o BH- 467 
..,. - ~, BH - 231 l estroyed 11/79) 
u • • () BH - 496 
u O BH- 234 (we ll removed 3/79) 
u- - H- 2 2 

o--s ---o BH-4620 
0 - 0 BH-584 
o-- --o BH-520 

DATE 

BIG HORN COAL CO. 
SHERIDAN COUNTY WYO. 

MONARCH COAL WATER WELLS 

OIIAWIH<i )fC). FIGURE D6 - 4 

JIU,• IV 

JMB 
OATE 

12-11-80 
SHUT 

{t(J PETE Kl£ IT SONS' C0t,h •.41n - MINI G DISTRICT 

DEQ Ex. 3-983



El 
N 

" N 
en 

" N 
El 
N 
El 

RAMACO 

operating pits. For example, water levels observed at wells BH204 a 

the greatest decline because of the influence that both Pits l and 3 

aquifer in this area. As previously stated, backfilling has greatly 

lengths of exposed coal seams in the northern highwall of Pit 1. 

Brook Mine 

dewatering of the Monarch coal aquifer has been greatly reduced and, 

consequently, its water levels have been steadily recovering. 

The Carney coal aquifer observation wells, Exhibit 06-8, have shown no 

drawdown signifying there has been no effect on the aquifer. 

The alluvial groundwater hydrographs, Exhibit 06-8 and Figure D6-2, 

illustrate how water level changes in the alluvial aquifer are dependent upon stage 

fluctuations of the Tongue River. The alluvial water table rises in direct response 

to an increase in the river's stage during the spring runoff period, then declines as 

the river 's stage returns to ba~e flows. In the area of discussion, this dependency is 

directly correlatable to the distance from the river and the proximity to Pit 3. 

Specif ically, well BH207A, located 750 feet south of the alluvial gravel exposure 

along the southern highwall of Pit 3, continues to respond to Tongue River flow 

variations, yet has exhibited a steady water level decline following the spring 

runoff period every year. Well BH198 has experienced negligible drawdown due to 

its close proximity to the Tongue River. 

Water levels observed at well BH230, Figure 06-2, showed a decline of about 

20 feet before the well was removed by mining activities. The alluvium was 

completely dewatered prior to the well's removal. Figure 06-5 is an alluvial c ross 
. 

section through observation well BH207 and BH230. lt illustrates the drawdown of 

the alluvial water table in the direction of Pit J in November 1979. Figure D6-6 is 

this same alluvial cross sect ion as it currently appears, October 1982. As the 

alluvium is dewatered by the Pit J excavation, its ability to recharge the coat 
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RAMACO Brook Mine 

aquifers will be slightly decreased. Upon reclamation of Pit 3, the alluvium will be 

replaced, thus restoring the alluvial aquifer to premining functions. The 

reconstruction of the alluvial aquifer in Pit 3 is addressed in detail m the 

Reclamation Plan. 

The reclaimed spoil water Jevel hydrographs are illustrated in Exhibit D6- 8. 

To date, the saturation level of the reclaimed spolls has remained relatively 

constant. As Pits l and J advance, continued observation of the spoil water levels 

will be necessary to draw any conclusions concerning final saturation levels. 

Potentiometric Surfaces 

Exhibits 06-2 and D6-J show the potent1ometric surface for the alluvium 

based on measurements taken May 19 and August 10, 198 I. Both maps show the 

alluvium receiving water from the Tongue River and discharging water into the 

Pit 3 excavation. Groundwater {low paths In the aUuvial aquifer directly adjacent 

to Pit 3 have adjusted and warped to the north toward the pit where dewater ing 1s 

occurring. Here, the gradient is increased to the pit opening. The normal flow 

pattern for the alluvial groundwater, however, is downstream, as wouJd be 

expected, at an average gradient of approximately 0.0018 ft/ft. This compares to 

0,001 ft/ft for the Tongue River. Flow direction and gradient appears to be fairly 

consistent throughout the year. 

Exhiblts D6-4, D6-5 and D6-6 show the potentiometric surfaces for the 

Dietz 2, Dietz 3 and Monarch coal seam aquifers based on measurements taken 

September 3, 1982. Comparison of these maps with the respective top of coal 

structure contour maps (Appendix D5) shows that the coal seam aquifers are 

confined. Water levels in observation we lls have declined according to their 

relative distances from the mined areas. Drawdowns have been great est adjacent 

to the Pit I excavation, resulting 1n strong hydraulic gradients toward the pit. lt 
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RAMACO Brook Mine 

should be noted that none of the coal wells have yet drawn down to the top of the 

contributing aquifer. 

Undisturbed regional potentiometric surfaces of these three coal seam 

aquifers generally slope downdip with hydraulic gradients in the range of 0.0 l to 

0.05 ft/ft. Groundwater flow patterns in the Dietz 3 and Monarch seams are 

basically controlled by the geologic structure, in that recharge enters along alluvial 

subcrops beneath the Tongue River and flows downdip to the east-southeast. 

Recharge also enters the Dietz ~ coal seam along its alluvial subcrop, but the 

groundwater flow paths become warped and turn to the north-northeast along the 

strike. This may indicate the presence of a sjgnificant source of recharge to the 

Dietz 2 coal seam south o f the general area. 

Aquifer Hydraulics 

Pumping Tests 

Aquifer pumping tests have been conduct ed on the Dietz I coal, Dietz 2 coal. 

Dietz 3 coal, Monarch coal, saturated sandstone, reclaimed spoils and the alluvial 

aquifers within and adjacent to the Big Horn Coal Mine permit boundary. 

Extensive pump testing of the Tongue River and Goose Creek alluvial 

aquifers includes single well tests on wells BH207 A, BH230, BH627 and BH640, and 

multiple well tests on wells BH198, BH397, BH398, BH399, BH400, BH40 1, BH!/03, 

BH404, BH405, BH406, BH407, BH507, BH508, BH509, BH5 LO, BH623, BH624, 

BH625, BH626, BH634, BH635, BH636, BH637, BH638, BH639, BH644 and BH645. 

Aquifer pumping tests have been conducted on the Dietz l coal aquifer even 

though i t has not been disturbed, nor is it proposed to be disturbed, by mining in the 

general area. Two single well tests and one multiple well test have be 

on the Dietz I coal aquifer. 
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RAMACO Brook Mine 

BH469 and BH.596, and a multiple well test on wells BH647 and BH466. 

Tests performed on the Dietz 3 coal aquHer include single well tests on wells 

BH468, BH575, BH576 and BH582, and a multiple well test on wells BH462 and 

8H462A. 

Tests performed on the Monarch coaJ aquifer include single well tests on 

wells BH231, BH232, BH467, BH496, BH.584, BH408, BH.555 and BH.562, and a 

multiple well test on wells BH462 and BH462A. 

A saturated Fort Union Formation sandstone unit that could be affected by 

mining in Pit 4 was pump tested to det ermine possible impacts t o it and est imate 

groundwater inflow to the excavation. Tests include multiple well tests on wells 

BH392 and BH393, and single well tests on wells BH390, BH391 and BH395. 

As backfiUirig has followed coal removal, groundwater has re-entered the 

spoils at the Big Horn Coal Mine. This resaturation has undoubtedly occurred due 

to the nearby source of recharge: the Tongue River and Goose Creek. As mining 

and backfilling continue, pump testing of the resaturated spoils will be ongoing to 

aid in predicting the hydraulic properties of the postreclamation aquifer. To date, 

single well tests have been run on wells BH656, BH657 and BH658, and multiple 

well tests have been run on wells BH655, BH745 and BH746. 

The aquifer test data log sheets and aquife r coefficient calculations for each 

test are not presented in this section (General Area) of the repor t. Table D6- L 

summarizes where these pumping test data are presented. 

Aquifer coefficients were derived for the single well drawdown and recovery 

tests by the Jacob modified non-equilibrium formula as described by Johnson 

Division, UOP Incorporated ( I 97 5, pp. 113-118). The bailer tests were analyzed 

according t o the Skibitzke method as discussed by Lohman (1979, pp. 29-30). The 
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Table D6-J. 

WeU 
No. 

198 
207A 
230 
397 
398 
399 
400 
401 
403 
404 
405 
406 
407 
507 
508 
509 
510 
623 
624 
625 
626 
627 
634 
635 
636 
637 
638 
639 
640 
644 
645 
463 
463A 
464 
688 
466 
469 
596 
674 
468 
575 
576 
582 

October 2018 

Brook Mine 

Location of aquifer pump test data log sheets, calculations 
and summary tables. 

Aquifer 

Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
AHuvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
AUuvium 
AHuvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
AHuvium 
Alluvium 
Alluvium 
Alluvium 
Dietz-1 
Dietz-I 
Dietz-I 
Dietz-1 
Dietz-2 
Dietz-2 
Dietz-2 
Dietz-2 
Dietz-3 
Dietz-3 
Dietz-3 
Dietz-3 
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T ble D6-1. ont'd, 

Dat and 
Well Cal ula tions 

o. Aquifer in epon 

462 Dietz-3/Monarch Pit 3 p ration 
462A Dietz-3/Monarch Pit 3 Operation 
231 Monarch Pit 3 Operation 
232 onarch Pit J Operation 
467 onarch Pit 3 Operation 
496 Mon rch Pit 3 peration 
584 Monarch Pit 3 Operation 
1.108 onarch Pit 5 Op ration 
5 5 Monarch Pit .5 Operation 
562 onarch Pit .5 Operation 
390 Sandstone Pit 4 peration 
39 l andstone Pit 4 Operation 
392 Sandstone Pit 4 peration 
393 Sands one Pit 4 Operation 
)95 Sands one Pit 4 Operation 
655 Spoils Pit J peration 
6.56 Spoils Pi 3 Operation 
657 Spoils Pit J p ration 
658 poils Pit Op ra ion 
74.5 Spoils Pi 3 Operation 
74 pails Pi ) peration 
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RAMACO Brook Mine 

data collected during the multiple well aquifer tests were analyzed by the Theis 

non- equilibrium well formula as described by Walton (1962, pp. 4-8) and Johnson 

Division, UOP Incorporated (197 5, pp. I 08-113). 

Results 

Tables presenting a summary of aquifer test results can be found in the 

respective sections of this report or Appendix D 11 as referred to in Table D6- L 

Transmissivity values for the coal aquifers in the general a.rea show a great 

deal of spatial variability. The Monarch coal seam, in the Pit 3 area for example, 

has a low transmissivity value of 8 gpd/ft and a high transmissivity value of 

780 gpd/it. Monarch seam transmissivity values in the Pit 5 area range from 

approximately I gpd/ft to 12 gpd/ft. Transmissivity values for the Dietz .3 coal 

seam range from 2 gpd/ft to 702 gpd/ft. The Dietz 2 coal seam has a low 

transmissivity value of 20 gpd/ft and high value of 252 gpd/ft. Dietz 1 coal seam 

transmissivity values range from 11 gpd/ft to 170 gpd/ft. 

The permeability of a coal seam is a direct function of the degree and nature 

of fracturing that has occurred within that seam. "Fractures are the only cause of 

permeability in coal" (Rehm, et.- al., 1980). The distribution and orientation of 

cleating in a coal seam is normally quite variable, thus, the hydraulic conductivity 

of the coal seam will exhibit a wide spatial variability. 

Another cause of the wide range in transrnissivity values for t he coal aquifers 

is the varying degrees of local recharge and proximity to the recharge and 

discharge areas. Generally, the coal wells situated immediately downdip of t he 

respective coal subcrops beneath t he Tongue Rlver and its alluvium exhibit the 

larger transmissivity values and the coal wells situated immediately downdip (or 

gradient) of the mine excavations exhibit the smaller transmissivity values. The 

Monarch coal wells completed in the Pit 5 area exhibit low transmissivity values 

06-22 
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RAMACO Brook Mine 

because the Monarch coal remnant is not subject to recharge from the Tongue 

River (Groundwater Hydrology - Pit 5 section). 

The confined nature of the coal seam aquifers ls indicated by the tow storage 

coefficients (Dietz 1 = 1.4 x 10-4, Dietz 2 = 5.0 x 10-5, Dietz J and Monarch= 1.4 

x 10-4). The drawdown curve plotted for observation well BH462 matched up with 

a leaky artesian type curve indicating there must be some degree of s16w vertical 

seepage to the interburden above the Monarch and Dietz 3 coal aquifers south of 

the active mining area. The Theis drawdown curves plotted for observation weUs 

BH466 and BH463A matched up with the nonleaky artesian type curve indicating 

the Dietz 2 and Dietz 1 coats are confined aquifers. 

A wide range of transmissivity values for the reclaimed spoils were found 

01 gpd/ft to 22,466 gpd/ft), indicating diverse conditions exist along the pit floors 

where resaturation has occurred. A reasonable explanation for this wide range of 

transmissivity values would be that the rubble, consisting primarily of boulders and 

wasted coal which comprises the floor of the pits, provides an extremely wide 

variation in hydraulic properties (Van Yoast, et al., 197&). Low values of storage 

coefficients indicate that the spoil aquifer is confined between less permeable 

strata, again indicative of an aquifer created along the pit floor that is comprised 

of coarse spoil material over lain by finer-grained materials. Because the spoils 

appear to be confined, or at least semi-confined, the aquifer thickness is not 

exactly known, therefore, the permeability is not known. Also, as the voids in the 

rubble comprising the base of the backfilled spoils are filled in or lost due to 

compaction, the hydraulic properties may change over time. 

Pumping test results indicate that the Tongue River and Goose Creek 

alluvium is a very significant aquifer with transmissivity values ranging from about 

D6-23 
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RAMACO Brook Mine 

9,000 ro 60,000 gpd/ft. Storage coefficients are in me order of lo- l to lO- 2 

indicative of an unconfined to "semi" confined aquifer . 

These aquifer pump te t results indka te tha coaJ seams are Jess significant 

aquifers when compar ing transmissivity values but are regional in areal extent . 

Due to the fact that the geohydrologic settings are differ nt and differen 

aquife rs exist within the operating and proposed pit boundaries at ig Horn Coal, 

epara e groundwater hydrology ections will follow to address site specific aquifer 

hydraulics. 

Groundwater Qua Ii ty 

Sampling Program 

All of Big Horn Coal's currently active groundwater quaJ'ty sampling sites are 

shown in Exhibit 06-7 and summarized in Table 06-2 . These sites are sampled on 

a regular time schedule with additional miscellaneous samples collected du r ln 

aqui!er pump tests . 

Samples have been collected in accordanc with he Revised Guideline o. 

Wyoming DEQ. Samples were callee ed after three times the volume of the casing 

had been pumped out or when he specific conductance reached static equilibrium. 

Temperatures , pH and specific conductance are measured in the field . 

wer fie ld acidified and filtered accor ding to accepted practic and each 

collec ted was packed in ice and sent to either the 

heridan, WY or Inter- Mountain Laborator in 

Analytical lab results for select wells a r e 0 iven 

water-bear ing strata in Pits 4 and 5 are local in areal e · tent and are discontinuous 

with t hose affected aquifers pre ent in the Pit I and Pit J operations, therefore , 

water quality analysis for wells sampl d in Pits 4 and 5 are presented and discu sed 

in the resp ctive Groundwater Hydrology sections . 
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Table D6- 2. 

Well 
No. 

BH 397 
BHJ71 
BH508 
BH207A 
BH645 
BH644 
BH403 
BH52.5 • • 

BH46J -1t• 

BH469 
BH .596 

BH208 
BH468 
BH582* • 

BH386 

BH408 f- •• 
BH467 
BH496 
BH520 

BH465 

BH392 

BH529 •• 

October 2018 

Groundwater gualitv sampling sites. 

Aquifer 

Alluvium (T .R.) 
Alluvium (T .R.) 
Alluvium (T.R.) 
Alluvium (T.R.l 
AUuvium (T .R.) 
Alluvium (T .R.) 
Alluvium (G.C.) 
A lluvium (G.C.) 

Dietz- I Coal 

DielZ-2 Coal 
Dietz-2 Coal 

D1etz-J Coal 
D1etz-J Coal 
Dietz- 3 Coal 

Dietz-3 and 
Monarch Coal 

Monarch Coal 
'J1onarch Coal 
Monarch Coal 
\lonarch Coal 

Carney CoaJ 

Overburden Sands.one 
and Oal . 

San<! And Oal. 
C.N.C.D. 

06- 25 

TFU 6 2/025 
RECD 10-25- 18 

Brook M ine 

r.1 
Freguenc/ 1) 

S, Sm, F 
S, Sm, F 
S, Sm. F 
S, Sm, F 
5, Sm, P 
S, Sm, F 
S. Sm, F 
<;. Sm. F 

S, f 

S, F 
S, F 

5, F 
S, F 
S, F 

s, r-

S, F 
S, F 
5, F 
$, F 

S, F 

S, Sm, F ~ \ ' C-,t,i' ~ ... . 
·, , .... ;, 

5, Sm, ,f 

.. , , 
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Table D6-2. Cont'd. 

Well 
No. 

BH65u 
BH6.5.5 
BH6.56 
BH6.57 
BH745 
BH746 

(I) 

Aquifer 

Reclaimed Spoils 
Reclaimed Spoils 
Reclaimed Spoils 
Reclaimed Spoi l s 
Reclaimed Spoils 
Reclaimed Spoils 

Frequency ( 1) 

S, F 
S, F 
S, F 
S,F 
S, P 
S, F 

Minimum frequency presented. Additional sampling may be performed for 
specific permit applications. 
S = Spring (May) 
Sm = Summer (August) 
F = Fall (October-November) 
W =- Winter (January) 

Dropped from the groundwater qualitv sampling network 
Destroyed; replaced with BH.562 

These changes were initiated May 17, 1982 after appr oval by the Wyoming DEQ. 

06- 26 
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RAMACO Brook Mine 

The coal wells are sampled m the spring and fall and the alluvial and spoil 

wells are sampled during high flow in the Tongue River in early spring and during 

low flow i.n the fall. 

Data Analysis 

Table D6- 3 presents a summary of the ma;or chemical constituents for the 

Dietz 2 coal well BH469. The total dissolved solids concentration of water from 

this well has remained a relatively constant 1200 milligrams per liter, which 

exceeds the recommended drinking water standar d (McKee and Wolf, l963). The 

principal cation is sodium and the principal anion is bicarbonate. The bicar bonate 

concentration exceeds the recommended drinking water standard of 150 mg/1 and 

the total iron concentra tion exceeds the recommended drinking water standard of 

0.30 mg/I (McKee and Wolf, 1963). 

Tables D6- 4 and D6-5 present groundwater quality data for the Dietz 3 coal 

water wells BH208 and BH468, respectively. As indicated by the difference in 

mean values between these two tables, the Dietz 3 coal water quality exhibits 

spatial variation. Well BH208, completed quite close to the Dietz 3 alluvial 

subcrop, exhibits higher concentrations of calcium, magnesium, sulfate, total iron 
,: ,,._~,.,..,---

and total dissolved solids along with a much higher total hardness than did we't't A.. ·,., .. 
• 

BH46&. Yet, well BH468 shows higher concentrations of sodium and bicarbonat~ 

than well BH20&. Water samples from coal bed aquifers of the Fort Union •1· 

Formanon in the Decker, MT area have chemical characterlstics similar to these 

two Dietz 3 coal wells. That is, ''the principal cation is sodium and the pr incipal 

anion 1s bicarbonate .. . and waters from coal beds which are in close hydrologic 

connection with alluvium or sandstone contain anomalously high concentrations of 

calcium, magnesium and sulfate'' (Van Voast and Hedges, l 97 5). The quality of 

water from well BH208 is very similar to the quality of alluvial groundwater m the 
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Table D6-3. Major chemical constituents for sample site BH469. 
Source: Dietz 2 coal. 

GROUNDWATER 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/I 

Lab Cond. umohs/cm 

La b pH 

Total Ha rdness, mg/1 

Total Alkalinity as CaCO3, mg/I 

C ATION ANALYSIS 

Calcium, mg/I 

Magnesium, mg/1 

Potassium, mg/I 

Sodium, mg/I 

Fe Total, mg/I 

ANION ANALYSIS 

Bicarbonate as HCO
3
, mg/1 

Sulfate, mg/I 

N02+N03 as "N", mg/ I 

Chloride, mg/1 

F luor ide , mg/I 

Minimum 

06- 28 

31 .40 

1120 

1820 

7. 8 

)6 

1020 

6 

5 

2 

471 

1250 

2 

.08 

~ . 01 

37 

.40 

Maximum 

JI .40 

l230 

1970 

8 . l 

54 

1040 

11 

8 

10 

492 

2.99 

1270 

49 

£. 56 

Brook Mine 

Mean 

31 .40 

H88 

19 19 

7 .9 

44 

1034 

8 

6 

7 

480 

1.26 

1263 

10 

39 

I 
/ 

October 2018 
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TabJe 6-4. ajor chemical constitu nts for sample sit BH208. 
ource: Dietz 3 coal. 

GROUND ATER 

Constituent Minimum Maximum 

GE ERAL PARAMETERS 

SAR 2.34 2.34 

TD , mg/1 1150 1560 

Lab ond. umoh /cm 1230 1890 

Lab pH 7 . 3 8 . 2 

Total Hardnes , mg/J 605 30 

Total Alkalinity as Caco3, mg/I 253 325 

CATlO ANALYSIS 

CaJcium, mg/I 86 125 

Magnesium, mg/I &ti 126 

Potassium, mg/I 17 22 

Sodium, rng/l 133 I 5L/ 

Fe Total, mg/J ,18 218.00 

Bicarbonate as HCO3 mg/I 308 396 

Sulfat 'mg/J 581 789 

02+ o 3 a " ", mg/1 . 12 l.92 

Chloride mg/I 9 14 

Fluoride, mg/1 < . OJ .54 

D6- 29 

T 21 5 

Brook Mine 

Mean 

2.34 

1334 

1694 

7.7 

711 

302 

112 

105 

19 

143 

25.71 

368 

705 

. 59 

11 

.33 
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Table D6-5. Major chemical constituents for sample site BH468. 
Source: Dietz. 3 coal. 

GROUNDWATER 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/ l 

Lab Cond. umohs/crn 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity as CaCO3, mg/I 

CATION ANALYSIS 

Calcium, mg/I 

Magnesium, mg/I 

Potassium, mg/ 1 

Sodium, mg/1 

Fe Total, mg/I 

ANION ANALYSIS 

Bicarbonate as HCO3, mg/I 

Sulfa te, mg/ l 

NO2+NO3 as "N", mg/I 

Chloride, mg/I 

Fluoride, mg/I 

Minimum 

31.30 

934 

1470 

7 .5 

32 

796 

7 

4 

<. I 

378 

971 

~I 

.22 

< . DI 

32 

.62 

Maximum 

31.30 

1120 

1850 

7.9 

44 

991 

9 

5 

10 

458 

1.13 

1210 

l& 

.03 

39 

l. 90 

,T 

Brook Mine 

Mean 

31.30 

105& 

1737 

7.7 

37 

936 

& 

4 

8 

43.5 

1144 

36 

.40 

L. 55 

October 2018 
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area. This is another positive indication that the Tongue River alluvium is a sourc 

of recharge to the coal bed aquifers at their subcrops. 

Groundwater samples taken from weU BH208 were found to have sulfate as 

the principal anion and sodium, calcium and magnesium as the principal cations. 

The sulfate concentration was found to be considerably high and greatly exceeded 

the recommended dr inking water standard of 2.50 mg/1 (McKee and Wolf, 1973). 

Total iron also exceeded the standard. 

Sodium and bicarbonate are the principal cation and anion, respectively, for 

the samples taken from well BH468. The total dissolved solids; bicarbonate and 

total iron concentrations all exceed the recommended drinking water standard • 

The sulfate concentration was found to be low. 

Tables 06-6, 06-7 and D6-8 present the major chemical consti tuents of the 

groundwater from Monarch coal wells BH467, BH496 and BH.520. The m an total 

dissolved solids concentration is essentially the same for all three wells and has 

remained approximately 1,000 milligram p r liter. Sodium and bicarbonate are 

the predominant ions . The concentration of bicarbonate, total iron and total 

dissolved solids concentrations exceed the recommended dr inking water standards 

for each well. Of these thre wells BH.520 exhibits slightly less calcium carbonate 

and bicarbonate and much more sulfate. This is an indication that the Monarch 

coal seam is in hydrologic communication with a source of recharge high in sulfate 

(refer to he discussion on reclaimed spoil aquifer water quality) . 

Table D6-9 presents groundwater quality data for Carn y well BH46.5. Again, 

characteristic of coal water quality in the area, the Carney water was of a sodium 

bicarbonate type. Bicarbonate was overwhelmingly the predominant anion, while 

sodium was the predominant cation. The bicarbonate, total iron, and total 

6-31 
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Table 06-6. Major chemical constituents for sample site BH467. 
Sourc e: onarc h coal. 

GROU DWATER 

Constituent 

GE ERAL PARAMETERS 

SAR 

TDS, mg/I 

Lab Cond. umohs/cm 

Lab pH 

TotaJ Hardness, mg/I 

Total Alkalinity as Caco3, mg/I 

CATION ANALYSIS 

Calcium, mg/I 

agnesium, mg/I 

Potassium mg/I 

Sodium, mg/I 

Fe Total, mg/I 

ANION ANALYSIS 

Bicarbonate as HCO3, mg/I 

Sulfate, mg/ 1 

0 + 0 as" ".mg/1 2 3 

Chloride, mg/I 

Fluoride, mg/I 

October 2018 

06- 32 

Minimum 

27.4 

958 

1590 

7.4 

46 

870 

10 

4.4 

4 

)94 

~ . 05 

1060 

, 1 

< .Ol 

31 

I . 1 I 

TFH /02~ 
·CD OM2 ·-

aximum 

27.4 

1120 

l970 

8. l 

59 

1020 

14 

6 

11 

4611 

l . 36 

1250 

3 

.06 

34 

1.50 

ean 

27.4 

1051 

17.51 

7.7 

52 

935 

12 

5 

9 

422 

1140 

2 

32 

. 65 

I. 15 

Addendum D6- 12-33 DEQ Ex. 3-1002
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Table D6-7 . ajor chemical constituents for sample site BH496. 
ource: Monarch coal . 

GROUNDWATER 

Consti t uent 

GENERAL PARAMETERS 

SAR 

T , mg/1 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness mg/J 

Total Alkalinity as Caco3, mg/1 

CATION ANALY 

Calcium, mg/1 

agn sium mg/l 

Potassium , mg/I 

Sodium, mg/1 

F Total, mg/I 

A 

Bicar bonate as HC 3, mg/I 

Sulfat mg/ I 

o2+NO3 as" ", mg/1 

Chloride mg/1 

Fluoride, mg/I 

Minimum 

06-33 

27. I 

870 

1410 

6 . 6 

33 

794 

6 

4 

8.6 

348 

.( • 05 

969 

< I 

'- • 0 I 

12 

14 

TF 2/ S 

Maximum 

27. I 

980 

1570 

7.69 

94 

882 

LJ 

18 

14 

394 

1080 

• 12 

7 

.5 . 72 

16 

1.73 

B rook Min 

Mean 

27 . 1 

925 

1499 

7 .16 

50 

837 

9 

7 

10 

370 

1023 

14 

l..39 

October 2018 ECO 1 - 2 -1 Addendum 06- 12-34 DEQ Ex. 3-1003
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October 2018 

Table D6-8. Major chemical constituents for sampl site BH.520. 
ource: Monar h coal. 

GROU DWATER 

Constituent 

GENERAL PARAMETER 

SAR 

TDS, mg/1 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity as Caco3, mg/I 

CA TIO ANALYSIS 

Calcium, mg/I 

Magnesium mg/I 

Potassium, mg/1 

Sodium mg/I 

Fe Total, mg/I 

ANION A AL YSIS 

Bicarbonate as HCO3, mg/I 

Sulfate, mg/ l 

0 + 0 as " ", mg/I 2 3 

Chloride, mg/I 

Fluoride, mg/J 

D6-34 

Minimum 

21. 7 

870 

1440 

7.7 

.50 

479 

10 

3.7 

8.5 

337 

. 05 

584 

156 

• OJ 

6 

1.00 

u / 0 2 5 

Maximum 

21.7 

1060 

1720 

8.0 

53 

631 

14 

6 

19 

379 

2.09 

770 

388 

4.73 

10 

2. 13 

Brook Mine 

21.7 

993 

1610 

7.9 

51 

548 

12 

5 

12 

360 

669 

285 

.62 

I. 16 

8 

1.55 
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Tab! D6 -9. 

Const ituent 

GENERAL PARAMETERS 

AR 

TD ,mg/1 

Lab Cond. mohs/cm 

Lab pH 

Total Hardne-ss, mg/I 

Total Alk l inj ty s Caco3, mg/l 

CATTON 

Calcium, mg/1 

agnesium, mg/I 

Potassium, mg/1 

odium, mg/I 

Fe Total, m /I 

Bi arbonat as HC 3 m /1 

ulfate mg/I 

02+ 0 as"N" 3 mg/I 

Chloride, mg/1 

Fluor id mg/1 

Octob r 2018 

Minimum 

24 .90 

782 

1470 

7.7 

4 

832 

9 

5 

3 

370 

.08 

1020 

12 

< • 01 

23 

I. 

D -35 

r- / 0 ... 5 
CD 10 25 -

Brook Mine 

Maximum Man 

24 .90 24.90 

1060 949 

20 1564 

7 .9 7.& 

2 5 

910 4 

18 

10 7 

12 7 

00 J 7 

8 . 59 1.66 

I 100 1041 

25 16 

.46 

JO 26 

l • 1.71 
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dissolved solids concentrations did not meet the acceptable dri.Qking water 

s tandards. 

Tables D6-10 and D6-11 present the Tongue River aUuviaJ groundwater 

quahty upstream of the mining operation, Table D6-12 presents the ,Coose Creek 

alluvial groundwater quality upstream of the mining operation and Tables 06- 13 

through D6-16 present the Tongue Rjver alluvial groundwater quality downstream 

of mining activity, 

Tables D6-10 and D6- 11 show a significant difference between the water 

quality of the two upstream sites. Temporal variation in water quality at each well 

is also apparent upon inspection of the complete lab results, Addendum D6-2. 

Groundwater sampled from well BH37 l may not be entirely from the Tongue River 

a lluvial aquifer . This well is situated very near to the zero alluvial isopach and the 

exact completion of the well is questionable. W~ll BH508 is much more 

re presentative of the Tongue River alluvial water quality upstream of mining 

activity. Water from this well is of a calcium bicarbonate type and its total 

dissolved solids concentration averages 277 milligrams per liter. This water type is 

a reflection of the predominant chemical composition of the Tongue River at 

site TR 1. The seasonal variations in alluvial water quality are closely tied to 

seasonal fluctuations in the quality of the Tongue River. This phenomena is closely 

related to snowmelt runoff in the Big Horn Mountains and man-related activities 

(particularly irrigation) upstream. These two Tongue River atluvial monitoring 

we lls upstream of mining will continue to be sampled on an annual basis. 

The chemical composition of the Goose Creek alluvial groundwater upstream 

of mining is represented by well BH40J, Table D6-12. The total dissolved soUds 

concentration averages 476 milligrams per liter. Magnesium, calcium and 

D6- 36 
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Table D6-10. lajor chemical constituents for sample site BH37 1. 
Source: Qal coal. 

GROUNDWATER 

Constituent 

GE ERAL PARAMETERS 

SAR 

T S, mg/1 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity as Caco3, mg/I 

CATIO A ALYSIS 

CaJcium, mg/I 

Magn sium, mg/I 

Potassium, mg/I 

Sodium mg/I 

Fe Total mg/I 

Bicarbonate as HCO 3 mg/I 

Sulfate, mg/ l 

O+Oas" 2 3 ", mg/I 

Chloride, rng/1 

Fluoride mg/I 

October 2018 

Minimum 

D6-3/ 

TF l 
E 

652 

1060 

7.3 

481 

402 

61 

61 

< I 

70 

. 22 

91 

226 

< . 01 

15 

.29 

Maximum Mean 

3142 1377 

3740 1863 

8. 1 7.6 

1293 767 

561 475 

171 111 

210 120 

15 

488 171 

607 71.3 

684 579 

14.53 554 

l J.9 

205 66 

Addendu m 06- 12-38 DEQ Ex. 3-1007
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Table D6-11. Major chemical constituents for sample site BH.508. 
Source: Qal coal. 

GROUNDWATER 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/ I 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity as Caco
3

, mg/1 

CATION ANALYSIS 

Calcium, mg/1 

Magnesium, mg/I 

Potassium, mg/1 

Sodium, mg/I 

Fe Total, mg/! 

ANION ANALYSIS 

Bicarbonate as HC03, mg/I 

Sulfate, mg/ I 

N02+N03 as "N" , mg/1 

Chloride, mg/I 

Fluoride , mg/1 

Minimum 

06-38 

.39 

238 

437 

7.5 

206 

175 

7 

12 

l.0.3 

213 

37 

. 01 

< l 

.13 

Maximum 

.39 

316 

520 

7.9 

243 

218 

72 

29 

4 

20 

22.90 

26.5 

76 

.21 

2 

.40 

/~ 
//' -
~~ ' I 
I 

~ 

TFff S 2/025 

Mean 

.39 

277 

470 

7.7 

224 

197 

56 

20 

15 

4 . 10 

240 

56 

.06 

. 21 

' .. 

.., 

October 20 18 RECD 10-25-18 AddendumD6-12-39 
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Tab! 06-12, Major chemical constituents for sample site BH403. 
Source: Qal coal. 

GROUNDWATER 

Constituent 

GE ERAL PARAMETERS 

SAR 

TDS, mg/l 

Lab Cond. umoh /cm 

Lab pH 

Total Hardness1 mg/I 

Total Alkalinity as Caco3, mi/I 

CA TIO A AL YSIS 

Calcium, mg/I 

Magnesium, mg/J 

Potassium, mg/I 

Sodium, mg/I 

Fe Total, mg/I 

IS 

Bicarbonate as HCO3, mg/I 

Sulfate mg/ 1 

o2+ 3 as" ", mg/I 

Chloride, mg/J 

fluoride, mg/I 

Octob r 20 18 

Minimum 

D6- 3 

T · I 
·CD 

. 66 

360 

622 

7.3 

286 

235 

29 

26 

< I 

3 

287 

• 18 

90 

<:.OJ 

2 

. 19 

I 2 5 
o-2r. -

Maximum 

• 75 

666 

9 0 

8.0 

437 

291 

8.5 

54 

7 

52 

15 . 60 

354 

245 

7 

.51 

Mean 

• 7 I 

476 

739 

7 . 7 

349 

259 

67 

42 

12 

2 .86 

315 

150 

4.9 

Add en dum D6- 12-40 DEQ Ex. 3-1009
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Table D6-13. Major chemical constituents for sample site BH207 A. 
Source: Alluvium. 

GROUNDWATER 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/I 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity as Caco3, mg/1 

CATION ANALYSIS 

Calcium, mg/l 

Magnesium, mg/1 

Potassium, mg/1 

Sodium, mg/1 

Fe Total, mg/I 

ANION ANALYSIS 

Bicarbonate as HC0
3

, mg/l 

Sulfate, mg/1 

NO2+NO3 as "N", mg/1 

Chloride, mg/1 

Fluoride, mg/I 

Minimum 

06-40 

. 76 

450 

734 

7 . 5 

326 

280 

51 

51 

8 

32 

l.20 

342 

136 

< .01 

2.9 

.27 

Maximum 

.86 

568 

963 

7 . 9 

431 

316 

69 

63 

l l 

43 

41. 95 

385 

187 

4 

.20 

. 5 1 

TFH S 2/ 02 5 

Mean 

.80 

513 

834 

7.7 

379 

295 

61 

55 

9 

37 

9.07 

360 

162 

3 

.36 
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Tabl -14. ajar chemical constituent for a.mpl site BH.397. 
Sourc : Alluvium . 

GR DWATER 

Constituent 

GE ERAL PARAMETER 

AR 

TOS, mg/I 

Lab ond. umohs/cm 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity a CaCO3, mg/1 

CATION ANAL IS 

Calcium mg/I 

Magnesium, m /l 

Potass um, mg/I 

odium rng/1 

Fe Total mg/I 

ALYSIS 

Bicarbonate as HCO3, mg/I 

Sulfate, mg/ I 

0 +NO a " ", m / I 2 

Chloride, mg/I 

Fluorid , mg/I 

October 2018 

Min mum 

D6-41 

F 
EC 

468 

750 

7. 4 

369 

298 

7 

45 

<. I 

27 

9 

• LI 

364 

129 

~ .01 

2 

. 09 

2/ .. 
-2 -1 

Maximum 

1.03 

1060 

1430 

7 .8 

45 

I 1 

10 

6 

73 

1.65 

)5 

40 

10 

. 4 

7 

Mean 

.96 

662 

1009 

7 .6 

485 

345 

4 

61 

3 

4 

421 

21 

,4(1 

.o 

. 17 
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Table D6-1 5. Major chemical constituents for sample site BH644. 
Source: Alluvium. 

GROUNDWATER 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/1 

Lab Cond. umohs/cm 

Lab pH 

Tot al Hardness, mg/I 

Total Alkalinity as caco3, mg/1 

CATION ANALYSIS 

C alcium, mg/I 

Magnesium, mg/I 

Potassium, mg/I 

Sodium, mg/I 

Fe Total, mg/I 

ANION ANALYSIS 

Bicar bonate as HC03, mg/I 

Sulfate, mg/ l 

N0
2
+N0

3 
as "N", mg/I 

Chloride, mg/I 

F luoride, mg/I 

Minimum 

06-42 

.40 

454 

720 

7. l 

342 

271 

73 

38 

< I 

20 

. 38 

331 

100 

.02 

1.9 

. 19 

TFff S 2/02 5 

Maximum 

.6.5 

594 

971 

7.8 

.506 

436 

108 

58 

3 . 6 

31 

9.94 

532 

127 

1.22 

3.9 

. 40 

Mean 

.55 

523 

813 

7. 5 

436 

362 

93 

50 

27 

2.99 

442 

118 

4 

. 29 

.2.5 

\ , 
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Tab I 06- I 6. ajor chemical constituents for sample site BH64.5. 
Source: Alluvium. 

GRO NDWATER 

Constituent Minimum Maximum Mean 

GENERAL PARAMETER 

SAR . &7 1.24 1.07 

TDS mg/I 574 724 657 

Lab Cond. umohs/crn 807 1130 932 

Lab pH 7 . .3 8.0 7 . 6 

Total Hardness, mg/l 400 !f8 I 448 

Tot al Alkalinity as Caco3, mg/J 275 300 290 

CATION A ALYSfS 

Calcium, mg/I 73 108 98 

agnesium, mg/ I 43 54 49 

Potassium, mg/I 2 5 3 

Sodium, mg/J 42 62 51 

Fe Total mg/I • 14 2 . 73 .92 

A 110 ANALYSIS 

Bicarbonate as HC03, mg/l 33.5 366 353 

Sulfate, mg/ J 199 299 249 

NO •NO as" 2 3 ", rng/1 . 04 . 70 .33 

Chloride, mg/1 4 13 6 

Fluoride, mg/I .13 .30 . 17 

D6-43 

F 2/0 ... 5 

Octob r 201 8 
co 10 2 -1 
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.,. 

bicarbonate are the dominant ions. This water type is a reflection of the 

predominant chemical composition of Goose Creek at site GCO. 

As indicated by Tables D6-13 through 06-16 the Tongue River alluvial water 

quality immediately downstream of mining activity does not vary spatially. The 

concentration of the major chemical constituents is essentially the same for all 

four wells. The total dissolved solids concentration can be highly var iable but 

averages between 500 and 650 milligrams per liter. There has been no noticeable 

c hange in the chemical composition of the alluvial groundwater, with calcium and 

magnesium the predominant cations and bicarbonate and sulfate the predominant 

anions. The bicarbonate and total iron cencentrations are in excess of the 

acceptable drinking water standards. The concentration of sulfate is also very 

close to being in excess and the wat er was found to be very hard. No appreciable 

seasonal trends have been observed in the downstream alluvial water quality. 

Tables 06-17 through D6- 20 present groundwater quality data for Pit 3 and 

Pit l spoil wells BH657, BH745, BH654 and BH656. As these tables illustrat e, the 

quality of spoils water is diffiClJlt to appraise because of extreme diversity . Unlike 

the re latively uniform quality of groundwater from coal bed and alluvial aquifers, 

the spoils water quality is e xtreme ly va r iable. Studies conducted by the Montana 

Bureau of Mines and Geology on resatura ted spoils at mines in southeastern 

Montana (Van Voast and Hedges, 1978) describe several reasons for this variabilit y: 

"Satura ted thicknesses of spoils have not yet attained equilibrium and changing 

water levels change the amount of salts available for solution. Complete 

circulation of groundwater through the reclaimed spoils has not yet occurred, 

therefore, a uniform areal distribution of dissolved salts has not been established. 

A complex distribution of salts exist in the overburden and when these mater ials 

are moved and mixed by mining the diversity is amplified. Also, the presence of 

D6- 44 

October 2018 
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Table D6-17. Major chemical constituents for sample si e BH654. 
Sourc e : Spoils . 

GROUNDWATER 

Constituent 

GE ERAL PARAMETERS 

SAR 

TDS, mg/ l 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/J 

Total Alkalin ty as Caco3, mg/J 

CA TIO A ALYSIS 

Calcium, mg/I 

Magnesium, mg/I 

Potassium, mg/I 

Sodium, mg/I 

Fe Total, mg/I 

Bicarbonate as HCO3' mg/1 

Sulfate, mg/ I 

NO2+ o3 as" ", mg/1 

Chloride, mg/I 

Fluoride, rng/1 

October 20 18 

Minimum 

06 - 45 

2.29 

1260 

1840 

6 . .3 

546 

402 

115 

63 

16 

205 

2.94 

490 

579 

~ . 01 

9 .J 

. 18 

Tft / 0'>5 
ECD 10- 2 -

Maximum 

3.82 

3730 

4110 

7.4 

2210 

7 10 

444 

2S8 

40 

284 

82.20 

866 

2110 

3.06 

21 

.82 

Mean 

3.06 

3185 

3555 

6.9 

1884 

61 I 

367 

236 

29 

251 

33.32 

746 

178.3 

t6 .4 

• 3 
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Table D6-18. Major chemical constituents for sample site BH656. 
Source: Spoils. 

GRO DWATER 

Constituent 

GE ERAL PARAMETER 

AR 

TDS, mg/I 

Lab Cond. umohs/cm 

Lab pH 

Total Hardn ss mg/1 

Total Alkalinity as Caco3, mg/I 

Calcium, mg/I 

Magnesium, mg/1 

Potassium mg/I 

Sodium, mg/l 

Fe Total , mg/I 

Bicarbonat as HC03, mg/I 

Sulfate, mg/ 1 

0 + 0 as" 2 3 ", mg/J 

Chloride, mg/I 

Fluorjde, mg/1 

October 20 18 

06-46 

inimum 

3. 82 

972 

1480 

305 

335 

62 

36 

I 5 

. 3 

203 

22 . 31 

409 

416 

.01 

8 .5 

.66 

F 6 2/ 
ECO 10-25-1 

Maximum 

4.06 

1270 

1850 

7 . 8 

552 

457 

l J 2 

69 

19 

229 

139 . 00 

558 

598 

1.16 

10.0 

1.07 

Mean 

3 .94 

t184 

1725 

7.6 

493 

405 

98 

60 

17 

210 

54 .25 

493 

540 

9 . 1 

.86 

... 
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Table D6- J 9. ajor chemical constituents for sample site BH657. 
Source: Spoils. 

GROU DWATER 

Constituent Minimum aximum Man 

GENERAL PARAMETERS 

SAR 2.77 4.29 3.53 

TDS, mg/ l 2484 .59 .50 4238 

Lab Cond. umohs/cm 2920 6140 4610 

Lab pH 6.8 7 . .5 7. 1 

Total Hardness, mg/J 1430 3&90 2527 

Total Alkalinity as Caco3, rng/1 735 1350 1062 

CATION ANALYSIS 

Calcium, mg/I 35) 443 411 

Magnesium, mg/I 84 676 36.5 

Potassium, mg/I 29 34 32 

odium, mg/I 289 470 3&5 

Fe Total, mg/I 2.7] 74.7 38.7 

Bicarbonate as HC031 mg/I 897 16.50 1296 

Sulfate mg/ I 1235 3220 2172 

2~ O as" 
3 

", mg/I .17 4,72 2 . 54 

Chloride, mg/I 20 89 56 

Fluoride, mg/I .40 

06-47 

TF 6 2/ 025 
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Table D6-20. Major chemical constituents for sample site BH745. 
Source: Spoils. 

GROUNDWATER 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/1 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/l 

Total Alkalinity as CaCo3, mg/1 

CATION ANALYSIS 

Calcium, mg/I 

Magnesium, mg/I 

Potassium, mg/I 

Sodium, mg/I 

Fe Total, mg/I 

ANION ANALYSIS 

Bicarbonate as HCO3, mg/I 

Sulfate, mg/ 1 

NO
2

+NO
3 

as "N", mg/1 

Chloride, mg/1 

Fluoride, mg/I 

Minimum 

l. 27 

2990 

3390 

7 .3 

1970 

481 

06-48 

339 

272 

31 

129 

12.3 

587 

1740 

~ .01 

16 

• 37 

Maximum 

l.'27 

2990 

3390 

7 . 3 

1970 

481 

339 

272 

31 

129 

12.3 

587 

1740 

< .01 

16 

Mean 

1.27 

2990 

3390 

7.3 

1970 

481 

339 

272 

31 

129 

12.J 

587 

1740 

< .01 

16 

October 2018 
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'mine-floor' aquifers that are more transmissive cau e analyses of amples rom 

spoil wells to reflect water quality from these zones rath r than the entir 

saturated thickness." 

The total dissolved solids concentration of water from th r claimed spoils 

has be n high and exceedingly greater than the re ommended drmki.ng wa er 

standard. Of the principal cations (calcium, magnesium and sodium) calcium is 

predominant, and of the principal anions (bicarbonate and sulfate) suliate is 

predominant. Total hardness magnesium, total iron, bicarbonate and sulfate aU 

exc ed he recommended drinking water standard (McKee and Woll, 1963). 

In summary, the following conclusions can be made: 

t. Th mean total dissolved olids concentrations were slightly greater for the 

coal seam waters. 

2. The mean calcium, magnesium, sulfate and total iron concentrations w re 

higher in the alluvial water. 

3. The mean bicarbonate, potassium, sodium, chloride and fluorid 

concentratiol)s were higher in the coal seam waters. 

1# . The total alkalinity of the alluvial water is greater than the coal earn 

waters. 

}. The alluvial water is v ry hard and the coal seams yield signi!icantly softer 

water than the alluvium. 

6. The spoils water is highly mineraJized and extremely variable. 

7. o aquifer in the area can actually be recommended a a suitable domestic 

drinking water supply. In general, th quality of water from all aquifers in 

the area is poor and may only be adequate for livestock and industrial usage. 

06-49 

. ! 
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Water Rights and Uses 
.... 

A listing of all valid water appropr iations within the Big Hor oa 
~ 

permit area and a three-mile radius around It was obtained fro1l8";WJ1e 

Engineer's Office, Cheyenn , WY in December 1980. This listing is summarized in 

Addendum 06-3 and depicted on Exhibit D6-9. 

appropriations potentially impacted by mining. 

Thh depicts groundwater 

Present groundwater uses in the area include: stock watering, domestic and 

industrial water supply used primarily as a fire retardant and for vehicle washing. 

Mine and private water wells are completed in alluvial aquifers along perennial 

streams and coal aquifers which are regionally significant. 

06-50 

October 2018 
•·16 2/ 025 
EC O 10-25-1 Addendum D6-12-51 DEQ Ex. 3-1020



RAMACO 

October 2018 

GROUNOW ATER HYDROLOGY 

PIT 3 OPERATION 

0 \-r?h 6 2 / 0 2 5 
RECD 10-25-1 8 

Brook Mine 

?'i 91G»il;~ 
k , "1.• 
<,..... • ~ 

f 

.J , 

Addendum D6-12-52 DEQ Ex. 3-1021



RAMACO Brook Mine 

INTRODUCTION 

This portion of the Groundwater Hydrology report will emphasize the existing 

subsurface movement, distribution, quantity and quality of water in the immediate 

area of the Pit Three Truck-Shovel/ Amendment One operation (referred to as the 

Pit 3 operation). Included will be a description of the geologic setting and 

identification of principal recharge and discharge areas. 

GEOHYDROLOGIC SETTING 

Aquifer Identification 

The only stratigraphic units within the Pit 3 operation that are capable of 

yielding enough water to be classified as aquifers are the Fort Union Formation 

coaJ seams. The drilling of aquifer test wells and geologic exploration holes within 

the area has shown that the fine-grained sediments which separate the coal seams 

yield no or very small quantities of water and characteristically serve as aquicludes 

or confining beds. AJJ of the Jithologic and geophysical logs are presented in 

Appendix D5. The stratigraphic sequences, lithologic thicknesses and local 

structure maps are also given in Appendix D5. 

Geologic Features Influencing Aquifers 

A major portion of the Pit 3 operation is surrounded by the Tongue River, a 

large perennial stream having a broad actively degrading c hannel and well defined 

terraces. The Pit 3 area can be geomorphically charac terized as a gently sloping 

plateau or bluff rising above the Tongue River floodplain and decreasing in 

elevation from west to east. Much of the bluff is capped by unsaturated remnant 

Tongue River terrace gravels which are neither in lithologic nor hydraulic 

communication with the present Tongue River terrace system (Appendices D5 and 

D 11). Geologic cross sections and the surficial geology map (Appendix D5) 

illustrate the vertical separation which exists between the paleoterrace gravels and 

06-52 
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the present Tongue River terrace gravels. For instance, the paleoterraces which 

cap the western end of the bluff He approximately 120 feet higher in elevation than 

the present terrace system. Throughout the entire perimeter of the affected area 

there is only one location where the paleoterraces come into contact with the 

present Tongue River terrace system: at the northeastern edge of the affected 

area, near the center of the border between Section 13 and 14. A geologic cross 

section normal to this contact, Figure 06-7, shows that even though lithologic 

communication exists, the maximum observed (two years of monthly data) alluvial 

water table elevation has never been great enough to saturate the adjacent 

paleoterrace gravels. 

Big Horn Coal Company is currently mining the Monarch coal seam in Pit 3 

west of, and immediately adjacent to, the af1ected area. This pit is located to the 

north of the Tongue River ~nd much of it is situated in an abandoned ,meander loop. 

Since the meander was abandoned, five to 20 feet of colluvium derived from the 

adjacent hills (one of them being the affected area) has been deposited over the 

paleo-r iver gravels. The a rea Jies predominantly above the Tongue River 

floodplain, however, these gravels are in hydraulic communication with the present 

Tongue River terrace system and are actively being dewatered. 

Extensive exploratory drilling within the affected area has verified the 

presence of four distinct water-bearing strata: the Dietz 2 (Armstrong) coal seam, 

the Dietz 3 (Upper Monarch) coal seam, the Monarch (Lower Monarch) coal seam, 

and the Carney coal seam, listed in descending stratigraphic order. The Carney 

seam will not be mined. 

No water was encountered in the Dietz 2 coal seam updip of an imaginary 

line connecting the Dietz 2 alluvial subcrops to the north and south of the bluff. 

As iUustrated by the surficial geology map and cross sections in Appendix 05, the 

06-53 
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Dietz 2 seam outcrops around the west side of the bluff. 

subject to recharge from the Tongue River updip of this 

area stratigraphically above the Tongue River is relatively nil. 

Brook Mine 

All geologic strata to be disrupted within the affected area either crop out on 

the west side of the bluff or are actively being excavated in the active Pit 3. They 

extend continuously to the southeast and are unbroken by any faulting. 

The Dietz 2, Dietz 3 and Monarch coal seams are extensively burned to the 

north and west of the affected area. Recharge to these areas which are 

stratigraphically above the Tongue River is primarily by precipitation-infiltration 

at the scoria (burn) outcrops. 

Groundwater Flow 

Monitoring Water Levels 

The well completion summary (Table D6-21) lists those observation wells that 

have been selected to illustrate the water level fluctuations for all aqujfers within 

and around the Pit 3 operation. Fluctuations for each of the selected wells have 

been shown in Exhibit 06-8 and in Figures D6-2 through D6-4. Water levels from 

all of the selected wells have been recorded every month following the 

completions. Where more detailed groundwater level hydrographs are desired, 

Steven's F-6& continuous recorders have been installed (Exhibit D6-7). 

Potentiometric Surfaces 

Descriptions of the existing potentiometric surfaces of the Dietz 2 coal, 

Dietz 3 coal, Monarch coal and alluvial aquifers within and around the Pit 3 

operation are found in the General Area-Groundwater Hydrology section. 

D6-55 
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Total Csg. II•~ tnt.crv.al Pkd. fM . Odl l~d 81 L C,g . 

2 2 None 9- 29 X , .. '""'"'" 6/04/H, 4 3/4 " 
27 27 Nooe 7-27 X ,',I luvlum 6101./76 ,. )/4 4 

30 30 Non..: 8 - 28 • Al luvl 6/07/76 4 JI' 4 

25 n t (\Oe 5- 25 X l\l luvl11m /23/80 1 /8 

58 58 ~om.· 20- 58 X Al luvfu., )/08/ 11 1 1/B } 

JO )0 ~unc 8 24 I\I Juv1u., 12/18/78 7/8 5 

14 14 Nc,n,: 2- 12 " A) Ju"I yan 8/1){80 1 / 6 

21 21 Noull!! 0 ... 20 1-l I ~•YI om 8/1 /80 7 / ~ 

2) NunlC' 10- 20 Al I uvl urn 8/21/80 ) 7/8 5 

~ 5) 251 221 227 - 2 4 Dl«~-2 8 / 0Z/19 7/ 11 ~ 

120 9b 96 9b- l09 IHuu-2 4/22/80 1 1/8 5 

)41 l 12 11 2 l 14-])4 Dl~tt-2 9/)0/80 7/8 ) 

90 90 ~ I 60-80 Uict~ - 1/27/81 1/8 

50 50 20 10-50 01elt • l 6!07/16 b 

2 0 290 228 2 j0-270 Ohu-J b/28/79 

190 190 I 58 l 62 - 1 &2 01.,u - l 7/17/SU 

1)0 110 IH 140-160 D1.~t~ l )/18/80 

21)() 200 lb 165-185 Old•-) 3/.~/80 
co 

)14 )14 155 265-)04 D1ct<- l/H 7/ 19/79 -c 
il 0 

8'> 65 6 oS-8 5 Mon.-r ,c._h )/08/77 0 
;,;-

DO 1 '>0 110 120-140 HYt1at r c h 6/07 /76 
~ 

98 9 76 18 -98 • f't u, .. ,1 ,i,: h J/09/71 .... 
::, 
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RAMACO Brook Mine 

Aquifer Hydraulics 

Aquifer pumping tests have been conducted on the Dietz 2 coal, Dietz .3 coal, 

Monarch coal, Tongue River alluvium and reclaimed spoil aquifers wlthln and 

adjacent to the Pit 3 operation. The aquifer test data log sheets, which contain all 

of the pertinent field information pertaining to each test, are presented in 

Addendum D6-4. Graphs plotting the data and showing the appropr iate straight 

line or curve fits along with all aquifer coefficient calculations are also presented 

in Addendum 06- 4. All test data and calculations for the Tongue River alluvial 

aquifer are presented in Appendix D 11. 

Table D6-22 presents a summary of the aquifer test results. Transmissivity 

values for the coal aquifers in the area vary considerably. The average aquifer 

coefficients for the affected coal aquifers are as follows: 

Coal Storage 
Seam Transmissivity Coefficient 

Monarch 62& gpd/ft 
-4 4.6 X 10 _4 

Dietz J 253 gpd/ft 4.6 X 10 _5 
Dietz 2 250 gpd/ft 5.0 X 10 

The confined nature of the coal seam aquifers is indicated by the low storage 

coefficients. The Tongue River alluvium is a very significant aquifer. The average 

transmissivity for the tested wells is approximately 39,2.50 gpd/ft and the storage 

coefficient is approximately 2.6 x 10- 1, indicative of an unconfined aquifer. 

HydrauHc characteristics of the spoils were needed to predict the 

contribution of groundwater that wi11 be discharged into the mine pit from the 

resaturated backfill as mining progresses eastward into the Pit 3 truck-shovel 

Amendment One operation. Also, as mining and backfilling continue, pump testing 

of the resaturated spoils will be ongoing to further aid in predicting the hydraulic 

properties of the postreclarnational aquifer. To date, three single well tests and 

D6-.58 
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ell Aquifer 

230 Al luvtu,~ 

207A A11uvlun1 

191! & Al luv1UMI 

397 

l1 All uvfo111 

640 Alluv 1001 

62J Alluvllll 

62~ Allu i 1un 

Summarx f agu1fer 1"•"· 

Date of length of Prod. 

J~st Test Type Tes.t (hrs.) Rote ( gpm) 

4/22/77 J cob l l111e Re o ery 0.68 15.0 

4/24/80 ,lacob Time Orawdown 4.50 14 . l 

and Reen very 

2/19/79 Ja ob I ime Orawtlown 12 . 47 69 . 0 

8/3/81 Jacob 11me Ordwdown 24.50 39.J 

and Recovery 

7/ 4/81 Jdcob Ti me Dtawdown 6 .00 39.6 
and Recovery 

7/30/81 Jacob r iRe Drawdow:n 47 . 63 

an~ Recov1:ry 

fhe1 s Non - [qu I I tbrlu 

7 /30/81 Jacob 11 Ora down 45 . 61 

and llecovery 

The1-. Nn11-(11ulltbr um 

Final Spec I fie J rans111ls-
Drawdown Capac I ty s 1vtty Penn . Storage 

(ft.) ( 9fJll/ft) (gpd/fl) (gpd/ft2) Coe ff . C nt, 

0. 60 25.00 33,700 2,106 limited recovery po int s. 

I. 61 8. 76 68,244 4,265 Good straigot-lfne fit for 

drawdown dtld r~covcry . 

6. 62 10. 42 53,576 2,060 0. 14 Good straight- I ine flt for 

the observation ~11 198. 

Reasonably good lines for 

t~e pomptng well 397. 
2.40 16.29 99,229 ]8,300 Good straight- line fit for 

recovery urve and 00 fH 

for drawd n curve. 

4.54 8.72 26,116 ),93 Olff1cult int rpretatt ,nr, 

for both cur es - po 11,t 

scatter greatest on reco ~ y 

curve. 

0 . 74 23,424 1,889 0.60 Observation well for the 

1119 11 45. Ex el l1:11t 

drawdown curve-agrees favor -

4bly with the Theis curv 
CD 

r sult-s. -, 
0 

1.02 23,594 1,582 0.62 Obse vallo 11 for the 0 
;,.-

Ing well 645 . Good dr,,. s: 
rlown n1rvP-illll"PI'~ f~vnr I• h :l 

(ll 
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Table 06 22. Olll'd. 

lldte of 

Well I A uifer Test Test Type 

625 Alluvl1111 7/ J0/01 Jacob Tiine Drawdown 

and ReLOvery 

Theis Non -£qu1libril.lll 

626 Al l uvi I 7/J0/81 Jacot> T 111lf;! Or.iwdown 

and Recov ry 

lhe1s Non-Equilibr1um 

t>4~ Al luv111rn 7/ JO/Bl JdLOh r lme Ordwduwn 

an,J We overy 

634 Al luv l I 8/t>/81 Jacob l \me urawdowi1 

Theis Non-£ ullibrium 

639 Alluvtljlll 8/6/81 Jae.oil Ti11 o.-awdown 

dnd Recovery 

lht:lS on-fquf l lbrt1.11 

final 

eogth of Prod. Orawdown 

Test (hrs.) Rate ( gpm) (ft.) 

47 . 63 0 . 38 

45 .63 0. 17 

29.63 39.85 3. 78 

22 . 50 o. 15 

21.28 0.23 

Specific Transmls-

CapcJct ty s1 lty Penn. Storage 

(gpn/ t) (gpd/ft) (gpd/ft2) Coeff. C nts 

30,735 2 . 383 0.14 Obser11ation well for the 

pumping wel l 645. E col I nt 

drawdowri cu rve-agrees with 

Theis turve results . .,oor 

recovery urve , 

6,865 J,)1/ o. 12 Observation well or the 

pumping well 645 . Jacob 

d rawdown and The Is curves 

agree fa orably Poor ,·e-

covery curve. 

10 . 54 26,573 2,311 PUlllplng " 11 tur molt iple 

we l l test . Excellent 

stra1ghl • l 111e fll 

covery urve . 

22,333 1,329 o.oa 

Jacob draw 

good Theis 
OJ 

31,425 5 , 363 0 19 Observation "'1 
0 
0 
:,;--

s: s· 
('D 
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We l I 41111lte, 

(1] ~ Al luvlu I 

C7 

' °' A 1 I JW 1 "" 3 

r. I I I 1Vlt"'' 

b l/J Allu,i.,m 

·o, l'U. 

II te uf 1 e,19rh rif Prod. 

TH ll'H ly(l!.! feH (hrs . ) Rat /gm) 

8/ b/Bl J d~ob 1 line Drawdown 27.67 38 39 

and Rec.:, ery 

6/4 / 81 ,ld tub 111111:, Or.iw 0""1 4 .7S 
dt1J ReU)Vtll y 

The,~ llon-1. 11ll1brn11n 

H/ 4/AI I• c,b 11me Ora fl 41 . ,~ 

and Recovery 

llii,h ~on-I 11ull 1br 1um 

I ttl J • tO b r hie Orawd II 39 , 1~ 

am.I e-t ove ry 

l il t• , r1•E u11 , ti11n 

r111a l Specific Trans111h-

1/nwdown Ca11ac tty shlty Pe1111 , Storage 

( ft . ) (\/pitl/ft) ( gpd/ft J (gpo/fl2) Coeff C ~nts 

2.12 18.11 31,185 I ,SOI Ptllllp lmJ wel I for mull 11.d1: 

ell tl!st. lCllent 

s tra 1ght ] 1n f It for re-

covery turv 
D. 2G SO ,683 11,228 0 47 Dbse ,·vnt Ion wel I for the 

pumpJn~ well 644 . C.uod 

straigllt - 11n t t I for .la.;on 

dr.iwd 11 ~urve . 
0.68 30,743 2 ,9bl:l 0 0 Observo t ion " 11 fo1 the 

pump1 ng we 11 64 ' •llnll 

Hraight line lits I r J u ob 

drd i.11,wn ml r••tOve, y c.u, •I'~ 

C•ce I lent Th1:h type ~urve 

f 1 t. All resul with 

0 . 41 3,~J !.i ,109 10 

p!.ffllllniJ 
Slra -.,itll r ts OJ 

"1 
draw~ ~urv 0 

0 
E (1.d 

,.. 
r, t . ~ul h ayrc~ 3: ..... :I 
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Table D6- 12. ~-

Date of 

lle ll . Aquifer Tes t . 
644 Allu•1u111 8/4/0l 

647 & Oil!lZ 28C 1/2/81 

466 lnlll 

46<J Oie z 2BC 7/3/80 

Coal 

596 ll1t:t z 2ftC 6/19/H I 

final 

"Lengch of Prod, Drawdown 

Test Type Tes t (hr s.) Rate ( 9Pllll ( rt. l 

Jacob T inle Orawdown 22.50 37.82 5. 12 

and Recovery 

Ja ob f1me Orawdown 8.92 J.72 39 . 93 

and Re~overy 

Thei s Non-Equillbriwn 

Jacob rt Drawdown 5. 35 3.JB 57 ,45 

and Recovery 

Jd ·ob l 1111e nrawdown 5. 42 16.21 59 . ~8 

ISi Z ISi Z/9Z/Z ISi 1 peuue~s 

Speci fie Transmts -

Capac 1 ty sh1ty Penn. SLorage 

(gpm/ ft) (gpd/ft) ( gpd/ftl) Coe ff . Con11ients 

7. 34 35,033 4,819 Pump1ng well for multiple 

well te~ t. [~cellent 

s t ra ight- l ine fit for re-

co very curve . 

0.10 252 19.40 5.0 x Pw,pin9 well 647-lar e dat> 
10•5 point scatter on tlrawdown 

curve bu t good slra19h t - l ine 

fit for recovery. Ooser·va-

tlon w 11 466-goutl ~tr69iht ~ 

I lne ft t for dra1v1l wo cin <.J 

recovery using the Jacob 

111ethod. ~cellent fit with 

the nonleaky artesian t ype 

curve us i ng t he The is 1ne thod 

0 . 06 20 1.40 Value for ~s obtained fro,,1 

first pare of drawdown curve 

Reasonably good straight-

line fi t for recovery. We I OJ 
'"t 

produc s enough 111eth<1ne ga~ 0 
0 

to cause.! pump cavitation. ;;;-

0.27 250 20.8 Good stroi!}ht-1 lne Ii t for 3::: 
6" 
Cb 

lF ·f s 2/ 0' 5 
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O,ue ol 

Weil , f,q11 rer Test 

-----
~!!' Olcll LIOI J/27/80 

46ll ll li!Ll l co ol 2/22/00 

576 Die tz ,o~I 5/8/00 

57 llfctz tool 3/20/00 

~bl r-l,nort.h ool 2/26/80 

~84 flJ I< l.OGI 4/9/80 

49 M, ,114rt l, ,ool ~/3/80 

2~? I mo•c.h u1ol mm 

31 i'l \llidr l I• oa l 4/21/77 

·2 ll1tll )/ ~/9/80 
41) ~ IIJnor~ h C04 1 

HrilJ fot-d 

Length of Yrod. 

lest Type Test (hrs . ) lldte ( 9fll!') 

JocuL T1nie Orawdown 4 , 75 
7 · " 

And Rt!covery 

JolOIJ r ln l1raw<1ow,, 5. 7 7 II 

dnd R11CO V!!IY 

Joca I OIC Ord down .25 1. 7 

, ldUJI, I lme Rec vitry 5.00 0 I 

hller l cH 

,l.s.:ob r1 KM! 01 dwl.l n 5.50 7 7 

411<.I k cover;, 

Ja ob I 1,oe Orawd n 6/ 8 I 

auJ ki:c.ove ry 

,Jocuu T Jmt Or.ii, wn 4 /':l 3 , 7 

nil Htco,er)' 

Jou;I, f i11 Pr4w 0.-0 ) . 10 4. 5 

,mil Helovery 

,loco l> 1 in~ Recovery 1.93 6.8 

111 IS lltJ11·[ ul hbrhan 6.88 19 . 5 

final SpecHtc Traosnts -

Orawdown apar ty slvlty Penn . 5tor<19e 

(ft.) (9f-N"/ft) (gpd/ft) (gpd/ft2J Co ff. on ,ents 

69.21 10 702 30 . 5 Good s.trat ht-1 lllt! 1t ur 

drawllo;;n 

48 . 04 16 391 16 3 f,ood strai ht -I in flt f r, r 

dr.twelown and reco er y. 

47 .02 4 24 J 0 W 11 pro du es ine thon g~~ 

111ch Rio lnvullda e re~ult~ 

•o.41 °" 2 0 I Good slrd lyht · l 1ne I I l 011 

Jdt data po1nts. 

28. JO 27 6'19 40 4 Good straight- I t11e flt ''" 
di awdown and J"l!COvury, 

6.ta • 18 779 37 I Good Hr lght -1 rne flt fu, 

drdwdOwo and recovery 

0 . 14 09 256 12 . 2 Gooll s tra lght-1101: fil fo , 

late reco ery IXI 111ts 

26.17 n 54 Z 6 Good H,aigl,t-line f i or 

drowl.l,)Wlf aml fe~o ery 

21 . 50 2 IS 0.4 Good Stroiyhl• I h ie f tt for 

recovery 
00 

12 . 53 H~ 3.6 4 6 Plllllp1119 well 462A no llra • ""I 

10 4 
0 

down or recov1:ry cfotd 11oi11t 0 

" Aqult r coe1rt c1e11 1s derived 3: 
( ob~erva l 1011 cl I i ol ::i 

(l 
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Table D6 21. ~-

We 11 f Aquifer 

464 u,e tz Ill 

Odl 
46 ll1 etz IA8 

461A Loa) 

6811 Dietz IB 

(Odl 

6~~ 'ipol ls 

Ddte of 

Jei.t 

6/ 11/80 

6/ 9/80 

l 1/13/B l 

7/21/1:11 

fest lype 

J.icob f Irie Ora .. do,,n 

and Re.:o~ery 

Jacob Ti Drawdown 

and Recovery 
Theis Hon- £qulll brlwn 

J~ cob I ime Drawdown 

and Recovery 

Jacob I rme Drawdown 

nd Recovery 

liu.e-Ca lcu lated 

Recove ry 

lJ1eh t1011-(qu1 llbrf um 

Length of 

To:s.t (hrs 

5.50 

6.58 

5.55 

26.00 

final Spec Hie 

Prod. Ora down Cap.icity 

Rate (gpm) (ft.) (glXll/ft) 

0, 17 83 . 15 0 . 01 

2 45 89.14 0.03 

6.43 45 . 74 0 H 

36 . 99 0.82 

ezez/SZ/Ze tpeUUl=l::JS 

Transml s-

s lvl ty Perm. Storage 

(gpd/ft) (gpd/ft2) Coeff. C 11ents 

11 0. 85 

54 3. 14 

170 13 . 60 

22, 466 6.0 ~ 
IQ- l 

f,ood str.i19~t- I ine f t for 

drawdown and recovery . 

Pumping well 461 re .i sOflably 

good straigh t - li ne fit for 

d awdo1;11 cu, ve and poor fi t 

for recovery urve. Aquiter 
coeff icients d •rived from 

bserv lion 11 46JA-o:~ .el

lent fit with Lhe nonlea 

artesian t ype curve. 
Good straight - line f1L for 

drawdown and recovery , 

P ing we II 654 -unab le to 

measure water level. 

Aquifer coef fi c ien t s derived 

from observation well 65S. 

E~cellent s traight -l ine f1L 

for the drawdown and bo th 

the residual and calculated 

recove ry urves. Good curve 

0ldtch with the non-equ 11 1-

T· 6 2/ 25 
ECO 10-25-1 DEQ Ex. 3-1034
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labfc I I, 12. 

ell I Aqu, fer 

Spoi IS 

Date or 

T~H 

7/1 /81 

657 Spo1ls JO/ 6/81 

6 7 Spo ils 8/10/82 

658 Sr,0 1 h 10/ 6/81 

Test Type 

Jo~bh 11•"' Re<.o ery 

Slug Method 

Jacob T fme Draw• 

n .inel Reco ery 

Slug Method 

final 

Length of Prod. Orawdown 

TeH (hrs.) llale (9pm) (ft.) 

5 (:] 1. 9 

1.58 10 .35 

3.25 0.65 5.28 

I. 92 12 .82 

Spec tf lc 

Capac lty 

(gpivft) 

0 05 

o.u 

Trans ls-

s ivlty Penn. Storag 

(gpd/fl) (gpd/ft2) Coeff 

JI 

26 

57 

Coorneuts 

large data PQ1nt scutte r 

on drawdown c~rve. 

Reasonably good stra19ht 

l fne ff t to,· ·ecovery . 

Instantaneous .iit1,<1r wal 

of Ching stor ge vol , 

( 10. b ga I.). Recovery c.urve 

m tched wilh a slug ceH 

type curve. 

Excellent s tra1ght-\1ne 

fit or recov ry. 

Instantaneous withdrawa I 

of casing storage volume 

(ll ,l gal . ) R~covery curve 

11 lched hh a slug t<:H 

type curve. 
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T "bk 06 - 22. C m•J. 

Well I Aqul er 

745 Spot Is 

Spol ls 

04le of 

Te~t 

7-9-82 

7-9-82 

lest Tye 

Jacob Tune Draw
down and Recovery 

Jacob l 1Kie Or w-

d n and Recovery 

Theis Non-equilibr ium 
Time-Calculated 

Recovery 

Final 

Length of Prod. Drawdown 
rest (hn.) Rote (gpn) (ft.) 

4. 73 1.67 2.72 

b.32 .1)64 

Spec I fie 

Cap4city 

(gpm/ft) 

0.60 

l!IZl!IZ/SZ/Zl!I 'peuua~s 

rrans ls-
slvi ty Penn . Storoge 

(gpd/ft) (gpd/ft21 Coeff. Co nts 

l·l ,696 

20,627 

PUl!lPing iell 745, observa 
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ford a down curve - no 
Interpretation . fd1r re

covery cu,·ve . 
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two multiple well tests have been conducted on the reclaimed spolls and a very 

wide ra nge of aquifer coefficient values have been found. Therefore, a mean 

transmissivity value and storage coefficient value of all spoil aquifer pump tests 

conducted at the Big Horn Coal and the Decker Coal Mines (Van Yoast, et. al., 

1978) were used to predict the cont ribut ion of gr oundwat er to the Pit 3 operat ion 

from the backfilled spoils. 

Groundwater Quality 

The groundwater quality sampling program and data analysis of all water

bearing strata within and adjacent to the Pit 3 operation are presented in the 

General Area-Groundwater Hydrology section. 

A Dietz 3 coal well (BH582) has been dropped from the groundwater quality 

monitoring network since well BH46& is only 1950 feet away from well BH582. 

Long-term water quality analysis is similar and well BH468 is better situated to 

monitor changes due to mining activities. 
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lNTRODUCTION 

This portion of the Groundwater Hydrology report will define the existing 

subsurface movement, distribution, quantity and quality of water in the immediate 

area of Pit 4. Included will be a description of the geologic setting and 

identification of the principal recharge and discharge areas. 

GEOHYDROLOGIC SETTING 

Aquifer Identification 

Within the Big Horn Coal Mine area, the most signi.ficant aquifers are the 

stream alluvial deposits and the thicker coal seams. The economically recoverable 

coal seam within Pit 4 is an isolated, unburned remnant of the Monarch seam. Its 

ljmits are defined by a burn line to the west, the Acme No. 1 underground mine to 

the ea.st, a subcrop in unconsolidated colluvial and Hidden Water Creek terrace 

deposits to the north, and a subcrop in unconsolidated coUuvial and old Tongue 

River terrace deposits to the south. These features arc best underst6od by 

referring to the geology map, Exhibit D6-10. 

Appendix D5, may also be helpful. 

The surficial , geology map, 
I 

The Monarch coal seam has been extensively burned over a large area to the 

west of Pit 4. The minable reserve is bordered entirely along its western edge by 

clinker rock. As illustrated by Exhibit D6-10, approximately 1,000 feet west of the 

aliected area boundary of Pit 4, this clinker rock appears to have been scoured 

away by the ancient Tongue River and uncoosolidated terrace gravel deposits. 

These now act to separate the Monarch coal reserve and adjacent clinker from the 

main clinker body farther to the west. These old terrace gravels are isolated from 

the active, contemporary Tongue River terraces. 

Extensive exploratory drilling within and around the Pit 4 area has revealed 

that the minable Monarch coal, the clinker rock, and the old terrace gravels do not 
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yield groundwater. The entire suite of lithologic and geophysical logs of every plug 

hole core hole and observation water well, along with a drill hole location map is 

presented in Appendix D6. Hydrologic invest igations were not conducted on these 

three stratigraphic units. Table 06-23 is a listing of the exploration drill holes 

which indicated that these uni ts are dry. 

As discussed in the section on geomorphology, Hidden Water Creek is 

underlaid with up to 30 feet of very fine to coars grained, poorly sorted alluvium 

of local origin. Just north of the proposed Plt 4 box cuts, the base elevation of the 

alluvium is about four to 19 feet below the top of the Monarch coal. Exploration 

drilling has Indicated that the intermittent subflows and surface flows of Hidden 

Water Creek do not recharge the Monarch coal in the proposed pit area. As 

Table 06-23 has shown, most of the drilling in the area was conducted during the 

spring months of 1978. The Monarch coal was found to be only damp in those holes 

nearest the Monarch's subcrop in the Hidden Water Creek alluviu{n which w s 

sa turated at that time. 

The northern extent of the Pit 4 excavations will approx.imately parallel the 

ten- foot alluvial isopach contour (Exhibit D6-11) of Hidden Water Creek. This 

alluvium is the only potential aquifer that will be directly affected during the 

mining process. However, hydrologic investigations were also conducted on a 

saturated sandstone closely underlying the Monarch coal. 

In December 1978, five 5-inch observation wells were completed as two cross 

sections in the Hidden Water Creek alluvium and the underlying sandstone (WW392 

through WW396). While drilling, the alluvium was dry but the sandstone produced 

from five to approximately LOO atlons per minute. It was felt that in compJ ting 

each well in two horizons, water levels in the alluvium could be observed during 

periods of intermittent subflow while potentiometric elevations for the sandstone 
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Table D6-23. Exploration dr ill holes which indicate the minable Monarch coal, 
the clinker I and the old Tongue River terrace deposits within and 
around Pit 4 do not yield groundwater. 

WelJ 
No. 

287-78 
288-78 
289-78 
294- 78 
295-78 
296-78 
297-78 
298-78 
299-78 
301 - 78 
302-78 
315-78 
316-78 
323-78 
324-78 
326- 78 
327-78 
328-78* 
332-78 
337-78 
338-78 
339- 78 
340-78 
341-78 
342- 78 
343-7& 
344-78 
345-78 
346-78* 
347-78 
WW390-79·• 
WW391-79 

• Monarch coal was damp 

October 20 18 

Date 
Dr illed 

4/25/78 
4/25/78 
4/25/78 
5/01/78 
5/01/78 
5/02/78 
5/02/78 
5/02/78 
5/02/78 
5/02/78 
5/02/78 
6/02/78 
6/02/78 
6/ l 2/ 78 
6/ 13/78 
6/14/78 
6/14/78 
6/15/78 
6/20/7& 
6/22/78 
6/22/78 
6/26/78 
6/26/78 
6/27/78 
6/27 / 78 
6/27/78 
6/27 /78 
6/27 /78 
6/27/7& 
6/28/78 
4/09/79 
4/10/79 

06-71 
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Total 
Depth 
_l!_tl_ 

40 
60 
80 
40 

140 
60 
44 
60 
80 
40 
40 
89 
93 
80 

180 
80 
76 
60 

300 
40 
80 
80 
80 
60 
45 . 5 
60 
45 . 5 
40 
60 
60 

110 
97 

Addendum D6 - 12-72 DEQ Ex. 3-1041



RAMACO Brook Mine 

aquifer could be obtained when the alluvium was dry. In April 1979, two 

observation wells were completed in the sandstone underlying the Monarch coal 

within the Pit 4 a rea . Geologic data suggest that this sandstone is continuous with 

that underlying the Hidden Water Creek alluvium. In summary, seven observation 

monitor the Hidden Water Creek alluvium when it is 

potentiometric e levations 

when the alluvium is dry. 

and Table D6- 24 summarizes the well completion dat a . 

Hydrographs of water elevations for the observation wells are presented in 

Exhibit 06-1 3. Shown on the hydrographs is the elevation of the base of the 

alluvium at the respective c ross sections of wells. Wells 392 through 396, 

completed in the alluvium and underlying sandstone, show water elevations 

corresponding to stream runoff and subflows in the spring and early summer of 

1979. Wells 390 and 391, completed only in the sandstone, report a n approximat e 

three month lag between the peak in alluvial groundwater elevations. This suggests 

that recharge from Hidden Water Creek is somewhat restricted by the shale 

interburden which exist s between the alluvium and sandstone, and possibly the low 

transmissivities of the sandstone aquifer. 

The groundwater hydrographs of observation wells completed in the Hidden 

Water Creek alluvium and underlying sandstone prove that the alluvium contained 

water only during the spring and early summer runoff of 1979. The amount of 

precipitation received as snowfall the winter of 1979-80 was extremely less than 

that received the previous year . Hidden Water Creek flowed for only a three day 

period the spring of 1980, and as can be seen on the gr.oundwater hydrographs, the 

a lluvium did not become saturated that year at ail . The relationship between the 
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surface flows and groundwater e levations is evident in the 1979 hydrograph of 

Hidden Water Creek, Figure D6- L2, in the Surface Water section o f this report. 

Since the alluvium only intermittently contains water, and since excavations in this 

lithology are expected to be in the winter months, no further hydrologic studies 

were conducted on the a lluvium. 

With the exception of weH 391, groundwater elevations for all wells suggest 

that the sandstone aquifer is confined. The consistently lower water elevation of 

well 391 may depict a local pressure release in the aquifer. Although no perched 

water tables were encountered during the drilling of wells 390 and 391, and no 

springs have been observed on the hillsides of the general Pit 4 area, the 

consistently high water levels of well 390 may be a result of leakage from higher 

strata or surface runoff into the weU through the adjacent borehole 280-78. Wells 

392 through 396 show water elevations above the top of the sandstone aquifer but 

below the base of the alluvium for most of the period of record. Water levels for 

wells 392 through 394 indicate that the a lluvium is dr y for aU but the period of 

spr ing runoff. It is assumed that the alluvium is dry during the same period for 

wells 395 and 396, and that the water levels there, even though generally slightly 

above the base of the alluvium, are actually potentiornetric elevations from the 

sandstone aquifer . 

Exhibit D6-14 shows the potentiometric surface for the sandstone aquifer 

c onstr ucted from observations taken November 1979. The elevation contours 

depict the potentiometr ic surface gradually sloping from the northwest to the 

southeast, which is also the general dip of the regional stratigraphy (refer to 

Appendix D5). The Pit 4 geology map shows the sandstone unit outcropping 10 the 

south of the Pit 4 area along the steep slopes overlooking the Tongue River. 

Recharge to the aquifer occurs from the northwest, most notably via slow leakage 

• I 

06-74 
I 
-.: .... l . :;, 

trU 62/025 
October 20 18 RECD 10- 25-18 Addendum D6-12-75 

I 

DEQ Ex. 3-1044



RAMACO Brook Mine 

from the intermittent subflows of Hidden Water Creek. Discharge from the 

aquifer ls presumed to occur at the outcrop to the south, although no active springs 

or seeps have been observed indicating they may flow intermittently. 

Aguiler Hydraulics 

ln order to evaluate possible mining impacts on the sub- Monarch coal 

sandstone aquifer and estimate groundwater inflow int o the Pit 4 excavations, 

single and multiple well drawdown and recovery tests were conducted on wells 390 

and 393 and well 395. Specifics on test results and descriptions are presented ln 

Table D6-25. All aquifer test data is supplied in Addendum D6-6. 

Upon reviewing the test results, it is apparent that the aquifer exhibits a 

broad range in transmissivities. Values of transmlssivity range from about 16,960 

gpd/ft at WW393 to approximately 2 gpd/ft at wells WW390 and WWJ91. The 

storage coefficient of· 4.4 x 10-4, obtained from the multiple well test, is 

indicative of a confined aquifer. 

The range of transmissivities observed from the sandstone aquifer tests must 

be primarily attributed to facies changes within the sandstone unit. The sandstone 

isopach map, Exhibit 06-15, drawn from available drill hole data, shows that 

aquiier thicknesses correspond with aquifer transmissivities. However, sandstone 

transmisslvities divided by respective unit thicknesses results in a range of 

permeabilities which indicate that the thicker portions of the aquifer consist of 

cleaner, better sorted sand, whereas the thinner portions of the unit are a lso 

siltier . These observations suggest that mining in the Pit 4 area will not disturb 

any significam aquiler. 

Groundwater Quality 

Groundwater quality sampling in the Pit 4 area was initiated in early 1979. 

Samples have been collected from wells 392 and 395 which are both completed in 
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the Hidden Water Creek alluvium and the underlying sandstor\~ aquifer. As 

previously discussed, Hidden Water Creek alluvium will become sah.lrated during 

the spring and early summer months from snowme!t runoif. lt has been recognized ~ 

that snowmelt runoff may not be sulficient enough to saturate the alluvium every 

year . The Hidden Water Creek alluvium cannot be termed an aquifer as it is not a 

reliable source of groundwater. Since the sampling network was initiated, a 

representative groundwater quality sample could only be collected from the 

alluvium one time, which was during the spring of 1979. The sandstone aquifer 

which was sampled lies under the Hidden Water Creek alluvium and the Monarch 

coal remnant to be mined, separated by a thin, relatively impermeable shale. 

Water quality sampling from wells completed in this aquifer was initiated in late 

winter and continued in the spring after snowmelt and the following fall of 1979. A 

sample WqS also collected from this aquifer in the spring of 1980 and will be 

continued semi-annually. 

Samples were collected in accordance with the State of Wyoming DEQ, 

Revised Guideline No. 4 and Revised Guideline No. &. Field and analytical lab 

result s are presented in Table D6-26. These data indicate that sulfate and 

bicarbonate are the principal anions while calcium and magnesium are the principal 

cations. OveraU, the quality of this aquifer is similar to that of most Fort Union 

aquifers sampled in this area. A statistical or seasonal analysis of water quality 

changes is not advised until a longer record has been established. A comparison of 

groundwater quality (Table D6-26) revealed a similarity in concentrations of all the 

common constituents in samples taken from the sandstone/saturated alluvial 

aquifer (2/26/79, 10/24/79 and 5/ 13/80), and the sandstone/saturated alluvial 

aquifer (4/24/79). An apparent concentration increase in total and dissolved iron 

and dissolved manganese following saturation of the a lluvium was also observed. 
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Table D6-26. Groundwater quality sampling of the sandstone agulfer (Fort Union 
Formation) underlying Pit 4, ig Horn Coal Company. 

Parameters 

Well umber 
Date of Sampling 
Aquifer Sampled 

Field pH 
Field specific 

conductance umhos/cm 
Water temperature (CO) 
Lab pH 
Total di solved solids 
Lab specific 

conductance (umhos/cm) 
Ammonia itrogen (as ) 
Tot al Phosphor us (as P) 
Total Alkalinity 
Bicarbonat 
Carbonate 
Chloride 
Fluoride 

itrate- itrite (as 
ulfate 

Total Hardn ss 
Calcium 
Magnesium 
Potassium 
Sodium 
Cations-Anions 
Aluminum (D) 

rsenic (D) 
Cadmium (D) 
Chromium (D) 
Copper (D) 
Iron (D) 

(T) 
Lead (D) 
Manganese (D) 
Me cury (D) 

ickel (D) 
Selenium 
Barium 
Zinc (D) 
Boron 

SampUng Period 
Spring Fall 

392 
2/26/79 
s 

7.02 

3600 
12 . 0 
7.8 

2700 

3440 
J. ll 
0 . 39 

364 
444 

0 
28 
0 . 74 
I. 11 

1900 
1940 
263 
312 

30 
192 

0 . 13 
0.6 

< 0 .005 
< 0 . 005 

0 . 02 
0 .05 
0 . 06 
2.52 

<0 . 02 
0 . 01 

<0 . 0002 
0 . 06 

~ 0 . 005 
< 0 . 5 

0 . 07 

395 
4/24/79 

S/QaJ 

D 

D 
D 

8 . 1 
3120 

3200 
0.10 
0.22 

308 
376 

0 
30 
0.63 
0.30 

1844 
1838 
248 
297 

29 
178 
-0 . 18 
0 . 4 

<0.005 
<0,005 

0 . 02 
0.02 
0 . 09 
7.88 
0.02 
0 .04 

<0 . 0002 
0 . 04 

<0 . 005 
0 .5 
0.0.5 
0.7 

392 
10/24/79 
ss 

7.44 

4100 
12.0 
7.5 

)JOO 

3280 
0 . 02 
0 . 03 

376 
459 

0 
34 
0 . 66 
0 . 15 

1952 
1985 
256 
327 

28 
185 
-0 . 73 

0 . 
<0 . 005 
<0.005 
<0 . 02 

0 . 02 
<0 . 05 

0 . LO 
<0 . 02 

0.02 
0.001 
0 . 01 
0 .005 

Concentration in mg/1 unless otherwi e noted 
D = o data 
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pr ing 

392 
5/13/80 
s 

7. 14 

3000 
11 .o 
7.6 

3200 

3370 
0 .05 
0 . 11 

37 l 
4.53 

0 
26 
0 . 66 
0 .27 

1820 
1850 
241 
304 

25 
205 

+0 . 59 
0 . 1 

<0.005 
0.005 
0 . 02 
0 . 01 
0 . 05 
0 . 14 
0 . 02 
0 . 02 
0.00 1 
0 . 01 
0.005 
0 . 5 
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This fits well with the hypothesis presented earlier in the groundwater section, that 

the surface and interflow components of Hidden Water Creek's hydrologic reglme 

interact with the sandstone aquifer. This is supported by examimng seasonal static 

groundwater levels (Exhibit D6-13). 
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area of Pit 5. lncluded wlll be a descriptJon of the geologic setting and 

identification of the principal recharge and discharge areas. 

GEOHYDROLOGIC SETTING 

Aquifer Identification 

The Tongue River Member of the Fort Union Formation underlying the Pit 5 

area consists of an interbedded sequence of sandstones, siltstones, clayst ones, coals 

and var ious gradations among the four . Coals in the area have burned extensively 

and baked the overlying rocks into a hard rock type known locally as 11c1inker11 or 

"scoria". The following stratigraphic units were investigated as potential 

groundwater aquifers: 

I. Consolidated sediments overlying and underlying the coals seams. 
2. The Dietz 2BC coal seam. 
3. The Dietz 3 (Upper Monarch) coal seam. 
4. The Monarch (Lower Monarch) coal seam. 
5. The Carney coal seam. 
6. The clinker (scoria or burn) formed from the burning of the Dietz 2BC. 

Dietz 3 and Monarch coal seams. 

The stratigraphic sequences, lithologic thicknesses and local struct ure of 

these units are shown in cross sections A-A'i B-B' and C-C' presented in 

Appendix 05. The entire suite of lithologic and geophysical logs of every plug hole, 

core hole. and water well, along with coal seam isopachs and structure contour 

maps are also presented in Appendix D5. 

Extensive exploratory drilling within and around the Pit 5 area has revealed 

that only the Monarch and Carney coal seams will yield enough water to be 

classified as aquifers . Due to the fine- grained nature of the consolidated 

sediments of the Fort Union Formation, they charact eristically serve as aquicludes 

06-82 
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or confinmg beds between the more permeable coal aquifers. The Dietz. zec and 

Dietz 3 coal seams in the Big Horn Coal area are characteristically capable of 

stor ing and transmitting groundwater, but as can be seen from Exhibit 06- 16, 

parlial sur flcial geology and minable limits map (also refer to Appendix 05), they 

are essentially isolated erosional remnants within the Pit 5 area. Hydrologic 

investigations were, therefore, not conducted on the Dietz 2BC and the Dietz 3 

coal seams, or their "burns", withjn the Pit 5 area. The Carney coal seam is 

separated from the base of the Monarch coal seam by approximately l2'0 feet of 

interburden and no vertical leakage into the pit excavations is expected to occur . 

One observation water well completed in the Carney coal seam was intended for 

use as an occasional static water level measuring point and stock watering well and 

has since been destroyed by mining. The Monarch coat seam, being the only 

water-bearing formation in the area to be disrupted by mining, wtlt be the main 

subiect of the foHowing discussion. 

Geologic Features Influencing Aquifers 

A thorough explanation of the geology is given in Appendix 05. In general. 

the geology of the area is relatively simple. The strata, being composed of 

interbedded line- grained sediments and coal beds, dip east-southeasl at 

approximately 3°. They lie unbroken by faulting a nd exhibit essentially no local 

warping. 

The three coal seams (Dietz 28C, DJetz 3 and Monarch) mined in Pit 5 a re 

small remnants or "windows11 of unburned, once-continuous coal beds. The 

Dietz. 2BC and Dietz 3 minable reserves are completely surrounded by clinker rock 

and, therefore, do not directly outcrop on the surface. They are capable of 

indirectly receiving precipi1ation-infiltration recharge from the clinker updip a nd, 

on the same token, qULckly discharge this groundwater bacl< through the clinker 
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downdip. The Monarch minable reserve is also completely surrounded by clinker 

rock but is bordered on its eastern edge by the abandoned Acme No. 1 underground 

mine (Exhibit D6-16). As stated in the previous section, the Dietz 2BC and Dietz .3 

are isolated erosional remnants, therefore, their recharge areas are very small 

(Exhibit 06-16). As a consequence, these two seams are essentially dry. 

Exploratory driUing has confirmed this fact. The Monarch burn is not an isolated 

e rosional remnant and its outcrop is areally quite extensive. Large-scale geologic 

reconnaissance of the coal reserves to the northwest of Pit 5 has shown that most 

of the Monarch coal has been burned, but an estimate of the area (i.e.1in acres) 

which is exposed Monarch burn or Monarch burn covered by residual soils has not 

been estimated by the geologists. Drilling into the Monarch coal seam within its 

minable limits has shown that it yields varying smaJl amounts of groundwater 

depending on the site location. This variance in yield is typical of fractured rock 

hydrology and may also be attributable to the adjacent underground mine. A 

follow- up on this discussion can be found in the potentiometric surface section. 

Groundwater Flow 

Wells 

Within the vicinity of the Pit 5 area, six observation water wells have been 

completed to ascertain the hydraulic characteristics of the aquife rs. Of these 

wells, there are completed in the Monarch coal seam, two in the Monarch burn 

updip of the minable Monarch coal, and one in the Carney coal seam. 

Exhibit D6-16 shows the location of these water wells and Table D6-27 summarizes 

the well completion data. Figure D6-& pictorially illustrates the designs of the 

wells. 

06-84 

Tr-HS 2/G 2 5 
October 2018 RECD 1O-25-1 8 Addendum D6- 12-85 DEQ Ex. 3-1054



0 
() 
~ 

0 
CJ" .., 
tv 
0 ..... 
(X) 

::ID . 
C'""J 
C, 

-C) 
I 

""': 
I -C) 

• 0. 
0. 
(I) 
;::l 
0. 
i:: 
3 
CJ 

°' I ..... 
tv 

I 
(X) 

°' 

..... 
-;, 

r-..:» ...... 
0 
hJ 
(.;'I 

Tdlile D -27. 

• II . 
.... ,. ' ••l._ ,-.• 
..,.,., 
_._..., "" 
.... w 

CJ " "' 
°' I 
00 
V, 

II roo,pJ., 1100 SU41Hf\<IJ y. 

, .. .. 1.,' .... ,!!",1 .. 1111, • • • ,11111 ...... ~ l.t,fll .. Er 1t•1• _ !. •V• llil ~.! 
.-. ,,f!o )If ,, I ~\J,, VJ 6 :.U, II I! 16 

, ...... , . ,,..,,, . ~ .. .,, I !a& . • ~ I 

"""""'•"" ·"' 11,M,"11 t ~ .. .. ,,. , 
ti irC.11 .,,,., I \)I Jl(l I ~ l?~ ! ·~ 
.ui:;11 1&!/,WM I,~ \,t.a~ I !1&6.Dlti 4 

"' .... #(fl...,.,. IL'illi(dl- L~)t .,,1 li \tc, HI I 

I 
() 
0 

fl.-,4.!D,- ,., j 1~ I I"' ' .,.; ,. ~· •·· ...... , ... , IH 
ti ... •1 ,.,., , .. ,.,. h•IU• I '" ',, 

fp ,.. .._~ t• 0 • .... " i'!l:.i ,,. ' ,,r 
,& " ... -"' I IO .... ... "' 

,., ... ', , 
. , .. llll It " .. ~ .., ,. llJ IL ',,11 .. ,. }I):,. 0.., Ill , .. .. . I ,. ,, .. 
"' ... "' mt I" •• .. n ~ u I, ,_, .. " .. JJlll U ~ .. "' )I ,. 

"" ' ,,, 
-------

DEQ Ex. 3-1055



RAMACO Brook Mine 

TYPICAL DESIGN OF BIG HORN COAL GROUNDWATER 
OBSERVATlON WELLS 

FIGURE D6-8 MONARCH COAL WELL 
WW562_-80 --

CARNEY COAL WELL 
WW429-"79 

,. • ., > "' 
) A .I '- W 

• ... v • A 

"" ,r .... 

5" IA. PVC ,ng sel 
1n 7 ~ - dt1il ~e. 

-------- '"----------- --- - - - - -- -- ... - ----- ---- ---- ----- ---
- -- ------ -- --- --- -----·----

---- - - ------------ -------- - --------- -- - ------- --
---- --. - ... -.. - - --- - -:-;:~:-::.--:} :-2-£·---·-·----------- - ------- --- ---- --- -- --- - ------------- ------ --.. ... ------.., _ --·-- ---..... ~ ..... .. . . ..-. ., .,.. ____ .,. - ........ .. _ ... ____ ---

w ~ ts dt1 ll!1::01es ___ , ___ _ 

245~265'. 

October 2018 

/ 
e" DIA. PVC Surfo? 

co51119 set ,n 11' 
r,11 hOle. 

-: 9-flu£--:-:-:-:-:-
. ~-~,=;-;/ '}~~~:;~-:~ 02.5' 
=- --~~~~: ·.~.- • ;. ·.s --r·-· ; -~ 123.s' 
------ --------- ------ - - - -

t ..... ~ > 
t .. - • .,. 
' .. ~· 4 • ( 
• > ,.. 

• C ~ ... (' ; 

--- - -:- .. -- .-.-.---... 

· · - f' ---

Sa... SIOIS perforations 
ot 86'- 106'. 

5" OIA PVC CAJ•ng se, ,n 17/8 doll 
11o1e. d 

Rubber snot•--~•:s;::,=!:: .. ~••i"':'";•:-;.-7:: 
pock.er .set ,., .,. ,. ~' : .,. I ~ ".:;.,.'" 

01 3 .. ~ .. '., ,, I I ~ 1:.1 li!C ' 
• ~ ... _ • > I I I ? euo•• 

- I ~ ~ " '".. 

> 1' '" ... • > ... I I I >' ...... .,.. 
T.,, "' - .. I '- ~ '"' .. >,.. ,L 

' - - " ?IJ' 
-: :-- : : - :-:: :_::~r.=:-= 
·-:-_---:--:--- TD 36'-- --- - - --

BIG HORN COAL CO. 
SHERIDAN• WYOMING 

DESIGN OF OBSERVATION WELLS 
Pl FIVE 

Tr- 6 2/ 0 5 

- • :. . .. f 

: JMB 

U-13-80 

ECD 10- 2 -t Addendum D6-12 -87 DEQ Ex. 3-1056



RAMACO Brook Mine 

Monitoring Water Levels 

The welJ completion summary, Table 06- 27, lists the d 

observation water well was completed. Beginning with that month, lti ...... ...,..uuc 

in each well has been measured and recorded monthly. A graph of 

water levels (Figure D6-9) in the Monarch coal observation wells iUustrates that 

the potentiometric surface is being held constant and the aquifer 1s in a state of 

dynamic equilibrium. 

Mining activity in Plt 5 has recently destroyed four of the six original 

groundwater monitoring weils, two of which were completed in the Monarch coal 

seam (WW408 and WW 555), the other two in the Monarch burn (WW648 and WW649). 

Replacement wells will not be installed. The two remaining observation welJs 

(WW429 and WW .562) will continue to be monitored until precluded by mining 

advancement. 

Potentiometric Surface 

Exhibit D6-6 shows the potentiometric surface for the Monarch coal seam 

"remnant" m Pit 5 based on water level measurements taken October 22, 1980. 

The surface was constructed by first determining its general strike and dip using 

the three-point method on the three water level elevation points. Then, with 1he 

aid of the Monarch coal structure contour maps (Appendix D5) the potentiometrlc 

surface contour lines were "fit" so as to depict decreasing hydrostatic pressure in 

both the direction of the surrounding burn and in the directton of the underground 

mine workings. The potentiometric surface slopes downdip with an average 

hydraulic gradient of 5 x I o-2 f t /ft and intersects the base of the Monarch coal 

seam approximately at the edge of the minable limit. Nowhere within the minablt: 

limit area does the potent iometric surface intersect the lop of the Monarch coaJ 
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seam. A profile of the 

Pit 5 geologic cross section A-A' of Appendix D5 and is shown in 

The recharge and discharge areas are, therefore, defined: 

occur updip of the minable reserves via precipitation-infiltration into the scoria 

outcrops. The water then enters the coal seam and moves downdip/gradient toward 

the Acme No. l underground mine and ls discharged Jnto the abandoned rooms. In 

other words, groundwater in the Monarch coal seam is essentially free to "fall" into 

the underground workings. The lithology of the mater ial s t ratlgraphically above 

the Monarch coal seam is sufiiciently fine-grained and essentially impermeable 

enough to consider the Monarch a confined aquifer. Although, because the 

abandoned underground mine acts as a large discharge "sink", the hydrostatic 

pressure cannot become great enough to cause artesian condit ions. Recharge to 

the Monarch coal must be sporadic and intermitte nt and most likely occurs during 

or shortly after significant precipitat ion events. The scoria updip of the Monarch's 

minable limit was e ssentially dry on October 22, 1980. Observation wells WW648 

and WW649 exhibited approximately 0. 10'-0.50' of water along the base of the burn 

at that tlme and no significant precipitation had been observed in the area since 

mid-August 1980. 

Aquifer Hydraulics 

Pumping Tests 

Long terrn pumping tests ar.e always advisable when t r ying to interpret the 

hydrology of fractured rock. Attempts to perform long- term, constant-discharge 

pumping tests with a small horsepower submersible pump on each of the three 

Monarch coal water wells in the area proved unsuccessful. A withdrawal rate that 

was low enough co prevent the wells from being pumped dry in a relatively short 

period of ume could not be established. A multiple well pumping test was 
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considered impossible to perform due to the fact that the 

yield enough water to prevent excessive drawdown from occurrin~in the pumped 

well. Therefore, in order to obtain at least an estimate of the transmissivhy of the 

Monarch coal seam, the bailer method was employed. These bailer tests were 

analyzed according to the Skibitzke method as discussed by Lohman 0979, 

pp. 29-30). The recovery rate of well WW 55.5-&0 was fast enough to obtain a 

straight-line recovery curve in order to derive aquifer coefficients by the Jacob 

modified non-equilibrium formula as described by Johnson Division, UOP 

Incorporated (197.5, pp. 113- 118). The storage coefficient was estimated using the 

method discussed by Lohman, 19791 p . .53. All aquifer test data are supplied in 

Addendum D6-6. 

Results 

Table D6-28 presents a summary of the aquifer test results. Transmissivity 

values were found to be very low, ranging from 11.92 gpd/ft down to 0.8.5 gpd/ft. 

Of the three wells, WW.55.5 exhibits the highest transmissivity value, has 

approximately 15 feet of head above the base of the coal seam, and is located the 

farthest distance away from the underground mine. Well WW.562-&0 exhibits the 

lowest transmissivity value, has approximately 8.50 feet of head above the base of 

the coal seam and is situated closest to the underground mine. Again, this is an 

indication of the "sink" effect the abandoned underground mine has on the Monarch 

coal aquifer. 

Groundwater Quality 

Sampling and Data Analysis 

Groundwater quality samples have been collected from the three wells 

completed in the Monarch coal seam within Pit .5. Well WW429 was not sampled 

since the Carney coal seam will remain undisturbed and no vertical leakage into 

D6- 90 

TFH 6 2/0~ 5 
October 2018 RECD 10-25-1 8 Addendum D6- 12-91 DEQ Ex. 3-1060



0 
(") ,... 
0 
c:r 
~ ., 
ts) 

0 ...... 
(X) 

::is, 
r-n 
n 
c::: 

-C 
I 

"'-= 
u, 

-co 
:> 
0. 
0. 
~ 
:l 
0. 
i:: a 
t, 

°' ' ...... 
ts) 

' '° ts) 

~ ...., 

['l,J -Q 
I 

<,;; 

0 
a.. 
I 

'° 

II .. 

~--=• ,, 

.. ' 

i.-• I · ,c. 

Tabk 06 28. umrnary ol .iquiler te>IS. 

°'" .!' lW. J.w.!.tl!. 
11/1 lh hll~ ,_,11,r,.1 

----
)14 / 90 ... . ... ,..,t•....J, Jo,.,,~, ...... 

,11.1a., J a lh•t fttlillllll 

,..,u, 
er h, L 

• 01 t, 11 

-----
IHGU·'7 I lJ , ... 

, .. 0 . 
- - - - - -- -

0 .. , .. 
. " D. ll " tt 

... 0~ ... 
-- - ---

OIi 

... 

... .... , ... -lie l'CIC• .. . ~· UIC,;,h~<R I ·•'""' - .. °" • 
Ill l'•hit ...,., UlllittNJ "4111 I ii hU • l'IO,,rf'l-
r • CO••"Y _. ., .. Iii plot ... Ne:., ..... Ju~ IIN .. , ..... ,, 

I.a!.• 

htt~ N'l'1'611"f ,df1 t;!C'ftll.) l"'•~-1 toi Jlll1HlC'9 
.. 1, 11 1 llil • lu1o1 rt O•I''> c:.,,- ,.,. 

ll-4ilit:4 _,I •II &...i 1,1 t) l•U<iiAt 111 l'-lt -.tlf't \1',.,.,tll 
I• ,J11.i11 N1 • fut -...Olli ,,on,., rue 16 lc11 
M" • 't-t,U J,1c ••wrc- ._..r,,,.,.,, hrft~ 

DEQ Ex. 3-1061



RAMACO Brook Mine 

the pit is expected. Not enough groundwater has been observed ,in either weJI 

WW648 or WW649 to permit collection of a representative water quality sample 

from the Monarch burn. Samples were collected in accordance with Revised 

Guideline No. 4 and Revised Guideline No. 8, Wyoming DEQ. The Monarch wells, 

not capable of yielding enough water to be continuously pumped, were thieve

sampled wth a bailer. Samples were collected after at least three times the 

volume of the casing below the static head had been bailed out. Samples were field 

acidified and filtered according to accepted practices and each sample collected 

was packed in ice and sent to Northern Testing Laboratory in Billings, MT for 

analysis. Analytical lab results and field paramet ers are given in Addendum D6-7. 

All concentrations are in milligrams per liter except for · conductivity, whlch is 

umhos per centimeter , and those which a re otherwise noted. 

One sample has been collected from well WW 308 in the spring and one in the 

fall. In addition, one sample each has been collected from wells WW 555 and 

WW562 in early spring. A statistical seasonal analysis of water quality changes is 

not advised until a longer record has been established. The major chemical 

constituents of those four water quality samples have been listed in Table D6- 29. 

These data indicate that sulfate and bicarbonate are the principal cations. The ion 

concentrat ions which greatly exceeded the recommended drinking water standard 

(McKee and Wolf, 1963) are sulfate, bicarbonate, magnesium and iron. Except for 

the high iron concentration, the overall quality of the Monarch coaJ groundwater in 

Pit 5 is similar to that of most Fort Union aquifers sampled in the area. It is 

interesting to note that the mineral analysis of ash from overburden core hole 

BH6 l l-80 (Appendix D5) has shown an anomalously high iron content for the 

Monarch .coal. 
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Table 06-29. Major chemical constituents of the Monarch coal aquifer under
lying Pit 51 Big Horn Coal Company. 

WW408 - 79 WW555-80 WW562-80 
Const it uent 10]09]79 5]20]80 3705]80 3706780 

Lab Ph 7.4 7 . 2 7.0 7 . 2 
TDS, mg/ 2400 2560 984 720 
Sp. Cond ., umohs/cm 2610 2780 1200 990 
Tot. hardness, mg/ 1530 1620 711 294 
Tot . alkalinity 

as CaC 3' mg/ 460 513 40.5 472 

Calcium, m / 210 231 Jl3 55 
agne ium mf 244 253 105 38 

Potassium, mg 38 29 19 21 
Sodium, mg/ l 14 108 31 129 
Boron, mg/ 0 . 80 0 . 80 0 . 50 0 . 20 
Iron-Dissolved, mg/ 0 . 14 l.03 .05 .05 
Iron-Total mg/ 44.20 77 . OD - - Not analyzed for - -

Bicar bonate as HCOrri mg/ 561 626 495 576 
Carbonate as co3, g/ 0 0 0 0 
Sulfate , mg/ 1250 1310 404 119 

0 +NO3 as "N", mg/ 8 . 21 6 . 40 0.14 0 . 1) 
Chliride, mg/ 12 12 8 6 
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Groundwater quality samples will cont inue to be collected from lhe Monarch , , .. 

coa1 moni toring weUs until they are destroyed by mining advancement. 
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SURF ACE WATER 
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INTRODUCTION 

The following discussion of the var ious surface water regimes of concern in 

the Big Horn Mine area will be organized according to drainage systems. Within 

each drainage system heading, DEQ (Department of EnvironmentaJ Quality) 

Guideline 6A (March 30, 1982 edition) format for surface water studies will be 

applied. Discussion and information presented under the "Tongue River - Goose 

C reek System" wilJ be similar to that information found in Appendix 011 , Alluvial 

Valley Floors (AVF), but will not address those areas of concern peculiar to the 

'AVF. For this specialized AVF information, the reader is directed to 

Appendix D l l. 

Tongue River - Goose Creek System 

Drainage Basin Description 

A previous study conducted by WRRI (1977) described the a rea of interest as 

follows: 

"The Tongue River which is the major drainage in the study area 

from Monarch, WY to Decker, MT is an interstate tributary of the 

Yellowstone River and has its headwaters in the Big Horn Mountains. 

The flow of the Tongue River is allocated between Wyoming and 

Montana by the 1950 Yellowstone River Compact which allots 40 

percent of the unadjudicated divertible flow to Wyoming and 60 percent 

to Montana. 

Two ephemeral streams and one perennial stream contribute to 

the flow of the Tongue River within the study area from the west 

(Exhibit D6- 7 and D6-18). Hidden Water Creek is a small e phemeral 

stream with a drainage area of 8.48 square miles which feeds into the 

Tongue River directly upstream of Ac me (Sec tion 15, T 57N, R84W). 
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Ash Creek, an ephemeral stream wtth a drainage area of 27 .3 square 

mites, feeds into the Tongue River directly above the Whitney Benefits 

Mine Permit Area (Sec tion l, T57N, R84W). Young's Creek, a perennial 

s tream with a drainage area of 62.5 square miles, contributes to the 

flow o! the Tongue River directly downstream from the Whitney 

Benefits Mine Permit Area (Section 30, T.58N, R82W). Both Ash Creek 

and Young's Creek have portions of their headwaters m Montana. 

Two maior north-flowing tributaries enter the Tongue River 

within the study area. Goose Creek, a perennial stream with a drainage 

area of 414 square miles, flows by the Big Hom Coal Mine and feeds 

into the Tongue River at Acme (Section f5, T57N, R84W). Prairie Dog 

Creek, a perennial stream with a drainage area of 358 sqtiare miles, 

contributes to the !low of the Tongue River near the Wyoming- Montana 

border (Section 2,3, T58N, R83W). Both of these tributaries have their 

headwaters in the Big Horn Mountains. 

Beatty Gulch is a s mall ephemeral drainage with an area of 8.23 

square miles. lt is a north- flowing tributary of the Tongue River 

(Section 31, T58N, R83W) and c rosses the Whitney Benefits Mine Permit 

area. 

The floodplains of Goose Creek and the Tongue River a re 

underlain by alluvial sands, silts, clays and gravels of Holocene Age 

(Mapel, l 976). Terraces at e levation of up to 25 feet above the 

floodplain are common. The terraces are generally formed on colluvial 

clays and silts whicli are probably also of Holocene Age (Leopold and 

Miller, 1954). The alluvial and colluv1al sediments are deposited in 

vaUeys cut in a series of interbedded, fluvia.l and lacustrine, sands, silts, 
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clays, and coals of Paleocene Age named the Fort Union Formation 

(Lowr y and Cummings, 1966). The hills and bluffs bounding the 

alluviat ed va11eys are also formed on the Fort Union Formation, The 

aquifers of primary interest in this study are those in the Quaternary 

sediments floor ing the valley of the Tongue River. 

underlying tributary valleys have not been investigated here." 

Sediments 

Additional studies conducted by WRRI (1977) for the Tongue River calculated 

roughness coefficients for the left overbank, channel, and right overbank. 

Averages for the coefficients in the Big Horn Mine area were calculated to be .049, 

.031 and,, .044, respectively. In general, the Tongue River forms a well defined 

incised channel. It is an erosive system exhibiting downcutting and sediment 

transport throughout its reaches in the area of interest. Average gradient in this 

stretch is .00 l feet per foot . Additional information regarding characteris t ics of 

the Tongue River system is presented in the following sections. 

Surface Runoff 

Infiltration 

Infiltration rates of typical Tongue River and Goose Creek a lluvial, colluvial, 

alluvial-colluvial undifferentiated, and residual soils were measured with double 

ring infiltrometers. Mean infiltration rates for these soils were 2 .8, 1.42, 1.25 and 

7 .85 (one site only) inches per hour, respectively. These data are presented in 

Addendum D 11-2, In general, alluvial soiJs are thick (4 to 8 feet) and overlie 

stream transported sands and gravels. Residual soils are generally thin (less than 

two feet) and are formed in place from weathered bedrock. Permeability of soil 

types in both classes varies and is generally a func tion of soil texture. Infiltration 

rates in alluvial soils varied depending upon soi l type and degree of compaction by 

cattle grazing and other man-related disturbances. 
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Double ring infiltration tests (E hibit 11-13) were conduct 

infiltration and potential for aquifer recharge from precipitation. 

potential due olely to gravity flow. This technique eliminates vari bility 

solute potential and ambient soil moisture condition at th time of the te t. 

These data indicate that infiltration rates xhibited a large range of 

variability particularly in the residual soils. ln alJ but on case, th se rates rang 

from moderate to very high. This indicates that infiltration potential would exceed 

precipitation intensity of most storms which would, in turn, yield hmited overland 

flow. 

Potenti I recharge to aquifers from infiltrated precipitation could take place 

where alluvial aquifers underlie coarse-textured olls but would probably not occur 

through residual soils since the paren bedrock is essentially impermeable. Th 

degre of luvial recharge would be a function of precipitation intensity, duration, 

soil moisture storage and evapotranspiration. 

Considering the tugh pan evaporation rate in th area (64 inch s per y ar) 

(WRRl, 1977), and potential con umptive us ( vapotranspiration) for gras , hay, 

arid pasture system (19 .33 inches per growing season) (WRRl, 1977) potential 

vertical recharge to alluvial d posits would be extremely low I stent at 11. 

Recharg to th alluvium would occur primarily from high flows in the Tongue 

River or oose Creek during spring runoff. 

S reamflow 

Th Tongue River annu l hydrograph reaches it p ak I te in ay or in Jun . 

and is lowe t in mid-August. This hydrograph is indicat ve of a now-melt runoff 

r egime wh re accumulat d snow i the Big Horn Mountains melts in the sprin 

resulting in increased flows in the Tongue Riv r and it tr ibutarie • 
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Evapotranspiration, irrigation and domestic use, and lack of recharge accoum for 

August low- flow values. 

These effects are reflected in Tables 06-30 through 06-32 as compiled by 

the Wate r Resources Research Institute, 1977, which show instantaneous discharge 

ranges, annual flow ranges, and mean monthly discharges, respectively, at the 

U.S.G.S. gaging stat ions. Figures 06- 10 and 06-11 show annual flow duration 

curves for the Tongue River near Acme, a nd the Tongue River at the state line 

near Dec ke r. Exhibits 06-19 and 06-20 illustrate the mean daily discharge 

hydrographs of Goose Creek for the 1980 and 1981 water years, and Exhibits 06-21 

and 06-22 illustrate the mean daily discharge hydrographs of the Tongue River for 

the 1980 and 1981 water years. Exhibits 06- 23 and 06-24, the mean daily 

discharge hydrographs of the Tongue River below the Goose Creek confluence for 

the 1980 and 198 I water years, were not obtained from the newly established 

streamflow monitoring station TR2B but were developed by adding Goose Creek 

and Tongue River flows together. 

Tongue River 100 Year 24 Hour Plood Analysis 

On May 19, 1978, the Tongue River was gaged at 17,500 cubic feet/second 

(cfs) a t the U.S.G.S. gaging station on the Wyoming- Montana state line near 

Decker, MT. This is the highest peak !low ever recorded at the State Line Station. 

A flood frequency analysis prior to this flood event was completed by the 

University of Wyoming, Water Resource Research Institute (1977). Using data 

from this station for their l 00 year flood predict ions a long the Tongue River , they 

determined the 100 year flood at the state line to be 926 1 ds. The Institute a lso 

predicted the 100-year flood for the Acme Station to be 10,230 els. 

Station is located upstream from the State Line Station. In their 

they estimated that the contribution from the storm would be app 

06- 100 
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Table D6-JO. fnstantaneous discharge ranges a . gaging station . 

Period of Avg. Discharge ax. Discharge Min. ischarge 
Station Record (cfs) (cfs) Date {cfs) Date 

Tongue River J918-J929 189 J ,400 6-03-44. 18 11- 29- 1 
n ar Day on 1940-1975 

Goose Cre k 
blow h ridan 1941-1975 184 5,450 6~16~63 4.0 8-11~57 

Tongue River 
n ar Acm 1939-1957 40,3 9 110 6-04-44 3.7 8-24-40 

Tongue River at 
tate Lin near 

Decker MT 1961-l 75 514 7,480 -15-67 3 . 0 S-23-61 

TF / 0 _ 
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Table 06- 31. Annual flow ranges at t he • gaging stations. 

Per iod 
of 

Stati on Record 

Tongue River 1918-1929 
near Dayton 1940-1975 

Goose Creek 
below Sheridan 1941-1975 

Tongue River 
near Acme 1938-1957 

Tongue River 
at State Line 
near Decker , MT 1961 - 1975 

October 2 01 8 

Average Maximum Minimum 
Annual Annual Volum AnnuaJ Volum 
Volume Water Water 
(Ac-ft) (Ac - ft) Year (Ac-ft) Year 

136 900 229,055 1924 78,533 1960 

133,300 225,622 1944 42,633 1960 

292,000 511,239 1944 138,686 1940 

372 , 400 552,700 1975 135 560 196 1 

06- 102 
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Table D6-32. Mean monthly discharge tions. 

tat ion 
Tongu 

Tongue Goose River a 
R v r Creek Tongu tat Lin 

near Dayton below River n ar 
(19l8-l929 heridan ne r Acme Decker MT 

onth 1940-1975) (1941-1975) (1939-1957) 0%1-1975) 

Oct 85 103 200 26 

OV 70 96 189 245 

Dec 63 79 157 197 

Jan 58 70 141 197 

Feb 64 82 154 268 

ar 53 9& 204 368 

pr 10 118 341 406 

May 544 448 l, 175 t I 197 

Jun 754 771 l, 59 2 059 

ul 267 169 409 558 

ug 119 52 min. 112 min. 177 min. 

Sep 90 87 152 242 

06-101 
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RAMACO Brook Mine 

higher for the State Line Station than the Ac me Station. Based on this, the 

Institute used a figure of l l,300 ds as an estimate of the 100 year flood at the 

state line to determine the 100-year floodplain. 

Using the period of record from 1961 o 1979, KME hydrologists estimated 

the 100 year flood of the Tongue River at the State Line Station. This estimate 

was based on both analytical solutions and graphical techniques that show the 

distribution of flood occurrence. These techniques resulted in the following: 

l. Using the Log-Pearson Type Itl with a skew coefficient that is calculated 

from the 19 years of data, the lOC~year flood is estimated at 19,960 ds~. 

(Linsley,r Jr ' )et . al., 197 5). 

2. Using Log-Pearson Type Ill with a regional skew coefficient determined by 

the U.S .G.S. the 100 year flood is 15,100 cfs. 

3. From the Gumbel graphical techniques the 100 year flood is 11,800 cfs. This 

is assuming that a linear relation exists between the discharge and the 

recurrence interval. 

4. Using the flood flow frequency analysis from the Hydrologic Engineering 

Center (HEC, June 1976) and adjusting for a high outlier, the computed 100 

year flood is 13,000 cfs. This approximation is based on the assumption that 

the 1978 peak was not equaled or exceeded since 192 3. 

5. Using the HEC Flood Flow Program adjusting for the high outlier and using 

regional coefficients, the expected probability flood is l.5J700 cfs . 

In examining the different techniques, the best approximation of the 100 year 

flood event would be the HEC model adjusting for high outliers. It is clearly shown 

by this method that the 1978 point is a high outlier. The Log-Pearson Type lII 

method does not adjust for the high outlier and tends to overestimate the flood 

with the limited data available. The HEC anaiysls adjusts the high outlier for the 
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observed historic period in which the flood peak was not equaled or exceeded. The 

use of the 1923 data 1s veniied by Mr. Schreibe1s, a life- long rancher ln the Tongue 

River valley. He marked the 1923 high water mark and was able to point it out . 

This method was then a pplied at the U.S.G.S. Acme Station previously 

loca ted on the Tongue River downstream of the Big Horn Mine and at the U.S.G.S 

gaging s tation on Goose Creek below Sherldan. The computed value of the 

100 year flood from this method was 13,050 c!s at the Acme Station and 6,810 cfs 

for the Goose Creek Station below Sheridan. Since no major perennial streams 

flow into Goose Creek or the Tongue River between these sites, these values were

used to generate the l 00 year floodplain map presented in Appendix D 11. 

Quality 

Surface water quality was examined for the Tongue River - Goose Creek 

fluvial system as collected (rom those surface water sites discussed under 

Monitoring of this section. Sample collection was initiated 1n 1977. Additional 

sites were added or deleted as new needs arose. Samples have been collected in 

accordance with Revised Guideline No. 4 and No, 8, Wyoming DEQ. The surface 

water sampling program is based on the annual hydrograph and seasonal variations. 

A full analysis (conservative const1tuent5 and total and dissolved trace metals) 1s 

performed at least monthly during the spring runoff and the summer low flow, and 

at least quarterly ouring the fall and winter rnonths. Additionally, samples are 

collected from the mine discharges on a monthly basis by the KME Reclamation 

Department for the NPDES water quality monitoring program. 

Depth integrated samples were field acidified and fit tered according to 

06-107 
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are given in Addendum D6-&. Total dissolved solids (TDS) and sodium adsorpt ion 

ratios (SAR) along with other major parameters are summar ized in Table D6-33. 

Dissolved oxygen is sampled for perennial streams in the field and is reported with 

ot her field results and analytical lab results in Addendum D6-8. Turbidity and 

alkalinity are not sampled in the field, but applicable EPA recommended holding 

times are met. Frank Putman (former DEQ hydrologist) sent a letter on May 2, 

19&0 to our primary water quality laboratory (Northern Testing Laboratory) 

indicating that field analysis of these parameters is not necessary. F ield chlorine 

sampling is not necessary for our area. Metal concentrations, in general, were very 

low and often below detectable levels. Data prese nted in Addendum D6-& does not 

indicate the date of sampling at each site for each page. The date of sampling for 

each parameter analyzed correlates sequentially with t he dates presented on the 

first page(s) of each. site. Page numbers are indicat ed in the top right portion of 

each pa ge. Note that overflow from inadequate space often resulted which, in 

turn, resulted in two or more pages numbered l, 2, etc. 

Surface water in the study area is of higher quality than groundwater in the 

alluvium. TDS means range from 267 to 395 mg/I with the overall mean at 

348 mg/1. Sodium adsorption ratios (SARs) are consistently low in the excellent 

range of approximately one. Surface water is consistently classified as a calcium 

bicarbonate type. Average pH value for all surface sites was 8.10. 

Average water quality from surface site GC0 was in excess of recommended 

drinking water standards (McKee &. Wolf, 1963) for iron, total hardness, and 

bicarbonate. Mean TDS was 395 mg/I, principal cation was calcium, and principal 

anion was bicarbonate. 

Average water quality from surface site GC2 was in excess of recommended 

dr inking water standards (McKee &: Wolf, 1963) for iron, total hardness, and 

D6-108 
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Table D6-33. ajar chemical constituents for sampl site TR!. 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/I 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness mg/I 

Total Alkalinity as CaCOJt mg/I 

CATIO A ALYSIS 

Calcium mg/I 

Magnesium mg/ I 

Potassium mg/I 

Sodium, mg/ J 

Boron, mg/I 

Fe Dissolved, mg/I 

Fe Total , mg/I 

Bicarbonate as HCO3, mg/I 

Carbonate as co3 mg/I 

Sulfate, mg/I 

NO2+ 
3 

as" ''i mg/I 

Chloride, mg/I 

Mean not caJculat d du 
values. 

October 2018 

in. Max. Mean 

.20 J.95 . 84 

52 1520 267 . 12 

177 2040 432 . 60 

7 . 5 8.5 8. I 

85 688 l9l . 4l 

&O 367 151 . 13 

23 03 41 . 90 

7 105 21.12 

20 2.37 

4 238 18 . 79 

< .l .5 

.05 . 27 

.05 23 . 8 2.29 

97 448 190 . 75 

o.o 16 .74 

12 830 74 . 51 

< . 01 2.40 

<l 4 
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Table 06-33. Cont'd. 
Major" chemical constituents for sample site TR2B. 

Constituent 

G ENERAL PARAMETERS 

SAR 

TDS, mg/I 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/I 

Total Alkalinity as Caco3, mg/I 

CATION ANALYSIS 

Calcium mg/I 

Magnesium, mg/I 

Potassium, mg/I 

Sodium, mg/1 

Boron , mg/J 

Fe Dissolved, mg/I 

Fe Total. mg/I 

ANl ON ANALYSIS 

Bicarbonate as HCO3, mg/I 

Car bonate as co3, mg/I 

Sulfate, mg/I 

NO2+NO3 as "N", mg/1 

C hloride, mg/1 

October 20 18 

Min. 

.38 

94 

209 

7.50 

91 

78 

21 

9 

6 

< . 1 

< .05 

< .05 

95 

o.o 

25 

< .01 

.f tl S 2/025 
RECD 10-25-18 

Max. 

5.79 

414 

1780 

8. 50 

418 

536 

128 

41 

18 

272 

.28 

• l 8 

7 . .53 

654 

11 

J . 06 

12 

Mean 

1.40 

350.93 

572 

8.08 

234 . 93 

196.93 

51.87 

25.60 

3.23 

3.5.66 

• 

It 

l. 37 

23&.40 

.91 

I LO .&O 

.40 
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Table 06- 33. Cont'd. 
Major chemical constituents for sample site GC0. 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/ I 

Lab Cond. umohs/cm 

Lab pH 

Tota l Har dness, mg/I 

Total AlkaHnHy as CaCO
3

, mg/I 

CATION ANALYSIS 

Calcium mg/I 

Magnesium, mg/I 

Potassium, mg/I 

Sodium, mg/I 

Boron, mg/I 

Fe Dissolved, mg/I 

Fe Total, mg/1 

ANION ANALYSIS 

Bicarbonate as HCO3, mg/1 

Car bonate as co
3

, mg/I 

Sulfate , mg/I 

NO
2

-1- NO
3 

as "N" , mg/I 

Chloride, mg/I 

Min. 

.48 

52 

177 

7.4 

77 

62 

16 

8 

6 

< .1 

-.: . 05 

< . 05 

76 

0 . 0 

26 

.06 

Max. 

.82 

700 

1000 

8.7 

314 

102 

65 

5 

49 

. 20 

.30 

7.29 

378 

15 

249 

1.32 

l l ~, 
/,._.,> ,.~ 

I, : 

. 64 

395 

622.78 

8. I 

291. 66 

200 . 46 

56 . 09 

36.&8 

2 .87 

24 . 97 

• 
" 

1.28 

243.93 

2. 20 

135 . 13 

.40 

4.97 

* Mean not calculated due to limiting amount (more than one) d~'les; than° 
values. ,.:-> 

Octo be r 2018 

n~-111 
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Table 06-33. Cont'd. 
Ma)or chemical constituents for sample site GC2. 

Constituent 

GENERA L PARAMETERS 

SAR 

TDS, mg/I 

Lab Cond. umohs/cm 

Lab pH 

Total Hardness, mg/1 

Total Alkalinity as Caco3, mg/I 

CATION ANALYSIS 

Calcium mg/I 

Magnesium, mg/I 

Potassium, mg/I 

Sodium, mg/I 

Boron, mg/I 

Fe Dissolved, mg/l 

Fe Total, mg/1 

ANION ANALYSIS 

Bicarbonate as HC0
3

, mg/I 

Carbonate as co3, mg/I 

Sul.fate, mg/I 

N02+N03 as "N", mg/ I 

Chlor ide, mg/I 

October 2018 

n,:;_ 11 7 

.30 

.48 

142 

7.4 

62 

49 

14 

7 

<l 

5 

< . 01 

..._ . 05 

< . 05 

60 

0 . 0 

21 

.07 

<l 

TFU& 2/025 
RECD t0- 25- 18 

Max. 

.82 

702 

1000 

8.6 

470 

316 

82 

65 

5 

48 

.3 

.30 

17 . 3 

386 

17 

253 

l. 35 

11 

Mean 

.64 

380.17 

587.67 

8 .1 

279 .39 

192.78 

52 .72 

3'.L97 

2.93 

23 .99 

* 

* 

* 

232 . 42 

1.08 

128.25 

.35 
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si te BH00J . 

Constituen in . a . 

GE ERAL PARAMETERS 

SAR 0 6 . .52 

TDS mg/I 156 1500 

Lab ond. umohs/ Ill 264 2140 

Lab pH 7 .6 8. 3 

Total Hardness, mg/I 11 9 639 

Total Alkal inity as Ca o 3 m /I 102 627 

CATI 

Calcium mg/l 31 11 9 

agne ium , m /I 10 

Potassium, mg/I I .3 20 

Sodium m /J 7 .5 320 

Boron . mg/J < .0l .50 

F Dissolved . mg/I .0 . l 

Fe Total, mg/I .0 8.94 

icarbonat sH ) ' mg/l 12 65 

Carbonate as 3 mg/1 0 . 0 19 

ulfat , mg/I 32 663 

N02+ 0 as " 
3 

" , mg/I .06 22.20 

Chloride mg/I 1.70 14 

ean n t ca lculated due co lim it ing amount (mor than on 
value . 

Brook Mine 

ean 

3. 38 

l l36 

16 9 

7.95 

437.21 

469.33 

80. 8 

57 .67 

14 .43 

238. 67 

* 
.. 
.7& 

571 . 1.3 

.79 

462.92 

4. 5 

. ,~ 

Octob r 20 LS 
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Table D6-33. Cont'd. 
Ma)orchemical constituents for sample site TR5B. 

Constituent 

GENERAL PARAMETERS 

SAR 

TDS, mg/1 

Lab Cond. umohs/cm 

Lab pH 

TotaJ Hardness, mg/J 

Total Alkalinity as Caco3, mg/I 

C ATION ANALYSIS 

CaJcium mg/I 

Magnesium, mg/I 

Pot assium, mg/I 

Sodium, mg/1 

Boron, mg/I 

Fe Dissolved, rng/1 

Fe Tot al, mg/1 

ANION ANALYSIS 

Bicarbonate as HCO3, mg/I 

Car bonate as co3, mg/I 

Sulfa te, mg/1 

NO
2

;.NO3 as "N", mg/I 

Chlor ide, mg/1 

values. 

October 2018 

r,e; l 1 n 

Min. 

• 17 

[22 

225 

7.7 

95 

88 

4 . 4 

21 

4 

< .1 

< . 05 

< . 05 

108 

o.o 

16 

. 02 

.70 

YFtl 6 2/02 5 
RECD 10-25-18 

Max. 

4. 19 

2270 

2690 

8. 5 

1100 

467 

182 

l .56 

32 

320 

.30 

.08 

l. 86 

569 

16 

1160 

I l. 91 

17 

Mean 

2. 90 

1325.80 

1325 . 75 

8 . 13 

616.6 

331. 78 

103.61 

87.03 

17 .09 

186. 53 

* 

* 
)f 

403.06 

. 92 

664.06 

2 .87 
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~ 
380 mg/I, principal cation was calcium, and pr1ndpal ~ bicarbonate. Mean TDS was 

anion was bicarbonate. 

Average water quality from surface site TRI was in excess of re(:Qmmendtd 

drinking water standards (McKee & Wolf, 1963) for iron, total hardness, and 

bicarbonate. Mean TDS was 267 mg/I, principal cation was calcium and principal 

anion was bicarbonate. 

Average water quality from surface site TR2B was in excess of recommended 

drinking watef' standards (McKee & Wolf, 1963) for iron, total hardness, and 

bicarbonate. Mean TDS was 351 mg/I, principal cat ion was calcium, and principal 

a nion was bicarbonate. 

As can be seen by these summaries, surface water in the study area is 

generally in excess of recommended drinking water standards (McKee & Wolf, 

1963) for •iron, total hardness, and bicarbonate, principal cation is calcium, and 

principal anion is bicarbonate. In addition, total alkalinity is in excess of 

recommended limits (McKee & Wolf, l 963) for stock use in Goose Creek, but not in 

the Tongue River. 

Average water quality from discharge point TR5B was in excess of 

recommended drinking water standards (McKee & Wolf, 1963) for TDS, total 

hardness, bicarbonate and sulfate. Mean TDS was 1326 mg/I, pr incipal cation was 

sodium, and principal anion was sulfate. 

Average water quality from discharge point BHOOJ was in excess of 

recommended drinking water standards (McKee & Woli, 1963) for TDS, tot al 

hardness, total iron, bicarbonate, and sulfate. Mean TDS was 1136 mg/I, principal 

cation was sodium, and principal anion was bicarbonate. 

Further examination of the surface water quality data reveals that certain 

general conclusions can be made about natural seasonal variations in the Tongue 

D6- 11 5 
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River and Goose Creek. Inorganic cation and anion concentrations, with the 

exception of nitrates, varied inversely to the seasonal hydrograpl':ls for each of the 

sites sampled. Inorganic ion concentrations, total dissolved solids, and specific 

conductance were generally lowest in May during high flow conditions, and highest 

in July and August during periods of low flow. Thus, these constituents are 

dependent upon the dilution capabilities of the stream. 

Nitrate concentations were at a minimum in July and reached maximum 

levels in the middle of winter. This would indicate that nitrates are assimilated by 

algae in the summer and con·verted to non-inorganic forms. Thus, nitrate 

concentrations would reach a minimum in mid-summer when algae biomass was 

greatest and would be conversely maximized in the middle of winter when no algae 

or nitrate assimilatory organisms were present. 

One final seasonal variation which was evident was the total suspended solids 

concentrations (TSS) and turbidity which were highest in May during spring 

snowmelt runoff and generally lowe~ in October. Snowmelt runoff usually 

produces large quantities of suspended solids and the increased streamflow, as a 

result of snowmelt, also will increase the possibility of streambank-derived 

sediment. Thus, TSS concentrations are expected to be highest in the spring. Low 

TSS concentrations and turbidity in October are due, in part, to decreased 

suspended organic solids, minimal amount of runoff with decreased stream 

velocities and subsequent streamflow. 

Quality of Goose Creek, above the confluence at site GC0, is similar but with 

considerably higher concentrations of bicarbonate and dissolved solids. The Goose 

Creek site is located downstream of the City of Sheridan and receives sewage 

effluent. The Wyoming DEQ found extremely high coliform bacteria counts in 

Goose Creek below the sewage outfall. Counts decrease downstream due to 

06-116 
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die-off and dilution. Quality at site TR2B, reflects the Goose Creek input and the 

mine effluent point discharges. But because flow from mine effluents (average of 

about l.4 cfs) contribute only a very small increase to the total flow of the Tongue 

River, the high effluent dissolved solids concentrations cause only a slight change 

in the chemical quality of the river. 

Olson and Dettmann (1976), in a paper by the Argonne National Laboratory, 

studied the water quality effects of the Big Horn Mine on the Tongue River. They 

found that the effect of t he mine on concentrations of dissolved constituents in the 

Tongue River is small and actually immeasurable within the range of analytical 

precision and short- term variations in ambient constituent concentrations. Mass 

loading calculations for the Tongue River were performed by the KME Hydroto'gy 

Department for the period of August 1977 to December 1979 and it was found that 

the mean effluents account for approximately 1 % increase in the river's TDS 

concentration. Olson and Dettmann also found that trace element concentrations 

are relatively low at all stream and mine discharge sampling points, concluding 

that toxic trace elements will not present environmental problems at this site. 

A sedimentation monitoring program was established in I 978, upstream (GC0, 

GC2, TRI) and downstream (TRBR, TR2, TR2B) of the relocated channel and from 

the two discharge sites (TR5B, BH003). No appreciable long-term increase in total 

suspended solids has been observed (Table D6-34). Monitoring of sediment 

concentrations in Goose Creek and the Tongue River will continue according to the 

present schedule which samples for sediment with each water quality sampling. 

Channel Geometry 

Seven geologic alluvial cross sections for the Tongue River and Goose Creek 

were constructed and appear in Appendix D 11. [n addition, stream channel and 

floodplain cross sections were surveyed to aid in determining the I 00-year flood 
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' Table 6-34. ediment data - site TRI. N 
CJJ 

' N 
C2I Total N 
C2I Gage Suspended Sediment 

Height Discharge Solids Load 
Date Time (feet) (cfs) {mg/l) ( tons/day)* Comments 

10/15/77 0900 2.33 108 10 .5 3 .1 

11 /17 /77 1145 2.20 89.4 50 12.1 

1/10/78 1400 3.02 67.4 8.5 1.5 

J/29/7& 1600 2.40 210.1 212 120.2 

4/24/7& 1600 2.33 114 .1 12 3.7 

5/16/7& 1100 4.31 1277 678 2339 

5/19/78 1645 7.50 3971 1210 1295& .&4 

6/07/78 I 130 5.90 2376 3&3 2457 

7 /18/78 1545 3. 12 381 21 21.6 

7/31/78 16 

&/08/78 1110 2.79 23l .4 24 14 .98 

8/08/78 1505 2.79 231 .4 17.6 10.98 

8/09/7& 1445 2.&0 234.2 2.4 I. 52 

&/10/78 2.67 200.0 15.2 8.2 

Sediment Load = Total Suspend d Solids (mg/1) x Discharge (cfs) x ..00~~97. 

D6-ll& 
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Tab! 06-34. Cont'd. 
Sediment data - site TR! . 

Total 
Gage uspended Sediment 

Height Discharge Solids Load 
Date Time (fee t) (cfs) (mg/I) (tons/day) * Com ments 

8/14/78 ll•OO 2.73 215 .3 35 . 6 20.67 

8/15/78 0930 3 .07 317 .9 48 41. l 5 

8/17/78 0900 )8.4 

8/28/78 0900 6 

9/ 14/78 0900 2. 52 165 9 4 . 01 

10/03/78 11 15 2.52 165 2 .52 1.12 

10/07/78 1000 2.44 148.3 4 1.6 

3/24/79 1130 2. 75 220 .6 168 99 .95 

4/07 /79 0845 2.55 171.6 .54 24 .99 

4/09/79 1330 2.64 192.6 53 . 6 27.84 

4/17 /79 2 • .55 171 .6 45.6 21.1 

4/27 /79 114.5 2.62 187 .8 16 8 . 1 

4/28/79 1000 2 .55 171.6 26 12 .03 

5/02/79 1340 2.70 207 . .5 20 11 . 19 

ediment Load = Total Suspended Solids (mg/I) x Discharge 

D6-119 

TfH 2/025 
Octob r 2018 ECD 10 - 25 -1 Addendum D6- 12- 120 DEQ Ex. 3-1089



ro 
0 

~ 
;:::c 

fll 
Q. 

la 
N 

'-N 
en 
'-N 
la 
N 
la 

RAMACO Brook Mine 

TabJe 06-34. Cont'd. 
Sediment data - site TRI. 

Total 
Gage Suspended Sediment 

Height Discharge olids Load 
Date Time (feet) (cfs) (mg/I) (tons/day)* Comments 

5/10/79 1600 2.76 223.2 13 7 .83 

5/17/79 190.4 

5/24/79 1430 4.00 765.6 231.2 477 .39 

5/26/79 0900 4 .1 7 879.l 248 587. 99 

5/31 /79 1300 187 

6/11/79 1045 3. 63 554 .6 48.8 72.99 

6/14/79 1440 3. 72 601 .6 98 .7 160.14 

6/22/79 1045 3. 30 404 . 13 30.4 33.13 

6/'29/79 1025 3.05 311. l 28.8 24 . 16 

7 /20/79 0835 2 . 40 140.3 15 . 2 5.75 

7 /30/79 1345 2.41 142.3 23.2 8 .9 

12/11/79 1320 2.01 77 .87 8.3 l.74 

3/19/80 11 30 2.13 94.41 269.6 68 .65 

Sediment Load = Total Suspended Solids (mg/1} x Discharge (cfs) x 0.002697. 

October 2018 
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Table D6 -34. Con 'd. 
diment dat - site TRL 

Total 
Gage uspended 

Height Discharg Solids 
Date Time (feet) (cls) (mg/1) 

4/29/80 1145 2 . 70 207 .52 94.8 

5/27/80 140.5 3.65 564 .84 54.8 

6/ J 6/80 1145 3.80 645.69 243 .89 

7/15/80 l 45 2 .7 l 210 .09 8. 

8/11/80 1030 1.99 75. 33 13.6 

9/02/80 1200 2 . 16 98 .9 l2.8 

L2/09/80 415 2.40 140 . 34 9.2 

3/02/8 1 1100 2 . 14 9 .89 5 . 4 

4/21/81 1500 2. 80 234 .17 66 .8 

5/ 12/81 1200 2 .75 220 .56 85.3 

6/02/81 124 4.41 10.58.68 26 .6 

6/22/81 124-5 3.55 515 .06 18.7 

&/05/81 1200 2.53 167.21 15 . 7 

9 /OJ /81 1230 2. 16 98.9 5.2 

12/ l 4/ l 1205 4.3 

ediment Load = Total uspended SoHds (mg/I) 

October 2018 
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ediment 
Load 

( tons/day)* Comm nts 

'3 .06 

3.48 

424.72 

4.87 

2.76 

3. ti l 

. 48 

1.4 

42 . 19 

S0 .74 

75. 5 

25 .98 

7.08 
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'- Table D6-34 . Cont'd. N 
en Sediment data - site TR2. 

'-N 
El 
N 

Total El 
Gage uspended Sediment 

Height Discharge Solids Load 
Date Tlme (feet) (cfs) (mg/I) (tons/day)* Comments 

10/16/77 0940 195 7. 5 4 

11/18/77 1130 154 2.5 

J/J0/78 1100 364 114.5 112.6 

4/26/78 121.5 195 12 . .5 6.6 

.5/16/78 164.5 2371 246 • .5 l.578.0 

6/07/78 14 l .5 4155 294.0 3298.0 

7 /18/78 18 I .5 711 27.0 51.8 

8/15/78 1330 485 45.0 58.9 

9/14/78 131.5 327 11.0 9.7 

10/07 /78 1330 278 5.0 3.8 

5/12/79 1400 23.0 

.5/26/79 I 100 218 . 0 

7 /30/79 1225 26.4 

12/11/79 1020 7.8 

3/19/80 !345 170.5 

4/29/80 0930 92.8 

5/27 /80 1100 68. 0 

6/16/80 0900 199.8 

* ediment Load= Total uspended Solids (mg/1) x Discharge ( :.iao.,., .. u., 
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Table - '34. Cont'd. 
Sediii,en data - sit TR2. 

Total 
Gage Suspend d diment 

Height Di charge olids Load 
Date T1me (feet) (cfs) (mg/I) (tons/day)* Comments 

7/15/80 1015 9 . 6 

8/11 /80 0900 l8 . I 

9/02/80 0935 l7 . 7 

12/09/80 1015 LO . I 

3/02/81 1330 7.1 

4/22/81 1043 31.1 

5/ 12/81 0 JO 19&.4 

6/02/81 l O 1.5 H .2 

6/22/8 J 0845 l7 .0 

S/05/ l 0930 8.9 

9/01/Sl 0930 18.4 

12/l 4/81 1030 4. 1 

3/29/82 1045 192.0 

edimen t Load = Total uspended Solid {mg/1) Discharge (cfs) 0.002'6~7. 
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' Table 6-34. Cont'd, N 
OJ Sediment data - ite TR2B. 

' N 
ca 
N 

Total ca 
Cage uspended ediment 

Height Discharg Solids Load 
Date Tim (feet) (cfs) (mg/1) (tons/day) Comments 

12/09/80 1015 11.30 o staff 

3/02/81 1415 6.20 o staH 

4/22/81 1220 .86 46 .90 Caging station 

5/12/8 l 0845 l.05 25.80 installed, but 

6/02/81 0915 4.00 50.40 flow rating 

6/22/81 0845 2.51 31.60 curve not yet 

8/05/81 0805 .84 28 . 70 established 

9/01 /81 0830 .38 17.50 

12/14/81 lOOO 1.22 16 . 10 

3/29/82 0950 .84 106 . 40 

Sediment Load :: Total Suspended Solids (mg/I) x Discharge (cfs) ,. 
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Tabl D6- 4. Cont'd . 
Sediment data - site GC0. 

Total 
Gage Suspend d Sediment 

Height Dis harge ollds Load 
Date Time (feet) (cfs) (mg/1) (tons/day)* Comm nts 

4/09/79 1600 .79 179 .77 26.4 12.8 

4/ 17 /79 1200 .81 18.5.51 18 9.01 

4/27/79 1155 .80 1&2.63 19.2 9 .4-6 

5/02/79 1500 .97 232.7 3.2 H.39 

5/17 /79 1300 6. 

5/21.f/79 1350 !. 18 297 .73 92 73 ,87 

5/30/79 1345 2. 29 685 .33 15 1. 280.02 

6/11/79 110 I. 5 419.53 91 102.96 

6/14/79 1450 2.20 651 .63 133 .4 234 .44 

6/22/79 1 JOO 1.34 349. 35 57.2 53 . 9 

6/29/79 l 100 l.20 304.09 43.2 5. 43 

7 /30/79 144.5 .60 127.2 6.18 

12/11/79 142.5 .20 31.9 11 .95 

3/19/80 1035 .67 146. 13 2.5 12 .8 1 

5/27 /80 14115 1.30 36 .28 122 .2 110 .83 

6/16/80 lJOO 1. 36 355 .92 133.3 127 .96 

7 /15/80 1420 .4 .6 7 1.&6 

8/ 11/80 1045 .1 24 . 14 26 .8 1.74 

Sedim nt L ad = Total uspended olids (mg/I) x Discharge (cfs) 0.0026 . 

October 2018 
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'- Table D6-34. Cont'd. 
N Sediment data - site GC0. en 
'-N 
El 
N Total El Gage Suspended Sediment 

Height Discharge Solids Load 
Date Time (feet) (cfs) (mg/I) { tons/day)* Comments 

9/02/80 1240 .25 42 . 3 27.6 3 .15 

12/09/80 1515 .57 119.25 9.4 3.02 

3/02/81 1000 .26 44.44 13.5 1.62 

4/21/81 1040 .22 36.02 38 J.69 

5/12/81 1245 .27 46.6 22 2.76 

6/02/&l 1315 3.5 1168 .3 66.1 208.27 

6/22/81 1345 1.24 316.89 40.4 34.53 

8/05/81 1245 .4 76.39 25. l 5.17 

9/01/81 1250 • I& 27.99 11.6 .88 

12/14/81 1313 .52 106.25 3.4 .97 
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Tabl D6- 4. Cont'd. 
"eciiment data - si e GC2. 

Total 
Gage Suspended Sediment 

Height Discharge Sollds Load 
Date Time (feet) (cis) (mg/I) ( tons/day)• Comrnen s 

3/19/80 1215 17 .80 

4/29/80 11 L5 .66 143 .4 28. 10 10.87 

5/27 /80 13 0 l.32 342 .8 85 . 40 78 .95 

6/16/80 1105 1.57 426.3 48.80 56.ll 

7 I 15/80 1250 .41 78.8 1.5 . 60 3 . '.32 

8/11/80 1000 .13 18.6 18.70 .94 

9/02/80 113.5 .25 42 . 3 16 . 20 1.85 

12/09/80 1330 . 35 64 .6 7.20 J.25 

3/02/81 lt:30 . 29 .5 I. 0 8 . 10 J.11 

4/21 /81 1 00 .27 46 .6 25.80 3. 24 

5/12/81 1142 .28 48.8 2.5 .00 1220.00 

6/02/81 121 2.46 749.9 51.40 10) .96 

6/22/81 1140 1.23 Jl:3. 7 23 . .50 19 . 8 

8/05/81 1045 .40 76.4 32.60 6 .72 

/0l/8J l200 . l 27.99 18 .80 1.42 

12/ 14/81 1140 9.40 

3/29/82 1314 16.70 

edlmen Lo d = Total Suspended olids (mg/I) ,c Discharg 
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Table 06-34. Cont'd. 
ediment data - site TRBR. 

Total 
Gage Suspended Sediment 

Height Discharge Solids Load 
Date Time (feet} (cfs) (mg/I) (tons/day)* Comments 

12/11/79 1120 10.4 

3/19/80 1300 184.8 

4/1.9/80 1030 108 .0 

5/27 /80 1235 6 .4 

6/16/80 1030 61. 2 

7 /15/80 1100 6.0 . 

8/11/80 0930 19.6 

9/02/80 0940 17.6 

12/10/80 1040 23.2 

3/02/81 1400 7.6 

5/12/81 lOOO l4lL0 

6/02/81 1050 2 I. 2 

6/22/81 1020 22.8 

8/05/81 0940 17.2 

9/0l/81 1000 8.4 

12/14/81 1110 10.0 

3/29/82 1105 256.0 

Sediment Load = Total Suspended Solids (mg/J) x Discharge (ds) x Q~697. 
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Tabl 6- 34. Cont'd . 
edlment data - ite BH003. 

Total 
Gage Suspended Sediment 

Heigh Discharge SoJids Load 
D te Time (feet) {cfs) (mg/1) (tons/day) Comments 

7 /3 l/79 0945 . 65 4. IO 18 .80 . 21 

12/11/79 1150 .29 l.17 12 .80 .04 

3/19/80 1.300 . 26 .99 67 .20 .18 

4/29/ 0 1050 . 31 1.30 17 .60 .06 

5/27 /80 !JOO .23 . 2 26.60 .06 

6/ 16/~0 1045 .21 . 71 0.80 . 06 

7 /I 5/80 1130 . 21 .71 30.10 .06 

9/02/80 1100 • 39 I .86 15.90 .08 

12/09/80 1300 .29 l.17 8 .80 .03 

3/07./81 1230 .05 . 13 12 . 80 .03 

5/12/81 104 . 39 1.86 35 .60 • 18 

6/02/81 1100 .89 14.20 Flume malfunction 

6/22/81 1030 • J3 l .44 S.80 .03 

S/05/81 IO l 5 . Qlj .10 )9 .20 .0 L 

9/01/81 1020 .50 .18 18.70 .Ol 

12/ 14/8 I 1115 .8J .60 12.00 . 02 

/29/82 l l /J • 4.5 • I I ljJ, 25 . OJ 

edjm nt Load = Total Suspended olids (mg/I) D1scharg 

Octob r 2018 

D6-129 

2 / 2 5 
ECO 10-2 -1 Add ndum 06- 12- 130 DEQ Ex. 3-1099



~ 
fl 

RAMA CO Brook Mine Ill 
;:i 
;:i 
CD 
'1, 

ca 
N 

' Table D6-34 . Cont'd. N 
OJ ediment data - site TR5B. 

' N 
ca 
N Total ca 

Gage Suspended Sediment 
Height Discharge Solids Load 

Date Time (feet) (cfs) (mg/1) (tons/day)* Comments 

7/30/79 1305 . 13 .38 22.60 . 02 2 ft. flum 

12/11/79 1110 . 13 .38 29.80 .03 2 ft. flume 

3/19/80 1320 . 18 .58 36 . 40 .06 2 ft. flume 

4/29/80 1030 .01 .02 23 .10 .001 2 ft. flume 

5/27 /80 1230 .10 .29 12.00 .OI 2 ft . flume 

6/16/80 1000 . 14 .43 10 . 80 . 01 2 ft. flume 

7/15/80 l 100 . 10 .29 11 . 60 .01 2 ft. flume 

8/11/80 0930 .15 . 46 10 . 40 .01 2 ft . flume 

9 /02 /80 1015 .10 .29 7 .10 . 01 2 ft. flume 

3/02/8 1 1300 .18 . 58 66 .10 .10 2 ft. flume 

4/22/8 1 0930 .32 .54 31 ,80 .05 9 in. flume 

5/12/ 81 1015 .39 . 73 45 . 40 .09 9 in. flume 

6/02/81 1030 .54 1.20 63.50 .21 9 in. flume 

6/22/8 1 1000 . 60 1.41 41. 10 . 16 9 in. flume 

8/05/81 0950 . 21 .28 16 .90 .01 9 in. flume 

9/01/8 1 1000 .15 .17 7.00 .003 9 in. flume 

12/14/81 1055 .56 l. 26 9 . 20 . 03 9 in. fJume 

3/29/82 1100 .44 .87 27.50 . 06 9 in. flume 

* Sedj ment Load= Total uspended Solids (mg/I) x Discharge (cfs) x 0, ~7 

D6-130 

2 / " .. 
October 2018 - 2 - Add ndum D6- 12- 13 1 DEQ Ex. 3-1100



RAMACO Brook Mine 

extent. These c ross sections are presented in the Reclamation Pian. Resuits from 

the 100 year flood study were discussed previously in the flood section o,( thii. 

Appendix. 

Monitoring 

Surface water quality and quantity monitoring sltes have been established 

upstream and downstream of the Big Horn Mine (Exhibit D6-7 and 

Addendum 06-J). Six surface water quality sites have been established on 

perenniaJ streams or at "continuously" flowing discharge sites near the vicinity of 

the Big Horn Mine. Two sites are located on the Tongue River, one above (TR l) 

and one below (TR2B) any ac tive or proposed mining. Two sites a.re located 

upstream of the mine on Goose Creek (GC0, GC2) a perennial tributary to the 

Tongue River. BH003 and TR5B a re located at "continuously" flowing discharge 

points !or Pits 1 and 3 Scraper operations. Continuously recording discharge gages 

are located adjacent to all sites except GC2 and are summarized \n 

Addendum 06-1. TRBR is immediately downstream of the relocated channel and is 

utilized as part of the sediment moni toring system. In addition, several other KM!l 

and U.5.G.S. gaging and water quality sta t ions are located in t he vicinit y of the 

Big Horn Mine. 

Prior to rhe installation of sjte TR2B on the Tongue River, site TR2 was the 

active monitoring site. Due to the proposal to continue mining downstream of site 

TR2, site TR2B was added and site TR2 was discontinued. This change was 

authorized by BilJ Kearney of the Wyoming DEQ in a letter dated May 17, 1982. 

Water quality data for the discont inued TR2 site has been compiled and analyzed in 

Appendix D 11 as part of the AV F study. 

Depth inteArated water quality samples are collected from perennial streams 

by either holding the mouth of a sample bottle upstream and moving the bottle 

D6- 13 I 
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vertically at a constant rate until the bottle fills or a sampler is suspended off a 

bridge, cable car, or boat and moved vertically until the sampler is fiJled. 

Sediment samples are also coltected, utilizing a U.S.G.S DH-48 sediment sampler 

employing the above-mentioned technique. 

One depth integrated water quality sample is collected at each site. 

Although specific measure"'!ents are not taken each time a sample is collected, the 

distance from the edge of the channel is as follows: 

TRI 

GC2 

TR2B 

GCO 

TR5B 

BH003 

1/3 to 1/2 total distance from left bank 

1/2 total distance from left bank 

1/3 to 1/2 total distance from right bank 

1/3 to 1/2 total distance from left bank 

Middle of channel above flume 

Middle of channef abov flume 

Sampling frequency is discussed in the surface water quaUty subsection. 

Perspective of Stream Channel 
Related to the Fluvial System 

The Tongue River and Goose Creek channels are well developed as indkated 

in th Channel Geometry and Stream Flow sections and are the primary component 

of the fluvial system for the area of concern. Their relationship to the general 

fluvial system is described under Drainage Basin Description of this Appendix and 

is evidenced in Exhibit D6- I 8. 

D6-132 

. ' 2 
October 2018 f: D 10- Addendum 06-12-133 DEQ Ex. 3-1102



RAMACO 

Tongue River - Goose Creek Subsystems of Concern 

Hidden Water Creek 

Drainage Basin Description 

Brook Mine 

Description of the Hidden Water Creek drainage basin, including 

geomorphology and a pictorial survey are presented and djscussed in the Alluvial 

Valley Floor Evaluation of this section under Geomorphology and Pictorial Survey, 

Depiction of the various drainage basins and their stream ordering are shown on 

Exhibit 06-18. 

Surface Runofi 

Infiltration 

Infiltration tests and results are discussed and presented in the Alluv1aJ 

Valley Floor Evaluation of this section under ln1iltration. 

5treamflow, Flood Study, and Channel Geometry 

No perennial, intermittent or ephemeral str eams pass through the proposed 

mining area of Pit 4. However, surface water studies have been initiated for 

Hidden Water Creek, whose channel is immediately north of the pit disturbance 

area. Suriace hydrology ~tudie.$ have involved the recording of all flows for water 

years 1979 and 1980, the collection and analysis of water samples, and the 

calculation of storm runoffs and crest elevations using synt"hesized umt 

hydrographs and flood routing procedures. 

In October 19781 a two-foot Parshall flume, fitted with a Stevens continuous 

recorder, was installed in the Hidden Water Creek c hannel, just north of the 

proposed pit area {Ext)ibits D6-7 and 06- 2.5). The resultant hydrograph for water 

year 1979 is shown in Figure 06-12. The hydrograph illustrates approximat ely 4.5 

days of continuous flow, with a peak of 1.11 cfs, occurring on March 15, 1979, 

Total runoff volume 1s approximately 21 acre-feet . Data collected from the 1980 
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water year indicate only three days of runoff, a peak of l,50 cfs on' ¥atdl<.fa ,/ff!?, ':! 
,, ') a, ,. r.:. 

and a total runoff volume of 5.63 acre-feet. The shape and tim1ng,• oir ttie 
_.,, ~ ~ 

hydrograph is indicative of snowmelt runoff, and it is interesting to note t~~!~~ -Y 
I 

thunderstorm runoff was recorded. By law, the c reek would be defined as 

intermittent. 

For the development of mineral resources, a variety of indirect methods have 

been proposed to estimate runoff per unit area or the streamflow characteristics of 

ungaged channels. Early e fforts included the transfer of streamflow records from 

adjacent or nearby ungaged basins, and the estimation of runoff f rom drainage 

basin size and areal variation of normal precipitation. More recent methods use 

numerous basin character istics and multiple-regression analysis to estimate 

parameters of discharge. Further development of these techniques led to various 

models relating to rainfall (precipitation) and runoff. Many of these techniques 

have worked weH for limited a reas, generally in humid regions, but have lacked 

transfer power to arid regions. The relatively sophisticated methods have been 

hampered by the need for numerous input data, some of which are highly variable 

with time and often not available. To obtain a more reliable and easily applied 

utility, the channel geometry method of indirectly determining streamflow 

c haracteristics was developed in 1966 from the hydraulic-geometry concept. This 

method is based on the assumption that channe l size and shape of a site are 

determined mainly by the direct results of the water and sediment discharge past 

that site. Measurements of the channel geometry, therefore, provide information 

on discharge characteristics. 

The accuracy of the c hannel-geometry technique varies with the type of 

stream being measured, the discharge parameter being estimated, regional 

conditions of climate, geology and topography, the sophistication of t he equation 
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used, and the experience of the person collecting and applyin_g the data. The 

method Is most accurate when applied to perennial streams with stable ban~, -

i .e.,streams with coarse material protect.mg the bed and banks from erosion and ) 

low gradient streams with well vegetated banks formed largely of cohesive sllt and 

day. Conversely, the method is probably least accurate when applied to streams 

of flashy or errat ic discharge that have sandy noncohesive banks, and lack a well 

developed growth of riparian vegetation (Hedman, E.R., 1980). 

Reaches of the channels at which measurements are to be made are selected 

to conform as closely as possible to the following crite ria: 

l. Channel shape should be uniform throughout . 

2. The bed and banks should be of a material tha t has permitted the channel to 

develop into a normal size and shape for the flow regimen. 

), The channel banks should appear to have been permanent for some time. 

The channel feature used to determine the widths is the "active channel". 

The active channel is a short-term geomorphic feature subject to change by 

prevailing discharges. The upper limit is defined by a break in the relatively steep 

bank s lope of the acttve channel to a rnore gently sloping surface beyond the 

channel edge. The break in slope normally coinc ides with the lower limit o! 

permanent vegetation. These features individua!Jy , or in combination, define the 

active channel reference level. The section beneath the. reference leve l is that 

portion of the stream entrenchment m which the channel Is actively, if not totally, 

sculptured by the normal process of water and sediment discharge. 

At sites where the active channel is identified ,"a tape measure is stretched 

tightly across the active channel at the active channel reference level. The width 

is recorded and samples of the channel mat erial a re collec ted for analysis , ii 

necessary. 
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The discharge characteristics determined for Hidden Water Creek 

{Table D6- 35) were rated poor. Several ll 2) active channel reference levels were 

identified and measured at this site and t he measurements were quite consistent. 

However, the discharge characteristics were rated poor because of the unusual 

channel material. The channel material was quite coarse, which would indicate an 

armored channel and should give good results, but the material is very light in 

weight. A large percentage of it is scoria or c linker and it appears that it can be 

moved quite easily by the flow. Because equations have not been developed for 

this type of channel material, the equation for sand channels was used for the 

annual runoff. The equations for streams in the northern plains were used to 

compute the flood-frequency values and the overall results were rated poor. It is 

assumed that if the discharge values a re in error, they would be too large. 

Flows in Hidden Water Creek were diverted away from the original channel 

by a berm and dlversion channel constructed in conjunction with the Acme No. l 

underground coal mining operation. The exact date of the diversion is unknown, 

but it was definitely sometime prior to 1927. The diversion c hannel and berm are 

shown in all maps and accompanying this report, but for some unknown reason the 

berm is shown to be breached at the original point of diversion 

(1 ,5501060N - 589,790E). In actuality, the diversion berm has not been breached 

and Exhibit D6-26 is of three surveyed topographic profiles which clearly illustrate 

this fact. The location of these surveyed land surface profiles are shown in 

Exhibit D6-25. Subsequent to the development of the topographic maps, a mine 

shaft sinkhole has formed in the diversion channel just downstream of the diversion 

channel-natural channel confluence. Profile YY-Y' (Hidden Water Creek Sinkhole 

Thalweg) defines this feature. To date, all surface flows have been observed to 
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disappear in the sinkhole. Water intercepted by the sinkhole very probably enters 

the shafts of the Acme No. 1 mine, and flows downdip to the southeast. 

In order to size the culverts for the haulroads that will extend across the 

Hidden Water Creek diversion channel (Mine Plan) the flood hydrogra ph resulting 

from a precipitation event of a ten year return period and a six hour duration was 

ca lculated using the computer program ''TR-20'' developed by the U.S. Soil 

Conservation Service (1969). A rain depth of l.60 inches for the event was taken 

from the Precipitation Frequency Atlas for Wyoming (N.O.A.A., Atlas II, 1973). A 

six hour duration stor m event was c hosen for mine design purposes, since the six 

hour duration more than exceeds the 1.47 hour time of concentration of the 

watershed. A ten year return period was c hosen since, given an expected one-year 

mine life, the risk that this event might occur is only 10%. A curve number of 7 5 

was used based on the hydrotogic grouping of soils within the watershed and an 

antecedent moisture condition II was used. This condition is appropriate for this 

area and for sound engineering practices. The resultant hydrograph has a peak 

discharge of 183 cfs, with a peak time of 4-.32 hours. 

In order to ascertain whether or not the ten year , six: hour storm hydrograph 

floodplain might enc roach upon the mining operation, the U.S. Corps of Engineers 

HEC-2 computer progra m was utilized to plot a water surface profile . The flood 

hydrograph data, and the dimensions and roughness coefficient characteristics of 

the channe l and overbank deposits were used in the HEC-2 program. Seven cross 

sections were surveyed across the Hidden Water Creek valley to provide accurate 

topographic control. Five of these c ross sections, A through E, presented in 

Addendum D6-9, show the flood surface elevations. Cross section locations are 

shown on Exhibit D6-25, which displays the ten-year, six hour st orm floodplain. 
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act to silghtly backwater the ten year six hour design tlood. 
I 

peak elevations on respective cross sections for the c hannel in the vicinity of the 

culverts. Given the culvert design and emplacement specifications (refer to Mine 

Plan), the backwater elevation at the culverts is approximately 1.5 feet above the 

culverts. This corresponds to a water elevation of 36.56 • .5 feet at the entrance of 

the culverts. Cross section A-A shows a peak flood elevation of 3657 .6, therefore, 

the backwater profile from the culverts would not appreciably alter the h.lgh water 

profile at cross section A-A. 

It has been shown that the ten year six hour runoff for Hidden Wate r Creek 

does encroach upon portions of the proposed Pit 4 permit area. However. flood 

waters wiU not advance to the actual pit areas, and flood prevention structures are 

not considered necessary. 

Quality 

Surface water quality samples were collected above the Hidden Water Creek 

flume (see Monitoring of this section) (Exhibits 06-7 and 06-2.5) during spring 

runoff. Streamflow was only observed from mid-March through late April. which 

restricted the number of samples which could be collected. To be consistent, 

samples we re collec ted from the middle of the stream channel approximately three 

meters above the flume. A depth integrated sample was collected each time by 

!acing the mouth of the sample container upstream and by moving the container 

vertically from the water surface to the channel bottom until the container was 

filled. Sample preparation, storage, and transport followed Wyoming DEQ Revised 

Guideline No. 4 and Revised Guideline No. 8. 
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All field and analytical Jab results are presented in Tabl; D6-S6. These data 
·I\ 

are not unlike observed quality of other ephemeral and irt~~rmitt'el'\t, sl'ream~ 
·, r 

ilowing into the Tongue River from the Piedmont, with tota'J'':.~~.Lved ~olid ~-
concentrations typically high. Particularly high for surface water was the mean 

sulfat e concentration. Since Hidden Water Creek flowed only during a relatively 

short period following snowmelt, comparisons of seasonal and storm runoff changes 

were not possible. 

A comparison of surface water and groundwater quality parameters indicated 

similar concentrations among the primary cations, anions, and total dissolved 

sollds. These similarities reflect the interaction of the surface and groundwate r 

regimes. 

Mining adjacent to Hidden Water Creek should not affect its quality. 

Referring to the Mine Plan, all groundwater inflow encountered and surface 

drainage within the permitted boundary will be kept on- site and routed through a 

total containment settling pond. No water will be discharged into Hidden Water 

Creek, since water in the settling pond will be used for dust abatement. 

Water quality and sediment sampling during spring runoff and signif ica nt 

st orm runoff events wiH continue during mining and a fter final reclamation. 

Significant changes will be reported to the DEQ in the Big Horn Mine annual 

report. 

Channel Geometry 

Channel geometry was previously discussed under Streamflow, Flood-Study, 

and Channe l Geometry of this section. 

Monitoring 

Surface water monitoring in the Hidden Water Creek drainage consists of a 

t wo-foot Parshall flume fitted with a Stevens continuous recorder. This , along 
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Tab! D -36. water quality mp! ng o Hidd n ater Creek. 

Parameter 

treamflow (cfs) 

FieJd pH 

Field Sperif ic Conductanc 
(um hos/cm) 

Field Dissolved Oxygen (ppm) 

at r Temp rature ( 0 ) 

Lab pH 

Turbidi y ( T ) 

Total uspend d lids 

Total Dissolved Solids 

Lab p cific Conductance 
(um hos/cm) 

Ammonia itrogen (as N) 

Total Phosph ru 

Total Alkalini y 

Bicarbona Alkalinity 

Carbonat 

Fluorid 

itrat - itrite (as ) 

ulfat 

*mg/I unJe s otherwis noted 

Octob r 2018 

3/22/79 

0.25 

&.2 

2.3 

5 

190 

3340 

0.01 

0 .02 

228 

27 

0 

0 .85 

0.15 

1922 

06- 141 

Cone ntration • 
Dat of Sampling 

4/9/79 

0.075 

7.6 

500 

.9 

20 . 0 

&.4 

2.9 

1l 

3300 

:}400 

l. 43 

0.0 

328 

379 

0 

o. 
O.Ol 

l970 

4/16/79 

0.025 

3283 

7 . 

l 7. 2 

3.2 

9 

3220 

3220 

0.63 

0.02 

330 

73 

5 

o. 
0.01 

1940 

5/2 -
Present 
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'- Table D6-36. Cont 'd. N --
C1 
'-N 
El Concentration* 
N Date of Sampling El 

5/2 -
Parameter 3/22/79 4/9/79 4/16/79 Present 

Total Hardness 1867 19 50 1930 

Calcium 242 260 251 

Magnesium 307 316 317 

Potassium 2 26 25 

Sodium 186 191 188 

Cations-Anions 0.10 -0.45 -0.47 

Aluminum (D) 0 .9 0.2 0 .2 

Arsenic (D) 0.00.5 0 . 00.5 0 .005 

Cadmium 0.005 0 .005 0 .005 

Chromium (D) 0 .02 0.02 0 .02 

Copper (D) 0.02 0.03 0.02 

lron (T) 0. 17 0 .10 0 .1 2 
(D) 0.13 0.06 0.0.5 

Lead (D) 0.02 0.02 0.02 

Manganese (D) 0.03 0 .02 0.02 

Mercury (D) 0 .002 0 . 002 0.002 

ickel (D) 0.02 0.05 0.04 

Selenium (D) 0 .005 0.005 0 .005 

Zinc (D) 0.03 0.0.5 0.03 

Barium 0.5 0 .5 0.5 

Boron 0.6 0.4 
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with two crest-stage gages and a three stage sediment sampler, were instaJled in 

October 1978 just north of the proposed pit area (Exhibits D6-7 an~ 06-2.5 and 

Addendum D6-1). Figures 06-13 and 06-14 show design of the crest-stage gages 

and sediment sampler t respectively. The crest-stage gages are based on a U .S.G.S. 

design as illustrated in Techniques of Water Resources Investigations of the 

U.S.G.~, chapter A7, page 28. The three stage sediment sampler automatically 

collects a water sample as each stage is reached by a flow occurrence. Water 

quality samples were collected as discussed under Quality of th.is section. 

Perspective of Stream Channel to Fluvial System 

Basically, Hidden Water Creek is an intermittent stream of insignificance 

whose flows have not yet reached the Tongue River during the period of record 

(1978 to present). A more detailed description of the Hidden Water Creek drainage 

can be found in the Stream flow t Flood-Study, and Channel Geometry section, or in 

the AHuvial Valley Floor Evaluation section. These accounts can then be compared 

to the Tongue River fluvial system as presented in the first portion of Surface 

Water Hydrology of this Appendix, or Appendix D 11. Exhibit 06-18 shows the 

relationship of the Hidden Water Creek drainage area to other drainages in the 

area. 

Atluvial Valley Floor Evaluation 

Geomorphology 

Surrounding the Pit 4 a rea are many drainage basins, ranging in size from 

topographic depressions with no defined channel to large perennial streams with 

headwaters in the Big Horn Mountains. The Tongue River is one such perennially 

flowing stream which has a broad actively degradating channel and well defined 

terraces. Even though the Tongue River is well outside the disturbance area for 

Pit 4, many old unsaturated Tongue Rjver terrace remnants can be found in the 
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hills surrounding the proposed pit. These remnants are in no way(tonnected.. to the 

current Tongue River terrace system. ,, 

Located adjacent to Pit 4 is an intermittently fiowing stream Which could 

potentially be influenced by mining Pit 4. This stream, Hidden Water Creek, flows 

northwest to southeast with the active stream channel (at its closest point) 

approximately 200 feet from the proposed pit. At no time will the pit intercept or 

cause Hidden Water Creek to be relocated. This is a well drained, elongated 

watershed with a present drainage area of approximately 5.4 square mites. Found 

at the headwaters of this drainage basin are old surface mining pits which act as 

sinks for surface runoff. Prior to this past disturbance, the drainage area was 8~ 15 

square miles (Exhibit 06-18). 

Since Hidden Water Creek is located near the proposed pit, an ailuvial valley 

floor evaluation was made. The definition of an alluvial valJey floor is 

"unconsolidated strearri laid deposits holding streams where water availability is 

sufficient for subirrigation and flood irrigation agricultural activities •. • " 

(Wyoming Environmental Quality Act). It is inherent in this definition that a 

detailed study of the fluviaJ geomorphology of drainages adjacent to or through a 

proposed mine be made. This study should include an evaluation of the surficial 

geology, including terrace delineation stratigraphy and extent of stream laid 

deposits, channel characteristics, and soil/water relationships. In addition, an 

evaluation of a stream's water availability characteristics will result in a 

declaration (positive or negative) of an alluvial valley floor . In particular, 

subirrigation and flood lrrlgability, which strongly depend on fluvial 

geomorphology, must be evaluated since most topographic valleys contain alluvium 

and undifferentiated slopewash deposits. 
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Pictorial Survey 

As a cursory evaluation, a pictorial survey was made of the drainage to 

define channel width, texture and roughness of the channel and terrace, and extent 

of terrace formation. Original pictures were submitted to the DEQ in the original 

hydrologic assessment. Only xeroxed copies will be submitted in this report. 

The first picture (Figure 06-15) is an infrared aerial of Hidden Water Creek 

and proposed Pit 4 {middle, upper lefthand corner with dirt road bisecting the hill). 

This photograph was taken on September 14, 1978 at about 10:00 a .m. prior to the 

first killing frost of the winter. It , along with the surficiaJ geology map 

(Exhibit D6-10), show the welt-defined channel, the active floodplain, and the one 

terrace (Qt 
1
) ranging in width from undetectable to approximately 460 feet. 

Vegetation along the channel and active floodplain was still moderately vigorous, 

indicating the presence of soil moisture storage or subirrigation. 

The remaining color pictures were taken on the ground on June 29, 1979. 

Picture two (Figure D6-16) depicts the confluence of the relocated channel with 

the Tongue River. The incision created by a channel diversion around the old Acme 

' No. l mine through the TRFU sediments and a Tongue River terrace can be seen in 

the background. 

The next picture in the sequence (Figure 06-17) was taken looking upstream 

at the two-foot Parshall flume (foreground) with crest gages/sediment sampler in 

the background. The channel width at this site is five to eight feet, with a channel 

roughness coetf iceint (n) of approximately 0.040. Subangular to rounded scoria and 

sandstone chips ( 1- 13 cm diameter) armored the channel bottom · and sldeslopes. 

The roughness coefficient (n) of the terrace (Qt 
1
) was estimated to range from 

0.035- 0.007, due primarily to sagebrush and grass vegeta tion. 
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Figure 06-15 

October 20 18 

Brook Mine 

Infra-Red aerial view of Hidde~ Water Creek, 
Proposed Pit 4 and the surrounding 
Geomorphology. 
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Figure D6-16 Confluences of relocated Hidden Water Creek 
with the Tongue River. 
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Figure D6-17 

Brook Mine 

Hidden Jater Creek Parshall lume Crest Gauges 
and Sediment Sample r w·th Channel Geornorpho ogy 
in background . 
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A closeup of the stream armoring near the flume with a set 

scale, is shown in the following photograph (Figure D6-18). The ch 

to 

Brook Mine 

of local origin. Tight a rmoring, as shown here, generally results in stable stream 

channels. 

The following pictures (Figures 06-19 and D6-20) were taken 180 meters 

upstream from the flume. The man's height in the foreground of the second of 

these two pictures is 5'7". Here the stream meanders to the east, c reating an 

eroded streambank. The channel bottom was similar to the last picture with a 

slightly higher "n" value (0.050) and more vegetation. The meander pattern of this 

stream generally has high value for the period and relatively low amplitude. 

figure 06·2 l is a picture taken from the road which parallels Hidden Water 

Creek looking toward backhoe Pit 9, approximately 425 meters upstream from the 

flume. In this sect ion of the stream a small channel was e vident (three feet wide), 

but the channel system in whole was eroding a bank t o the northeast. Ponded 

water, but no flow, was evident. Small braided channels were found meandering 

through the active floodplain, which probably indicates a decreasing stream 

gradient. 

The final picture (Figure D6-22) was taken about 7 5 meters upstream of 

backhoe Pit 9. No ponded water was observed with the first evidence of trees 

along the undisturbed c hannel. 

Extent and Physical Makeup of 
Unconsolidated Stream Laid Deposits 

A surficial geology map (Exhibit 06-10) delineates the extent of terrace 

formation along Hidden Water Creek. Within the outer boundaries of Qt 1 are 

proposed unconsolidated stream laid deposits, the extent and thickness of which a re 
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Figur e 06-18 Channel texture and armoring, Hidden 1,.Jater Creek . 
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October 2018 

Figure D6-19 Hidden Water Creek Channel, T~rrace and 
Vegetal Species. 
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October 2018 

Figure 06-20 Hidden '.1ater Cree Channel June 1979, w·th 
Proposed Pit i n extreme bac round. 
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October 2018 

Figure 06-21 Hidden Water Creek bank cutti ng with Reclaimed 
Backhoe Pi t 9 in foreground . 
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H"dden ater Creek Channe l and errace Upstream 
of Proposed Pit 4. 
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shown on an alluvial isopach map (Exhibit 06-11). Hidden Water Creek al1uvial 
I 

deposits interfinger with colluvial sediments or iginating from hills paraJ1eling the 

drainage. Because of their interfingering nature and since no attempt was made to 

separate alluvial and colluvial facies, the map thickness includes both geologic 

units. 

The base level of the alluvium was fairly uniform with no breaks or abrupt 

changes In alluvial thickness. This would be indicative of a fairly uniform past flow 

regime with a minimal amount of meandering. 

The Tongue River had very little effect on the geomorphic development of 

Hidden Water Creek's drainage, which postdates the development of the larger 

perennial stream. The only influence exerted by the larger stream is at the 

confluence of the undisturbed c reek, where the Tongue River controls its stream 

gradient. 

To describe the physical composition of the sediments in the Hidden Water 

Creek drainage, ten backhoe pits were dug. Eight pits were dug in the Hidden 

Water Creek terrace or active floodplain, one was dug in colluvial slopewash and 

one was dug in a residual soil (Exhibit 06-12). These data are enclosed in 

Addendum D6-1 O. The pits completed in the alluvium indicated that a change in 

the energy regime of Hidden Water Creek took place in past geologic times. One 

to two and one-half feet of fine grained, relatively homogeneous, sediments (silt to 

very fine sand) overlie coarser , nonhomogeneous, stratified layers of subangular to 

rounded cobbles and gravel, indicating a decrease in the overall energy 

environment in more recent times. 

Most of these stratified cobbles and grave ls were made up of scoria and 

sandstone chips ~often with horizontal orientation in a matrix of sand to sandy 

clay. Weathered coal chips we re also evident in some of the stratified layers. 
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The conclusion verified from the pit observations is that these deposjts are 

unconsolidated and stream laid. Small isolated patches of colJuvium or bedrock can 

be found throughout the alluvial deposits, but these characteristics do not' exclude 

the deposit from being stream laid. 

AU eight a lluvial backhoe pits were dug in June after the alluvium had been 

recharged by surface runoff. This was evident in backhoe Pits 6, 7 and 9 completed 

immediately adjacent to the stream channel where the water table was penetrated. 

Observed water levels in these pits were 10.85, 12.60 and 1.93, respectively. 

Standing water was also observed in the channel adjacent to backhoe Pit 9. 

Water levels observed in the alluvial/sandstone wells upstream and 

downstream of backhoe Pit 9 were welJ below the ground surface (Table D6-J7). 

Since water levels in wells upstream and in wells and backhoe pits 

downstream of backhoe Pit 9 were well below levels observed in this pit, it must be 

concluded that a perched water zone is located adjacent to backhoe Pit 9. This 

indicates that other perched zones might be found along the Hidden Water Creek 

drainage. Mining will not effect this perched water zone since mining will take 

place downstream, downgradient and when the alluvium is not saturated. 

The physical composition of backhoe pits not completed in the alluvium (4 

and 5) was also examined. Backhoe Pit 4 was not unlike the aUuvial pits, but 

stratified layers were not horizontally oriented. Bedroc k shale and coal was 

interce pted in both pits. 

Subirrigation 

Potential subirrlgation along Hidden Water Creek was examined in each 

backhoe pit and with the ins ta Ila tion of sever a! soil moisture tubes (Exhibit D6-12). 

Backhoe pits were dug in early summer after the alluvium was recharged by 

surface runoff. Several vegetation classes were examined by selective placement 
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Table D6-37. Water levels. 

Groundwater Level 
Observation in Wells 

During the Backhoe Pit Study 

We ll 
No. 

392 

393 

394 

395 

396 

October 2018 

Date 

6/29/79 

6/29/79 

6/29/79 

6/29/79 

6/29/79 

06- 159 

H=H 6 2/ 025 
RECD 10-25-18 

Water 
Level 
Below 

Ground 
Surface 

11 . 83 

14.96 

16 .74 

14.31 

18 . 74 
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of each pit. The total rooting depth was recorded with mean total r . lng6J~ ½_D FJ 
~ 'I_,~} , l_, ..; ff 

in aJluvial pits found to be 6.2 feet. In every pit except No. 9, the i\.lndwatl~' "'-4 .. ~ 
A··, •\l,,I 
~- ''':P' 

table and associated capillary fringe was either not reached or was well be ?-Wt:'...~Y.., 

total rooting depth. Roots did extend into the groundwater table in backhoe Pit 9 

(dug in the active floodplain), which was located in a perched water zone. 

However, water levels receded later in the summer, observed as water level 

declines below the base level of the alluvium (Exhibit D6- 13). 

Preceding the backhoe pit study, nine soil moisture tubes were installed in 

the vicinity of Pit 4 (Exhibit 06-7). Eight tubes were completed ln alluvial 

sediments, and one was installed in a residual/coiluvial soil type. Observations 

from each core prior to installation of the soil moisture tube is presented in 

Addendum 06- 11. 

Vegetation rooting depths observed in each core were pefined in terms of 

numbers of roots per unit of cross sectional area through the horizon and site 

(USDA - SCS, 1974). The number of roots was divided into three classes: 

many (M), common (C), and few (F), while the size category was divided into five 

classes: very coarse-coarse (VC, C), medium (M), fine-very fine (F, VF). For 

example: 

0-0 . .5 

depth 
interval 

C 

number 
of roots 

F & VF 

size 
of roots 

Gravimetric soil mois-iure samples were also taken from each core at varying depth 

intervals represent ing changes in lithology, number of roots, or apparent variation 

in moisture content. 

Aluminum moisture tube bottoms were capped and installed in each soil core. 

A neutron probe (manufac tured by Campbell Pacific Nuclear Company) was then 
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inserted into the tube. The number of slow neutrons returning to th 

recorded for each depth interval gravimetricaUy sampled for soil moi ture. ' A best 

fit regression equation was then developed from these data and used for-sub equent 

neutron probe readjng taken later in the year (Table 06-38). 

Craphical representations of seasonal moisture profiles, ii thology of each soil 

core, and rooting depths are presented in Figures D6-23 through D6-26. These four 

figures were developed from moisture rubes located adjacent to the stream channel 

(8, 12) and on Hidden Water Cr ek's terrace (39, 41). They are representative of 

moisture profiles and rooting depths found in the remaining tubes along Hidden 

Water Creek. 

The spring, summer and fall moisture profiles all lead to the conclu ion that 

the area js not subirrigated. Capillarity, shown by an increase of soil moisture with 

increasing depth, was not found for any tube during the plant growing season. This 

phenomena, along with the observation discussed in the groundwat r section that 

the alluvium is saturated only for a short period of time is conclusive evidence 

that the Hidden Water Creek system could never b subirrigated throughout the 

entire growing season. 

Infiltration 

Infiltration rates of the Hidden Water Creek terrace soils were measured 

with double ring infiltrometers (Appendix D6-11). ean infiltration rates 

measured from this study were 0.22 inche per hour for alluvial soils and 0. l 4 

inches per hour for residuaJ/colluvial soils. Infiltration rates in Jluvial soils varied 

depending upon soil type and degree of compaction by cattle grazing and other 

man-related disturbances. 
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Table D6-38. Soil molsture pcolales and standard curvu for mo1s1ure tubes located in the vicinity o f t he Big Horn Mme. 

Best Flt Regresslon 
Equation and 
Correla t ion 
Coefficient 

Sue ( 1st date basis) ~ Depth Mo ,s t. Count ~ ~ Moist , ~ 

BH8 y:.OOI0.59X • 7.9 16 .5- 1.5-79 , I• 16.0 1192 S- 28-79 .I 8 . 23 29.5 
.n . .5 I 4.) .5834 • .5 8.89 919 

I .0 14 . 9 6&1i6 1.0 11.29 318.5 
2.0 I~ . } 6697 2.0 12.47 4300 

. 0 16.} 7)66 1/.0 13.Jl .5098 
4 • .5• 1).0 9424 4 . .5 14 .8' 6.544 

BH9 y:.0012 • 7,.50) .5-1 S-79 . I • )2 . 2 2280 8-28 - 79 .I 9 . 43 16}} 
.67 • .5 1.5.& 7473 ., 11.46 3397 

1.0 lS .1 98H 1. 0 14. 87 6)23 
2 . 0 I 5.4 8.Sl3 2.0 t,.88 7 190 
4.0 IJ.6 .5626 4.0 14. )3 S860 
6.0 IL2 7283 6.0 16.71 7898 
8.0 20.8 7726 8.0 18.67 9.584 

10.0 21. 9 10300 10 .0 19 . .57 103.54 
11. 0 21.0 11347 11.0 20. 6.5 11283 

BHIO y·.OOOJ.)X, 13.84 )-16 7 .I 11.4 699 8- 28- 79 . J 14 .o 635 
• .58 . .5 16 . 9 1278 • .5 I 4 .4.5 17.50 

l.0 17 .2 6826 l.O 1.5.3' 4289 
2.0 16.7 8H2 2.0 16.04 62}1 
4 .0 16.3 9103 4 . 0 16. 78 8344 

y:.00028 ,9.}4 .5-16-79 .I 9 . .5 936 8-28-79 . I 9 . 60 223 
.n . s 13.8 .5 124 ., 9.6 1 248 

1.0 9.8 6403 l,0 10.10 2001 
2.0 8.8 6021 2.0 10.96 .5019 
4.0 12. I .592} 4.0 10.87 lf7 18 
6.0 9.1 6703 6.0 11 . .30 62 19 
7.0 IQ .} 7129 1.0 11 .14 .561f6 

ctl in bes t l it line or eqoation ca lc ulation due to ii " utlier" c:hara c: 1eris11c:. 

~ Depth 

9-21- 79 .1 
. .5 

1.0 
2.0 
I/ .o 
4.j 

9- 21-79 .I 
. .5 

1.0 
2 . 0 
4.0 
6 .0 
8 .0 

10.0 
11.0 

9- 21 - 79 .I 
. s 

LO 
2. 0 
4.0 

9-21-79 . 1 
.5 

J.0 
2.0 
4.0 
6 .0 
1.0 

ISi Z ISi Z/9Z/Z ISi 

Moist . ounl 

8. )lj 403 
9.67 16 )7 

11.4) )318 
12.40 4231 
13 . .57 H36 
I .79 6490 

9.31 1}49 
12 .1 8 4014 
1).6.5 6996 
l} , 37 67H 
1) . 89 .54 I 
15.96 7260 
18.49 9QJI 
19.11 99 3 
19.69 104.56 

I .11 76J 
14.62 2231 
I S.60 .5014 
16.10 6421 
16 • .50 7 .50 

9.51 119 
9.67 477 

10.35 21!7.) 
10.98 501!4 
10 . 88 ~nlf 
11.2 1 5886 
I t. 2 I 590~ 

1 peUUl::.OS 

~ 
s:: 
> 
0 
0 

Cil 
"i 
0 
0 
-;;' 

s:: 
s· 
(l 
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8 .8 12 ) !)7& g_g 
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FIGURE 0&23 S01/ //101sio1re Tube BH-8. 
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FIGURE 06-25 Soll Moisture Tube BH-39 
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Considering the high evaporation rates in this area, the low average annual 

precipitation, potential plant transpiration, and soil moisture storage, potential 

vertical recharge to alluvial deposits would be extremely low. 

Flood Irrigation 

Past and present flood irrigation activities along Hidden Water Creek were 

examined by a review of surface water appropriations (Water Rights section) and 

field inspection. No curre nt adjudicated or nonad judica ted water rights were found 

for Hidden Water Creek in the vicinity of the Pit 4 permit boundary. A field 

reconnaissance and detailed examination of infrared aerial photographs showed 

that no diversions or past i rrigation activities could be found. Only three stock 

watering ponds were found along the entire drainage, with one pond in disrepair. 

These ponds were well upstream of Ptt 4 with the closest pond about one and 

one- half stream miles up from the Hidden Water Creek Parshall flume. With t.he 

exception of minor stock watering activities, surface flow in Hidden Water Creek 

has not presently, or in the past, been put to beneficial use. 

Observed flow over the past two water years and the estimation of average 

annual runoff volume using channel geometry methods is presented in the Surface 

Runoff section. The potential for flood irrigating the terrace adjacent to Hidden 

Water Creek was carefully examined by KME hydrologists and qualified personnel 

from the local SCS office. Soils, water quality, timing and quantity of surface 

runoff, and diversion structures necessary to flood irrigate were considered. The 

final recommendation by the District Conservationist (F .S. Smith) was that the 

area in the vicinity of Pit 4 should not be considered for flood irrigation activities. 

His letter is enclosed in Addendum D6- 12. 

A water spreading system was eliminated from consideration due to the 

timing of surface runoff and the slope of the terrace to be irrigated. Flood 
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irrigation was considered adjacent to Pit 4 but ruled out due to the 

diversion structures. Since the tract of land adjacent to Pit 4 is near the 

confluence with the Tongue River, the quantity and reliability of flow would be 

higher than for any other irrigable tract throughout the entire watershed. Since it 

is not feasible to flood irrigate the terrace near Pit '+, it would then not be feasible 

to flood irrigate any other portion of the drainage basin. 

Conclusions 

Unconsolidated stream laid deposits were found, the extent and composition 

of which were studied in detail. Potential subirrigation and flood irrlgability was 

e·valuated aJong with a survey of possible past irrigation activities. It was 

concluded that no subirrigation was present during the entire growing season. Also, 

the reliance and quantity of flow from Hidden Water Creek was not sufficient 

during the critical plant growing season. 

Estimated average annual runoff volume using channel geometry methods was 

estimated to be 30 acre-feet (Surface Runoff section). Hydrographs from the 1979 

and 1980 water years indicate that runoff occurs from local snowmelt runoff in 

March. No runoff has been measured from precipitation events. Low yie ld, the 

timing of runoff, and steep terrace slope lead to the conclusion by the Soil 

Conservation Service (Addendum D6-12), that flood irrigation ls not feasible for 

this drainage. 

If runoff was ponded in March and released in late :July or August during plant 

stress, the potential for irrigation would still be minimal. Assuming a pond 30 

acre- feet in size, most of the potential irrigation water would be lost to 

evaporation or leakage. WRRl U 977) estimated that the May through September 

pan evaporation at the Sheridan Field Station from 1959-1975 averaged 41.35 
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~. 
inches. Using a seasonal distribution factor of 65% of annual evaporation for th~ 

' 
May-September evaporation, WRRr estimated 

Sheridan to be 64 inches and for shaUow pond evaporation, 58 inches. Monthly 

incremental evaporation for shallow ponds in the Sheridan area would be: 

Month 

March 
April 
May 
June 
July 
August 
Total six months 

Evaporation 
(inches) 

1.51 
4.35 
7.54 
7.54 
&.53 
8.00 

37.47 

Thus, 3.12 feet of water over the surface of the pond would be lost to 

evaporation. Depending on the size and depth of the pond, and degree of leakage 

from the pond bottom, most, if not all, of the potential irrigation water would not 

be available during plant stress. 

Due to the lack of subirrigation and extremely low potential for flood 

irrigation, Hidden Water Creek is not an alluvial valley floor . 

Mining will take place only adjacent to Hidden Water Creek and its 

associated stream !aid deposits and will have no measureable impact on its fluvial 

geomorphology. Potential mining impacts on the groundwater and surface water 

hydrological balance will be studied in the foUowlng sections. 

P5 Draw 

Drainage Basin Description 

The subwatershed containing the proposed Pit 5 disturbance area drains into 

an ephemeral first order drainage which shall be called, for purposes of this repor t, 

P5 Draw. The P5 Draw drainage basin in relation to neighboring basins is depicted 

in Exhibit D6- l 8. 
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Geomorphology 

In mining the proposed Pit 5 area of Big Horn Coal, the P.5 Draw wiU be 

disturbed and subsequently relocated. Because of this, a special invest gat on was 

conducted to d termine the quantitative morphologlcal characteristics of the 

watershed. following is a summary of the characteristics and their definition 

which were quantified for this particular study: 

Stream Ord r - starting at the head of the watershed, the small unbranching 

streams first encountered are designated order 1. Two first order streams coming 

together (orm a second order stream, two second order streams coming together 

form a third order stream, etc. 

Str~am Length - is the length of the main stream channel of a watershed from th 

outlet to the furthermost point including all sinuosities. 

Maximum Basin Length - is the maximum straight line distance from the outlet to 

the b sin boundary. 

Average Basin Width - is the watershed area divided by the length of the main 

stream from the outlet to the watershed boundary. 

Drainage Density - the total length of all channels in the watershed divided by the 

area, i.e.1the channel length per square mile. Dd = Ltota/A, 

Form factor - the ratio of the average width of the watershed to the length of the 

main stream. ff = w /L. ave. 

Compactness Co fficient - the ratio of th perimeter of the watershed to the 

circumference of a circle having the same area. KC = P/2 (Al = 0.28P( Yi), 

Circularity Ratio - the ratio of the area of the watershed to the area of a circle 

having the same perimeter as the watershed. 

Elongation Ratio - the ratio of the diameter of a arcle of the same area as the 

watershed to the maximum basin length. 
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Ruggedness Number - the product of the relief and drainage density, where both 

are in the same units. 

Mean Elevation - the mean elevation of all points in the watershed. Determined by 

sampling 100 grid points evenly distributed on the watershed area. 

Mean Slope - the mean slope at all points in the wate rshed. 

Method 1 S :! DL/ A where S = average slope (5), D = contour interval (ft), L 

= total length of contours (ft), and A = area of the basin in ft2. 

Method 2 Sample the slope at 100 grid points evenly -distributed over the 

watershed. 

Length of Overland Flow - the mean distance that water falling on the watershed 

flows before reaching a channel. May be determined by measuring distance from 

evenly spaced points on the watershed perimeter to the nearest channel, or from 

evenly spaced points along the channel to the.nearest divide. Is also approximately 

equal to 0.5 (1/Dd). 

Values for these characteristics as calculated for P5 Draw are presented in 

Table 06-39. It should be not ed that this drainage cont ains only a first order 

e phemeral stream as identified from the U.S.G.S 7Y2 minute quadrangle (Acme 

Quad.). Stream profile and the slope- a rea c urve for the drainage of concern are 

present ed in Exhibit D6- 27 and Figure D6-27, respectively. 

Basically, the morphological characterist ics examined describe the shape, 

size, slope, e levation, and general makeup of the watershed. The characteristic of 

partic ular interest for the watershed of c oncern is its shape and resultant 

c haracteristics. The shape of the watershed is elongated - long and narrow. This 

would facilitate a quick buildup of f low with lower peaks spread out over a longer 

period of time. A typical hydrograph for this type of drainage compared to a 

c ircular drainage is depicted in Figure 06-28. An additional noteworthy 
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Table D&-39. Morphornetr1c characterist ics ot P5 Draw. 

Dra inage Area: 0.8.5568 mi2 = 2318.55,000 tt2 

Channel Length: 

Maximum Basin Length: 

Average Basin Width 

Drainage Density: 

Form Factor: 

Perimeter of Watershed: 

Compacmess Coefficient: 

Circularity Ratio: 

Elongat ion Rat io: 

Ruggedness Number: 

Mean Elevation: 

Mean Basin Slope: 

Mean Length of Overland Flow: 
Met hod One: 
Method Two: 

Channel Slope: 

Channel Length 

2.71 mi= 14,300 ft 

2.72 mi = 14,340 ft 

15 36 fl 

J.J 7 mi/mi2 = .0005994 ft/i t 2 

0. 108 ft/ft 

6.24 mi = 32,938 ft 

1.9 

0.276 

0.384 

0.329 

3879. 1 fl 

37 .296 

833 f t 
835 ft 

3.4% 

(extrapolated to basin boundar y) 
Divided by Maximum Basin Length: J.0G (t/f t 
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characteristic is the ratio of stream channel length (extrapolated to 'basin 

boundary) to the maximum straight line basin length. This ratio is 1.06 ft/ft and 

indicates very little sinuosity occurring ln the drainage basin. The drainage is 

falrly straight as indicated and does not contain a well defined cut channel 

throughout its length. The predominate description of the waterway is that of a 

grassed swale drainage. Several sections of the stream, including t he area of 

proposed disturbance, contain heavy armoring of the stream bottom with large 

sandstone plates. Vegetation comprised primarily of grasses and brush are weH 

est ablished between these sandstone plates. In other areas where the plating is not 

as pronounced, vegetation, primarily grasses, is well established in a matrix of 

scoria ranging from soil size to 100 mm. Two headcuts are present in the drainage 

occurring in areas where the sandstone plat ing is not predominate. lt is 

immediately downstream from these headcuts where a "well-defined" channel 

exists. The channels in these particular locations a re not, however, representative 

of typical flows as would normally be carried by a channel of the cut's size, but a re 

actually part of the headcut. As mentioned before, the typical waterway is not a 

well defined cut channel, but a grassed swale, frequently containing armoring of 

sandstone plates and brush in the lower half of the drainage. 

Due to the ephemeral nature of the draw, the small area dr ained (.86 m/), 

and the losing nature of the stream, there is no appreciable amount of alluvium in 

the draw. Any alluvial deposits are localized only with the stream channel often 

cutting across bedrock in the areas containing the sandstone plates and armoring. 

Subsequently, there ls no saturated aHuvial zone. Due to the predominate makeup 

of scoria and sandstone of the drainage, the stream is considered a losing stream. 

It, therefore, acts to some degree as a recharge zone. This function is minimal, 

however, as flows are all but nonexistent in the draw. Any recharge would be 
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through vertical infiltration only. It should be remembered that the high potential 

for evapotranspiration of the area is greater than the annual precipitation. This 

would cause any recharge to this groundwater system to be minimal. 

As part of the study, an on- site geomorphic photo survey was conducted for 

the P5 Draw. Site locations are shown on Exhibit D6-28. 

Site location numbers, cross section identification, textural characteristics, 

and general field observations are given in Table D6- 40 for each part icular site. 

Slides for sites l to 33 as indicated in Table D6- 40 are available. 

Surface Runoff 

Flow Estimates 

No flows were observed in P5 Draw during l 980. To aid in deter mining 

average annual flow tor the P5 Draw, a channel geometry t echnique as developed 

by Hedman ( 1980) was utilized. This incorporates the width of the act ive c hannel 

to calculate the average annual llow. This f low was calculated to be 5.~6 

ac re-feet per year using the Hedman technique. 

Channel c ross sections were surveyed for the existing channel. These are 

shown in Exhibits 06-29 through 06-32 and were utilized in conjunction with TR 20 

and HEC ·2 programs in calculating the I 00 year flood map as depicted in 

Exhibit D6-2&. Cross section locations are also shown on this exhibit. The existing 

stream profile was also surveyed and is depicted on Exhibit D6-27. 

QuaUty 

To date, no flow has occurred in P5 Draw and subsequent ly, no surface water 

quality data have been obtained. 

Channel Geometry 

Channel geometry was previously discussed and presentet ~Si!\~ 
~ 

Estimates (Exhibits 06-29 through D6-32) and Geomorphology (Table ~~ _'l/,;, 
,,J ~ ,.,,, 

. '<' 
-- Cl1 ~ .,,-,< 
\~ ~ "·· .J .~ . ~ ~·1/r. ! . ,,, 

06- 177 : ., ,,,._ ,.. . 

Octobe r 20 18 
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Table 06-40. 

Location* 

Site 1 

Site 2 

ite 3 

Site 4 

ite .5 

Site 6 

Site 7 

Site 8 

Sit e 9 

Site 10 

ite 11 

Site 12 

ite 13 

October 2018 

Brook Mine 

Geomorphic survey for P5 Draw. 

Roughness 
Coefficient 

(n) Field Observations 

Uppermost reaches of P5 Drainage looking toward 
watershed divide . 

Upper reaches of P5 Draw at poin t of first tributary 
confluence. 

Depicts "channel" at upp r end of basin. No well 
defined cut channel exists. 

"Channel" is more a grassed swale than a cut 
channel. Channel area is well vegetated . Burn 
(scor ia) is evident in and along channel . 

Same as Site 4. 

hows second "significant" confluence. Burn vident 
on side but not in channel bottom. Channel area is 
well vegetated with no cut channel evident. 

Firs t headcut encountered from the upstream end of 
the drainage. 

Area immediately upstream of headcut. Well 
vegetated and gently sloped. 

Area immediately downstream of headcut. coria 
armoring up to one foot diameter evident. 

Same as Site 9. 

Stream cut into scoria bank. Channel not well 
defin d here, but gently sloping well vegetated 
swale with grasses and brush . 

Area of stockpond and outlet. Pond will back up and 
store any flows until outlet elevation is reached. o 
water has been evident in the pond for the last year 
and a half . 

Channel at outlet comprised primarily of .:;a ~ston 
and scoria up to LOO mm. 
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Table D6-40. Cont'd. 

Location• 

ite 14 

Cross 
Section A 

Site 15 

Cross 
ection B 

Site 16 

Site 17 

Cross 
Section C 

ite 18 

Cross 
Section D 

October 2018 

Roughness 
Coeffici nt 

(n) 

. 042 

. 042 

,033 

Channel .062 
Sides .056 

Field Observations 

Area 50 feet downstream from stockpond. This is a 
depressional area with no well defined channel. 

ense grasses and brush are evident in this area . 

Channel undefined tall grass and sage, slightly 
irregular. 

Area of econd headcut from the upstream end of 
the drainage. Grassy swale upstream of headcut 
and a cut channel for a short section downstream of 
the headcut. Channel material downstream of 
headcut consists of scorla ranging in size from 2 mm 
to l foot, primarily from 5- 10 mm . 

Channel undefined, tall grass and sage slightly 
irregular. 

Chann 1 has cut down to sandston b drock. Larg 
sandstone plates up to 5 feet in diameter are along 
the channel bottom and sides. maller sand ton 
and scoria ar moring with well establish d vegetation 
between are also evident in this area. ite 16 is the 
beginning of the area to be disturbed. 

ame as Site 16 depicting plates fragments, and 
vegetation between. 

Channel bed same as sides. Tall grass bushes, ome 
rocks, m andering, slightly irregular. 

Slope increases slightly here and there is a great r 
predominance of pine and juniper adjacent to th 
drainageway. The third headcut, smaller than the 
first two, is at thi location. Channel bottom is 
primarily sandstone plates with grass and small 
bushes between them. 

Very irregular, taU grass, bushes, trees, pools, 
debris rocks bou lders. 
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Table D6-40. Cont'd. 

Roughness 
Coefficient 

Location* (n) 

Site 19 

Site 20 

Cross 
Section E 

Site 21 

Cross 
Section F 

Cross 
Section G 

Site 22 

Site 23 

Cross 
Section H 

Site 24 

Site 2~ 

Channel .038 
Sides .050 

Channel .033 
Sides .041 

Channel .031 
Sides .034 

Channel .049 
Sides .036 

October 2018 

Brook Mine 

field Observations 

Channel well grassed in low slope areas. Where 
slope steepens, the channel has cut to sandstone 
bedrock. No well defined channel with cut banks 
exists. 

Area showing sandstone plates, scoria, juniper, 
grasses and brush. 

Channel is very irregular with tall grass, weeds, 
t rees, debris, rocks, and pools. Sides are very 
irregular with tall g rass, weeds, and_ trees. 

Drainage slope decreases here and a grassed swale 
drainage becomes predominate. Between c ross 
sections E and F there are numerous sink holes and 
subsidence a reas from underground mine 
disturbance. 

Channel very irregular with meanders, pools, weeds, 
grass and rocks. This is the end of the area to be 
disturbed. 

Channel is very irregular with rocks, boulders, tall 
grass, meander ing, and pools. Sides have rocks, 
boulders, tall g rasses and bushes. 

Downcutting is evident into sandstone bedrock. 

This area continues to exh_ibit downcutting to 
sandstone, with sandstone and scoria armoring. 

Channel is irregular with rocks, tall grass, and deep 
pools. Sides are irregular with roc ks and tall grass. 

This area has a massive scoria talus slope running 
right to the "channel" bottom. 

Sarne as Site 24. 
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Table D6-4-0 . Cont'd. 

Location* 

Site 26 

Cross 
Section I 

Site 27 

Site 28 

Site 29 
through 
Site 33 

Roughness 
Coefficient 

(n) 

Channel .050 
Sides .043 

Field Ob ervations 

Thi area has the crest gages and static water 
sampler. Vegetation here is very brushy and grassy. 

Channel is irregular with tall grass, rocks, pools, and 
meanders. Sides very irregular with tall grasses. 

There are deep depressional areas in the channel 
bottom which would create deep pools i1 si nificant 
flows ever reached them. Several of the deepest 
ones have been used as dumps. 

This is the mouth of the P5 Draw where it enters 
the Tongue River. 

This is the Tongue River in the immediate area of 
the P5 Draw and Tongue River conflu nee. 

*Slides available for Si tes 1- 33. 

General Observation Summary 

In summary, the P5 Draw does not exhibit a well defined cut channel for the most 
part. Instead, it is an ephem ral drainage which runs over sandstone bedrock in the 
steeper reaches. In the areas of lesser slop , a grassed swale condition is evident. 
In most areas there is either sandstone or scoria armor ing ranging in size from less 
than l mm to 5 foot diameter plates. Vegetation, usually grasses and brush, is 
established between this material. Due to the nature of the parent mat rial 
throughout the P.5 Draw, that being sandstone and scoria, the P.5 drainage is 
considered a losing stream. An additional characteristic lending to this is the 
existence of sink holes and subsidence in the area of abandoned underground mines. 
Because of this losing nature, no tlows have been observed in the last year and a 
half . An flows will be noted on the ere t gage and static water sampler. 
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Monitoring 

In order to estimate flow occurrences in the P5 Draw, two crest-stage gages 

were installed. In conjunction with these, a three stage sediment sampler and a 

channel bottom water quality sampler were installed. Location of this monitoring 

site is depicted on Exhibit D6-7 and described in Addendum D6- 1. Figures D6- 23, 

D6-14 and D6-29 show design of the c rest gages, sediment sampler and water 

quality sampler, respectively. The c rest- stage gages are based on a U.S.G.S. 

design as lJlustrated in Techniques of Water Resources Investigations of the 

U.S.G.S., chapter A7, page 28. The three stage sediment sampler automatically 

collects a wate r sample as each stage is reached by a flow occurrence. Likewise, 

the water quality sampler automatically collects a water sample during any flow 

event. 

This particular sampling device was designed to aid in the collection of water 

quality samples on ephemeral drainages where flow events are all but non-existent. 

It will ensure that a sample is collected if any flow occurs. This sampler will be 

checked immediately after any potential flow event occurs ensur ing an immediate 

anaJysis of the sample. Direct sampling will be the preferred method of collection, 

if at all possible. To date, no !low has occurred and subsequently no surface water 

quality has been obtained. 

Perspective of Stream Channel to FluviaJ System 

Basically, the P5 Draw is a first order ephemeral tributary of the Tongue 

River which has not yet flowed during the period of record. More detailed 

information regarding this can be found in the previous sections discussed under P 5 

Draw. 
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Alluvial Valley Floors 

As previously mentioned in the Geomorphology Section, there is no 

appreciable amount of alluvium in the P5 Draw. This is largely due to the first 
,) 

order ephemeral nature of the drainage, the smaU area drained (.86 mi2), and the 

losing nature of the stream. Any alluvial deposits are localized only with the 

stream often cutting across exposed bedrock. Subsequently, there is no saturated 

alluvial zone. Nei ther is there an alluvial valley floor. 

Amendment One Area 

Drainage Basin Description 

No perennial, intermittent or ephemeral streams pass through the proposed 

affected area, however, surface water studies have been performed on the Tongue 

River whose channel is to be north and south of the pit disturbance area 

(Exhibits D6-7 and D6-18). These studies have previously beer1 reported in the 

appendix under Tongue River-Goose Creek System. 

Runoff Estimate 

The affected area is situated on a hill which is an erosional remnant of the 

surrounding dissected upland. Since there is no channelized flow within the 

disturbance area, surface runoff will be in the form of overland or sheet flow. 

Surface discharge occurring from the area must be the result of atmospheric 

precipitation in the form of high intensity thunderstorms and is localized into the 

gullies which radiate outward from the top of the affected hill. The guJlies vary in 

slope as shown on the premining topographic slope condition map in Appendix D6 . 

With the exception of the steepest slopes (greater than 40%), the gullies are well 

vegetated. 

Sheridan Field Station records for the period 1939 to 1978 indicate that the 

annual precipitation varied from a minimum of 8.23 inches in 1960 to a maximum 
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of 24.58 inches in l 944 with a record mean of 15.84 inches (Department of 

Commerce, 1978). Approximately 5096 of the annual precipitation occurs during 

the April to June period and 7396 in the April to September period. 

Average annual runoff for the Tongue River dra1nage varies from greater 

than 20 inches at the crest of the Big Horn Mountains to a low of 0.2 inches 

approximately 36 miles downstream of the Big Horn Coal Company Mine. Busby, 

I 966, est imates that the average annual runoff for the Big Horn Coal mining area 

is about 1.0 inches per year. Using this estimate and the total affected area of 116 

acres, the calculated annual potential runoff is 9.67 acre-feet. 

Tongue River 100 Year Flood Study 

In order to ascertain whether or not the Tongue River might encroach upon 

the mining operation, the peak 100 year ilow value was generated using the HEC 

Floo~ Flow Program as described under Tongue River- Goose Creek System of this 

appendix. The U.S. Corps of Engineers HEC-2 computer program was then used to 

route this flow and plot a water surface profile. The HEC-2 uses the Bernoulli 

equation, Manning's roughness formula , momentum relations and channel cross 

sections placed perpendicular to the flood flow. Thirteen cross sections were 

surveyed across the Tongue River valley, their locations are drawn on 

Exhibit RP-26, which displays the 100 year 24 hour storm floodplain. As can be 

seen from the map, the Tongue River will not enter the pit upon a 100 year event. 

Quality, Channel Geometry, Monitoring and 
Perspective of Stream channel to t he Fluvial System 

Due to the fact that no stream, channel, or predominant drainage exists in 

the immediate area of concern, the above topics do not apply. The reader is 

directed, however, to discussion on the Tongue River-Goose Creek System as 

presented at the beginning of the Surface Water section of this appendix. 

06-185 

.. ;, '1 21 0 2 5 

October 2018 I to 10-2s-1 a Addendum 06- 12-186 DEQ Ex. 3-1155



121 
N 

"' N 
m 

"' N 
121 
N 
121 

RAMACO Brook Mine 

Pit One Area 

Dra inage Basin Descnpt1on 

No perennial, intermittent or ephemeral streams pass through the proposed 

affected area, however , surface water st udies have been performed on the Tongue 

River whose channel is to the north of the pit disturbance a rea (Exhibits 06-7 and 

06-18). These studies have previously been reported in this appendix under Tongue 

River-Goose Creek System. 

Runoff Estimate 

In the actively mined Pit l area, there is no channelized flow within the a rea 

of disturbance. Surface runoff will be in the form of overland or sheet flow. 

Overland flow within areas now actively mined is primarily the resul t of high 

intensity thunderstorms and is localized into the rills and gullies which radiate 

outward from the hill mined at Pit 1. The rills and gu11ies vary in slope as 

presented in the Geology section. With the exception of the steepest slopes 

(greater than 4096), the ri lls and gullies are weU vegetated. 

No flood anaJysis, with the exception of the Tongue River flood analysis 

previously presented, is necessary for the Pit I area. 

Quality, Channel Geometry, Monitoring and 
Perspective of Stream Channel to the Fluvial System 

Due to the fact that no stream, channel, or predominant drainage exists in 

the immediate area of concern, the above topics do not apply. The reader is 

directed, however, to discussion on the Tongue River-Goose Creek System as 

presented at the beginning of the Surface Water section of this appendix. 

Water Rights 

Water rights are contained in Addendum D6-3 and are depicted on 

Exhibit D6- 33. 
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Location Location 
l No. PKS Coord . USGS Coord. Elev. 

1,546,187.BN SES~lSW S. 14 
BH198 594 J899.3E T57N,R84U 3589.4 

l,5l7,086.6N SWNESW S. 14 
BH204 595,261.SE T57N,R84W 3591. 9 

1,546,552.SN NWSESW S. 14 
BH206 595,212.BE T57N,R84W 3586.5 

1,547,118. 3N SENWSW S .14 
~207A 594,737.SE T57 ,R84W 3589.8 ... 

-t ' -Tl --:, 

• cs :.n 

\D l,547,164 . 9N S~INESI~ S. 14 0 
8H208 595,321. 6E T57N,R84W 3592.5 

- r-.> C) 
I - 1,546,386.2N NWSESW S. 16 
;-, r 
I 1.1'1 

BH371 585 ,270.8E T57t1,R?4W 3616.0 -C 

• 0. 
0. 

l,St.6,054.32~ SES~IS~I S. 14 
BH397 594,917. 41E 157,R84W 3591. 49 

~ 
::i 
0. 
C 
3 1,548,860. 6~ SWSWNE S. 14 
0 BH496 596 ,573.GE T57N , R84~1 3687.6 
0' 

I 
,- 1,548 I 106, 82~ NENESE S. H 
tv 

I BH506 588 ,007. 12E T57N,R84W 3604.34 
,-

'° - l,547,695 .98N SENESE S. 16 
BH507 588,038.09E T57N ,R84~1 3603.59 

BIG HORN MINE WATER WELLS 

PITS 1, 2 .& 3 WELLS 

Comp let ion Tatar · Casing 
Zone Depth Size 

Alluvium 29' 4" 
Lower 
Monarch 150' 4" 

Alluvium 27 I 4" 

Alluvium 25 I 5" 
D1etz 3/ 
Upper 
onarch SO' 4" 

. 
AlluviWTI 20' 5" 

Alluvium 30' 5" 

Monarch 278' 5" 

Alluvium 14' 5" 

Alluv ium 15' 5" 

Perfonation 
Zone 

9 - 29' 

120 - 140 ' 

7 - 27' 

5 - 25' 

30 - 50' 

15 - 20' 

8 - 24 ' 

245 - 270' 

9 - 11.5' 

4 - 3• 
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Packer 
Deoth Monitoring/Drilling Date 

Gravel pkc 
0 - TO Continuous Recorde~ 1976-P 

1976 - PKS 
119' Record Monthly Water Level. 

Gravel pkc 19/o - PKS 
0 - TD Record Monthly Water Level, 

Cont1nuous Recorder. \fote 
Quality Testing Spring, 

Gravel pk1 Surrmer and Fall Seasons. 
0 - TD 1980 - PKS 

Record Monthly Water Level. 
Wate r Quality Testing Spr. , 

29 ' & Fall Seasons. 1976 - PKS 
Record Qtr ly. Water Leve 1. 
Water Quality Testing 

Gravel pk Fall Season . 
0 - TO 1978 ,_ PKS 

Record Monthly Water Leve . 

Gravel pk 
Water Quality Testing Sp~, 
Sunmer & Fall Seasons. 

0 - TD 1978 - PKS 
-

Record Monthly Water Level. 
Water Quality Testing Spr., 
Su11111er, Fall & Winter 

243' Seasons. 1979 - PKS 
Gravel pk1 Record Qtr ly. Water !.,eve l. 

0 - TO 1979 - PKS 

Gravel pk11 Record Qtrly. Water Level. 
- 0 1979 - P'(S 
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BH508 

BH509 

81~510 

BH511 

0 
Blis12 ---
BH513 

Bll514 

BH515 

BH516 

BH517 

BH518 

8H519 

Location 
PKS Coa rd. 

l,547,466.4H 
588,057. 32[ 

1 , 54 7 , 4 I 6. 131 
588 t 061. 001 

1 I 54 7 t 392 • 281 
588,063. 53E 

1,547,456.951 
587,983.461 

l,547,160 . 58r 
588,077.901 

1,546 ,566 .98t 
588,121.571 

1, 546 ,036 . 531 
585,227.991 

1,546, 011.281 
585 ,230.571 

1 S45,955.29r 
585 241 ,24E 

1, 545,951 . 9JI 
585, 164. 4 7E 

1 t 54 5 > 6~ 7 , 311 
585,283 . 35E 

1 ,545,321. 79~ 
585 321.85[ 

Location 
USGS Coard. Elev. 

SENESE S. H 
T57N,R84 3605.32 

SENESE S. 11 
T57N,R84W 3605.98 

SENESE S. 11 
T57N,R84W 3606 . 11 

SENESE S. II 
T57N,R84W 3605.19 

SENESE S. 11 
T57N , R84W 3605.07 

NESESE S. H 
T57N,R84W 361 1. 80 

S~/SESW S. H 
T57N R84W 3613.88 

SWSESW S. If 
T57N , R84W 3614 .97 

SijS£SW S. 11 
T57N R84W 36 4.53 

::ilSESW S. H 
T57N .R84 3614 . 34 

NWNENW S. 2: 
T57N ,R84\~ 3611. 56 

NW NEN~J S. 21 
T57 R84W 3611. 40 

BIG IIORN MINE \~ATER I ELLS 

PITS 1, 2 & 3 WELLS 

Comp 1 et ion Total Casing 
Zone Depth Size 

Alluvium 13' 6" 

Alluvium 14 ' 5'' 

Alluvium 15 1 511 

Alluvium 19.5' 511 

A 11 uvi um 16 . 5' 5" 

Alluvium 15' 5" 

Alluvium 18.5' 5" 

Alluvium 18' 5" 

Alluvium 19' 6" 

Alluvium 18' 5" 

Alluvium 16' 5'' 

Alluvium 14' 5" 

Perforia tion 
Zone 

2.5 - 10.5' 

5 - 11.5' 

l - 13' 

2 - 17 1 

3.5 - 15 ' 

7.5 - 11 . 5' 

8.5 - 14' 

9 - 14.5' 

9 - 15' 

3 - 15' 

3 - 13' 

2.5 - 10' 

Page 2 of 7 

f~ ·-

Packer 
Deoth Monitorino/OrillinQ Date 

Record Qtrly. Water Leve I! 

Gravel pkd 
Water Quality Testing 
Fall Season. 

0 - TO 1979 - PKS 

t:iravel pkd Re cord Qtrly. Water Level s 
0 - TO 1979 - PKS 

l.lravel pkd Record Qtrly. Water Levels 
0 - TD 1979 - PKS 

1ravel pkd Record· Qtrly. Water Levels 
0 - TO 1979 - PKS 

uravel pkd Record Qtrly. Water Levels 
0 - TO 1979 - PKS 

1:,ravel pka Record Qtrly. Water Levels 
O - TO 1979 - PKS 

ravel pka Recori:f ijtrly . Water Le els 
0 - TO 1979 - PKS 

1ravel pkd Record Qtrly. Water Levels 
O - TD 1979 - PKS 

:Jravel pkd Record Qtrly . Water Levels. 
0 - TD 1979 - PKS 

bravel pkd Record Qtr--Jy. Water Level s. 
0 - TD 1979 - PKS 

ravel pkd Record lJtrly. Water Level s. 
0 - TO 1979 - PKS 

ravel pkd Record Qtrly. Water Levels. 
0 - TD 1979 - PKS 
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BH520 

811522 

81:1523 

BH521 
n 
"' I 

ttti575 .. -, 
BH576 

BH582 

BH584 

BH596 

BH597 

BH623 

BH624 

location location 
PKS Coord. USGS Coord. 

l,545,941.09t SESWSW S. 1~ 
594,941.281 T57N , R84W 

l, 544,781. 601 SWNEN\~ S. 2 
585,400 .121 T57N ,R84W 

1,545,202.371 NlmWNH S. 2t 
588,587.84( T57N, R84W 

1,545,980.061 S ISESW S. u 
584,689,04[ T57N ,R84W 

1,549,144.4N m1sWNE s. IL 
596,918.SE T57N ,R84~/ 

l,5'18,571.4N SWSENE S. 1 
598,465.4[ T57N , R84W 

1,546,358. 2N SWSESE S. 11 
597,972. 3E T57N ,R84W 

l,546,627 . 9N NESESE S. 11 
598,799 .3£ T57N, R84 ~ 

1,548,220.0N NENESE S. 1' 
599,038 .0E T57N,R84W 

1,548, 911. ON SES~INE S. 1• 
597,284.0E T57N,R84W 

l,546,643.6i::.I NESl~SW S.13 
600' 084 . 101 T57N, R841·1 

1,546,637.28 NES\~SW S. 13 
600 ,028.00 T57N,R84W 

Elev. 

3589.87 

3617.14 

3607 .17 

3615.3 

3682.6 

3607 .0 

3614 .6 

3618 .7 

3589 .9 

3666.5 

3581 .0 

3580.2 

BIG HOR MINE WATER WELLS 

PITS 1, 2 & 3 WELLS 

Completion Total Casing 
Zone Depth Size 

Monarch 150 1 511 

Alluvium 18' 511 

Alluvium 19' 5" 

Alluvium 23 I 5" 

Dietz 3 190' 5" 

8"0-20' 
Dietz 3 170' 5"0-TD 

8"0-20' 
Dietz 3 200' 5"0-TD 

8"0-20' 
Monarch 340 1 511 0-TD 

Dietz 2 120' 5" 
8''0-11 

Carney 440' 5"0-TD 

Alluvium 26' 5" 

Alluv ium 25.5 ' 511 

Page 3 of 7 

Perfo ation Packer 
Zone Depth Monitoring/Drilling Date 

Record onthly Water Level~ 
Water Quality Testing Spri1 
Sumner, Fal 1 and Winter 

116 - 141 ' 110 ' Seasons. 1979 - PKS 
,ravel pkd Record 4trly. Water Level~ 

3 - 14.5' 0 - TD 1979 - PKS 
Gravel pkd Record Qtrly. ~later Leve I~ 

7.5 - 16' 0 - TD 1979 - PKS 
.,ravel pkd Pr1vate Padlock Ranch Well. 

3 - 13' O - TD Not Monitored . 1979 - PKS 
Record Monthly Water Level ~ 

162 - 182' 158' 1980 - PKS 
Record Monthly water Level s 

140 - 160 1 135' 1980 - PKS 
Record Monthly I-later Leve I!: 

165 - 185' 163 1 1980 - PKS 
Record Month ly Water Level : 

303 - 327 1 300 1 1980 - PKS 
Record Monthly Water Level~ 

96 - 109 I 96' ' 1980 - PKS 

Record MOnt:11y Water Level~ 
405 - 425 1 404' 1980 - PKS 

Gravel pkc Conti nuous \>Ja ter Leve I 
6 - 26' 0 - TD Recorder. 1980 - PKS 

Gravel pkc Record Monthly Water Levels 
5. 5 - 25 .5' 0 - 1980 - PS 
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BH625 

BH626 

BH627 

BH628 

~629 
"' I -~630 

BH63l 

BH632 

BH633 

BH634 

BH635 

BH636 

BH637 

ocation Location 
PKS Coord. USGS Coord. Elev. 

1,546,684.921 NESWSI~ S. 13 
599,966. 721 T57N,R84W 3582 .8 

, 1,5'l6,708,981 Nt:>WSW S.13 
599,896. 171 T57N,R84W 3583 . 0 

1,546,852.231 SWNWSI~ S.13 
599,503.561 T57N,R841~ 3583 .9 

1,546,929. 291 SWNWSW S.13 
599,294. 521 T57N,R84W 3584.3 

1,548,762. u:,1 :>W~~JNW S. 13 
599,682. 591 T57N,R84W 3578.0 

1,548,606. 24f s~,s~mw s. 13 
599,231 . 011 T57N,R84W 3578.9 

l ,5'l6, 123 . 74t SWSWNW S.13 
596,164 . 751 T57N,R84W 3590.2 

1,545,909.541 SESWSE S.14 
597,812.261 T57 ,R84W' 3582.8 

1,545,692.76 N~JNWNE S . 23 
597,814 . 311 T57N,R84W 3584 . 0 

1,551,352.21 :>WSWSE S.11 
596,470.551 T57N,R84W 3568 . 3 

1,551,307.47 SESESW S.11 
596,260.341 T57N,R84W 3567.9 

l,:>:>l, 149. 371 SESESW S.11 
596,056 . 251 T57N,R84W 3565.4 

1 , 5 51, 129. Util SESESW S.11 
596,098.871 T57N , R84W 3565.9 

BIG HORN MINE WATER HELLS 

PITS 1, 2 & 3 WELLS 

Comp let ion Total Casing 
Zone Deoth Size 

Alluvium 26' 5" 

Alluvium 26.5' 5" 

Alluvium 20' 5" 

Alluvium 14' 5" 

Alluvium 17' 5" 

Alluvium 14 I 5" 

Alluvium 17' 5" 

Alluvium 19' 5" 

Alluvium 25' 5" 
, 

Alluvium 27 1 5" 

Alluvium 28' 5" 

Alluvium 18' 5" 

Alluvium 18' 5" 

Page 4 of 7 

Perfonation Packer 
Zone Depth Monitoring/Orillinq Dute 

Gravel pkd Record Monthly Water Level~ 
6 - 26' 0 - TD 1980 - PKS 

.,ravel pkd Record Monthly Water Level~ 
6.5 - 26.5' 0 - TD 1980 - PKS 

Jravel pkc continuous Water Level 
0 - 17.5' 0 - TD Recorder. 1980 - PKS 

Gravel pkd Record Monthly water Leve 1 ~ 
6 - 14' 0 - TD 1980 - PKS 

Gravel pkd Record MOnthly Water Levels 
5 - 15' 0 - TO 1980 - PKS 

Lirave l pkc Record Month 1 y Water Leve 1 ~ 
2 - 12' 0 - TD 1980 - PKS 

.:iravel pKc Record Monthly Water Leve Is 
5 - 15' 0 - TD 1980 - PKS 

Gravel pkd Record Monthly Water Levels 
2 - 19' O - TD 1980 - PKS 

Gravel pkd Record ~nthly Water Levels 
2 - 17.5' 0 - TD 1980 - PKS 

Jravel pkd Record Monthly Water Levels 
5 - 25' 0 - TD /4~,n~i~~ PKS 

.lravel pkc 1-0td MO~W~,er Levels 
8 - 28' O - TD l > ~.., - s 

Jravel pkd [;i<ecora ,~~ _ w; r Levels 
0 - 18' 0 - TD t· . " .~ . 

3ravel pkc 
~;:~l~~er Level s 0 - 18' 0 - TD 980 , S 

a- ~• (,\, 

"-"1.'11 U ~!,,,"' -
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BH638 

BH639 

BH640 

BH641 

BH642 
n 
°' I ,..._ 

'° -C' 

BH643 

BH644 

BH645 

BH653 

BH654 

Location l ocat ion 
PKS Coard . USGS Coard . 

1, 551,165.971 ::itSESW S.11 
596 ,152 . 35E T57N ,R841{ 

l,551,178.6J~ SESESI{ S. 11 
596,209.06£ T57N , R84W 

1,550,595.Ztr NE!Mfl\l 5. 13 
600 ,321. 75E T57N ,R84W 

1,546 ,477 . 54~ SESWSW 5.13 
600 ,54 5. 39[ T57t, R84W 

1, 546 ,521,ZH SESHSI~ S. 13 
600 ,419.45£ T57N,R84W 

1,546,597. 72~ NESHSW 5.13 
600,509 .89E T57N,R84W 

1 , 5 51 , 15 5 , 16N SESESW S.11 
596,089.28E T57N ,R84W 

1,546,659 ,6n NESWS\~ S.13 
600 ,03 7.71[ T57N,R84W 

l, 543 ,156.9N SESWNE 5.22 
592 ,478.9[ T57N, R84W 

[ ,544 , 349 .2N NESHNE S.22 
592,108 . 7£ T57N,R84~1 

Elev. 

3569.5 

3569.7 

3576.4 

3580.3 

3581. l 

3580.6 

3566.2 

3579.7 

3800.5 

3739 . 7 

BIG HORN MINE WATER \~ELLS 

PITS 1, 2 & 3 WELLS 

Comple ti on Tota l Casing 
Zone Depth Size 

Alluv ium 21 I 511 

Alluvium 22' 5" 

Alluvium 26 ' 5" 

Alluvium 26' 5" 

Alluvium 25.5' 5" 
8" . 

0-21. 5 I 
5" 

Coal Zl A 35' 0-35' 

A11uvium 16.5' 5" 

Alluvium 23' 5" 

Spoils 300' 5" 

Spoil ~ 220 1 5" 

8Z8Z/9Z/Z8 tpeuue~s 
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Perforation Packer 
Zone Depth Monitoring/ Dr illi ng Date 

~ravel pkd Continuous Water Level 
0 - 20 ' 0 - TD Recorder. 1980 - PKS 

11ravel pkd Record Monthly Water Levels 
0 - 20' 0 - TD 1980 - PKS 

11rave l pkd Record Monthly Water Levels 
6 - 21' 0 - TD 1980 - PKS 

pravel pkd Record Monthly Water Le vel s 
0 - 20' 0 - TD 1980 - PKS 

ravel pkd Record Monthly Water Leve ls, 
2 - 22 1 0 - TD 1980 - PKS 

Record Monthly Water Levels 

23 - 35' 23 ' 1980 - PKS 
Record Monthly Water Levels 
Water Quality Testing Sp r in! 

iravel pkd Sumner , Fall and Winter 
5 - 15' 0 - TD Seasons. 1980 - PKS 

Record Month 1 y Water Levels. 
Water Qual ity Testing Sprinf 

1,ravel pkd Sumner hl ~nd Winter 
10 - 20 ' 0 - TD Se¥1)(\Sl 1980 • PKS 

_ _,., 

260 - 300' 260' 
Record Monthly W~ter levels. 

1981 - P, S 
~ 

Recora Montt\!Y wa ~t Levels. 
~ater Quality :r~~ ... ng Spri ns 
Sunrner. Fa 11 an nter 

180 - 220 ' 180' Seasons . 19&1 - PKS 

-
DEQ Ex. 3-1164
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BH655 

BH656 
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WW P5 
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Location Location 
PKS Coord . USGS Coord. 

l,544,292.9N NESWNE S.22 
592,123 .lE T57N, R84W 

1,544,628.SN Sl~NWNE S. 22 
591,351.0E T57 , R8414 

11 549 126.2N NWSENE S. 15 
593,083.3[ T57 , R84W 

1 544,039.83t NWSE NW S.22 
590 696 . lOE T57 , R841~ 

1,544,039. 57~ NWSENW S.22 
590, 711. SOE T57 R84W 

1,544 109.96~ NWSENI~ S . 22 
590 730. 38E T57N, R84W 

l,548,366.2N S~ISENE S. 15 
592 746.lE T57N, R84W 

Elev. 

3740.6 

3653 .2 

3627.8 

3625. 98 

3624. 72 

3624.03 

3633.27 

BIG HORN MINE WATER WELLS 

PITS 1, 2 & 3 WELLS 

Completion Total Casing 
Zone Depth Size 

Spoils 220' 5" 

Spoils 110' 5" 

Spoils 80' 5" 

Spoils 60' 2" 

Spoils 60' 2" 

Spoils 60' 211 

Spoils 84' 5" 

Page 6 of 7 

Perfor,at ion Packer 
Zone Deoth MonitorinQ/Drillinq Date 

Continuous Water Level 
172 - 212' 172 ' Recorder. 1981 - PKS 

Continuous ~ater Level 
70 - 110 ' 70' Recorder . Water Quality 

Tes t ing Spring, SullJller, 
Fall, Winter Seasons . 
1981 - PKS 

Record Monthly Water 
40 - 80' 40' Levels. Water Quality 

Testing Spring, Summer, 
Fall, Winter Seasons . 
1981 - PS 

Gravel pkc Rejuvinated 1981 . Record 
10 - 60' 0 - TD Monthly Water Levels. 

1975 Rahn. 

Gravel pk< Rejuvinated 1981. Record 
10 . - 60' O - TD Monthly Water Levels . 

1975 Rann. -

Gravel pkc Rejuvinated 1981 . Record 
10 - 60' O - TD Monthly I ater levels. 

1975 Rahn. ' I 
' • I 

J 

64 1-84 I 60 1 Continuous record. Water 
Qua l t.y tes t_i Soring. 
Summer, Fall, Winter Seasoni 
1982 - PKS 
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Location Location 
PKS Coord . USGS Coord, Elev. 

1,548,411. 3N SWSENE 5.15 
592 ,753.9E T57N, R84W 3633 . 97 

1,548,297.0 SESWNE S. 15 
592,417.0 T57N, R84W 3627.0 

BIG HORN 1INE l·JATER WELLS 
PITS , 2 & 3 WELLS 

Completion Total Casing Perforation 
Zone Depth Size Zone 

Spoils 83' 5" 64' -84 1 

Spoils : 80' 3' ? 

. 

Packer 
Depth 

none 

none 

Page 7 of 7 

Monitoring/Drilling Date 

Monthly Water Levels. 
1982 • PKS 

Monthly Water Levels . 
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BH461 

BH462 

BH462a 

BH463 

0 - fill463a . -- .::::, 
en BH464 
~ ...... 

BH465 

BH466a 

BH467 

BH468 

Loca ion 
PKS Coo rd. 

1,537,831. 7N 
595,082.8£ 

·1,539 ,335. 5N 
594,959.SE 

l,539,386.4N 
595,013 . 6£ 

l ,540,166N 
600,622E 

1,540,109. 6N 
600,588 .7E 

l,538,203.9N 
598 ,070 .7E 

1,544,255 
597,922E 

1,542 252 .7N 
600,391. 7E 

1,545,078 
599,659E 

1,5'15 523 
599,689~ 

Loca ti on 
USGS Coo rd . Elev . 

NW~HSW S .26 
T57 ,R84\ 3745 . 54 
SENENE S. 27 · 
T57N R84 ~ 3700 .05 
SENENE S. 27 
T57N,R84W 3703.32 

SENHNW S.25 
T57N,R84W 3698.53 

SWNWN~J S. 25 
T57N,R84W 3701. 71 
S\filmE 5.26 
T57N, R84\~ 3781. 91 

. 
NWSENE S.23 
T57N,R84W 3635.11 
Nl~SI~ S. 24 
T57N,R84W 3662.41 

SlmWNW S. 24 
T57N,R84 / 3619.09 

NI/NI· NH S. 24 
T57N ,R84W 3605 . 58 

BIG HORtl rm;E HATER l~ELLS 

SOUTHEAST EXTENSION WELLS 

Compl e: tion Tota 1 / Casing 
Zone De::>th Size 

Dietz 2C 200' 5" 

Monarch 313• 5" 
Dietz 3AB& 
Monarch 314' 5'' . 

Dietz lAB 243' 8" 

Dietz lAB 210' 5" 

Dietz 18 220' 5" 

Carney 440' 5" 

Dietz 2BC 320' 5" 

Monarch 380' 5" 

Die tz 3ABC 290' 5" 

Perforation 
Zone 

140 - 160' 

265 - 305 ' 

265 - 304' 

185 - 200' 
160 - 165' 

158 - 170' 
185 - 203' 

163 - 180' 

390 - 422' 

286 - 304' 

343 - 364' 

230 - 270' 

Page 1 of 3 

Packer 
Depth Monilor ing/ Dr i l l in:: D.::t ~ 

Record Monthly Water Level 
135' 1979 - PKS 

Record MOnthly \~ater Level 
252' 1979 - PKS 

Record Monthly Water Level 
255' 1979 - PKS 

Record Monthly Water Level 
183' 
158' 1979 - PKS 
180' Record Monthly Water Leve I 
150' 1979 - PKS 

Record Monthly Water Le9el 
156' 1979 - PKS 

Record Monthly Water Level 
Water Quality Testing 
Spring & Fall 'Seasons . 

390' 1979 - PS 
Record Monthly Water Level 

285' 1979 - PKS 
-

Recorg, Monthly water Level 
Water>Quality Test ~g 
Spring & Fall Seasons. 

342' ,. 1979 - PKS ,~ 
~ MOnthly Water level 
Wa ~ Quality e$ting' 
Sp ~AF 11 Sea~ons. 

228' 1979 - ~ 
- ,· - j ' .. ---

DEQ Ex. 3-1167



0 
(') ..... 
0 
0-
('D 
"'1 

t0 
0 ...... 
co 

n"'-. 
c-: 
C, 

-c::, 
I 

&.:'I 
I -c:, 

)> 
p.. 
p.. 
('D 

:s 
p.. 
C: 

9 
0 

"' I ...... 
Iv 

I ...... 

'° '° 

le 11 No. 

BH469 

BH524 

~525 
u ..... I 

QB526 
00 

BHS27 ..., - BH528 
U'1 

BH529 

BH530 

BH647 

BH647A 

Location Location 
PKS Coord. USGS Coo rd. Elev . 

1.545,247 .SN NWNENW S. 24 
600,804.lE T57N ,R84W 3614.87 

l,539,399.34N SENWNW S.27 
590,752 .07£ T57N ,R84W 3620.07 

l,539,393,33N SWNE W 5. 27 
591,211,67E T57N,R84W 3622.19 

1,539,388 .35~ SWN EN--W S. 27 
591,680.37E T57N ,R84W 3634 .67 

1,s39 ,579 . 3m SENENW S.27 
592,054. l 9E T57N ,R84W 3640.76 

1 ,-5-39 , 439. 221 SWNl•INE S . 2 7 
592 1 941. 091 T57N,R84W 3654. 17 

1,539,353.921 SEN~JNE S.2i 
593,739.981 T57N, R84~1 3666.6€ 

1,539,340.881 SWNENE S. 2 
594,293.13~ T57N , R84W 3675.25 

1. 542,548. 62N SWN\1SW S. 21 

600 ,603 .088 T57 ,R84W 3673.0 
I 

1,542 ,U3. 291 SHNWSI~ S. 21 
600,577. 08! T57N , R84W 3676.6 

BIG HOP.:I M!l iE ·JA ,ER HELLS 

SOUTHEAST EXTENSION WELLS 

Completion To ta 1 Casing 
Zone Depth Size 

Dietz 2BC 252 .5' 5" 

Alluvium 12' 5" 

Alluvium 13' 511 

Alluvium 23' 5" 

Alluvium 30' 5" 

Alluvium 30' 5" 

Alluvium 28 ' 5" 

Alluvium 25 1 5" 

Coal 
Z28 & Z2C 341 I 5" 

Coal 
228 & Z2C 354' 5" 

Perforation 
Zone 

227 - 244 ' 

1.5 - 8' 

4 - 8, 5' · 

15 - 20' 

22 - 26' 

15 - 30' 

11.5 - 25' 

11.5 - 18.5' 

314 - 334' 

324 - 344' 

8Z8Z/9Z/Z8 tpeuu~~s 

Page 2 of 3 

Packer 
Deoth Mon i tor i n q I Dr i 1 l i n q De t -:: 

-
Record Monthly Water Level. 
Water Quality Testing Spr., 
Su er, Fall & w·nter 

221' Seasons. 1979 - PKS 

lirave 1 pkc lfecord Monthly Water Level 
0 - TD 1979 - PKS 

Record Monthly Water Leve 1. 

Gravel pkc 
0 - TD 1979 - PKS 

Gravel pkc Record Monthly Water Level. 
0 - TD 1979 - PKS 

Gravel pl<c Record Monthly Water Level. 
0 - TD 1979 - PKS 

Gravel pkc Record Monthly Water Level 
0 - TD 1979 - PKS 

Record Monthly Water Level 

Grave 1 pk< 
0 TD 1979 - PKS 

Gravel pk< Record Monthly Water Level. 
O - TD 1979 - PKS 

Record Monthly Water level. 
312' 1980 - PKS 

Record Mor1th l y Water Level. 
322' 1980 - PKS 

DEQ Ex. 3-1168



LO Cdtion Location 
,Jell No. Pl,S Coard. USGS Coor·d. Elev. 

1,544 ,555.821 SWNENE $ . 24 
BH659 603,706.52 T57N, R84l~ 3864 . 90 

1,543,574.15N SESENE S.24 
BH660 603,781.15£ T57N ,R84W 3846.99 

1,546 ,149 . 17N SESWSE S.14 
BH6 74 597,189.29[ T57N,R84W 3610. 98 

1 538 ,391. /3N SESENW S. 26 
BH675 596,815 . 57£ T57N ,R841· 3748.51 

~686 
1,541,554.00N NWSHSE S. 23 

597 ,375. 87E T57N ,R84W 3695.92 
::a 
;-n .., 
c:::t en 

'° 1,543,373.60N SESENE S.23 
'ifH687 598 ,875 . 36£ T57N R84W 3668 .68 

1, 542 ,336. 4~r SEN ESW S. 24 
~ ...... BH688 601,425.81E T57N,R84W 3719 . 05 

., ..., 
I c.., -· 
• 0. 
0. 
(b 

::i 
0. 
C: 
3 
0 
0-, 
I ..... 
tv 
I 

tv 
0 
0 

BIG HnRrl 1Jt;E \-/ATER HELLS 

SOUTHEAST EXTE SION WELLS 

Comp kt ion Total Casing 
Zo ne Depth Size 

onarch 795' 5" 

Dietz 3 667' 5" 

Dietz 2 90 ' 5" 
-

Dietz 2 225' 5" 

Oietz 2 150' 5" 

Dietz 2 210' 5" 

Dietz 1B 280' 5" 

.• 

Page 3 or 3 

Perforation I Pader 
Zone Oeoth Monitoring/Ori 11 in 'i Oi:t= 

Record Monthly Water Le e 
755 - 780' 730' 1981 - PKS 

Record Monthly Water Leve l 
640 - 667' 610 '&640' 1981 - PKS 

57 ~ Record Monthly Water leve l 
60 - 80' ~n · i 87 • 1981 - PKS 

Hecord Monthly Water Leve l 
202 - 218' 191' & 211' 1981 - PKS 

Record Monthly Water Level 
127 - 141' 106' & 12f I 1981 - PKS 

Record MOnthly Water Level 
186 - 203' 165' & 185 ' 1981 - PKS 

244 , Hecord Mont hl y \~ater Level 
245 - 265 1 266 1 & 27f' 1981 - PKS 

DEQ Ex. 3-1169



0 ~ () 
rt BIG HOR HINE WATER WELLS Page 1 af 1 :s: 0 
o' 

c?l • (1) n '"1 PITS 4 & 5 WELLS N 0 
0 
...... 
0:) 

Location Location Completion Total Casing Perforation Packer 
~ 11 No. PKS Coard. USGS Coard. Elev. Zone De th Size Zone De th 

,549,564.60M ESWNI~ S .1 5 Record Monthly Water Level 
BH390 589,539 .24E T57N, R84W 3709.68 TRFU 110' 5" 75 - 110' 70' & 75' 1979 - PKS 

,549,187.04rl NESWNW S.15 Record Monthly ~later Level 
BH391 589 ,542.39E T57N, R84W 3681.3 TRFU 97' 5" 41 - 97' 40 I & 41' 1979 - PKS 

,551,802.2N IUSESE S. 9 Gravel pk Record Monthly Hater Level 
BH392 587,358 .2[ T57N, R84W 3698.5 TRFU 50' 5" 27 - 50' 0 - TD Water Quality Testing 

Spring , Summer and Fall 

0 
Seasons. 1978 - PKS 

,55l 736.9N SWSESE S.9 Gravel pk Record Monthly Water Level 
~ 

587 ,206.4£ T57N, R84W 3701. 3 TRFU 64.5' 5" 46 - 64.5' 0 - TD 1978 - PKS 
en 

_.... 
['-=I 1,551,686. lN SWSESE S.9 Gravel pk Record Monthly Water Level 

11394 587,227.7E T57N, R84W 3701. 8 TRFU 38.5' 5" 18.5 - 38.5' 0 - TO 1978 - PKS 

- 1,550,086.3 SENWN~l S. 15 Gravel pk Record Monthly Water Level 
BH395 589, 209.3£ T57 , R84W 3666.4 TRFU 60' 5" 42 - 60' 0 - TD 1978 - PKS 

• 0. 1,549,950.BN SENWNW S.15 Gravel pk Record Monthly Water Level 0. 
(1) BH396 589 ,212 . SE T57N, R84W 3671.1 TRFU 60' 5" 42 - 60' O - TD 1978 - PKS :::i 
0. 
C 
3 1,554,326. 5N NESENE S.9 8" 0-60' 
0 BH429 588,459.8£ T57N, R84W 3884.8 Carney 280' 5" 0-TD 245 - 265' 244' 0:, 

O' a 
I 0 ...... :,;-

N l,554,340.4N NESWNW S.10 vel I :s: N 
0 BH562 589,325.SE T57N, R841 3832.3 Monarch 111' 5" 86 - 106' 84' :3" ...... Cl) 
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en 

/ell No . 

BH385 

BH386 

BH387 

:j3H388 
I 

g3H389 

BH390 

811399 

8H400 

BH401 

BH402 

8H403 

L cation LOCJ t, Oil 

PtS Coord. USG_ [oo,d. 

I. 540,926. 6N SESWSE S.21 
586,722.JE T57N,R84W 

1,540,595.5N SESUSE S.21 
587,258.4E T57N,R84W 

1,541,350.0N NWSESI~ S. 21 
584,861. lE T57N,R84W 

l,541,320.4N NWSESI-I 5.21 
584,966. 3E T57N,R84W 

l,537, 885 .4N NWNWSE S.28 
587,402 .SE T57 ,R84W 

1,541,841.0N SENHSW S.22 
590,183. SE T57 ,R84W 

1 541.736 . JN SENWSW S. 22 
590,281. 7E T57 l ,R841 

1,541,786.2N SENWSW S.22 
590 282.6E TS 7N, R841.J 

l 54 1,830. 7N SEN~ISW S. 22 
590,382.8E T57N,R8dW 

1,541,827. H SENWSI~ 5.22 
590,482 . 7E T57N , R84l~ 

I 
I 
'l 541,835.9 S£ MSI.J S.22 

590 ,284. 0E T57N , R84.J 

I 

13 I G Hilk I Mlrl ·IA ER :1£L LS 

,lE: ,SlK Hll L ·IE '....S 

Co1•1r le 1011 I 10 tJ 1 I Cas ing 
Elev . Zone Derith I Size 

' 
I 

3836.0 Die tz 28 106' 
I 

5" 
I 

Dietz 3 & I 

3823.3 Monarch 285' 5" 

3910 .8 Dietz 2B 189' 5" 

Dietz 3 & 
3908 . 7 Monarch 335' 5" 

Dietz 3C , 
3804.8 Dietz 38 & 300' 5" 

onarch 

3619 .8 Alluvium 18.5 5" 

3620.5 Alluvium 16 I 5" 

3620 . 2 Alluvium 16' 5" 
I 

I 3620.0 Alluvium 
I 

14' 5" 

' 
3621. 0 A 11 uvium 15 I 5" 

3619.2 Alluv ium 15' 8" 

I 

Page 1 o 2 

Perfor'dt iein Packer 
Zone Depth Monit c.rinq/Cl'il l 111q Or. :..-

Record Monthly Water Level s 
92 - 102' 80' 90' 1978 - PKS 

Record Monthly Water Levels 
Water Quality Tested In 

228 - 280' 224' & 228 'Spring & Fa ll Seasons. 
1978 - PKS 

Record MontnJy Water Levels~ 
177 - 187" 176' 1978 - PKS 

Record Monthly Water Levels 
276 - 335' ,250' 274' 1978 - PKS 

210 - 230' 208 ', Record Monthly Water Leve ls 
265 - 300 1 233' & 26:" 1978 - PKS 

Gravel pkc Record Qtrly. \~ater Levels 
1 - 18' 0 - TO 1978 - PKS 

I 

jGravel pkc Record Qtrly. Water Leve 1 s 
0 - 16 I 0 - TD 1978 - PKS 

1Grave 1 pk< Record Qtrly. Water Leve ls. 
5 - 16' 0 - TO 1978 - PKS 

Gravel pkc Record (J trly. Water Levels 
5 - 14' 0 - TD 1978 - PKS 

•Gravel pkc Ke cord r y. Water Lev l s. 
2 - 15' I O - TD 1978 - PS I . 

' Recora Qt rly . Water Leve 1 s 
I Wat Quality Tes ed S--pring 
jGrave l pkc Surmie & Fall Sea&ons 

l - ld I 0 - TD 19]8 - PKS .. 

I 
. , 

I .___.,Y' ' 
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i ll No. 

BH404 

BH405 

BH406 

BH407 

J 
-:4'BH436 
...,..J , 

) 
tr) 

r:'-l -0 
; -., 
UI 

Location Loca t ion 
PKS Coo rd. USGS Coo rd. 

1,538 ,838 . lN NWS\4NW S. 27 
590 ,005 .2E T57 , R84W 

.1,538 ,793 . 0N NWSWNW S.27 
590 ,04 1. BE T57 , R84W 

1,538 /53 .JN N~ISWNW S. 27 
590 ,074.2E T57N,R84\.J 

1 , 5 38 , 715 . 3N N~JSWN\~ S. 27 
590,106. 3E T57N,R84W 

1, 529 ,466 . Otl SWIWNE S.4 
586,014.GE T5 6N , R84W 

Elev . 

3630 . 6 

3632.7 

3631. 1 

3631.2 

3697 . 9 

BG HORN MINE WATER WELLS 

,lC·S1 IIILL 4ELLS 

Comp let ion Tota l Casing 
Zone Dep t h Size 

Alluv i um 16.5' 5" 

Alluv i um 18.5 1 8" 

Alluvium lCJ' 5" 

Alluvium 19' 5" 

Lower 
Monarch 420' 5" 

. 

Pa ge 2 of 2 

Perfora t ion Packe r 
Zone Depth Monitori ng/Drillinq Diltc 

Gravel pkc Record Qtrly. ~later Level . 
4 - 16.5' 0 - TD 1978 - PKS 

Grave 1 pkc Record Qtrly. Water Leve 1. 
2 - 15' 0 - TD 1978 - PKS 

Grave 1 pk< Record Qtrly. Water Level. 
8.5 - 19 1 0 - TO 1978 - PKS 

Gravel pk< Record Qtr~. Water Level. 
9 - 19 1 0 - TD 1 8 - PKS 

Unused Woolston Water Wel 1. 
280', Record Quarterly level. 

313 - 337' 308 ' & 3lt' 1978 - PKS 

I 

I 
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Location 
Site PKS Coord. 

Hidden Water 1,550,144. 73N 
Creek ( WCl) 589,475.78E 

Tongue River l,545,963.76N 
at onarch 584,159.58£ 
(TRl) 

Turtle Pond l,543,525.03N 
Draw Tributary 598,181.00E 

Country ite 1,539 505. 73N 
Club Draw 592,929.69E 

SURFACE WATER MONITORING STATIONS 

BIG HORN COAL 

Location 
USGS Coord. Elevation Station Type 

bbd S.15 2 ft.Parshall 
T57N, R84W 3661. 29 Flume . 

ccd S.16 4 ft.' Culvert 
T57N, R84W 3613.94 gauging 

station 

' 

adc S.23 Static Water 
T57N , R84W 3614.8 Sampler 

abc S. 27 Static Water 
T57N , R84W 3640.8 Sampler 

Page 1 of 5 

Mine or 
Proposed Mine Comments 

Big Horn Continuous recorder checked mon thly 
{ Pit 4) (PKS), water quality testing monthly 

March-July (PKS), two crest gauges 
and one sediment sampler are located 
approx. 200' above flume (PKS) . 

Big Horn Strip chart changed bi-annually (PK~ 
water quality testing Winter, Spring 
SuITTner and Fall seasons (PKS), 
stream gaged occasionally Spring and 
Su!Mler seasons (PKS), sediment 
sampled 1-2 times a week at Spring 
runoff and wee ly throughout SulTITier 
man ths ( PKS) . 

Big Horn Water qua lity sample obtained during 
Southeast runoff events . Crest gage 11 0° 
Extension located 5 ft . downstream. · Sediment 

sampler located 230 ft . downstream. 
Crest gage "B" 1 oca ted 285 ft. down-
stream. 

Big Horn Water qua lity sample obtained during 
Southeast runoff events. Crest gage "K'1 

Extension located 5 ft. downstream. Sediment 
sampler located 87.5 ft. downstream. 
Crest gage "I" located 190 ft. down-
IS tream. 
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Location 
Site PKS Coord . 

Goose Creek 1 536,889.75N 
(GCO) 589 743.45E 

Water Quality 
J Site GC2 
.., 
:, Water Quality 1,546,926.23N 

Site TRSb 593,930.61E 

Water Quality l,546,949 .04N 
Site BH003 593,202 . 16£ 

Sed iment l,546,850 .66N 
Sampling Site 
TRBR ( be 1 ow 

593,853 .33[ 

relocation of 
channel at Big 
Horn Mine) 

SURFACE WATER MONITORING STATIONS 

BIG HORN COAL 

Location 
USGS Coard. Elevation Station Type 

cbc S.27 4 ft. culvert 
T57N, R84W 3633.81 gauging 

station 

cca S. 15 Water Quality 
T57N, R84W Tes ting Site 

dda S.15 Water Quality 
T57N, R8'1W 3590.11 Testing Site 

(at 2 ft. fl um~) 

dad S.15 Water Quality 
T57 , R84W 3587.99 Testing Site 

at 2ft. flume 

dda S.15 Sediment 
T57N, R84W 3589 . 39 Sampling 

Collection 

Page 2 of 5 C 
Mine or 

Proposed Mine Comments 

Big Horn Strip chart changed bi-annually (PK~ 
water quality testing Winter, Spring 
Su111T1er and Fall seasons {PKS), 
stream gauged occasionally . Spring 
and Surmier seasons (PKS), sediment 
sampled 1-2 times a week at Spring 
runoff and weekly thro ughout Sumner 
months ( PKS). 

Big Horn Water quality testing Wi nter, Spring 
Sulllller and Fall seasons (PKS). 

Big Horn Water quality testing Winter , Spring 
Su11111er and Fall seasons (PKS), 2 ft. 
flume is maintained by PKS Chemis t 
(discharge point). 

Big Horn Water qua lity testing Win~er, Spr ing 
Su1T111er and Fall seasons (PKS), 2 ft. 
flume is mainta ined by PKS chemist 
(discharge point) . 

Big Horn Sediment samples collected 1-2 times 
a week during Spring runoff and 
weekly throughout Summer months 
( PKS). to a 

0 
;,:;-

s: 
::i 
(II 
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Site 
location 
PKS Coord. 

Pit Five Draw 1,552,936 .82N 
594,796.0lE 

Water Quality l,552,118 . 08N 
Site TR2b 595,531.02£ 

SURFACE WATER MONITOR ING STATIONS 

B 1 G HORN COAL 

ocat10n 
USGS Coord. 

dbc S.11 
T57N, R84 

cdb S .11 
T57N, R84W 

Elevation Station Type 

Crest gage & 
3583.1 Static Water 

Sampler 

3565.5 
4 ft. culvert 
gaging static 

Page 3 of 5 

Mine or 
Proposed Mine 

Big Horn 
(Pit 5) 

Big Horn 

Comments 
A single crest gage with a static 
water sampler five feet upstream 
of gage . 

Strip chart changed bi-annually 
(PKS) water quality testing four 
seasons (PKS). Stream gaged 
throughout year (PKS). Sediment 
sampled 1-2 times a week at Spring 
runoff and weekly throughout SulllTler 
months. 

---....-------------------------------------------------------
~ ~ Runoff Plot 

; ::a:.,. No. 1 
m 

I U, .. 
5: 
0. 
(D 

~ 
0. 
,:; 

3 
0 

°' I -tu 
I 

tu 
0 

°' 

Runoff Plot 
No. 2 

Runoff Plot 
No. 3 

l,544,048.87N 
590,434.55E 

l,544,047.77N 
590,457.76E 

1,544,016.70 
590,488.13E 

bdb S.22 
T57N, R84W 

bdb S.22 
T57 , R84\ 

bdb S.22 
T57N, R84W 

3654.01 

3652.81 

3645 . 35 

4 ft . X }0.8 
ft . rectang
ular catch
ment area 

4 ft. X 11.1 
ft. rectang
ular · catch
ment area. 

4 ft. X 10.9 
ft. rectang
ular catch
men t area 

Reclaimed 
Plachek Pit 
Area 

Reclaimed 
Plachek PH 
Area 

Reclaimed 
Plachek Pit 
Area 

Surface water runoff collected, 
measured and analyzed for sediment 
concentration after each event . 
Water quality tested bi-annually 
precip . gage nearby . 

See R. P. No . 1 C00111ents. 
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Location 
Site PKS Coord. 

Runoff Plot 1,544,022 . 46N 
No. 4 590 ,502.19E 

Runoff Plot 1,542,095.98N 
No. 5 591 ,959.64[ 

Runoff Plot 1,542,084. 72N 
No. 6 591,978 .41E 

Runoff Plot 1,541,718.07~ 
No. 7 592 ,141 .69E 

Runoff Plot 1 , 541 , 711. 92N 
No . 8 592,158.71[ 

Runoff Plot 1 544,975 .84N 
No. 9 597,374. 90E 

SURFACE WATER MONITORING STATIONS 

BIG HORN COAL 

Location 
USGS Coord . Elevation Station Type 

bdb S.22 4 ft. X 11.1 
T57N, R84W 3645.69 ft. rectang-

ular catch-
ment area 

cad S.22 4 ft . X 11 .1 
T57N , R84W 3696.53 ft. rectang-

ular catch-
ment area 

cad S.22 4 ft. X 11.0 
T57N , R84W 3697.23 ft. rectang-

ular catch-
ment area 

cda 5.22 4 ft. X 11.2 
T57N , R84W 3668.55 ft. recta.ng-

ular catch-
ment area 

cda S.22 4 ft. X 11.3 
T57N , R84~/ 3669 .26 ft . rectang-

ul ar catch-
ment area 

abd S.23 4 ft. X 11. 2 
T57N, R84W 3615 . 70 ft. rectang-

ular catch-
ment area 

Page 4 of 5 

Mine or 
Proposed Mine Cooments 

Reclaimed See R. P. o. 1 Comments . 
Plachek Pit 
Area 

Reclaimed Pit See R.P. o. 1 Corrments. 
One Area 

Reclaimed Pit See R.P. No. 1 Corrments . 
One Area 

Reclaimed Pit See R.P. No. 1 Corrments. 
One Area 

Reclaimed Pit See R.P. No. 1 Conmen ts. 
One Area 

Undis t urbed Pit See R.P. o. 1 Co,mients. 
One Area -

. . . 
\ . 
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location 
Site PKS Coard. 

Runoff Plot l,544,985 .14N 
o. 10 597 377. 82£ 

Runoff Plot l , 545,014. 53N 
o. 11 597,433.48£ 

Runoff Plot l,545,028.23N 
o. 12 597,439. 18E 

SURFACE WATER MONITORING STATIONS 

BIG HORN COAL 

Location 
USGS Coard. Elevation Station Type 

abd S. 23 4 ft. X 11. 2 
T57N, R84W 3614.92 ft. rectang-

ular catch-
ment area 

abd S.23 4 ft. X 11. 3 
T57N, R84W 3606.09 ft. ectang-

ular catch-
ment area 

abd 5.23 4 ft. X 11.2 
T57N , R84W 3604 . 63 ft. rectang-

ular catch-
ment area 

Page 5 of 5 

Mine or 
Proposed Mine Co1TV11ents 

Undisturbed Pit See R.P. No. l Colllllents. 
One Area 

Undistrubed Pit See R.P. o. l Co111nents . 
One Area 

Undisturbed Pit See R.P . o. 1 Comments. 
One Area 

. 
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RAMACO 

October 2018 

ADDENDUM 06-2 
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GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR WYOMI G At-ID MONT A/ A 

WELL 0. BH 576 

SAMPLE FIELD 
WEATHER TECH. TEMP . 

oc 

cold pumped 14.0 
snowy 

FORMAT ION Dietz 3 

PARAMETERS 

LAB FIELD LAB 
pH pH corm. 

8.0 7.52 2120 

AREA Big Horn - Pit Three 

FIELD TOTAL 
CONO . TDS SAR HARDNESS 

2500 1510 29.04 81 

CALCIUM 

15 

MAGNESIUM 

9 

I 
0 
0 
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GROUNIJ\,JATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING MD MO TMA 

WELL 0. BH 576 

CAT IONS TOTAL ALKALINI TY 
ANIONS as CaC03 

27 .31- 1290 
26 . 92 

FORMATION Dietz 3 

PARAMETERS 

BICARBOHATE CARBONATE 
as HC03 as C03 

1570 0 

AREA Big Horn - Pi t Three 

ACIDITY CH LO RI DE FLUOR IDE 

0 31 2.34 

Page 2 , 

N02+N03 TOTAL 
as "N" SULFATE PHOS . 

0.17 13 -
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GROUNDWATER QUALITY 

\~ELL NO . BH 576 

ORntO ORGAN! C A ~NIA 
PHOS. PHOS. NrT . as N Al 

4.96 0.4 

Pag 3 c 

- COMOI ED REQUIREMENTS FOR WYO ING ANO MO TANA 

FOR ~AT ION Dietz 3 AREA Big Horn - Pit Three 

PARAMETERS 

Fe Fe 
As B Ba Cd Cr Cu DISSOLVED TOTAL Pb Mn 

<: 0.005 0. 1 0. 5 <0.005 0.02 <0 . 01 0. 06 0.02 ~0.02 

ro 
"1 
0 
0 
;,;-

3:: 
::i' 
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GROU DUATER QUALITY 

WELL NO . BH 576 

Se V Zn 

<0.005 - 0 . 04 

COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

8Z8Z/9Z/Z8 'peuu~~s 
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FORMATION Dietz 3 

PARAMETERS 

AREA Big Horn - Pi t Th ee 

OIL & ORGANIC CHLOROPHYLL TO TAL KJELDAHL 
GREASE NIT. as IINII a ORGANIC C NIT . as "N" COMMENTS 

- - - - -
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GROUNDUATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTAI A 

WELL NO . BH 596 FORMATION Dietz 2 AREA Big Horn - Pit Three 

PARAMETERS 

SAMPLE FIELD LAB FI ELD LAB FIELD TOTAL 
\~EATHER TECH. TEMP. 

oc 
pH pH com. COND. TDS SAR HARDNESS CALCIUM MAG ESIUM 

cool pumoed 14.0 7.9 7 .03 2120 1800 1390 36.26 46 8 6 

0:, 
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GROUNDWATER QUALITY - COMB I ED REQUIREME TS FOR ~JYOMI G AND MONTANA 

WELL NO . BH 596 FORMATIO Dietz 2 AREA Big Horn - Pit Three 

PARAMETERS 

CATIONS TOT AL AL KALIN ITV BICARBONATE CARBONATE N02+N03 TOTAL 
ANIONS as CaC03 as HC03 as C03 ACIDITY CHLORIDE FLUOR I DE as "N" SULFATE PHOS. 

-0.19 1240 1520 0 0 29 2.33 0 .02 5 0. 12 
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- COMBINED REQU IREMENTS FOR \~YOMING AND MONTANA 

FORMATION Dietz 2 AREA Big Horn - Pit Three 

PARAMETERS 

Fe Fe 
As B Ba Cd Cr Cu DISSOLVED TOTAL Pb Mn 

<0,005 <O. 1 <0.5 <0.005 <0.02 0.02 <0 .05 0. 32 <0.02 <0 .02 
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; 
GROU 0\-JATER QUALITY - COMB I ED REQUIREMENTS FOR WYOMING AND MONTANA (') 

0 

WELL NO . BH 596 

Ni Se V Zn 

0.02 <0.005 0.02 

FORMATION Dietz 2 AREA Big Horn - Pit Three -----
PARAMETERS 

OIL & 
GREASE 

ORGAN IC CHLOROPHYLL TOTAL KJELDAHL 
NIT . as "N" a ORGAN I C C NIT . as "N" COMMENTS 
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DATE 
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~ 0/81 
"' ::) 
,D 

6/81 

10/81 

/3/81 

114/82 

1. 

.. 
in 

) . 

TIME SAIIPLERS 

Veenstra 
1525 Bondar 

Gentry 
1310 13ondar 

[Volk 
1015 13ondar 

Volk 
1400 Lyden 

Anderson 
0900 Bonda 

Jones 
1430 Anderson 

Jones 
1403 Anderson 

1400 Jones 
Anderson 

GROUNDtlATER QUALITY - COMBINED REQUI REME TS FOR WYOMI G ANO MONTAN/\ 

ELL I 0 . 469 --~-- FORMAT I Qt DZ2 _ __,._.._ __ _ AREA_~B ..... i_g_.H~o~r=n-
PARAMETERS 

SA PLE FiflO LAB FIELD LAl3 FIELD TOTAL 
HEATHER TECH. TEMP. pH pH COi 0. CONO. TOS SAR HARD ESS CALCIUM MAGNESIUM oc 

coo l pump 11. 0 7.9 7.44 1920 2300 1180 --- 50 8 8 

1~arm pump 17.0 8. 1 7.30 1970 2000 1230 -- - 54 11 7 

cool pump 12.0 7 .8 7. 09 1820 1550 1220 -- - 41 8 5 

cold pump 14.2 8.0 7.60 1910 3000 1120 -- - 36 6 5 
... 

wann pump 13.0 7.6 7.70 1910 880 1170 --- 45 8 

warm pump 14. 0 7.8 7.90 1870 2000 1200 -- - 36 7 5 

coo l pump 14.0 7.8 8.15 1930 1788 1170 --- 44 9 5 
wann pump 13.0 8.0 6.30 1940 1767 121 0 31.40 44 8 5.9 

11. 0 7 .8 7. 09 1020 380 112') 31.40 36 6 5 
14.2 8. 1 8.15 1970 3'100 1230 31.40 54 11 8 
13.5 7. 9 7.50 191~ 1n11 1188 31.40 44 8 6 

1. 8 .2 .44 . tl6 607 35 0.00 6 l I 

I 
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Page 2 of 
0 ~ (") .... 

~ 0 
er • (l 

0 .., 
tv GROUIW\·/ATER QUAL !TY - CO 181 ED REQUIREMENTS 
0 

FOR /YOMING AND MONTANA 0 
,..... 
00 ~/ELL 1 0. 469 FORMATIO AREA Bjg HQra 

PARAMETERS , 

CATIO S TOTAL ALKALIN ITY BICARBONATE CARBONATE N02+ 03 TOTAL 
SODIUM POTASSIU AN IONS as CaC03 as HC03 as C03 ACIDITY CHLORIDE FLUORIDE as " N" SULFATE PHOS . 

473 8 . 23 1020 1250 0 40 2.96 .04 2 

486 8 -. 45 1040 1270 0 38 2.86 <. 01 49 

492 8 . 23 1040 1270 0 42 2.78 . 01 5 

480 2 - .39 1040 1270 0 40 2.87 <. 01 3 
J 
"487 8 .54 1030 1250 
..:, 

0 40 3.13 2.56 4 . 07 
~ ~ -
n :::e: :, 474 10 . 39 1030 1260 0 39 2.75 . 10 3 . 08 .. 

CD - I'.) 
471 8 . 39 1030 1260 0 37 .40 <.01 12 

...... 
c:, 478 7.4 - .26 1040 1270 0 39 3. 10 <. 01 3. 3 . ll 

:'II ' 
I "" 471 2 .23 1020 1250 0 37 .40 <.01 2 . 07 

492 10 . 54 1040 1270 0 42 3. 13 2.56 49 .11 
)> 
0. 480 7 .09 1034 1263 0 39 2.61 10 . 09 0. 
(l 

::l 8 3 . 39 7 9 0 2 .90 0. 
i:: s 

OJ C, .., 
°' 0 

I 0 ,..... ;,:;--tv 
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GROU 10\•JATER QUALI TY - COMBI ED REQU IREME TS FOR WYOMING AND MONTANA 

l~ELL NO. __ ......... ..__ FORMATION __ ..QL2___ AREA __ .... BjL.;,g_,H...,.ou..r .... n 

PARAMETERS 

AMMOt f A Fe Fe NIT. as N Al As B Ba Cd Cr Cu DISSOLV ED TOTAL Pb Mn 

2. 8 . l <. 005 <. 1 <.5 <,005 <,02 <. 02 .04 2.53 <,02 <.02 

3.6 <. 1 <,005 <.l <.5 <.005 <.02 <.01 . 05 .79 <. 02 <,02 

2.95 <.l <. 005 <.l <,5 <.005 <.02 .05 .08 . 33 <. 02 .06 

3. 41 <, I <,()05 < . 1 <.5 <.005 <.02 <.01 .12 .16 <.02 <,02 

3.57 <. I <. 005 <.1 <,5 <.002 <,02 <. 01 .73 .73 <.02 <.02 

. 08 . 1 <.005 <. 1 <.5 <.002 <, 02 .02 <.05 . 08 <.02 <. 02 ,,, 
3.60 <. 1 <.005 <.l .6 <. 002 <. 02 <. 02 .05 2. 99 <.02 <, 02 

2.72 .2 <, 005 .11 <.5 <.002 <.02 ( . 01 . 07 2.43 <. 02 ( ,02 

. 08 ( , 1 <,005 . 1 <. 5 <.002 <.02 <.01 .04 .08 .02 <. 02 

3.60 .2 <.005 .11 . 6 <.005 <. 02 .05 .73 2.99 <.02 . 06 

2.84 -- - --- - -- -- ---- --- - -- . 15 1. 26 -- - ---
1.17 --- --- - --- -- - - -- - -- --- .24 1.19 ~ " 

-.., __ -- -

' 

1 .• 
h . 

-~~· I~" 
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Hg Ni 
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GROUW/ATER QUALI Y - COMB! ED REQUIREtENTS FOR WY0·11 G AND MO TANA 

!-/ELL NO. -----469 FORMAT IO DZ2 ----- AREA Big Horn --~---
PARAMETERS 

OIL & ORGA JC CHLOROPHYLL TOTAL KJELDAHL 
Se Zn GREASE NIT . as uN" a ORGANIC C tl!T. as "N " COMMENTS 

<.005 --- .06 

<.005 --- <.01 

<.005 --- .44 

<.005 - -- .04 

<.005 - -- .02 

<. 005 - - - .13 .... 
<.005 -- - ~.01 

<. 005 ---
. 

. 07 

<. 005 -- - 1< . 01 

<. 005 - -- . 44 

- --- -- - ---
---- --- ---
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-21-80 

1-6-80 

-16-81 

· 11-81 

· 11-82 
,. 
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TI lE SN1PLERS 

Ogle 
1115 Veenstra 

1315 Bowlby 

Bondar 
1015 Bowlby 

Bowlby 
Bondar 

1430 Veenstra 

Bondar 
1050 Gentry 

Volk 
1010 Bondar 

Wolf 
1045 Bondar 

Andersen 
1100 Jones 

1015 Andersen 1---~ 

GROU DlrlATER QUALITY - COMBINED REQUIREMENTS FOR WYO 1ING AND MO TANA 

\~EL L f O. 208 ----- FORMATION ---- --DZ3 AREA Big Horn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL 
I EATllER TECH . TEMP. pH pH corm. co 0. TOS SAR HARDNESS CALCI UM t AG ESIU -1 oc 

warm thief 12. 0 7.5 - 1820 1850 1510 - 790 121 119 

cool thief 12.0 8.1 6.91 1780 1900 1470 - 740 116 109 

cool thief 9.0 8.2 7. 75 1890 2000 1560 - 830 125 126 

cool pump 14.0 7.5 7. 04 1870 2000 1150 - 816 124 123 

.. 
cool thief 10.0 7.8 6. 50 1730 1440 1440 - 678 100 99 

cool thief 11.0 7.3 7.03 1550 1250 1250 - 606 86 95 

cool thief 11. 0 7.5 6.50 1610 1450 1170 - 605 105 84 

cool thief 10.0 8.0 6.60 1230 1552 1200 - 650 109 92 

wann theif 10.0 7.4 6.60 1770 1594 1260 2. 34 683 110 100 
9.0 /.J b.!:>U lt:JU 144U ll!:>U 2.J.q bU!> 86 84 

14.0 8.2 7.75 1890 2000 1560 2.34 830 125 126 
11. 0 7.7 6.87 1694 1671 1334 2. 34 711 112 105 
1.5 . 3 .42 20- 27 . 59 - 87 12 5 
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133 22 

153 20 
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J 154 19 
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; 144 17 
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141 17 

141 17 

133 17 
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6 2 

GROUNDWATER QUALITY - COMBINED REQUJREMENTS FOR WYO ING AND MO TANA 

WELL NO. -----208 FORMATION -----023 AREA Big Horn 

PARAMETERS 

CATIONS TOTAL ALKAL I ITV BI CARBONATE CARBONATE 
ANIO IS as CaC03 as HC03 as C03 ACIDITY CHLO RI DE 

-. 05 303 369 0 - 10 

-.13 253 308 0 - 13 

-.43 307 375 0 - 13 

-.39 325 396 0 - 14 

-. 31 310 377 0 - 12 

-.04 312 381 0 - 10 
:;• 

.32 301 368 0 - 9 

.23 299 365 0 - 11 

.20 304 371 0 - 9.9 

-.43 253 308 0 - 9 

.32 325 396 0 - 14 

.07 302 368 0 - 11 

.28 20 24 0 - 2 

Page 2 of 

02+N03 TOTAL 
FLUORIDE as "N" SULFATE PHOS . 

<.01 . 7 772 .10 

.15 .12 760 . 04 

.45 1. 92 840 . 05 

. 54 .94 789 4. 08 

.33 .41 695 .15 

.28 .16 592 . 04 

. 35 .30 581 . 24 

.52 . 57 644 -

.32 . 21 675 .06 

<. 01 .12 581 .04 

.54 1.92 Z89 4. 08 

. 33 . 59 705 .60 

.1 7 .57 91 1.41 
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GROU1/0WATER QUAL !TY - COMB INED REQUIREMENTS FOR \~YO~ I NG AND 10NTANA 0 
-, 
tv 
0 ,... 

\~E LL NO. 208 00 FORMATJON DZ3 AREA Bjg Horn 

PARAMETERS 

ORTHO Fe Fe PHOS . Al As B Ba Cd Cr Cu DISSOLVED TOTAL Pb Mn 

3.9 <, 1 .005 <, 5 <,005 <.02 <. 01 .43 .89 <,02 . 13 

1. 39 . 1 <, 005 . 1 <.5 <. 005 <. 02 . 02 .58 .64 <. 02 . 13 

< , 10 < . 1 <,005 .2 <.5 <.005 <.02 .02 . 05 . 60 <.02 .02 

2.87 .3 <.005 .4 <.5 <.005 <.02 <. 02 .11 218.00 <.02 .18 

D - . 77 <. 1 .005 . 1 <,5 . 005 <.02 <.01 <.05 .57 <.02 .04 
I 

IV 
1. 62 . 1 <.005 .1 <,5 <.005 <.02 <. 02 .18 . 18 <.02 .08 _,. VI ,, ~-

C' 
.82 . 1 <.005 < .1 <.5 <. 002 <.02 . 01 <.05 5.67 <. 02 <. 02 -0 ..... I. 22 . 1 <. 005 <. 1 <. 5 ' <. 002 <. 02 .02 .14 3.59 <.02 .13 

' U1 .49 . l <.005 . 15 <. 5 <, 002 <. 02 <.01 <.05 1. 27 .. . 02 <.07 - .10 . 1 . 005 < .1 <. 5 .002 <. 02 <. 01 <.05 .18 <. 02 <.02 

• 2.87 .3 .005 .4 
0. 

. 5 .005 .02 .02 .58 . 18 
0. 

1. 46 . 09 
(l 

::s 
0. 
s:: 1. 21 . 06 :3 

CD -, 0 
0 
0 "' ' ;,;--,..... 

~ 
tv 
' s· tv 

.p. 
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Hg Ni 
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<.001 <.01 

<.001 <. 01 
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GROU/'Ol·IATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

\-JELL 0 . -----208 FORMATION - ----DZ3 AREA Big Horn 

PARAMETERS 

OIL & ORGANIC CHLOROPHYLL TOTAL KJELDAHL 
Se V Zn GREASE NIT. as "NII a ORGANIC C r11 T. as "N" COMMENTS 

<.005 - <.01 

<.005 - <.01 

<.005 - .17 

<.005 - . 02 

<,005 - . 04 

' <. 005 - .02 : 

;J 
<,005 - .09 

<. 005 - .07 

<.005 - .02 

<.005 - <. 01 

<.005 - . 17 
... -- -- - ---

~ 1-.. ~ ---- - --- ; 
- ' I 

l I, -

J ; ., 
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1, 

<. 

ln 
) . 

TIME SAMPLERS 

Bowlby 
Veenstra 

1210 Bondar 

Bandar 
1600 Gent ry 

Volk 
1040 Bonda r 

Volk 
1300 Lyden 

Lyden 
0900 Andersen 

Andersen 
1235 Jones 

1215 Andersen 
Jones 

GROUWIATER QUALITY - COMBINED REQUIREMENTS FOR WYOMI G AND MO TAIA 

~IELL N0._4_;_;;6=8 __ _ FORMATION DZ 3 --==-=------ AREA Big Horn 

PARAMETERS 

s Pl£ FIELD LAB FIELD LAB FIELD 
~IE ATI IER TECH . TEMP. pH pH cow. COND. TDS SAR oc 

cool pump 14.0 7. 7 7.21 1470 1650 934 -

cool pump 16. 0 7 .8 7.24 1850 1640 1110 -

cool pump 13. 0 7.9 7.12 1820 1600 1120 -

cold pump 8.5 7.8 7.80 1790 ?.200 10~ -

cool pump 12.0 7.6 7. 1 1790 1450 1110 -

cool pump 14 .0 7.5 7 .. 9 1680 1469 984 -
wann pump 14.0 7.6 6.7 1760 1635 1080 31. 30 

3 .5 7.5 6. 7 1470 1450 934 31.30 
16.0 7. 9 7.9 1850 2200 1120 31. 30 
13. 1 7.7 7.3 1737 1663 1050 31.30 
2.4 . 1 .4 129 251 72 0 

TOTAL 
HARDNESS 

41 

38 

32 

36 

33 

44 

37 

32 
44 
37 

1 

4 
l 

I 

CALCIUM 

7 

8 

7 

7 

7 

9 

8.1 

7 

9 
8 

1 

-..,..-

MAG £SI UM 

5 

5 

4 

4 

4 

5 

4. 1 

4 
5 
4 

1 

i 
• (') 
0 

DEQ Ex. 3-1195



0 
<, .... 
0 
0-
Cll ., 
tv 
0 -00 

• 0.. 
0.. 
Cll 
:, 
0.. 
c:: 
3 
0 
O'I 

1 -tv 
I 

tv 
Iv 
--.:) 

SODIUM 

378 

450 

455 

458 

~ 454 
I 

"" ;;;411 

438 

378 

458 

435 

30 

POTASSIUI 

8 

10 

9 

<1 

9 

8 

7.8 

<l 

10 

8 

3 

GROU (MATER QUALITY - COMB! ED REQUIREMEtlTS FOR WYOHNG ANO MO TANA 

4ELL 1 0. -----468 FORMATIO ------OZ3 AREA Big Horn 

PARAMETERS 

CATIONS TOT AL ALKALI ITY BICARBONATE CARBONATE 
ANIOIS as CaC03 as HC03 as C03 ACIDITY CHLO RI DE 

.28 796 971 0 - 32 

-.24 984 1200 0 - 39 

-.06 983 1200 0 - 39 

.11 970 1180 0 - 38 

- .31 99 1 1210 0 - 37 

0.00 896 1090 0 - 34 
• 

- . 11 935 1160 0 - 36 

-.24 796 971 0 - 32 

.28 991 1210 0 - 39 

-.05 936 1144 0 - 36 

.20 71 87 0 - 3 

Page 2 ot 

N02+N03 
FLUORIDE as "N" SULFATE 

1. 54 . 03 18 

1. 71 <,01 2 

1.57 . 01 <l 

1. 73 <. 01 3 

1. 90 .02 <l 

. 62 <. 01 2 

1. 76 <, 01 2. 1 

.62 <. 01 I 

1. 90 .03 18 

1. 55 -- - -

.43 -- --

. 

TOTAL 
PHOS. 

.07 

. 16 

. 08 

.11 

. 04 

-

.08 

. 04 

. 16 

.09 

. 04 

~ 
• (') 
0 

DEQ Ex. 3-1196



0 
Page 3 of 

~ 
() .... 

~ 
0 
c; 
~ 

() 
"1 

Iv GROUN DWATER QUAL ITV - COMBINED REQUIRE/ ENTS FOR WYOMING AND MONTANA 0 0 ...... 
CX> lffll 0. !168 FOR1ATION DZ3 AREA Bjg ~Qrn 

PARAMETERS 

ORTHO Fe Fe PHOS. Al As B Ba Cd Cr Cu DISSOLVED TOTAL Pb Mn 

3.40 . 1 <.005 . l <.5 <.005 <.02 <,02 . 16 . 36 <. 02 <.02 

3.88 .3 <.005 < . 1 .6 <.005 <.02 . 01 . 19 . 39 <.02 <.02 

3.80 <.l <,005 < . 1 <,5 <.005 <.02 .04 <.05 . 22 <,02 <.02 

3.90 <. 1 <.005 < . 1 .5 <,005 <.02 <,01 .22 .22 <.02 <.02 
:, 3.31 0 <.005 < . 1 <, 5 <.002 <.02 <, 01 .18 1.13 <.02 <,02 
) - 2.50 . ' -r. 

<. l <,005 < .1 .6 <.002 <.02 <,.-01 .24 . 26 <. 02 <.02 
... 

3.18 <. 1 <,005 . 14 <.5 <.002 <. 02 <. fJl .16 .22 <.02 <.02 - ...... 2.50 <. 1 <.005 <, 1 <,5 <,002 <.02 <. 01 <.05 .22 <.02 <. 02 

3.90 . 3 . <.005 . 14 .6 <.005 <. 02 . 04 . 24 1.13 <.02 <,02 - 3.42 .17 .40 
• 0. .50 . 06 0. 
~ 
::i 
C. 
C: 
3 
t, 

0:, 
"1 °' 0 ' 
0 

.... 
;,:;-Iv 

I 

3:: tv 
tv 
CX> ::i" 

~ 
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0 
(') .... 
0 
a
~ .., 
tv 
0 ..... 
00 

::a 
m 
r-, 
c::, 

-
.... 
"'?I, 

= 
c::, ~ 

I 

I -
..... 
C 
r~ 
c.;: 

• 0. 
0. 
~ 
:l 
0. 
C: 
~ 
0 
0, 

' ..... 
tv 
' tv 
tv 
\0 

Mo Hg 

<,001 

<. 02 <. 001 

<,02 <,001 

<.02 <. 001 

~<.02 <,001 
I 
v 
~<.02 <.001 

<, 02 <.0002 

<. 02 <.002 

<.02 <. DOI 

Ni 

<. 01 

<. 01 

.02 

<. 01 

<.01 

<. 01 

<. 01 

<. 01 

.02 

8Z8Z/9Z/Z8 tpeuua~s 

Page 4 01 

GROU DUATER QUALITY - COMB! ED REQUIREMENTS FOR WYOM ING AND MONTANA 

l·IELL 0 . 468 -----

Se V Zn 

<.005 .02 

<.005 .01 

<. 005 .05 

<.005 . 02 

<. 005 . 08 

<.005 .04 

<.005 . 17 

<. 005 . () l 

<,005 . 17 

• ()6 

.()6 

FORMATIOt _ _._.,.~-- AREA Big Hori:i 

PAR Af 1 ET ER S 

OI L & 
GREASE 

ORGANIC CHLOROPHYLL TOTAL KJELDAHL 
IT. as "N" a ORGAN IC C t IT . as "N" COMMENTS 

., 

DEQ Ex. 3-1198



0 
n 
~ 

0 
Cf 
(b .., 
tv 
0 ..... 
00 

• . 
c:: -0 

I ...., 

-
)> 
0. 
0. 

:I 
0. 
C: 
3 
Cl 

°' I ..... 
tv 
I 
tv 
(;.) 

0 

DATE 

1-22-7! 

26-80 

21-80 

' ' 
~5-80 

20-81 -
' 21-81 

-3-81 

25-82 

n 

TT E SN•IPLERS 

Bowlby 
1430 Bondar 

Araas 
1300 Bondar 

Gentry 
1200 Bandar 

Volk 
1055 Bondar 

Vo lk 
1130 Lyden 

Anderson 
1130 Lyden 

Jones 
1115 Anderson 

1415 Jones 
Andersen 

GROUN01r/ATER QUALITY - COMBINED REQUI REME TS FOR WYOMING AND MONT Al A 

~ELL NO . _ _____.4.,,._6 7.__ __ 

SAMPLE FIELD 
EATHER TECH . TEP. 

oc 

cool pump 12.0 

cold pump 10.0 

~~arm pump 12 .0 

cool pump 13.0 

cold pump 13.5 

cool pump 12. 0 

cool pump 16 . 0 

warm pump 16.0 

10.0 
16.0 
13. 1 

2.1 

FORIATIO _ ___._M...,on...,a._..r .... c.._h_ 

PARAt·ETERS 

AREA __ B...&.;jg::,...~H""-01..Lrn..__ 

LAB FIELD LAB FIELD 
pH pH COi 0 . co 0. TDS SAR 

7.8 7.09 1750 2050 1080 - --

7.5 7.59 1900 2200 1120 ---

8.1 6.90 1740 1720 1060 ---

7.7 7.17 1600 1320 986 ---
I 

7.7 7.36 1610 1850 986 ---

7. 5 7.30 1590 1375 958 -- -

7.4 7.06 1850 1827 1100 ---

7.7 7.36 1970 1766 1120 27.40 

7.4 6.90 1590 1322 953 27.40 
8.1 7.59 1970 2200 1120 27. 40 
7.7 7 .23 · 1751 1764 1051 27.40 
.2 .22 146 301 65 0.00 

I 
... 

TOTAL 
HARDNESS CAL CI U 1 MAGNESIUM 

56 12 6 

52 12 5 

52 12 5 

46 10 5 

48 11 5 

49 12 5 

59 13 6 

54 14 4 . 4 

\ 

46 10 4.4 ,~ 
59 14 6 
52 12 5 
4 1 ,. l 

DEQ Ex. 3-1199



0 
() .... 
0 
er 
~ 
'"1 

tv 
0 ..... 
00 

::a 
n, 
r-, 
0 

-C) 

' .._, 
'-., 

I -c.:, 

• 0. 
0. 
~ 
::I 
0. 
C 
3 
0 

°' I .... 
tv 
I 

tv 
<,) .... 

SO DIUM POTAS S£ U 

432 10 

428 11 

410 9 

395 9 
J - '405 4 
J 
J 

~ 
J 394 10 

~ 446 11 -.... 
C 
I 464 10 
u, 

394 4 

464 11 

422 9 

25 2 

GROU D\,JATER QUALI TY - COt1BIN EO REQU JREME TS FOR WYOM ING 

WELL 1 0 ·--~46=7 __ 

CAT IO IS TOT AL AL KALIN I TY 
ANI ONS as CaC03 

.37 941 

- . 18 %0 

0.0 905 

- . 04 870 

- . 04 888 

- . 19 878 

. 43 1020 

.06 1020 

- .19 870 

.43 1020 

. 05 935 

.23 61 

FORMATI O . _ _ ..._.M,..,on....,,a..,_r.,.cu.h_ 

PARAMETERS 

BICARBOI ATE CARBONATE 
as HC03 as C03 

1150 0 

1170 0 

1100 D 

1060 0 

1080 0 

1070 0 

1240 0 

1250 0 

1060 0 

1250 0 

1140 0 

75 0 

AREA 

ACIDITY 

-- -- - -

--- - --

---- --

------

------
-- ----

------

---- --
------

------

--- ---

--- ---

Page 2 of 

D MONTM A 

6i<J Horn 

02+N03 TOTAL 
CH LORI DE FLUOR I DE as "N" SULFATE PHOS. 

31 1. 21 .03 3 .12 

31 1.50 . 06 2 ---
34 1. 27 <. 01 2 .12 

32 1.16 . 01 2 . 08 

32 1.37 <.01 2 .03 

31 1. 43 <. 01 1 . 04 
"'" 

33 . 18 <.01 <l -- -

34 1.11 <.01 2.1 .05 

31 1. 11 <.01 d .03 

34 1. 50 .06 3 . 12 

32 1. 15 - 2 .07 

1 . 42 - 1 .04 

DEQ Ex. 3-1200



. 

0 
(') 
r+ 
0 
CT 
(II 
"1 
I'-,) 

0 ...... 
co 

n 
C 

-Q 

' 
-

> 
0. 
0. 

:, 
0. 
i::: 
3 
Cl 

°' ' 
l'V 
' I'-,) 
w 
l'v 

) 

' -· ) -~ ) , 

~ ...... 
r 

0RTH0 ORGAN IC 
PIIOS. PH OS. 

--- - --

-- - ---

-- - -- -

- -- - --

--- ---
--- -- -
- -- ---
--- ---

-- - ---

- -- ---

--- -- -

--- -- -

GROUNDWATER QUALITY - COMB I NED REQUIREMENTS FOR WYOM ING MD MONTANA 

\~ELL N0. __ """46c..:.7 __ FORMATIO 

PARAMETERS 

AMMOtll A 
I I T. as N Al As B Ba 

4 . 2 <, 1 <,005 . 1 <. 5 

4.04 <, 1 <.005 .2 <.5 

4. 1 < . 1 <,005 . 1 .6 

3.63 <, l <. 005 . 1 <,5 

4.23 I<. } <.005 < . 1 . 6 

3. 52 I< . l <. 005 . 2 . 6 

2. 34 K . 1 <. 005 K . 1 .8 

2. 30 IC. 1 <.005 .08 <.5 

2.30 . 1 <. 005 .08 <. 5 

4. 23 <. l <. 005 . 2 .8 

3.55 -- ---- - -- --
.80 -- ---- --- - -

Monarch AREA _ _ ---'B""'i""'g'-'Hc;.;o:;..;.r...:..:..n 

Fe 
Cd Cr Cu DfSSOLVEO 

<.005 <.02 <. 02 . 06 

<. 002 <. 02 <. 01 .21 

<,005 <,02 i< . 01 <, 05 

<. 005 <.02 . 02 <. 05 
• 

<.005 <.02 1< . 01 . 65 

<,002 <.02 1<·. 01 . 74 ..,, 
<.002 <. 02 I<, 01 <. OS 

1<,002 <.02 1<. 01 .37 

<,002 <. 02 <. 01 < , 05 

<. 005 <. 02 . 02 . 74 

-- -- -- - -- - ---
---- -- - -- - -- -

-

Page 3 of 

Fe 
TOT AL Pb 

1.36 <,02 

-- -- <, 02 

. l 3 <. 02 

. 26 <.02 

1. 08 . 02 

. 77 <,02 

<,05 <. 02 

.89 <.02 

<, 05 <. 02 

1. 36 <.02 

.65 ---

. 51 ---

Mn 

<.02 

<.02 

. 02 

. 03 

<. 02 

. 03 

<. 02 

<. 02 

<. 02 

. 03 

- --
-- -

00 
"1 
0 
0 
;:,;-

s: 
s· 
(II 
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0 
(") 

0 
er 
(1) ., 
t0 
0 

CX) 

m 
n 
C, 

-0 

' 
U'I 

' -
• 0.. 
0.. 
(1) 
::, 
0.. 
C: 

3 
0 
0\ 

I 

>--
t0 
' t0 
w 
w 

--:, -
a, 

....... 
r 
u, 

r o Hg I i 

-- - <.001 <.01 

- -- <.001 <.01 

<.02 <.001 <,01 

<.02 <.001 .02 
:::, 
" - -- <.001 <. 01 I 
,j 
,j 

<.001 <.01 l=:'<,02 

<.02 <.001 <.01 

<.02 <. 0002 <.01 

<. 02 <.0002 <.01 

<.02 <.001 .02 

- -- -- --- ---
--- ----- ---

Page 4 of 

GROUID\IATER QUALITY - COMBINED REQUIRE ENTS FOR WYOMING AND MONTANA 

IELL NO. 467 FORMATION Monarch AREA Big Horn --......... ----~ 
PARAMETERS 

OIL & ORGA IC CHLOROPHYLL TOTAL KJELOAHL 
Se V Zn GREASE NIT. as "N" a ORGANIC C NIT. as "N" COw-lENTS 

<.005 -- - .01 

<.005 - -- . 01 

<.005 --- .07 

<,005 --- .04 

<. 005 - -- . 03 

<.005 ,.05 . -- - . I 
~ 

<. 005 --- . 07 

<,005 -- - .09 

<.005 - -- . 01 

<.005 --- .09 

---- --- . 05 

.03 . ---- ---

I 

.. 
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0 ~ () 

3;: r-t 
0 

• er 
() ('11 

GROUIDWAT ER QUALITY - COMB INED REQUJ REMENTS FOR WYOMING AND MONTANA 0 
... 
t'V 
0 ,..... 

WELL ~O . 496 00 FORMATION Monarch AREA Big Harn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL DATE TI SAMPLERS \~EATHER TEDI. TEMP. pll pH . corm. COND . TDS SAR HARDNESS CALCIUM MAG ESIUM oc 
Bowlby I.) 

1-9- 79 I 101 Bonda cool pump 15.0 7. 7 7.69 1410 1400 896 36 8 4 

Ara as 
3-80 1315 Bonda r cool pump 15.0 7.3 6.60 1420 1500 898 33 6 5 

Gen try 
14-80 11 50 Bondar cool pump 10.0 7.8 7.29 1450 1800 932 34 8 3 
0 Volk °' iU>-80 1125 Bonda wann pump 16.0 7.8 7.17 1500 1470 938 35 7 4 

~ N 

C 
v, 

~ Volk - 16-81 1230 Bondar co ld pump 17 .0 7.8 7.45 1570 1400 980 86 13 13 c:::, -f 
Lyden 

U'I 29-81 1430 Andersen cool thief 14.0 
' U'I 7.8 7.30 1530 1350 916 46 9 6 - Jones 

29-81 0928 Andersen wann pump 14.0 7. 7 7 . 1 1560 1680 970 47 13 4 

• Bondar C. 
a. -10-81 1100 Andersen cold pump 16.0 7.7 6.9 1470 1100 870 94 11) 

:I 
0. -14-82 1545 Jones wann pump 14.0 7.7 6.95 1580 1379 924 27 .10 36 .:: a Andersen co 0 ... n. 10.0 7.3 6.6 1410 1100 870 27 .10 33 0 °' 0 I 

;,;--...... x. 17.0 7.8 7. 69 1570 1800 980 27.10 94 t'V s: I 

s· I\) 

11. 2 . 4 7.16 1499 1453 925 27 .10 50 w an 
11) ~ 

D. 5.3 3.5 2 ~5 200 35 0 24 

DEQ Ex. 3-1203



0 
n ,... 
0 
Ci 
('b ..., 
I\) 
0 ...... 
00 

:ID 
m 
M 
c::, 

-Cl , 

I -
• 0. 
0. 
('b 

::l 
0. 
C: 
3 
tJ 
°' I ...... 
I\) 
I 

I\) 
(.,,.) 
(.11 

J ..... " -., .J 
.J 

" -:n 

~ ..__ 
Cl 

"" 

SODIU ·1 POTASS IUM 

358 9 

360 10 

370 11 

374 10 

369 10 

382 10 

394 14 

348 10 

373 8.6 

348 8.6 

394 14 

370 10 

14 2 

GROU ![)'.,/ATER QUALITY - COMBINED REQU IREME NTS FOR WYOM I G ANO MONTANA 

~/E LL N0. _ _ 4~9~6 _ _ 

CATIONS TOTAL ALKALINITY 
ANIO~ S as CaC03 

. 23 794 

. 21 800 

. 13 827 

-.15 846 

- . 22 844 

- . 04 869 

.26 882 

.33 825 

- . 23 849 

-.23 794 

.26 882 

.06 837 

.22 29 

FORMATION. _ _ ....,Mo....,o-ac ..... c ..... h_ 

PARAMETERS 

BICARBONATE CARBONATE 
as HC03 as C03 

969 0 

977 0 

1010 0 

1030 0 

1030 0 

1060 0 

1080 0 

1010 0 

1040 0 

969 0 

1080 0 

1023 0 

36 0 

AREA B jg Horn 

ACIDITY CHLORI OE 

- 14 

- 12 

- 13 

- 15 

- 13 

14 - I 

- 16 

- 13 

- 12 

- 12 

- 16 

. 14 

- 1 

Page 2 01 

N02+N03 TOTAL 
FLUOR I DE as "N " SULFATE PHOS. 

1. 43 .02 2 1.03 

1. 62 . 05 1 -
1.45 .01 <l .16 

1.44 . 01 1 .10 

.14 . 04 4 .1 3 

1. 56 <,01 <l .07 

1. 73 5.72 7 -

1. 58 . 05 <l -

1. 56 <.01 2.9 .09 

.14 <.01 <l . 07 

1. 73 5.72 
"':-=': 

1.03 ... . 
1. 39 

.. -- - . 26 

.48 I . C .38 - -
':' 

. . 
' 

.. 
~ I-'. , 
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0 
(") ..... 
0 
C; 
(1) ., 
Iv 
0 ...... 
(X) 

r. 
-== -c:, 

' 
""' • -

)> 
a. 
a. 
(1) 
;:I 
a. 
C: 
3 
0 

°' I ...... 
tv 
I 

tv 
(;.) 

°' 

J 

" 
.J 
.J 
-I 

, :. 

--
' U'J 

ORTHO ORGAN IC 
PHOS. PHOS. 

- -

- -

- -

- -

- -

- -
- -

- -

- -

- -

- -

- -

- -

GROUNOI-JATER QUALITY - COMBINED REQUIREMENTS FOR l~YOMING AND MONTANA 

l1EL L NO . ___ 4-9..,._6 __ FORMATION Monarch AREA Big Horn 

PARAMETERS 

AMMONIA Fe 
NIT. as N Al As B Ba .Cd Cr Cu DISSOLVED 

. 9 <. 1 <,005 . 1 <,5 <.005 <, 02 <.01 <.05 

4.08 <.1 <.005 . 1 <,5 <.002 <.02 <,01 .12 

4 .17 <. 1 <. 005 < .1 <.5 <,005 <.02 . 02 .08 

3.97 <.l <.005 <. I <. 5 <.005 <. 02 • 03 <.05 

5.08 <. I <. 005 . 1 <. 5 <.005 <, 02 <. 01 <,05 

3. 28 <. l <. 005 <.I <. 5 <.002 <.02 <_,-0 1 <.05 

<. 02 
;;I 

. 07 4.42 I<. I <.005 <.1 .6 <.002 <.01 

4.18 <,l <,005 <. 1 <.5 <.002 <.02 <.01 <.05 

3.72 <. 1 <. 005 .14 <.5 <.002 <.02 <.01 . 09 

.9 I<. 1 <.005 <. I <.5 <,002 <.02 <.01 <.05 

5.08 <.l <.005 . 14 <.5 <. 005 <. 02 .03 . 12 

3. 76 - - - -- - --- -- ---- --- --- -- -
1. 18 -- - --- --- -- --- - -- - -- - ---

Page 3 of 

Fe 
TOTAL Pb 

. 83 <.02 

- <. 02 

.1 5 <.02 

. 07 <,02 

. 24 <. 02 

.57 <. 02 

.09 <. 02 

- <.02 

. 14 <. 02 

. 07 <. 02 

.83 <.02 

.30 - --

.29 ---

Mn 

<.02 

<. 02 

<.02 

<, 02 

.03 

<,02 

.03 

<.02 

<.02 

<.02 

. 03 

~--
' 

---

I~ 

I 
Cil 
a 
0 
;,:;-

:s: 
5· 
(1) 
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0 
n 
~ 

0 
O" 
(b 
>; 

N 
0 
r-' 
CX) 

::::ic .. 
n 
c::, 

-C) 
I 

~ 

I -
• 0. 
0. 
('1) 
::l 
0. 
s:: 
a 
0 

°' ' ...... 
ts) 

' N 
w 
--..J 

Mo 

-

-
<. 02 

<.02 

' <.02 
-; J 

~<.02 

.02 
"-> ..... 
C <.02 
I 

u, <. 02 

<,02 

<.02 

---

---

Hg Ni 

.001 . 01 

<.001 <.01 

<.001 <.01 

<.001 . 02 

<.001 . 01 

<.001 <.01 

<.001 <. 01 

<.001 <. 01 

<. 0002 <.01 
-

<.0002 <.01 

<.001 , 02 

--- -- -- -

----- ---

GROut/0\IATER QUALITY - CO~BlNED REQUIREt ENTS FOR l4YO 1 NG ANO MONTANA 

ELL 0. __ __.4,.J.,96.,__ 

Se Zn 

<.005 - . 04 

<.005 - . 01 

<. 005 - . 02 

<.005 - . 05 

<.005 - .10 

<.005 - .02 

<.005 - .29 

<.005 - .04 

<.005 - . 06 

<. 005 - . 01 

<.005 - .29 

- --- - . 07 

- --- - .09 

FORMATION Monarch 

PARAMETERS 

OIL & 
GREASE 

AREA Big Horn 

ORGA IC CHLOROPHYLL 
NIT. as "N" a 

I 

Page 4 of 

TOTAL KJE LDAHL 
ORGANI C C NIT, as "N" COMMENTS 
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0 
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0 
o' 
(I) .., 
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::3 
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ATE TIME SAMPLERS 

Volk 
8/81 1220 Bandar 

Volk 
6/81 1230 Bondar 

Wolf 
.3/81 1410 Bandar 
0 Jones C7\ 

'~ 81 1540 Andersen 
\0 

125/82 1115 Jones 
Andersen 

in . 
IX, 

ian 
D. 

GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR l~YOMING AND MONTANA 

WELL NO. 520 FORMAT ION _ ___._f:1 ... n __ _ AREA Big Horn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL 
WEATHER TECH. TEMP. pH pH corm. CONO. TOS SAR HARDNESS CALCIUM MAGNESIUM oc 

cold thief 9.0 8.2 7.50 1440 1580 870 --- 50 10 6 

cool pump 14. 0 7.8 7.15 1580 1410 1020 --- 50 12 5 

wann pump 12 .0 8 .0 8.40 1690 2000 1030 --- 53 14 4 

cold pump 13.0 7.9 6.7 1620 1571 1060 --- 50 12 5 

wann pump l?.. 0 7.7 7.1 1720 1509 986 21. 70 51 14 3. 7 

9.0 7.7 6.7 1440 1410 870 21. 70 50 10 3.7 
14.0 8.0 8.40 1720 2000 1060 21. 70 53 14 6 
12 . 0 7.9 7.4 1610 1614 993 21. 70 51 12 5 
1. 9 . 2 . 6 110 226 74 0.00 1 2 1 
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GROU 1)1,IATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING MD t-()NTANA 0 tv 
0 ..... 
00 WELL NO. 520 FORMAT ION Mn AREA Big Horn 

PARAMETERS 

CATIONS TOTAL ALKALIN ITY BICARBONATE CARBONATE N02+N03 TOTAL 
SODIUM POTASSIU ANIONS as CaC03 as HC03 as C03 ACIDITY CHLO RI DE FLUORIDE as "N" SULFATE PHOS . 

337 9 -.26 631 770 0 7 1. 80 . 12 156 .11 

354 10 - .31 568 693 0 6 1.40 .01 257 .08 

378 19 . 31 479 584 0 9 1.00 4. 73 388 

379 12 .33 522 636 0 10 2.13 .89 348 

J 354 8.5 -. 20 541 660 0 9.5 1. 42 .03 275 .04 ::a --t 

" m ~., 
r, :II: " 337 8.5 -.31 479 584 0 6 1.00 .01 156 . 04 .., 
c::, 

c:p :> - 379 19 .33 631 770 0 10 2.13 4. 73 388 .11 c:, ~ -. I 360 12 -. 03 548 669 0 8 1. 55 1. 16 285 .08 "' 
Cl 

U't I 
I c.n 18 4 . 32 57 69 0 2 .43 2. 03 90 .04 -
• 0. 
0. 
(I) 

;:l 
0. 
c 
3 

CD C cl °' I 0 - ;,:;--
tv 

~ ' t0 
;:l w 

'° (I) 

DEQ Ex. 3-1208



0 
(") ,..,. 
0 
0-
(1) 
"1 

~ 
0 
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(X) 

::a. 
r. 
~ 

-c::::, 
I 
~ 

-

., 
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~ ...... 
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ORTHO ORGAN IC 
PHOS. PHOS. 

- -- ---

-- - -- -

--- ---

- -- -- -

:, -- - -- -
7' 

,J .., --- - ---
--- ---
--- -- -

--- - --

GROU DWATE R QUAL ITY - COMBINED REQUIREMENTS FOR WYOMING ANO MONTANA 

WELL NO . 520 --------- FOR"IATI ON Mn __ ...;.;,;.a _ _ AREA __ B_1_·9._Ho_r_n_ 

PARAMETERS 

AMMON IA Fe 
NIT . as N Al As 8 Ba Cd Cr Cu DISSOLVED 

3. 56 <.l <.005 < .1 .5 <.005 <.02 <.01 <.05 

3. 21 <. 1 <. 005 .1 <.5 <. 002 <.02 . 01 <.05 

2.88 <.l <, 005 <. l <.5 <,002 <.02 .04 . 16 

3.63 <.l <. 005 .1 <,5 <, 002 <.02 <.01 <.05 

2.49 <. 1 <.005 .06 <.5 <.002 <.02 .01 <. 05 

2.49 < .1 <.005 .06 <.5 <.002 <.02 <.01 <.05 

3.63 . 1 1< .005 . 01 <,5 k, 005 <.02 .04 .16 

3.15 -- ---- - -- -- ---- --- --- ---
. 48 -- ---- --- -- -- -- - -- --- ---

Page 3 0 1 

Fe 
TOTAL Pb Mn 

. 23 <.02 <.02 

2.09 <.02 <. 02 

. 51 <.02 <.02 

< .05 <.02 <. 02 

.21 <.02 <.02 

• 05 <.02 <.02 

2.09 <.02 <. 02 

.62 --- ---

.84 -- - - --

✓,:j 
~ 

/. 
I 

1 . 

\: . 

~ -I .:·~ 
I 

I 
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O" 
(1) .., 
Iv 
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00 

:x:i 
m 
r-, 
c::s 

-c:::, 
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• 0.. 
0.. 
(1) 

:I 
0.. 
C: 
3 
0 
°' I .... 
Iv 
I 

Iv 
~ ,_. 

. 
a, 

~ ..... 
C) 

U'I 

Mo Hg Ni 

<.02 <, 001 <. 01 

<.02 <. 001 <.01 

<.02 <.001 . 01 

<.02 <. 001 . 01 

~ <. 02 <. 0002 <.01 
I 

.::! <. 02 
,J 

<,0002 <.01 

<.02 <. 001 .01 

-- - -- --- ---
--- -- -- - -- -

GROUND\-/ATER QUALITY 

WELL N0 . __ _..5.._2.._0 __ 

Se V Zn 

<. 005 --- .03 

<.005 --- .02 

<. 005 --- .05 

<. 005 - -- . 08 

<. 005 - -- . 07 
-

<.005 -- - . 02 

<. 005 -- - .08 

---- --- ---
-- -- --- ---
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COMBINED REQUIREMENTS FOR l~YOMING AND MONTANA 

FORMATION --........ -;--- AREA Rjg Horn 

PARAMETERS 

OIL & ORGA IC CHLOROPHYLL TOTAL KJELDAHL 
GREASE NIT . as "N" a ORGANIC C NIT. as "N" COMMENTS 
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0 
(') 
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0 
C" 
(b 
'"I 

I\.) 

0 ...... 
00 

C: 

-C 

' 
I U'I -~ 
• 0. 
0. 
(b 

;:l 
0. 
C: 
3 
0 

°' I 
...... 
I\.) 
I 

I\.) 
.i:,. 
I\.) 

DATE 

1-1 2-79 

)-18- 79 

i-15-80 

0 

ts-so ..,., ..,., 

.-21-81 

1-20-81 

1-4-81 

5-24-Bl 

Min. 

Max . 
Mean 

S. D. 

TI E SN1PLERS 

Collier 
0930 Araas 

Veenstra 
1030 Bondar 

Bondar 
1430 Gentry 

Volk 
1350 Bondar 

Vol 
1050 Lyden 

Lyden 
1230 Andersen 

Jones 
1010 Andersen 

1500 Jones 
Andersen 

GROUND4ATER QUALITY - CO BlNED REQUIREMENTS FOR WYOMING AND ~10NTAl~A 

WELL NO . 465 --------- FORMATIO Carney AREA Big Horn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL 
l~EATHER TECH . TEMP. pH pH com. CONO. TDS SAR HARDNESS CALCIUM MAG ESIUI 

oc 

warm thief 12.0 7.9 8.4 1620 1408 1060 - 82 18 9 

warm pump 17.0 7.8 5.8 1470 1600 950 . 48 10 6 

cool pump 18.0 7.8 7.15 1590 1490 988 - 50 10 6 

cool pump 17.0 7.7 7 .41 1560 1580 966 - 46 10 5 

cold pump 15. 5 7. 8 7.35 1560 1580 932 - 49 9 6 

cool pump 12. 0 7.7 6.70 1550 1525 956 - 48 9 6 

cool pump 13.0 7.7 7.02 1570 1636 782 . 67 11 10 

warm pump 12.0 7. 9 7.40 1590 1609 958 24.40 49 10 5.8 

12. 0 7.7 5.8 1470 1408 782 24.40 46 9 5 
18.0 7.9 8.4 1620 1636 1060 24.40 82 18 10 
14. 6 7.8 7.15 1564 1554 949 24.40 55 11 7 
2.6 . 1 .73 44 75 78 0.00 13 3 2 

TF 6 2/0?5 
RECD I • DEQ Ex. 3-1211
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0 
(') ,.... 
0 
CJ" 
(11 ., 
Iv 
0 
...... 
C1J 

n 
Cl -
c.n 

I -
)> 
0. 
0. 
(11 

:::l 
0. 
C: a 
0 

°' I 
~ 

Iv 
I 

Iv 
~ 
(.,,.) 

-n 
C 

0'l 

"' ...... 
i' 

~ 

soorur, POT/iSS I Ut 

400 12 

382 10 

390 10 

382 10 

0 387 3 
°' I 
N 

9 \,J 394 
~ 

370 9 

390 9.5 

370 3 

400 12 

387 7 

9 5 

GROUHl/ATER QUALITY - COMB! ED REQUIREMENTS FOR WYO/ ING ANO MO TANA 

~J ELL N0. __ "'"'46=5 __ 

CATIONS TOT AL AL KALIN I TY 
ANIONS as CaC03 

- . 19 910 

. 09 832 

- . 10 871 

.03 835 

.05 838 

. 38 840 

. 32 840 

-.15 865 

- . 19 832 

.38 910 

. 05 854 

.21 27 

FORMATION __ ....;...Ca""""r""""ne=y'--

PARAMETERS 

BI CARBO! AT£ CARBONATE 
as HC03 as C03 

1100 0 

1020 0 

1060 0 

1020 0 

1020 0 

1020 0 

1030 0 

1060 0 

1020 0 

1100 0 

1041 0 

29 0 

AREA Big Horn 

AC TOITY CHLORIDE 

- 25 

- 30 

- 23 

- 26 

- 27 

-
I 

25 .. 
- 28 

- 25 

- 23 

- 30 

- 26 

- 2 

.. 

Page 2 o 

N02 N03 TOTAL 
FLUOR I DE as "N" SULFATE PHOS. 

1. 71 .46 25 -

1. 68 .03 12 . 62 

1. 78 <.01 13 .16 

1. 51 . 01 16 .08 

1. 73 <.01 16 .11 

1.83 .01 15 . 05 

1. 68 <, 01 14 -

1. 74 .23 16 . 06 

1.51 <.01 12 .05 

1.83 .46 25 . 62 

1. 71 - 16 .18 

.09 - 4 . 22 
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GROUI Dt·IAT R QUALITY - COMBINED REQUIREMENTS FOR l~YOMJNG J\ND MONTANA 0 
-; 

t\) 

0 ...... WELL rw. 465 FOR·ATION Carney AREA Big Horn 00 

PARAMETERS 

ORTHO ORGAN I C AMMONIA Fe Fe 
HOS. PHOS . NIT. as N Al As 8 Ba Cd Cr Cu DISSOLVED TOTAL Pb Mo 

3.03 .2 <.005 . 2 . 5 <,005 <.02 <. 01 , l <,02 .03 

3.68 <. I <.005 .2 .5 <.005 <.02 <.02 <.05 8.59 <.02 <.02 

3.52 <. l <.005 . 1 ,- . 5 <,005 <.02 . 03 .13 . 40 .02 <.02 

3.21 . 1 <.005 . l ,. . 5 <.005 <.02 .03 <.05 .08 <.02 <. 02 

3. 49 ,- .1 <.005 <.l . 5 <,005 <. 02 <.01 .15 . 15 <.02 <.02 .. 
) n :::e i 3. 24 . 1 <.005 . 1 <, 1 <. 002 <.02 <,·Ol · .15 .20 <,02 <.02 C, ~ 

.r. - 3.17 <. 1 <.005 . 1 . 6 <,002 <.02 <.01 .20 .21 <.02 <.02 = ~ I -N 0 1. 74 < .1 <.005 .08 <,5 <.002 <.02 <,01 .21 .21 <. 02 <.02 u, ...., 
I u, 

1. 74 <. 1 <. 005 . 08 <,l <. 002 <.02 < ,01 <: ,05 . 08 <.02 <. , 02 -
3.68 . 2 <. 005 . 2 .6 <,005 <. 02 . 03 .21 8.59 .02 .03 

• 3.14 
C. 

. 1 1. 66 
0. 
11) . 60 . 1 ::l 
0. 
C: s to 

-; 0 
0 °' 0 ' .... ;,;;' 

~ 
tv 
' tv 

::l ~ 
(II ~ 
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-
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• 0. 
0. 
~ 
::I 
0. 
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tJ 
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I ..... 
tv 
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tv 
~ 
(J1 

·, 
·-
""~ 
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UI 

Mo 

-

-
<. 02 

<. 02 

:::i <. 02 
" 
~<. 02 
" 

<, 02 

<. 02 

<. 02 

<. 02 

-- -

---

Hg ' i 

<. 001 <. 01 

<. 001 <. 01 

<. 001 <. 01 

<. 001 .02 

<,001 <.01 

<. 001 <. 01 

<. 001 <, 01 

<. 0002 <. 01 

<.0002 <. 01 

<.001 .02 

----- -- -
---- - ---

GROUrnHATER QUALIT Y - COMBINED REQUIREr ENTS FOR WYO · ING AND MONTANA 

WELL 0 . 465 --~.._._-

Se Zn 

<. 005 - 1. 89 

<. 005 - . 01 

<. 005 - . 01 

<. 005 - .05 

<.005 - .01 

<. 005 - .02 

<. 005 - . 05 

<. 005 - . 06 

<,005 - . 01 

<.005 - 1. 89 

-- -- -

- - -- -

FORMAT 1 ON. __ ....,.C_a r ..... o .... e,6--y_ 

PARA ETERS 

AREA B jg Haro 

OIL & ORGA II C CH LOROPHYLL 
GREASE NIT . as II Nll a 

-:1 

I 

Page 4 01 

TOTAL KJELDAHL 
ORGANIC C NrT. as "N" COMMENTS 

~?fl• , ,., 
I I • 

'~, . 
~ __ y 
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0 
() 
M 
0 
0-
Cb .., 
t0 
0 ....... 
CX) 

)> 
0. 
0. 
Cb 
:I 
0. 
s= 
3 
0 
0\ 
' ....... 
t0 
I 

t0 
~ 
0\ 

JATE 

24/79 

22 /79 

23/79 

13/80 
I 
,J 

j2;ao 

30/80 

15/ 81 

13/81 

05 / 81 

n. 
l • 

•an 
D. 

TI ME SN4PLERS 

Bonda r 
-- - Bowlby 

001~1 by 
11 29 Araas 

Bo,,.,l by 
1410 Bandar 

Bondar 
1345 Gent ry 

Bondar 
11 00 Lyden 

Vo lk 
1220 Bondar 

Bonda r 
1330 Vo l 

Bondar 
1000 Lyden 

Andersen 
1415 Jones 

GROU OWATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING ANO MONTANA 

WELL 0. __ _..3~71.__ 

S MP LE FIELD 
WEATH ER TECH. TEMP. 

oc 

--- pump - --
warm 
cloudy pump 18.0 

coo l pump 15.0 

--- ump 10.0 

--- pump 16.5 

--- pump 12 . 5 

-- - pump 10 . 1 

--- pump 12 .0 

-- - pump 14.0 

10. 1 
18. 0 

13. 5 
2. 9 

FORMAT 1 ON _ _ f)~a~l __ 

PARAMETERS 

AREA __ ;..,..Bi'"""g...,;H"'""'o;...rn'""--

LAB FIELD LAB FIELD 
pll pH corm. CONO. TOS SAR 

8.1 --- 3740 --- 3142 ---

7.5 6.7 2810 2600 2150 ---

7.7 7.6 2120 3000 1650 -- -

7.6 6. 9 1710 1800 1180 ---

7.6 7.1 1550 1600 1080 ---

7.6 7.5 1410 1220 1030 ---

7.3 7.0 1211 1100 772 ---
7.6 7. 4 1060 1125 652 ---

7.4 7.0 1160 1054 736 ---
7.3 6.7 1060 1054 652 ---
8.1 7.5 3740 3000 3142 ---
7. 6 7.2 1863 1687 1377 - --

. 2 .3 893 742 81 7 ---

TOTAL 
HARO ESS CALCIUM MAGNESIUM 

-

1293 171 210 

1160 162 185 

949 136 148 

657 98 100 

656 93 103 

637 99 103 

540 65 92 

481 61 81 

531 112 61 

481 61 61 

1293 171 210 
767 111 120 

295 39 50 . 
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a. 
a. 
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~ a 
0 

°' ' ...... 
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.f,> 
'1 

J 
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~- J .. .,,_ 0 

en 
r-., -. 
r~ 
U'I 

SODI U 1 POTASSIUM 

488 15 

267 10 

183 8 

141 6 

120 6 

99 <1 

84 6 

89 4 

70 6 

70 <l 

488 15 

171 ---
134 ---

Page 2 . 

GROUND•JATER QUALITY - cmtBINED REQUIREMENTS FOR l~YOMING AND MONTANA 

WELL N0. __ 3_7_1 __ FOR A Tl ON _ __,Q._a 1 __ _ AREA Big Horn 

PARAMETERS 

CAT IONS TOT AL AL KALIN I TV BICARBONATE CARBONATE N02+N03 TOTAL 
ANIOrtS as CaC03 as HC03 as C03 ACIDITY CHLO RI DE FLUORIDE as "N" SULFATE PHOS. 

0.43 550 671 0 --- 205 0.83 11. 90 1453 0.40 

0.58 561 684 0 --- 149 0.46 1. 17 914 0.36 

-0.51 545 665 0 ·-- 84 0.39 1. 72 684 0.21 

-0.01 459 560 0 -- - 45 0.39 a.as 432 0.01 

-0.20 468 571 0 --- 34 0.42 0.05 401 0.02 

-0, 19 458 559 0 -- - 24 0.29 0.18 353 0.14 

0.18 420 512 0 -- - 19 0. 47 0.18 261 0.04 

0.28 410 500 0 --- 15 0.44 0.18 226 - --

0.12 402 491 0 --- 16 0.79 <0.01 259 ---
-0.51 402 491 0 ·- - 15 .29 <.01 226 . 01 

. 58 561 684 0 --- 205 .83 11. 9 1453 . 40 

. n8 475 57q 0 --- 66 .50 --- 554 . 17 

. 34 62 76 0 --- 68 .19 -- - 40~ .16 
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n 
0 er 
('D .., 
Iv 
0 
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00 

C: • 
I -. 

U'f 
I 

• 0. 
0. 

::I 
0. 
C 
3 
0 

°' ' ...... 
Iv 

' Iv 
-"' 
00 
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ORTHO 
PHOS. 

---
---

-- -

---

J 
]' - --
' -.J 
,;J 

..0 ---

---

-· ---

---
---
-- -
---
- --

ORGAI IC 
PII0S. 

-- -

---

- --

---
-- -

---

·- -
- --

---
-- · 
- - -

- --
---

GROUIID~J/\1 ER QUALi TY - COMB I NEO REQU I REMENTS FOR \~YOMl NG ANO MONTANA 

HELL NO . 371 --c.....-..-- FORMAT[ON Oal - - - -- AREA __ B_i...._g_H_o_rn_ 

PARAMETERS 

AMMONIA Fe 
NIT. as N Al As B Ba Cd Cr Cu DISSOLVED 

0.56 0. 50 <0.005 0.40 <0. 50 <0.005 <0.02 0.03 0.05 

<0.01 0.40 <0. 005 0.20 0. 50 ;;Q,005 <0.02 <0.01 0.08 

0.20 0. 30 <0.005 0.20 <0.50 <0.005 <O. 02 <0. 02 0. 06 

0.17 <0.10 <0.005 0. 10 <0.50 <0. 005 <0.02 <0. 01 0. 12 

0.27 <0 .10 <0,005 0.20 <0. 50 <0.005 <0.02 <0.01 0.11 

0.28 <0 .10 <0. 005 o. 20 <0.50 <0.005 <0.02 
. 

0.03 0.09 

0. 14 <0 .10 ,; Q,005 0.20 <0.50 <0.002 <0.02 <0. 01 0 . 10 

0.02 0. 20 <O. 005 • I0.10 <0.50 ,;Q,002 <0.02 0.02 0. 16 

0.18 1<'0 .10 <0.005 b.20 <0. 50 -< 0.002 <0. 02 ·O. 01 0 .15 

. 01 .10 <.005 i< . 10 <.50 <. 002 <, 02 <. 01 <.05 

. 56 .50 <.005 .40 <.50 , .oos <.02 .03 . 16 
--- -- - ---- - -- --- ---- --- --- -- -
--- --- - ·--- --- - -- ---- -- - --- -·--

Page 3 0 1 

Fe 
TOTAL Pb 

607 1<0.02 

12 .6 r- 0. 02 

6.07 i<0. 02 

10. l r:0. 02 

0. 93 -o. 02 

1. 37 <: 0, 02 

2. 37 i-:0.02 

0.22 1<0. 02 

0, 74 0.02 

0.22 <.02 
607 <.02 
71.3 ---

201 0 - --

Mn 

1. 13 

0. 78 

0 67 

0.61 

0. 56 

0.55 

0.41 

<0 . 02 

0. 54 

;; , 02 

1.13 

-- -
-- . 

~ 
~ 
• () 
0 
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Mo Hg 

<0.002 

<0.001 

<0.001 

<0.02 <0.001 

1 <0.02 <0.001 

! <O , 02 
' 

<0. 001 

<0 . 02 <0. 001 

<0.02 <0 .001 

<0. 02 <0.001 

<.02 <.001 
<.02 <,002 

Ni 

0. 05 

0.01 

<0.01 

<0. 01 

<0.01 

0.02 

<0.01 

<0.01 

<0 .01 

<, 01 

. 05 
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GROU OIJATER QUALITY - COMBINED REQU IRE MEN.TS FOR WYOMING AND MONT ANA 

WELL NO . 371 - ~~--

Se V Zn 

<0 . 005 0.11 

<0.005 0.14 

<0. 005 0.04 

<0. 005 0 .02 

<0.005 0. 06 

<0.005 0.04 

<0. 005 0.05 

<0.005 0.06 

<0 .005 0.30 

<.005 .02 

<.005 . 30 

. 09 

. 09 

FORMATION_---'O"""a..._1 __ 

PARAMETERS 

AREA _ __,B::...,ic;.ig...:H..:.::o..,_r.,_,_n_ 

OIL & 
GREAS E 

ORGAN IC CHLOROPHY LL TOTAL KJELDAHL 
NIT . as "N" a ORGAN IC C IIT. as "N" COMMENTS 
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c.,, 

)A E 

122/79 

'23/79 

'13/80 
0 

°' I 
N 

'f2/80 

'30/30 

18/81 

15/81 

13/81 

05/81 

n. 
;,(, 

an 
D. 

TIME SAMPLERS 

Bowlby 
1230 Araas 

Bowlby 
eens t a 

1500 Bandar 
Bandar 

131 5 Gent ry 

Bondar 
Gen try 

1040 Lyden 
Vo lk 

1145 Bandar 
Vo lk 

llOO Banda r 
Lyden 

1430 Andersen 
11 00 Lyden 

An de rsen 
1500 !Jones 

GROUWWATER QUALITY - COMBINED REQUIRl-.MENTS FOR WYOMING ANO MONTANA 

WELL 10. 508 ----- FORMATION ------/'la l AREA Biq Horn --------
PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL 
WEATHER TECH . TEMP. pH pH corio. oc COND. TDS SAR HARDNESS CALCIUM MAGNES IUM 

l~a rm 
P.C. pump 12.0 7.8 8.2 490 530 238 -- - 230 58 21 

Cool purnp 15.0 7.5 7.3 490 540 300 --- 237 58 22 

-- - pump 11.0 7.7 6.5 520 540 316 -- - 243 60 22 

. 
--- pump 17.0 7.8 7.3 437 400 246 --- 206 50 20 

--- pump 14.IJ 7.8 7.0 476 400 314 0. 39 236 63 19 

--- ba i1 ed 8. 0 7.9 7.4 456 470 284 --- 214 51 21 
P.C. 

IWarm pump 9.9 7.6 7.5 460 395 266 -- - 226 43 29 
Cool pump 13.0 7.8 7.2 439 510 240 --- 218 53 

~ 1., 
21 

Cold pump 14. 5 7.5 7 .1 459 442 288 --- 210 72 7 

8.0 7.5 6.5 437 395 238 .39 206 43 7 
17.0 7.9 8.2 520 540 316 .39 24J 72 29 
12 . 7 7.7 7. 3 470 470 277 .39 224 56 ! 20 
2.8 . 2 . 5 27 62 31 -- - 13 8 6 
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I -c:,g 

)> 
0. 
0. 
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t0 
' t0 

(.11 
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-
:::z 
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0 

VI 

SODIUM POT ASS I ur 

15 2 

15 2 

16 1 

13 2 

O 14 <l 
°' I 

~ 13 3 
N 

13 2 

20 4 

12 2 

12 <l 
20 4 
15 ---
2 ---

GROU DHATER QUAL ITV - COl1BIN£0 REQUIREMENTS FOR WYOMI G ANO MONTANA 

WEL L N0 . _ _ 5_0_8 __ 

CATIONS TOTAL ALKALINITY 
ANIONS as CaC03 

0.10 214 

0.07 202 

o. 14 190 

-0.10 200 

<0 .01 201 

-0.06 176 

0.08 175 , 

0.01 218 

0.05 198 

- . 10 175 
. 14 218 
-- - 197 

--- 15 

FORMATION __ Q.._a_l __ 

PARAMETERS 

BICARBONATE CARBONATE 
as HC03 as C03 

260 0 

246 0 

231 0 

245 0 

245 0 

215 0 

213 0 

265 0 

242 0 

213 0 
265 0 
240 0 

18 0 

AREA Big Horn 

ACIDITY CHLO RI DE 

--- 1 

--- 2 

--- 2 

--- l 

--- 1 

--- 2 

- -- 2 

--- <1.0 

--- 2 

--- <l 

--- 2 

- -- -- -
-- - ---

8Z8Z/9Z/Z8 tpeuu~~s 

Page 2 o, 

N02~N03 TOTAL 
FLUORIDE as uN" SULFATE PHOS . 

0.20 0.01 44 0.04 

0. 19 0.02 61 0.02 

0. 17 0.01 76 0. 01 

0.20 0.01 37 0.01 

0.13 0.03 61 0.11 

0.25 0.04 67 0.04 

0.21 0.06 71 0. 02 

0.18 0.17 46 -- -

0.40 0.21 38' ---

. 13 . 01 37 . 01 

.40 .2 L t- 76 .11 
.,-

.21 .06 56 . 04 

.08 • .07 15 . 04 
I 
I -

I 
I 

I 

DEQ Ex. 3-1220
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n ,.... 
0 
O" 
(l) 
"1 

11,J 
0 ..... 
(X) 
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-C 

U'I 

• -00 

)> 
a. c.. 
(l) 

::l c.. 
C 

3 
0 

"' I -11,J 

' tv 
U1 
tv 

0 
(7\ 
I 

"-l 
C 

'-"' 

~ .... 
0 ...... 
c.,, 

ORTHO ORGA/ IC 
PIIOS . PHOS. 

-- - ---

- -- -·-
--- ---

-- - ---

--- ---
- -- ---
-- - -- -

--- -- -

--- . --
-- - -
--- ---
--- ---
--- ---

GROUWl4ATER QUALITY - COMOINEO REQUIREMENTS OR WYOMING MO MONTANA 

I· ELL 0. 508 --~------ FORMAT lON __ ""'Qa;;;;.;l~

PARAHETERS 

AMMON [A ' 

t IT. as Al As B Ba Cd 

• 0. 01 -0.10 ~0.005 0. 1 <0.50 i- 0.005 

0.10 0.10 i,,.Q . 005 <0.1 <0. 50 ·0.005 

~o.os 0.1 0.005 0. I -0. 50 0.005 

0. 14 0. 1 ..-Q .005 <O . 1 i,c:0.50 0.005 

0.06 o. 1 0.005 <-0 .1 ,0.50 0.005 

o. 11 0. l 0.005 <0.1 ·0.50 ,o.oos 
0.13 0.1 0.005 0.1 0.50 0.002 

<0 .01 0.1 0.005 0.2 ·0.50 0.002 

0.21 , 0.1 0.005 <0.1 0.50 0. 002 

, . 01 <. 1 k,005 . 1 <.5 <.002 
. 21 <. 1 l<.005 .2 <. 5 . 005 
--- -- --- - -- -- ----
--- . - ---- -- -- ----

AREA __ B_i_..g_l_!o_r_n 

Fe 
Cr Cu DISSOLVED 

<0,02 <0 . 01 1. 03 

ic:0 . 02 <0 .02 1. 37 

<0 .02 <0 .01 1. 31 

0.02 0.01 <0.05 

<0.02 0.02 0.48 

<0.02 · 0.02 ·0.05 

0.02 <0. 01 0 .75 

<0.02 0.01 1.19 

<0.02 <0 . 01 <0. 05 

.02 < . 01 <, 05 
· .02 .02 1. 37 

--- --- ---
-- - -- - ---

I 

Page 3 o, 

fe 
TOTAL Pb Mn 

1. 03 <0. 02 0.41 

1. 45 1--0. 02 0. 40 

1. 96 <0,02 0.41 

2.33 <0.02 0.34 

1. 53 1<0. 02 0.36 

22 .90 <0 .02 0.37 

2. 87 <0. 02 0. 41 

1.45 <0. 02 0. 72 

1.49 <0.02 o. 79 

1.03 "· 02 . 34 
22.9 <. 02 .79 

.1 - -- .47 -
7.1 --- . 17 

I 
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I 
sJ 
; <0.02 

<0 . 02 

<:0 ,02 

<0 .02 

<.02 

<.02 

---
-- -

Hg I ; 

<0. 001 <0 ,01 

<:Q,001 <0.01 

<0.001 <0. 01 

<0.001 0.01 

<0.001 0.02 

<0 .001 <0. 01 

<0.001 <0 .01 

<0.001 <0.01 

<0. 001 <0 .01 

<.001 <.01 
<.001 . 02 

---- ---
---- -- . 
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GROU 0\-/ATER QUALITY COMBINED REQUIREME TS FOR WYOMING AND ONTANA 

l4ELL NO . -----508 FORMATION --~--IJa 1 AREA ___ B_ig __ H_o_rn_ 

PARAMETERS 

OIL & ORGANIC CHLOROPHYLL TOTAL KJELDAHL Se V Zn GREASE NIT. as "N" a ORGANIC C NIT . as "N" COMMENTS 
<0.005 --- 0. 02 

<0,005 -- - 0.02 

<0 .005 --- 0. 04 

<0.005 - - - 0.05 

<0. 005 <l.O 0.03 
' 

<0.005 --- p.12 
-

i<O. 005 --- p.03 

r-0.005 -- - p.02 

~0.005 -- - J, 24 

<.005 <1.0 .02 
<. 005 <1.0 .24 

--- - -- - .06 
---- . -. .07 
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OATE 

30/79 

22/79 

/23/7S 

0 
a, 

J..2./ 80 
""" V, 

i/30/8( 

16/81 

31/81 

/10/81 

/ 11 / 82 

/ 6/82 

n. 

an 
0. 

T !ME SMPLERS 

Bowlby 
1210 Bonda r 

Araas 
1012 Bandar 

Veenst ra 
0955 Bondar 

Gent ry 
1200 Bondar 

Volk 
1430 Bondar 

Andersen 
0900 Lyden 

Jones 
1000 Andersen 

Jones 
1130 Andersen 

0830 Jones 
Andersen 

035 Jones 
Bandar 

GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING MD MONTANA 

WELL NO. ---=-4...,._QJ....__ __ FORMAT I ON __ q,...a_J __ _ AREA _ _.._B~jg._HwDLLC.u.O_ 

PARAMETERS 

SAMPLE FIELD LAB FI ELD LAB FJELD 
WEATHER TECH . TEMP. pH pli corm. CONO. TOS SAR 

oc 

cool pump 9.0 7. 9 6.80 960 1000 666 - --

warm pump 12.0 7.7 7 . 05 810 980 482 -- -

coo l pump 13.0 7.3 7.29 750 1200 472 ---

warm pump 17. 0 7.7 7.20 684 700 426 ---

cool pump 14 . 1 7.7 7.97 717 690 520 .66 

coo l pump 12.0 7.7 5.90 752 700 470 - --

warm thief 13 .0 7. 4 6.80 660 700 410 ---

co ld pump 13.0 8.0 7.4 622 687 494 ---
wann pump 7.5 7.6 6.85 760 670 458 73 

hot pump 13. 0 7.6 6. 70 676 480 360 . 75 

7.5 7.3 5.90 622 480 360 .66 
17 . 0 8.0 7. 97 960 1200 666 75 
12.4 7.7 7.0 739 781 476 . 1 
2. 6 21 .54 96 212 81 cs 

TOTAL 
HARDNESS CALCIUM MAG ESIUM 

437 85 54 

374 75 45 

342 68 42 

317 62 40 

358 70 40 

356 73 42 

286 29 26 

350 71 42 

357 - 71 '1 1:. 44 
~:~ .. 

311 /( ~~o 
I .: ,.P ' . ~ 

286 • ·29 - 1: 437 \: I~ 

349 '( . ~ ~- 2 
_, 

•: ·1·.',15 .< r :) 
~ 

~ ..... ~ I'/ 
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0. 
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:I 
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0 
0\ 

I ...... 
tv 
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tv 
(J1 
(J1 

SODIUM POTASSIUM 

52 2 

39 3 

33 2 

28 2 

~ 29 <l 
I 

N 

;_ 27 2 

3 7 

28 3 

32 2 .1 

30 2.4 

3 <l 

52 7 

30 ---
12 - --

GROUNDI-IATER QUALITY - CQt.1BINEO REQUIRE MENTS FOR WYOMING AND f'ONTANA 

\-JEL L NO . __ 4.u.0 ..... 3 __ FORMATION Oal ----- AREA Bf g Horn 

PARAMETERS 

CATIONS TOTAL ALKALINITY BICARBON/\TE CARBONATE 
ANIONS as CaC03 as HC03 as C03 ACIDITY CHLORC DE 

-.06 291 354 0 --- 7 

.02 273 332 0 --- 6 

. 13 255 311 0 --- 4 

-.21 261 319 0 --- 4 

- . 06 248 302 a -- - 6 

.06 250 304 0 --- 4 

.21 235 287 0 --- 2 

.04 238 291 0 --- 6 

.09 263 320 0 --- 5.9 

. 20 271 330 0 -- - 3.8 

-.21 235 287 0 --- 2 
. 21 291 354 0 --- 7 
. 04 259 315 0 --- 4.9 
.13 17 20 0 --- 1.5 

Page 2 o. 

N02+N03 
FLUORIDE as "N" SULFATE 

.23 .03 245 

.27 .06 173 

.26 .03 146 

.28 .03 118 

.19 <. 01 161 

. 24 . 01 153 

. 35 .32 112 

.52 .51 158 

. 26 . 01 146 

. 29 .12 90 

.19 <. 01 90 

.52 . 51 245 

. 29 --- I. l'SO 
I .09 -- 42 

' ,· ' . 
~i ( 

~t(~ / 

TOTAL 
PHOS. 

.05 

. 33 

.03 

.02 

. 11 

. 01 

---
---

. 05 

. 02 

. 01 

. 33 

. 08 

. 11 

i 
() 
0 

to a 
0 
;,;-

s: ... . 
:I 
(1) 
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--- -- -

-- - ---
--- -- -

-- - -- -

--- ---

--- ---

--- - - -

-- - -- -
--- ---

--- -- -

--- ---
- -- ---
--- ---
- -- -- -

GRO !MATER QUALITY - COMBINED REQUIREMENTS FOR HYOMING ANO MONTANA 

\'/ELL 0. __ ..24.u..03..___ FOR ~AT ION Qa) AREA Big Horn 

PARAMETERS 

At MONJ A Fe 
T. as N Al As B Ba Cd Cr Cu DISSOLVED 
. 22 . 1 <.005 .1 <.5 <.005 .02 <. 01 .42 

,. . 01 <. l <.005 . 1 <.5 <.005 <.02 <. 01 .15 

. 3 . 1 <.005 .1 <,5 <, 005 <.02 .02 .22 

.43 <. 1 <.005 k. l <.5 <.005 <.02 <.01 <.05 

. 12 <. 1 k.005 . 1 <.5 <.005 <.02 .02 <. 05 

. 21 <. 1 1<. 005 . 1 <.5 k.002 <. 02 . <. 01 . 15 

.26 <.l - . 005 • 1 < . 5 k, 002 <.02 .03 • 17 

. 39 .1 . . 005 . 1 <.5 .c.002 <.02 .02 . 35 

.20 . . 1 .005 .14 ,_ . 5 <.002 <.02 -c- . 01 . 11 

.56 • . . 1 <.005 .02 <.5 <. 002 <.02 <.01 .12 

, .Ol <. 1 <.005 .02 <.5 <.002 <.02 <. 01 .05 
.43 . 1 <. 005 .14 . 5 <.005 <,02 .03 . 42 
--- -- --- - --- -- --- - -- - --- ---
--- - - ---- --- -- -- -- --- --- ---

Page 3 01 

Fe 
TOTAL Pb Mn 

1. 97 <.02 .70 

15.60 <.02 .53 

.62 <.02 . 7 

1. 90 <. 02 • 75 

.50 <. 02 . 71 

.33 <.02 . 54 

.18 <.02 1.00 

5.42 <. 02 .70 

1. 53 <.02 .87 

.53 .02 .61 

.18 <.02 . 47 
15.60 · .02 1.00 

2.86 --- .69 
4.74 --- .16 

I 

I 
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---
<. 02 

~ <. 02 
I ....., 

~ <. 02 

. 05 

<.02 

<. 02 

<- ,02 

<. 02 

. 05 

-- -
---

Hg Ni 

<,001 <.01 

<. 001 <.01 

<.001 <.01 

<. 001 <.01 

<, 001 . 02 

<.001 <. 01 

<.001 . 02 

<.001 .02 

<. 0002 <. 01 

. 0004 <.01 

<. 0002 <. 01 

<. 001 .02 
- --- ---
-- -- -- -
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GRO DIJATER QUALITY COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL r o. __ .,.4,....03,.___ FORMATION ___ o_a~J __ AREA Bjg Horn 

PARAMETERS 

OIL & ORGAN IC CHLOROPHYLL TOTAL KJELDAHL Se V Zn GREASE NIT. as "N" a ORGANIC C NIT. as "N" COMMENTS 

<.005 - -- . 01 

<.005 --- . 04 

<.005 --- .02 

<. 005 --- . 05 

<.005 <l .04 

<. 005 - - - . 04 

<.005 --- . 04 

<.005 --- .05 

<.005 -- - . 11 

<. 005 --- . 08 

<. 005 <1 . 01 
l<.005 <l .11 

---- --- . 05 
---- - -- . 03 

' 
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DATE 

.i -21-80 

~-12-80 

)-30-80 
0 
°' I 

~16 -81 
'° 
3- 14-81 

1-13-81 

5-11 -82 

8- 5-82 

Min . 
'-1ax. 
Mean 
S. D. 

TIME SPJ• PLE RS 

Gentry 
1520 Bondar 

Lyden 
0840 Bondar 

Volk 
1350 Bandar 

olf 
1000 Bondar 

Andersen 
0900 Bandar 

Jones 
1100 Andersen 

0945 Jones 
Andersen 

1245 Jones 
Bondar 

GROU DJATER QUALITY - CO IBINED REQUIREMENTS FOR WVOMI G AND MO TAI A 

WELL 0. 207A FORMATI O _ _..0.._al.__ __ _ AREA Big Horn 

PARAMETERS 

SA /4PLE FIELD LAB Fl ELD LAB FIELD TOTAL 
WEATHER TECH. TEMP. pH pH corm. COND. TOS SAR HARD ESS CALCIUM AGNESIUM oc 

cool pump 10.0 7.9 6.20 840 1750 536 - 387 60 58 

warm pump 17.0 7.6 7.20 740 650 450 - 326 51 48 

warm thief 13.0 7.7 7.70 734 730 540 .86 367 63 51 

cool pump 12.0 7.6 5.90 834 825 518 - 384 64 55 . 
.,; 

warm pump 7.0 7.7 8.85 788 950 468 - 355 57 52 

cool pump 12.5 7.9 6.50 869 782 480 - 365 59 53 

warm pump 10.0 7.6 6.30 900 861 568 .76 431 69 63 

warm pump 12.0 7.5 6.90 963 700 546 .77 414 68 60 
- -

7.0 7.5 5.90 734 650 450 .76 326 51 51 
17.0 7.9 8. 85 963 1750 568 .86 431 69 63 
11. 7 7. 7 6. 94 034 906 513 .80 379 61 55 
2.9 .2 .97 79 354 42 .06 33 6 5 

~ -
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Page 2 of 
0 ~ l"l 
~ s: 0 
Ci • (1) (J "1 

0 IV GROU DIATER QUAL ITV - COMB I /ED REQ IREMENTS FOR IYO lI NG AND MONTANA 0 ,.... 
co /ELL 1 0. 207A FORMATIO Qal AREA Big Horn 

PARAMETERS 

CATIONS TOTAL ALKALINITY BICARBOI ATE CARBONATE 02+N03 TOTAL 
SODIUM POTASSIUr ANIOtlS as CaC03 as HC03 as C03 ACIDITY CHLORl DE FLUORIDE as "N" SULFATE PHOS . 

43 9 -.01 309 377 0 4 .35 <.01 171 .04 

36 9 - .20 280 342 0 3 . 37 . 10 136 .02 

38 8 -.03 283 345 0 3 . 27 .07 167 .81 

38 11 . 23 291 355 0 3 .42 .13 164 . 21 

r. 1 34 10 .03 283 345 0 3 . 33 .20 148 
r: ,. 
IC _; 32 10 .08 282 344 0 I 3 .52 <.01 150 ... - ~36 9.3 . 13 316 385 0 2.9 .31 .02 187 .03 

0 
,~ 36 8.6 .16 316 385 0 2.9 .31 <. 01 169 . 02 I '-., -

~ 
32 8 -. 20 280 342 0 2.9 .27 <. 01 136 . 02 

43 11 .23 316 385 0 4 .51 .20 187 . 81 

• 37 9 .05 295 360 0 3 .36 162 .19 0. 
0. 
(1) 
:; 3 1 .13 16 19 0 1 . 08 0. 
c:: 
3 

CD 0 "1 
0\ 0 

I 0 ...... ;,_' 
tv s: I 

IV 5· (Jl 

\0 (1) 

:• 
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GROU D~IATER QUAL ITY - CO 18 1 ,ED REQU IR EME S FOR WYOMI G AND MONT A A 

\-/EL L 0. 
-~~~-

FO RMATI0 QaJ AREA B jg Hoco 

P1,RA ~ET ERS 

AM!·ON I A f e 
tllT . as N Al As B Ba Cd Cr Cu DISSOLVED 

. 3 l <. 1 . 005 . l <.S <.005 <. 02 <.01 1.20 

. 11 <. l <. 005 . 2 . . 5 <. 005 <. 02 <,01 . 15 

. 24 I<. l <.005 . 2 <. 5 <.005 <. 02 . 05 .06 

. 11 <. l <. 005 .2 -: . 5 <,002 <. 02 . 02 . 61 

. 12 ,{ . 1 <. 005 . 1 <. 5 <,002 <. 02 .01 1. 05 

.11 IC. I l< . 005 . 2 I< , 5 <, 002 <,02 . 02 1. 33 

.1 0 I< . 1 k.005 . 21 < . 5 <. 002 <. 02 <,01 1.08 

.27 F: . 1 <.005 .08 <. 5 k . 002 <,02 .01 .99 

. 10 ~. l k. 005 . 08 <. 5 <. 002 <.02 <. 01 . 06 

.31 . 1 tc . 005 .2 ~- 5 k.005 <.02 . 05 1. 33 

• I 7 -- -- -- . 2 -- - .. -- - . - --- .81 

. 09 -- ---- . 1 -- -- -- --- - -- . 48 

Pa ge 3 o 

I 
(') 
0 

Fe 
TOTAL Pb Mn 

2. 91 <, 02 <.02 

2. 51 <. 02 .16 

14 1. 95 <. 02 . 20 

11. 25 <. 02 . 17 

1. 20 <.02 . 17 

2.22 <. 02 . 18 

- <.02 .16 

1. 48 . 02 . 14 

1. 20 <. 02 <.02 

'1 1. 95 .02 . 20 

9.07 --- . 15 

~4.91 --- .06 

,~ I ' 
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v<. 02 

<. 02 

<. 02 

<. 02 

<, 02 

---

-- -

Hg Ni 

<. 001 <.01 

<. 001 . 01 

<. 001 . 02 

<,001 <, 01 

< . 001 .03 

<. 001 <.01 

<. 0002 <. 01 

<.0002 <. 01 

<.0002 <.01 

<.001 . 03 

--- - - ---
- ---- -- -

GROUNDI/A TE R QUALi TY COMB I NED REQU l RE t ENTS FOR WYOMING AA D ~ 0 TANA 

WELL O. -~2-Q7_A __ _ 

Se V Zn 

<. 005 - <. 01 

<. 005 - .05 

<. 005 <l . 06 

<. 005 - . 04 

<. 005 - . 07 

<,005 - .03 

<,005 - .06 

<. 005 - .06 

<, 005 <l <.01 

<.005 <l .07 

-- - - - . 05 

-- -- - . 02 

FORMAT! 0 __ Qa...,J.,_ __ 

PARA ETERS 

AREA_""'R.,.i*g_.H...,o .... rD---

OIL & ORGANIC CHLOROPHYLL 
GREAS E NIT . as "N" a 

: 
' ' "' 

. 

. 

. 

1:• 
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TOTAL KJELDAHL 
ORGANIC C ti IT. as "N" COMMENTS 
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13-79 

30-79 

22-79 

-;) 
:r, 
I 

~24-79 ... 

14 -80 

12- 80 

-30-80 

16-81 

13-81 

10-8) 

TIME SAi· PLERS 

- Bowlby 

Bandar 
1335 Bowlby 

Bowlby 
1445 Araas 

Bowl by 
Veenstra 

1330 Bondar 

Bandar 
1400 Gentry 

Bandar 
Gentry 

0910 Lyden 

Bandar 
1410 Volk 

Bandar 
1) 5 Wolf 

Andersen 
1325 Jones 

Andersen 
1400 Jones 

GROUN OI IA TER QUALITY - COMB NED REQUIREMENTS FOR ~YOMI NG ANO MONT ANA 

WELL NO . 397 ----- FORMATION Qal -~---- AREA Big Horn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL 
I EATHER TECH. TEMP. 

oc 
pH pH corn. COND. TDS SAR HARDNESS CALCIUM t AGNESJUt, 

- pump 11. 64 7.7 7.75 1430 900 1060 - 735 115 109 

- pump 9.0 7.8 6.9 1370 1500 1050 - 711 131 93 

clear 
~,ami pump 12.0 7.7 7.62 980 1150 606 - 482 94 60 

coo l pump 12.0 7.4 7.36 910 1100 566 - 429 87 51 

"' 
cool pump 11.0 7.6 6.89 750 820 532 - 369 74 45 

clear 
warm pump 16. 5 7.6 7.2 796 730 496 - 384 75 48 

cool pump 14. 0 7: 6 8.0 840 770 604 - 446 92 52 

cool pump 11.0 7.7 6.75 798 725 488 - 384 80 45 

coo l pump 11.0 7.6 8.10 778 950 468 - 374 
I 73 47 
I 

cool pump 13. 0 7.7 7.3 1250 903 606 - 446 87 56 

I 
•> 
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GROUNrn/ATER QUAL ITY - "COMBINED REQUIREMENTS FOR WYOMING ANO MO TANA 

WELL NO . 397 ----- FORMATION Oal ----- AREA Big Horn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD TOTAL 
WEATHER TECH . TEMP . pH pH corm. CONO. TOS SAR HARD ESS CALCIUM MAGNESIUM oc 
warm pump 8.5 7.6 7.0 1000 881 642 .89 468 101 52 

hot pump 11.0 7.5 6.6 1200 860 828 1.03 593 119 72 

8.5 7.4 6.6 750 725 468 .89 369 73 45 
16.5 7.8 8.10 1430 1500 1060 1. 03 735 131 109 
11. 7 7.6 7.3 1009 941 662 . 96 485 94 61 
2. 1 . 1 .5 243 219 206 .10 127 19 20 

. 
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0 ~ (") ,.... 3: 0 
CT )> 
('l) () .., 

0 
~ GROUI llJATER QUALITY - CO BINED REQUIREME TS FOR Y0~1I NG AND MONTA A 0 ...... 
(X) 

l~ELL : 0. 397 FORMATION Qal AREA Big Horn 

PARAMETERS 

CAT 016 TOTAL ALKALINITY BICARBONATE CARBONATE N02+N03 TOTAL 
sooru PO TASS I U 4 A IONS as CaC03 as HC03 as C03 ACIDITY CHLORIDE FLUORIDE as " II SULFATE PHOS. 

73 4 , 33 450 550 0 5 .16 .31 408 .32 

72 5 .07 453 553 0 6 . 14 .4 391 .02 

40 4 .22 357 435 0 5 .14 .03 191 .03 

34 4 . 12 344 420 0 10 .1 3 .01 138 .03 

n - i 28 3 - .17 298 364 0 7 . 14 .01 129 .12 ~-
C, ~ 

c;;.;. 
J 
~ 30 3 - .1 7 310 378 0 4 .16 . 01 140 . 04 

a ~ ~ - "' I 27 <. 1 . 11 311 379 0 3 . 09 .03 177 .13 
c.n 

I c.n 31 3 .20 301 - 367 0 2 .20 .01 134 .03 

48 6 . 16 320 390 0 3 .19 .14 145 

36 .25 325 397 0 5 .37 <.01 200 
)> 
0. 
0. 
('l) 

::3 
0. 
C: s co 
C, .., 
°' 0 

' 0 ...... :,:;-
~ 3: ' ~ -· °' :I 
~ ('l) 
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SODIUM POTASSIUM 

44 3. 8 

58 4. 5 

27 <l 

73 6 

J 43 3 
" I 
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16 l Jo 
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GROUNO.-JATER QUAL ITV - COMB I NED REQUIREMENTS FOR WYOMING ANO f,ONTANA 

~IELL , 0 . 397 FORMATION Qal AREA Big Horn ----- ------
PARAMETERS 

CATIONS TOTAL ALKALINITY BICARBONATE CARBONATE 
ANIONS as CaC03 as HC03 as C03 ACIDITY CHLORIDE 

.09 327 399 0 <l 4.'8 

. 19 346 423 0 - 8. 1 

- . 17 298 364 0 - 2 

.25 453 553 0 - 10 

. 12 345 421 0 - 5 

.15 53 65 0 - 2 

. 
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N02+N03 TOTAL 
FLUORIDE as "N" SULFATE PHOS. 

.13 .02 221 . 03 

. 2 . 12 343 .02 

.09 <. 01 129 . 02 

. 37 .4 408 • 32 

.17 .09 218 . 08 

. 07 .13 103 . 09 

I<~,-:--; , .... 

. ·. . 
./ 

/~'(· ~l Jl L~ I• 
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GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR lnOMING AND MONTANA 

HELL N0. _ --=39"--'7 __ _ FORMAT TON_--:LQ=-a l::...._ __ 

PARAMETERS 

AMMOt I A 
fIT. as N Al As B Ba Cd 

. 31 <. l <.005 - <. 5 ~.005 

. 52 <. 1 <.005 .2 <. 5 <.005 

<,01 <. l <,005 . 1 <.5 <.005 

.05 .2 <. 005 . 1 <.5 <. 005 

<,05 <. l <.005 < . 1 <,5 <. 005 

. 10 <: . 1 <,005 .1 <,5 <, 005 

. 07 <. 1 <. 005 . 2 <.5 <.005 

<.05 <. l <.005 . 1 <.5 <.002 

.01 <. 1 <, 005 < .1 <,5 <.002 

. 12 I<. 1 <,005 I< .1 <.05 <.002 

AREA Big Horn 

Fe 
Cr Cu DISSOLVED 

<.02 .02 .68 

<,02 .01 .22 

<.02 <.01 .24 

<,02 <. 02 .24 

<,02 <.01' .19 

<.02 < .. o~ . <. 05 

<.02 .03:• .16 

<.02 .02 .11 

<.02 . 03 <.05 

<,02 <.01 . 07 

. 
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i 
() 
0 

Fe 
TOTAL Pb Mn 

I. 65 <. 02 .85 

.24 <.02 .82 

.31 <.02 . 55 

. 4 <,02 . 51 

.45 <. 02 .31 

. 57 <.02 .60 

.19 <.02 .56 

. 67 <, 02 .42 

. 11 <.02 .57 

. 11 .02 .70 

. 
...., ,_ 
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GROUNffi~ATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

HELL NO. 397 ----- FORMAT I ON _ __.Q_a l __ _ AREA Big Horn 

PARAMETERS 

AMMONIA Fe Fe 
NIT. as N Al As 8 Ba Cd Cr Cu DISSOLVED TOTAL Pb Mn 

. 06 .2 k.005 . 13 <.5 k, QQ2 i< .02 <,01 .27 .34 <.02 . 39 

.27 .1 .005 . 04 k, 5 ~.002 K. 02 .01 . 07 .29 <.02 .61 

<. 01 .1 i:: . 005 . 04 t<: . 05 . 002 I< . 02 <. 01 <.05 .11 <.02 .31 

. 52 . 2 . 005 . 2 k.5 .005 I<. 02 .03 .68 1.65 <. 02 .85 

- -- -- -- -- --- - - - --- - --- --- --- .44 --- . 57 

--- -- --- - --- --- ---- --- -- - --- .42 --- .1 6 

\ 
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.0002 . 03 

<, 001 <. 01 

<. 001 <. 01 

<.001 <. 01 

<, 001 <, 01 

<. 001 <. 01 

<.001 . 02 

<. 001 <. 01 

<.001 .OS 

<.001 . 01 

GROUNO\·IATER QUALITY - COMBINED REQUIREME TS FOR WYOMING AND MO TAl-lA 

!·JELL NO. 397 -----=--=:....;__--

Se V Zn 

<. 005 - .05 

<. 005 - .02 

<.005 - .02 

<.005 - .01 

<,005 - <.01 

<. 005 - .05 

<. 005 <1. 0 .04 

<.005 - . 04 

<,005 - .04 

<. 005 - K. 01 

FOR ATI O __ _.Q=a ..... l __ 

PARAMETERS 

AREA Big Horn 

OJL & ORGAr IC CHLOROPHYLL 
GREASE IT. as "N" a 

.. 

Page 7 01 

TOTAL KJELDAHL 
ORGAN IC C NIT. as 11 N" COMMENTS 
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GROUND\·IATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL NO. 397 _.a.-.;. __ _ 

Se 

<.005 

<.005 

<, 005 

<.005 

V Zn 

.06 

. 14 

<1.0 . 01 

<l. 0 .14 

FORMATION ______ O=a~l __ AREA Big Horn 

PARAMETERS 

OIL & 
GREASE 

ORGANIC CHLOROPHYLL TOTAL KJELDAHL 
NIT, as "N" a ORGANIC C NIT. as "N" COMMENTS 

DEQ Ex. 3-1238



0 
n -0 
CT 
n, .., 
IV 
0 -(X) 

• C. 
C. 
n, 
:, 
0. 
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3 
0 

°' ' ...... 
lV 

' lV 
---1 
0 

OATE 

11-3-80 

1-20-81 

1-21-81 
J 

0-81 
-
11-10-8 

5-10- 81 

8- 6-8, 

1in. 

a . 
Mean 
S. D. 

TIME SAMPLERS 

Volk 
1350 Bondar 

Volk 
1000 Lyden 

Andersen 
1500 Bandar 

Lyden 
1300 Andersen 

Jones 
1315 Andersen 

1330 Jones 
Andersen 

L410 Bondar 
Andersen 

GROUND\IATER QUALITY - CO Bl NED REQUI~ .E: TS FOR WYOMING MO MONTANA 

WELL NO . -----'6"-'4u.4 __ _ FOR! ATION_O ..... a....,_1 __ _ AREA Big Horn 

PARAMETERS 

SAMP LE FIELD LAB FIEt D LAB FIELD 
WEATHER TECH. lHP. 

oc 
pH pH COi D. CONO. TOS SAR 

coo l pump 13.8 7,5 7.36 880 890 590 -

cold pump 8.8 7,8 7.09 785 810 470 -

cold pump 8.0 7 . 1 7.40 720 625 454 -

warm pump 8.0 7.4 7.40 828 1100 522 -

cool pump 13.5 7.6 7.20 764 970 594 -
warm pump J.O 7.5 F Q() 740 642 454 -65 

warm pump 13 .0 7.4 6.60 971 760 576 .60 

7.0 7.1 6.60 .120 625 454 .40 
13.8 7:8 7,40 971 1100 594 ,65 
10.3 7.5 7. J2 813 827 523 .ss 
3.0 .2 . 31 88 173 64 .13 

t. 

TOTAL 
llARD ESS CALC IUM 

502 107 

406 87 

344 73 

475 100 

480 103 

342 74 

506 108 

., 
342 73 I '-

506 108 
<136 93 
72 15 

r r, 

' '-... . .-~./ 1• 

MAGNESIUM 

57 

46 

39 

55 

54 

38 

58 

38 
58 

50 
9 

i 
)> 
() 
0 

-· :, 
('I) 
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24 <- 1 

31 3 
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28 1. 6 

31 3. fj 

20 <l 

31 3.6 

27 -

4 -

GROUNO~JATER QUALITY - cm1B1 ED REQUIREMENTS FOR ~/YOM I NG ANO MO TA A 

\.JELL N0 ._--64=4 __ 

CATIONS TOTAL ALKALINITY 
ANIONS as CaC03 

.24 405 

-.05 321 

- . 04 281 

. 22 398 

.15 424 

.11 27 1 

. 22 436 

- . 05 271 

.24 436 

, 12 362 

. 12 70 

FORMATION __ "'4'Qa"-') __ 

PARAMETERS 

BICARBONATE CARBO ATE 
as HC03 as C03 

493 0 

391 0 

343 0 

486 0 

517 0 

331 0 

532 0 

331 0 

532 0 

442 0 

85 0 

AREA Bj g Horn 

ACIDITY CHLO RI OE 

- 3 

- 5 

- 4 

- 11 

- 2 
' I 

3.9 - .ol 

- 1. 9 

- 1. 9 

- 3. 9 

- 4 

- 3 

'•' 
., 
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N02+ 03 TOTAL 
FLUORIDE as "N" SULFATE PHOS. 

. 19 . 05 119 .29 

.20 . 02 127 .02 

.29 .03 123 .02 

. 22 .36 100 -

.40 .35 119 -

.21 .02 117 .03 

. 22 1. 22 123 . 02 

.19 .02 100 .02 

.40 1. ?.2 127 . 29 

.25 .29 118 . 08 

.07 .44 . 
9 . 12 

' 

. . ' 
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- -

- -

- -
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GROUIHl\./ATER QUAL ITV - COMBINED REQUIREMENTS FOR WYOMING ANO MONTANA 

\~ELL 0 . 6 4 ----- FORMATIO ---"-Oa ..... 1'---

PARA1ETERS 

AMI IA 
HT. as N Al As B Ba Cd 

. 06 <. 1 <. 005 <. l <.5 <.005 

.04 <. 1 <.005 <. 1 <,5 <,005 

.10 . 1 <, 005 <.1 <. l l<.002 

. 26 . 1 <.005 <.l <.5 <.002 

.08 <. 1 <.005 . l <,5 <.002 

.06 <.1 <.005 .11 <,5 <,002 

.28 <.l <.005 .04 <.5 <.002 

.04 <.l <. 005 .04 <.1 .002 

. 26 .1 I<, 005 .11 <; ,5 .005 

.13 -- -- -- --- -- ----

.10 -- ---- - -- -- ----

AREA Big Horn 

Fe 
Cr Cu DISSOLVED 

<.02 . 04 .36 

<.02 <.01 . 76 

<.02 <.01 .20 

<.02 .02 <.05 

<.02 .02 .61 

<.02 <. Ol. .87 

<.02 . 01 . 26 

<.02 <.01 <.05 

<. 02 .04 .87 

--- --- .44 

- -- --- . 31 

I 
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Fe 
TOTAL Pb Mn 

2.30 <.02 . 16 

5.60 <.02 .10 

9.94 <.02 .13 

. 38 . 02 .04 

.85 <. 02 .06 

1. 20 <.02 .08 

.65 <. 02 .02 

.38 <. 02 . 02 

9.94 <.02 . 16 

2. 99 --- . 08 

3.55 --- .OS 
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C..7 

<.02 

Hg Ni 

<, 001 . 03 

<. 001 <.01 

<,001 <.01 

<.001 .02 

<. 00 1 <,01 

<. 0002 <. 01 

<. 0002 <. 01 

<.0002 <.01 

<. 001 . 03 
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GROUN D\·IATER QUALITY - COMB 1 NED RE QUIREMENTS FOR ~JYOMI NG AND MONT ANA 

ELL 0. - -~..-.. 644 FORMATIO Oal AREA Big Horn 

PARAt1ETERS 

OIL & ' 
V Zn GREASE Se 

ORGANCC CHLOROPHYLL TOTAL KJELDAHL 
NIT . as "N 11 a ORGAN IC C NIT. as " " COMMENTS 

<. 005 .05 

<.005 . 07 

<.005 .02 

<. 005 .05 

<. 005 .03 

<. 005 .06 

<. 005 .09 

<.005 .02 

<.005 .09 

.05 

.02 
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DATE 
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-15-81 

J 
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Sl0-81 
7' .,, 

-10-81 

· 10-82 

, 6-82 

n. 
IX. 

:an 
0. 

TIME SAMPLERS 

Vo 1 k 
1115 Bandar 

Bandar 
1300 Volk 

l~o l f 
1030 Bondar 

Lyden 
1030 Andersen 

Jones 
1215 Andersen 

1400 Jones 
Andersen 

1305 Jones 
Rondar 

GROU DWATER QUALITY - COMBINED REQUIREMENTS FOR WYO ING ANO MONTANA 

WELL NO. 645 -------'-~- FORMATI ON __ Q_a_l __ _ AREA Bjg Horn 

PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD 
WEATHER TECH. TEMP. 

oc 
pH pH corm. CONO. TOS SAR 

cool pump 11.8 7.6 7.29 880 780 628 --

cold pump 11. 0 7.6 7.09 879 775 590 --

cold pump 9.0 7.3 6.90 897 800 574 --

warm pump 8.0 7.6 7.80 910 1100 650 --
..,, 

cool pump 13.0 8.0 7.40 807 916 724 --
warm pump 8.0 7.6 6.90 1020 930 720 1. 10 

warm pump 13.0 7.5 6. 70 ~130 810 714 1.24 

8.0 7.3 6. 70 807 775 574 .87 
13.0 8.0 7.80 U30 1100 724 l. 24 
10.5 7.6 7.15 932 873 657 1.07 
2.2 . 2 .37 108 118 63 .19 

TOTAL 
HARDNESS CALCIUM MAGNESIUM 

441 100 46 

400 89 43 

402 73 54 

464 105 49 

477 106 51 

474 108 49 

481 108 51 

400 73 43 
481 108 54 -
448 , r~ --98 49 

35 13 
h 

4 

!-. ~I . 
·"\'." I 
• 

.... ..:..•1!::J.1 
;,, 

- · 
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SODIU POTASS IUM 

42 2 

48 3 

49 3 

50 4 

51 5 

55 3.3 

62 . 7 

42 2 

62 5 

51 3 

6 1 

GROU HMATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND 1'K)NTANA 

WELL 0. __ 6..__4...._5 __ 

CATIONS TOTAL ALKALINITY 
ANIONS as CaC03 

.19 298 

-.15 282 

.19 288 

. 12 300 

0.00 289 

.05 275 

.17 297 

-. 15 275 

. 19 300 

.08 290 

. 13 9 

FORMATIO __ ....,._O .... al..__ 

PARAMETERS 

BICARBONATE CARBONATE 
as HC03 as C03 

363 0 

344 0 

351 0 

366 0 

352 0 

335 0 

363 0 
-

335 0 . 
366 0 

353 0 

11 0 

AREA Bi Q Horn 

ACIDITY CHLORIDE 

- 6 

- 4 

- 5 

- 13 

- 5 
l 

6 - I 

- 5.6 

- 4 

- 13 

- 6 

- 3 

..!' 
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N02+N03 TOTAL 
FLUOR I DE as "N" SULFATE PHOS. 

. 13 • 04 210 . 14 

.15 .70 217 .10 

. 16 . 17 199 . 02 

. 16 . 44 241 -

. 30 .46 284 -
.14 .19 299 . 03 

. 17 .29 296 . 02 

.13 .04 199 . 02 

.30 .70 299 . 14 

. 17 . 33 249 . 06 

.06 .22 1, 43 .05 

' 

I 

I 
I 
I 
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- -

GROUNQI..JATER QUAL ITY - COM13INED REQU IREMENTS FOR WYOMING ANO MONTANA 

WELL NO . 645 ----- FORMAT I ON __ ....,Q..,a..._J __ 

PARAMETERS 

AJ ONIA 
r~ I T. as N Al As B Ba Cd 

. 47 <. 1 <. 005 < .1 <,5 <.005 

.22 <. 1 <.005 <.l <,5 <.005 

.44 <. 1 <. 005 <.l <.5 <.002 

. 02 . l <, 005 < .1 <. 5 <.002 

.48 I< . 1 <.005 <, l <.5 <.002 

.29 <. 1 <. 0005 .10 <.5 <. 002 

. 75 < . l <.0005 <. 01 <. 5 <.002 

. 02 r' .1 <. 0005 1<. 01 <. 5 1<.002 

. 75 . l ic:.005 . 10 I<. 5 <.005 

. 38 -- -- --- --- -- ----

.23 -- ----- --- -- --- -

AREA Rig Hoco 

Fe 
Cr Cu DISSOLVED 

<. 02 . 04 .15 

<.02 <.01 .35 

<. 02 <.01 . 23 

<.02 . 06 < .OS 

<. 02 . 01 . 43 

<.02 <.ot . 38 

<.02 .01 . 36 

<,02 <.01 <.05 

<.02 .06 . 43 

--- --- . 28 

-- - -- - . 14 

.. 

Page 3 o, 

Fe 
TOTAL Pb Mn 

2.73 <. 02 . 62 

1.08 <.02 • 34 

,86 <. 02 . 30 

. 14 <.02 . 25 

.36 <. 02 . 33 

. 62 <. 02 . 24 

. 68 <.02 . 2 

. 14 <. 02 . 2 

2.73 <.02 . 62 

.92 --- . 33 

.85 --- .14 
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0 
n 
0 
O"' 
(l 
"1 

IV 
0 ...... 
co 

rn 
r-, 
CII 

-
-
• 0. 
0. 
(l 
::, 
0. 
C: 
s 
0 

°' I ...... 
IV 

I 

IV 
---J 
---J 

.. 
Q> 

~ -0 

Mo 

<,02 

<.02 

<.02 

<. 02 

~. 02 
I 

" ~. 02 

<.02 

<.02 

<.02 

- --

-- -

Hg Ni 

<. 001 .03 

<.001 <,01 

<.001 <.01 

<. 001 . 02 

<.001 . 02 

<.0002 <. 01 

<. 0002 <.01 

<,0002 <.01 

<.001 . 03 

----- ---

-- - -- ---
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GROUNO\IATER QUAL ITY COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL NO. 645 ----- FORMATION Qal __ __,_ __ AREA Big Horn 

PARAMETERS 

OIL & ORGAN IC CHLOROPHYLL TOTAL KJELDAHL 
Se V Zn GREASE NIT. as "N" a ORGANIC C NIT. as "N" COMMENTS 

.005 - . 04 

<.005 - .05 

<,005 - .03 

<. 005 - .27 
• 

<.005 - .04 

·"i <. 005 - .05 I ..... 
<.005 - .09 

<.005 - . 03 

<.005 - . 27 

- - -- - . 08 

- --- - .09 

: 

I ~· 
DEQ Ex. 3-1246
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0 
0-
(1) .., 
[\,J 

0 -co 

~ - a . 

ATE 

7 /81 

'0/81 

'0/81 

J 

~/81 

1'.4/82 
c::, I',) 

' -. 0 
U"I 5/82 

I U"I -
> 
C. 
C. 
(b 

::i 
0. 
C 
9 
0 

°' I ..... 
t\;) 

' [\,J 
--..J 
co 

n. 
x. 
an 
D. 

TIME SAMPLERS 

Volk 
1400 Bondar 

Andersen 
1130 Lyden 

Jones 
1130 Andersen 

Jones 
1340 Ande sen 

1005 Jones 
Andersen 

1130 Jones 
Bandar 

GROU D\.JATER QUAL ITV - CO BI NED REQUIREMENTS FOR WYOMING ANO MONT ANA 

WE LL NO • ---=-6=--54=-------

SAMPLE FIELD 
WEATHER TECJ-1. TEMP. 

oc 

co ld thief 15.0 

cool thief 11.0 

warm pump 13.0 

cold pump 18.0 

warm pump 13.5 

hot pump 17.0 

11. 0 
18.0 
14. 6 

2. 6 

F0RMATJ0N_--"-'Sp;;.;:;o..:..i..:....:ls;...__ 

PARAMETERS 

AREA_.....::B..;;..ig.......,;..;H..;;..o.;...;rn~ 

LAB FIEL0 LAB FIELD 
pH pH corm. C0ND. TDS SAR 

7. 3 6.57 3990 4500 3620 ---

6.6 5.5 3920 3600 3730 ---

6.6 8.7 38?.0 5100 3460 ---

6.9 6.2 3p50 3547 3530 - --

7.4 6.5 1840 1670 1260 3.82 

6.3 6.2 4110 3050 3510 2.29 

6.3 5,5 1040 1670 1260 2.29 
7.4 8.7 4110 5100 3730 3.82 
~.9 6.6 3555 3578 3185 3.06 

. 4 1.1 855 1191 948 1.08 

TOTAL 
HARDNESS 

2060 

2210 

2160 

2180 

546 

2150 

546 
2210 
1884 

658 

CALCIU 

411 

412 

444 

417 

115 

405 

115 
444 

367 

124 

MAGNESIUM 

251 

288 

256 

277 

63 

278 

63 
283 

236 

36 

OJ ..., 
0 
0 
;,;-

~ 
s· 
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0 
() ,..... 
0 
er 
(l 
'"'I 

1-.) 

0 ...... 
00 

n 

-
(.,: 

I -

J . ' - J 

~ 

-

SODIUM POTASSIUM 

284 40 

272 30 

255 31 

243 30 

205 16 

244 29 

205 16 
284 40 
251 29 

27 8 

GROUNDWATER QUALITY - COMBINED REQUIREME TS FOR WYOMING ANO mNTANA 

WELL 0. 654 -----

CATIO S TOTAL ALKAL INI TY 
ANIONS as CaC03 

-.23 504 

-.29 710 

.97 649 

.85 694 

- .12 402 

-1.06 708 

-1.06 402 , 

. 97 7 0 

. 02 6 1 

. 77 129 

FORMATION _ ___,;S....,p;.;.;.o.:..;·1"-"-s_ 

PARAl ETERS 

BICARBONATE CARBONATE 
as HC03 as C03 

615 0 

866 0 

792 0 

847 0 

490 0 

864 0 

490 0 
866 0 
746 0 
157 0 

AREA Bjg Horn 

ACIDITY CHLORIDE 

-- - 21 

--- 16 

--- 16 

--- 16 

--- 9.3 

-- - 20 

--- 9.3 

--- 21 
--- 16 .4 

--- 4.1 

Page 2 o 

N02+N03 TOTAL 
FL UOR IDE as 11 N" SULFATE PHOS. 

.40 .03 2110 .03 

.29 <,01 2040 .01 

.18 3.06 2030 . 02 

.41 . 23 1990 ---

. 8?. .04 579 . 68 

.19 <.01 1950 .06 

. 18 <. 01 579 . 01 

.82 3.06 2110 .68 

.38 --- 17~3 . 17 

.24 --- 592 .29 

DEQ Ex. 3-1248



Page 3 o 
0 ~ n 

~ 
~ 

0 
u 

0 n ., 
0 GROU DWATER QUALITY • CO IBINED REQUIREME TS FOR \~ YOMING ANO MONTA A 

0 ...... 
00 4Ell 0. 654 FO -I.AT IO Seo i 1 s AREA Bi9 Horn 

PARN ETERS 

ORTHO ORGAIII C AMMO JA Fe Fe PHOS. PHOS. t!IT. as Al As B Ba Cd Cr C DISSOLVED TOTAL Pb Mn 
.79 . 3 <. 005 .2 , .5 <.005 . 02 . 04 1.60 73.40 .02 1. 33 

7.28 ... . l .005 . I <.5 <.002 <.02 <. 01 3.49 34 . 30 <.02 1. 12 

8.00 <. I <.005 .2 ,, _5 <.002 .04 . 03 <. OS 3. 03 <.02 I. 27 

. 41 , I . 005 . 2 <.5 <.002 <. 02 . 02 <, 05 2.94 <. 02 1. 78 
J --- 4. 89 < . 1 <.005 . 15 <,5 

-c 
<.002 <.02 . 01 . 14 82.20 <.02 .16 

m J 11.2 < .1 <,005 .12 <.5 .002 .OS . 02 3.28 4.05 · .02 . 9 
.J -

~ 

.41 <. 1 <.005 . 1 <,5 <.002 <. 02 <,01 <.05 7. . 94 . 02 .16 - ~ c::t - l l. 2 . 3 <,005 .2 <,5 <.005 .05 . 04 3.49 82.20 <,02 1. 78 
~ 5. 43 .16 33.32 1. 09 

I u, 4.25 . 04 36.59 .5 

)> 
0. 
0. 
n 
:I 
0. 
C 
3 

co 0 a °' 0 ' 
~ 

..... 
tv 

s:: 
:J 00 
n 0 
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(l .... 
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cr' 
Cl 
"1 

t,.J 
0 ..... 
co 

)> 
0. 
0.. 
(1) 

:J 
0. 
C 

s 
0 

°' I ..... 
t,.J 
I 

t,.J 
00 
I-' 

Mo 

<. 02 

<. 02 

<. 02 

<, 02 

J <. 02 

j <.02 
J 

· .02 
, .02 

---
---

Hg i 

<,001 .05 

<,001 .01 

. 001 . 02 

. 001 . 05 

<. 0002 .. . 01 

<.0005 .02 

<. 0002 <. 01 

. 001 . 05 

- - -- ---
---- ---

RZRZ/9Z/ZR 'peuu~~s 

Page 4 o 

GROUIDJATER QUALITY - COMBINED REQUIRE1£NTS FOR WYOM I G AND MONTANA 

WELL NO. 654 ----- FO RMA TI ON __ ....;cS-"--po=--i'-'l ___ s_ AREA Big Horn 

PARAMETERS 

OIL & ORGAN I C CHLOROPHYLL TOTAL KJELDAHL 
Se V Zn GREASE NIT . as "N" a ORGAN IC C rl IT. as ''N" COMMENTS 

<.005 - - - .43 

<.005 -- - . 23 

<. 005 --- . 68 

.005 --- 4. 59 

<.005 -- - 1. 53 

<. 005 --- 2.1 0 

<.005 - - - . 23 

<.005 -- - 4. 59 

- --- - -- 1. 59 

---- --- 1. 63 

I 

' . 
-ll --~ 
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tv 
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00 
Iv 

IATE 

7/81 

'0/81 

'0/81 
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" - I ..., 
::a: 

~/81 
~ 

en 14/82 
I'.> 

5/82 
U"t 

n. 

3n 

D. 

Tl E SAi· PLERS 

Vol k 
1210 Bandar 

Andersen 
1000 Lyden 

Jones 
1300 Ande rsen 

Jones 
1140 Andersen 

0930 Jones 
Ande rsen 

1245 Jones 
Bandar 

GROU lJ /ATER QUAUTY - COMBINED REQUIREMENTS FOR 14YOMJNG ANO MONTAI A 

ELL NO ·_ ......ufi...1.156..._ __ 

SAMP LE FIEL D 
WEATHER TECH . TEMP . 

oc 

cold thief 12.0 

coo l pup 10.0 

warm pump 23. 0 

cold pump 15.0 

warm pump 13 .0 

hot pump 19.0 

10.0 

23. 0 

15.3 

4. 8 

FORMA Tl ON_---'+s p ..... a ..... i .i..;:] 5.___ 

PARAMETERS 

AREA _ _ B1~·gµHw.o.1.Lr.u..n _ 

LAB FIEL D LAB FIEL D 
pH pH corm. CONO . TOS SAR 

7.8 7.15 1480 1200 972 ---

7. 5 5.0 1680 1600 1190 ---

7.7 G.8 1850 1900 1270 -- -

7.5 6. 6 1750 1646 1260 ---
7. 5 6.4 1790 1610 1210 4. 06 

7.3 6.8 1800 1500 1200 3. 82 

7. 3 5.0 1480 1200 972 3.82 
7. 8 8.8 1850 1900 1270 4.06 
7.6 6.8 1725 1576 1184 3. 94 

.2 1. 2 133 227 109 .17 

TOTAL 
HARDNESS CALCI U 1 l·tAGNES l UM 

305 62 36 

515 93 69 

552 11 2 66 

531 110 62 

520 110 60 

534 102 68 

305 62 36 
552 112 69 
493 98 60 

93 ]9 12 
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(b 
'"1 

tv 
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• a. 
a. 
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:::3 
a. 
C 
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tv 

I 

tv 
co 
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SODIUM POTASSIUM 

208 16 

204 18 

229 19 

203 17 

213 16 

203 15 

203 15 
229 19 
210 17 

10 1. 5 

GROUNDWATER QUALITY - CO tBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL NO. 656 -----

CAT IO S TOTAL ALKALINITY 
ANIONS as CaC03 

-.14 335 

.32 385 

.38 457 

.40 393 

-.40 439 

-.29 418 

-.40 335 
.40 457 
. 05 405 
.36 44 

FORMAT ION __ S~p_o_il_s_ 

PARAMETERS 

BICARBONATE CARBONATE 
as HC03 as C03 

409 0 

469 0 

558 0 

479 0 

535 0 

510 0 

409 0 
558 0 

493 0 

53 0 

AREA B iq Horn 

ACIDITY CHLORIDE 

--- 9 
, ___ 9 

--- 9 

--- 9 

-- - 8.5 

--- 10.0 

--- 8.5 

--- 10.0 

--- 9.1 

--- . 5 

Page 2 o. 

N02+N03 TOTAL 
FLUORIDE as "N" SULFATE PHOS. 

1.01 .05 416 . 04 

.80 .01 544 <,01 

. 66 . 20 598 ---
1.07 1.16 578 ---

.78 <.01 549 . 11 

.85 . 01 552 1.0 

.66 <.01 416 <.01 

1.07 1. 16 598 1.0 
.86 --- 540 -- -
.15 --- 64 ---

I 
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ORTHO ORGAN IC 
PHOS. PIIOS. 

-- - ---

--- - --

- -- -- -

- -- -- -
""_) 
1' --- - --
I 
,J 
..... 
.,/1 --- ---

--- -- -
--- -- -
--- - --
- -- ---

GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL NO . 56 __ .......... ____ _ 
FORMAT! ON __ ~s __ po-i-] __ s -

PARAMETERS 

A MO IA 
NIT. as N Al As 8 Ba Cd 

. 54 <,l <.005 <. 1 <.5 <, 005 

5.83 < .1 <.005 .1 <,5 <.002 

6.10 ... . 1 <, 005 . 1 <. 5 <.002 

l.07 <. 1 <.005 <. l <.5 <.002 

5.29 <. l <.005 .14 <,5 <.002 

8.97 <. 1 <.005 .06 <.5 <.002 

.54 <. l <. 005 .06 <. 5 <,002 
8.97 <. 1 <.005 .14 <.5 <.005 
4. 63 -- ---- --- -- ----
3. 23 -- ---- --- -- ----

AREA Bi 9 Horn 

Fe 
Cr Cu DISSOLVED 

<.02 . 02 <.05 

<, 02 <,01 . 12 

. 02 . 03 .06 

<.02 <.01 .45 

<. 02 <.01 .37 

<.02 <.01 .13 

<,02 ... . 01 <.05 
.02 .03 .45 
--- --- ---
--- --- ---

Page 3 o 

Fe 
TOTAL Pb Mn 

23.50 <.02 • 11 

139. 00 <.02 . 25 

22.31 <.02 . 19 

51. 40 <.02 .12 

43.30 <.02 . 09 

46 . 00 <.02 . 07 

22.31 <. 02 . 07 
139 . 00 <.02 .25 
54.25 --- .14 

43.23 --- . 07 

I 

I 

DEQ Ex. 3-1253



0 
() 
~ 

0 
0-
(11 ., 
Iv 
0 .... 
CX) 

-
c-, 
c::, 

-
~ 

I -
C,,) 

)> 
0. 
0. 
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N 
CX) 
(,11 

Mo Hg 

<. 02 . 001 

<,02 <.001 

<.02 .0017 

<,02 <.001 

- · ~ <. 02 <.0002 
I 

N 

~ <. 02 . 0004 

~ ...... <.02 <.0002 
<.02 .0017 

~ 

Ni 

<.01 

<,01 

. 02 

. 01 

<.01 

<.01 

<. 01 

.02 

Page 4 o 

GROUND\JATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL NO. 

Se 

<.005 

. 005 

<.005 

<.005 

<,005 

.005 

- . 005 
-. 005 

656 -----

V Zn 

. 07 

.05 

1. 70 

l. 69 

.31 

.35 

. 05 
1. 7 

.70 

. 78 

FORMAT! ON _ _ ....:..S"'--po;;..;i....:..l ~s _ 

PARAMETERS 

AREA ___ B_i..._g_H_o_rn_ 

OIL & 
GREASE 

ORGANIC CHLOROPHYLL TOTAL KJELDAHL 
NIT. as "N" a ORGANIC C NIT. as ''N" COMMENTS 
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lAT E TIME SAMPLERS 

Andersen 
'6/81 1530 Lyden 

'20/82 1430 Ande rsen 

I 10/82 1300 Co l] ie r 
Bowlbv 

i. 
I 

ii. 
-.i 

?an 

D. 

GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR \.JYOMING MD MONTANA 

WELL NO . __ 6_57 __ _ FORMATION Spoils __ ,__ __ _ AREA Big Horn ----=----
PARAMETERS 

SAMPLE FIELD LAB FIELD LAB FIELD 
WEATHER TECH . TEMP. oc pH pH corm. COND. TOS SAR 

cool pump 18.0 7.5 6.6 2920 3150 2484 ---
cool th i ef 14.0 7 .0 6.5 6140 5363 5950 2. 77 

hot pump 24.0 6.8 6.4 4770 5500 4280 4.29 

14.0 6.8 6.4 2920 3150 2484 2. 77 
18.0 7.5 6.6 6140 5500 5950 4.29 
18.7 7 .1 6.5 4610 4671 4238 3.53 
5.0 .4 . 1 1616 1319 1733 1.07 

TOTAL 
HARO ESS CALCIUM 

1430 436 

3890 443 

2260 353 

1430 353 
3890 443 
2527 411 
1251 50 

II . 
' 

I I ' 

I ,=-:.:. 

. 
J ._ ,. 

MAGNESIUM 

84 

676 

336 

84 
676 
365 

297 

. :-~ 

-·J 
' ' 

OJ a 
0 
;:,;-

3:: 
s· 
(b 
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('b 
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co 
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0. 
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SODIU 1 POTASSIUM 

289 29 

397 32 

470 34 

289 29 
:, 470 34 "' 
J 
..J 385 32 ., 

91 3 

GROU ()..jATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

~IELL NO . __ 6=5o.:..7 __ 

CAT IONS TOTAL ALKALINITY 
ANIONS as CaC03 

.61 735 

. 87 1350 

. 06 1100 

.06 735 

.87 1350 

.51 1062 

.41 309. 

FORMATION _ ____,S .... p..,._,01.._.·1 ..... s_ 

PARAMETERS 

BICARBONATE CARBONATE 
as HC03 as C03 

897 0 

1650 0 

1340 0 

897 0 

1650 0 

1296 0 

378 0 

AREA Bjg Horn 

ACIDITY CH LORI DE 

--- 20 

--- 89 

--- 59 

- -- 20 

--- 89 

--- 56 

-- - 35 

Page 2 o 

N02+N03 TOTAL 
FLUOR I DE as "N" SULFATE PHOS. 

.60 4.72 1235 ---
.44 2. 73 3220 . 72 

.40 . 17 2060 . 08 

.40 . 17 1235 .08 

. 60 4.72 3220 .72 

.48 2. 54 2172 . 40 

.11 2. 28 997 .45 

I 
I 

I 
I 
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--- - --
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:,J 
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GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

l~ELL N0. ___ 6_57 __ FORMATION __ __.S.,po_, .... ·1 ..... s_ 

PARAMETERS 

AMMONIA 
NIT . as N Al As B Ba Cd 

7.46 . 1 <.005 .1 <.5 <,002 

.83 <. 1 <.005 .39 <.5 <.002 

7.54 <.1 <.005 .29 <.5 <.002 

.83 <,1 <.005 .1 <,5 <,002 

7.54 . 1 <. 005 .39 <.5 <,002 

5.28 - - -- -- -- ----

3.85 -- ---- -- ----

AREA Big Horn 

Fe 
Cr Cu DISSOLVED 

. 03 . 01 .10 

.06 .03 .17 

. 02 .03 . 12 

.02 .01 .10 

.06 .03 .17 

.04 .02 . 13 

.02 . 01 .04 

Page 3 o 

Fe 
TOTAL Pb Mn 

*1360 <.02 .73 

74.7 <.02 1.05 

2.71 <.02 . 22 

2.71 <.02 .22 

74.7 <.02 1.05 

38 . 7 -- - .67 

50.9 --- .42 

* Due to extreme ly low 
transm ss ivit. sample 
was ve y diff cult to 
obtain 
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<.02 

<. 02 

<.02 

<.02 

·- t<. 02 - ' -.) - )Cl 

::, -- -

~ ---..... 
[~ 

Hg Ni 

<. 001 <.01 

<, ooo: . 11 

. OOOl . 02 

<. 000:i <. 01 

' · 001 . 11 

----- .05 

- --- - . 06 

GROUNOHATER QUALITY - COMB INED REQUIREMENTS FOR WYOMING AN O MO TANA 

WELL NO . ___ 6_5_7 _ _ 

Se V Zn 

<, 005 --- .05 

<. 005 -- - .16 

<. 005 --- 2.43 

<. 005 -- - . 05 

. 005 --- 2.43 

--- - --- .88 

---·- -- - 1. 34 

FORMATION _ _ ...,s ... p.._o, ..... ·1_s_ 

PARAMETERS 

AREA Bj g Horn 

Oil & ORGA IC CHLOROPHYLL 
GREASE NIT . as "N" a 

I 

I 

Pa ge 4 o· 

TOTAL KJELOAHL 
ORGANIC C NIT. as "N" COMMENTS 
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GROU DWATER QUALITY - COMB INED REQU IREMENTS FOR WYOMING AN D MONTANA 

ELL NO. 745 FORMATION Spoils AREA Big Horn 

PARAMETERS 

SAMPLE FIELD LAB FI ELD LA8 FIELD TOTAL 
WEATHER TECH. TEMP. pH pH corm. COND. TDS SAR HARDNESS CALCIUM MAG ESIUM oc 

warm pump 7. 3 3390 2990 1. 27 1970 339 272 
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GROUNDWATER QUALITY - COMBINED REQUIREMENTS FOR WYOMING AND MONTANA 

WELL NO. 745 ----- FORMATION Spoils AREA Big Horn 

PARAMETERS 

CATIONS TOTAL ALKALINITY BICARBONATE CARBONATE N02+N03 TOTAL 
ANIONS as CaC03 as HC03 as C03 ACIDITY CHLORIDE FLUORIDE as "N" SULFATE PHOS. 

-.69 481 587 0 0 16 .37 <.01 1740 .12 

' 
. 

1, 7 ·, 
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GROU DWAHR QUAL IT V - COMBINED REQUIREMENTS FOR 1-IYOMING ANO MONTANA 

\· Ell O. 745 ----- FORMATION Spoils AREA Big Horn 

PARAMETERS 

AM/' NIA Fe Fe 
HIT. as ~ Al As 8 Ba Cd Cr Cu DISSOLVED TOTAL Pb Mn 

3.36 -. l k.005 .22 <.05 ~.002 l<,02 <,01 .86 12 . 3 <.02 .68 

I 
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GROUNOI-IATER QUALITY - COMBINED REQUIREMENTS FOR ~/YOMING AND MONTANA 

ELL NO. -----745 FORMATION Spoils __ ....._._~'-- AREA_~B-'--ig........_Ho"'"'r ..... n_ 
PARAMETERS . 

OIL & ORGANIC CHLOROPHYLL TOTAL JELDAHL Se V Zn GREASE NIT. as "N" a ORGANIC C ti IT. as "N" COMMENTS 

<,005 - .47 

I 
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RAMACO Brook Mine 

Apµe11dix l>u- llythulogy 
/\t.lde11ilu111 IJ(i-J Wn1e1 Riglils 

The lulluwi11g pugcs 1:1111 lie lbu11d in Volume I, Appc11di1:cs A & 13 

I.) IJ6-286 tl11u IJG-29 1 Water Rights Within The l 1e1111il At ea 

2.) DG-292 th111 lJG-297 Permilled, Unpennilte<l and Umegistered Wnter Wells 
Within lhe Dig llom Permit A1 ea 

.I ), IJ6-298 thru 0 6-300 Water Rigl1ts Within ½ Mile of the Permit J\1 ea .-iutl 
3 Miles Downstream 

4 ) l>l>-JU.l l lilll IJG-312 l'en11illed, Unpenuilled am.I U1uegis1e1ed Wnte1 Wells 
Wilhin A 3 Mile Radius of the Big llorn Pc1111it 
A1ea 

Uu-286 

Octobe r 2018 

,dl S 2/'J25 
RECD 10-2~-13 
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ADDE OUM D6-4 

DAT A LOG SHEETS OF AQUIFER PU P TEST 

WITH RESPECTIVE GRAPH OF DATA POINTS 

A D AQUIFER COEFFICIE T CALCULA TIO S 

Brook Mine 

~ 6-fl 1\ 2/025 
E D 10-25- 1 
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RAMACO Brook Mine 

I • I ., • l. ' , ,' .._Ii \ ' ' I\ ,· ~ I\ \J \ I : t I ~ I t ~"l l I f J ,\ 

~Jyominq Count)' _...,.S~b:...e r,._,~· d..,.awn.__ __ T. -5..2__ lf. R. -8L.. Jt; cc. 25 ,_VIE:.LL_ 0 . _ __,.4...,6.._J.__ _ _ 
Ult.I -~6u.Pwa .... d ... arl----C-c........l.iGu.e ... at .... r~y....._ _________ _ 1 ul 1. i~ "' cU di•wdu"",G) Ori" down with ol, a. '" CU 

type: 2 . ,nglc " ti) t <-COVt:fy 4, R o•cry will, ob , wcU 

5. Olhc:r (,p ify 

PKS ,w nc, _________ _ Add rcu __ .;__Bo.;__x.......,;3....:.0_4..:..9 __ s_h....:.e_r_i d....:.a....:.n.;..:,_W_Y ____________ _ __ _ 

D. Fudge 
1h 243 fl . 

5 ! diarn tt<l ___ in. 

Method dlillod : Ao-1 u,ry 

Well dwnclcr7-1.L&,. B. Borcxi or ,ugcrcd 
C. C•ble-1001 

Cuing type _.:....PV.:...::C::...._ __ 

D. llug 
II . Hyd · JOL>.l}' 

J . Jc11«I 

r . AU'pcrcuuion 
R. Rcv .-101..aJy 

T. Tzcnchrns 

V . D11vcn 

W. I t:Y w 1 Y1 

7... Ou, cr 

of ccn 
pcrfOl"III0n slots 

lnlcrv•l of loc:JUn 
nr pc:rfor.tion 160' -165' , 185 ' -200' pump hp . &. 1ypo -=3 /..__4-'----'-T=ee:::::..1.;....__ Pump doplh 190 fl . 

u Dietz lAB 
,cl c of land 3698 . 5 1 
,tact 

Aquifer Lilllology -""l"""-'...._ _________________________ _ 

How 
detenn incd _s ___ u ___ r __ v __ e.._ye ___ da._ __ MP Above 

Below LSD --- Altitude MP -------

,om MP 87 44 1 !!ow fflQSWcd .,.G~a .... l vL>a,...n...,o,.,.,m..._e.,.;te..,r.__ _________ ----=--:::-=-=-=-=====::;:=======-=--============-~::.:::....::;========--r-_ -,)_r_n_Tl_l_'_l(_)...:.:.::1_·;! 11!: 'l~-c· - ·i1:: .. 1' :·1 - ~- 1 : I. -

),\ TE TH~ 11/\ TCR LE\'CL PUMP O!' .: • t:rr. Pv:-i:• oq· l 1 ' i•:J ;; I / t l P. :..S 1 Dl'!~ L 
!~,~ \ i.: I>(' :: • 

6-9-80 0910 0 0 1-----~ ftl.44 
11 1 12 ()] gq 4" --- -~~--1--~~......u<---t----------i----------+------l·--..L!:>.;L!UIL-.- --

13 3 24 .30 111. 74 

125. 15 ---t--1_6 __ +-_..:;..;;..;;...;..;:;..;....__t--___ ....:;6 ___ -t-_ ______ +-___ +-_;:37 . 71 

20 10 52. 56 140 .00 

25 15 151.36 . - 63 . 92 -
155.27 30 20 67.83 

1 i:;n ?? 40 -:in 7? 78 

1i:;? an 50 11n 75 46 

164 . 55 ----1...!lc.!:0~0~0--~-....:.!,=.:.~--+----x.lL"n ___ +-___________ _ 77 .11 

166 . 17 15 65 78 . 7'3 -
167.68 80 80 . 24 

45 95 169 .03 81 . 59 --
1100 110 170.11 82 . 67 

--- 1 I 

171. 62 15 125 84.18 
173. 06 140 85 . 62 

1711 1 r; % . 71 

174 76 87 32 

175 .30 87.86 ---1 
1250 175 . 54 220 88 . 10 

240 --~\131 0 175.76 
. 

88.32 -
1330 176.20 260 88.76 

~---- - - --
1359 176 .58 

F 1400 176.58 

~ =1i~o1 --= --16~ _;;- - =-
\i403 151.96 

li 4o6 I ~~:= I 
156 .58 
147 . 50 

October 2018 

289 

290 

291 
293 

296 
302 

D6- J 15 

T~N 6 2/ 

_Q --~-- -0 - ,-

1 

3 

6 

12 

291 I 
97 . 67- ] 

49.33 I 
2s . 1 I 

I • - - - I 

89 . 14 
- - -
89 . 14 - -- -
79. 89 --
74.52 

69.14 
60 .06 
. - . -
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RAMACO Brook Mine 

' '~ ' ' I " L ,._' I ... ' .' .. I j\ 'I J I\\./ I, II I h. \ I ', I I I I \ 

Wyomi pg Couniy _ __,.S..,_,h"'e..:..r..,_i.;:.d.,oa.,_.n __ _ T. _fil_ G?. R. _6L cl) Soc. --=2:.a::5_ ,.WELL_ NO. _ __.4=6..::.3_,_( C,._,0"-'0..,t,.) 

=u -~B~OuOudua~r_-__..G~e~o~t~f~Y------------ ' 1 csl 1. Si1,i:.IJ1 well d.nwdow . Dta"•down w11.h obs. ..,cu 
1ypc; 2. Su · t "cU r,u,vay (D Reco•cry wilh ob, . well 

S. Olha (spccafy 

,wncr PKS 
D. Fudge 

w, ., lh 243 fl . 

I J 11mclC1 5 in. 

of « n 
pcrlora11o n slots 
u Dietz LAB 
,d e or land 
1h c: c 3698.5' 
rom MP 

>;,TI TI s 

6-9-80 ~ -
45 

1500 

15 

30 
45 

-

~ - - 1 
I 

=l 

Add rcn _____ B..,o""'x'---'3..:;0....:.4=-9---=-S;..;.h.=..e.;_r..:..i d.c.aac.n~, -'W""-Y'--------------------
Method driUcd :~ A i:r -101:i.ry 

Well dW"nctcI l..]Jfi. B. Bort<I or augt1c.d 

PVC C. Cabl too l ~~~·~·-~~---lntuval of screen 

D. Dug 

II. ll)'d .-rolU)' 

J. Jelled 

P. A u-rerc u1 Io n 

R. kc¥.·IOL3J")' 

T. Trcnclimg 

V. D,ivcn 
W. D11v& uh 
Z. Otha 

o r perforation 160' -165' , J 85' -200 ' Pump hp . 1.: lypc __ 3,._/ ... 4__._T_ee_l...._ __ Pump dc-plh .19.Q_ ft. 
Aqu!!cr Ulhology ___ ...._...,_ _____________________________ _ 

How 
determined surveyed 

How mcuwed ·-
!)J: !'Tll TO TIM!: 

\1/\TI.:R LE\'EL PUMP o:~ 

121 .04 325 
113.39 335 
105 .48 350 

100.25 365 
96 .82 380 
94 .90 395 

I 

MP Abo11e 
Below LSD 

AlliludcMP --------

Galvanometer 
r - ·- . 

srnc..:c -, ·- ' ,, .. .. 51 ~ I • I • . ,_ • I )' ~ L 

L/t l L , -: 1 ), . PU:·!:' o;-·r t • 1-:1 :; . P.:: S 1 DL' 1._ L 
D:t\1 .1 I)('.'~: 

, 

35 9. 28 __li._§Q__ .. 

45 7.44 25 . 95 

60 5.83 18.04 

75 4.87 12.81 
90 4. 22 9. 38 

105 3.76 ].46 

"""r-j\V\' # lj •~~ 
/...Co'!. . , :P- -, .. . 

• f •_ 

":...) t,p,,, 
19~. .. ' ., 

' ) , ,, . ', 
I .~ t.a,"1 Q,";' .,. .. ,_;I 

' '1 
·~ -·~'f ,. '"''""(fl/ ., re,.. .. ,v ,,\, 
'( ~- ,. 1'::_1 ,. 

~·"I ...... 
,-, ~··, j"' ..... ;/ ') cl i'. ... 

...... y,~ . :,,,' 

----+-- - ---

- ~1~=---1 - -- -- -- - - - - -
-i _____ l - - -- ---

I I 
D6-116 I I 

' ' 

"'i 2/ 25 
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RAMACO Brook Mine 

\ i\n:r. WCLl. ___ 4_6_3 ___ _ 

!'UMP l 'C.: lv\TI. l),\·t.\ 

~- ·--~~------·-_ .,.,_.~.__.._ ... ~ ,~ · ···- - ... ..---• .. -·-····--· ...... _... ,.,_~~....,::-..... v-. - .-.. 

t.l,\lE T1rn: TEST \101.\ ;11: OJ" 11.il: 1:1. Cl ITl.l.> 
1 r.!;T uu 1:,\ rto,• GALS. PER DISCll/\1,Ct::, C:i\ LS . \/1:lCIITLll /\ 1.' 1.1-.o\CI. 
11\1:CN $L:C. 1 ltlUTE llUl:,\l'JOil Dr:;cll/d1C.t: Q 

6-9-80 0913 35.20 5.11 3.00 3 15.33 

16 36 .80 4. 89 3. 00 3 14-. 67 

20 39 . 00 4.62 3. 00 4 18.48 

25 52.30 3.44 3. 00 5 17.20 

30 67 . 00 2. 69 3. 00 5 13 . 45 

40 68 . 30 2. 64 3. 00 10 26 . 40 
-

50 73 . 20 2. 46 3 .00 10 24.60 

1000 75.00 2. 40 3.00 10 24 . 00 

15 75.30 2. 39 3.00 15 35 .85 -
30 75 .80 2. 37 3. 00 l 15 35 . 55 -
45 75 . 20 2. 39 3. 00 35 .85 

I --
llOO 75 . 50 ? 1A J,QQ 15 35 . 70 

1 i; ZZ,!10 2.33 3.00 I 15 34 . 95 

3Q 76 . BQ 2.34 3. 00 15 35 . 10 

50 I 78 ,40 2 .30 3. 00 20 46 .00 

1210 78 . 50 2. 29 3. 00 20 45 .80 

30 76.70 2.35 3. 00 20 I 47. 00 - -
50 77 . 50 2.32 3. 00 20 46 . 40 -- -

1310 78 .00 2.31 3.00 20 46 . 20 

30 79 . 20 2.27 3. 00 20 45.40 - - ---
1400 80 .50 2.24 3.00 30 67 . 20 

- ---- -=__ __ ,Z9JL_I _Ill 13 

Average Q = 711. 13 gal = 2.45 J:lDITI I - \ -
---- --- 290 m_i..!l__ ____ __ - ~ -- --

I 

-- - --- - - -
I specific capacity= 2.45 gpm 

·~ E --- - -
I -- . - . --·- -- - - -· =l89.14_,, _ -~~ 

1 
_ -=i _ 

--
n, .,, 

-----
T f- 2/ 5 

October 2018 
.: D i0-2~ -1 
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RAMACO Brook Mine 

•,.""4 V&I ..,_,. ... 111 -- • - +a• •• 

Wyoming County __ ...,.S:.,uh.:.,e.,_r_..,i d,..au,n..,____ T. ~ .·• R . ..M._ci) .....;;;;.2.;:;_5_ ,_WELL_ NQ. obs. 4638 
Bandar, Ger:itry rinel _____ .,,.__ _ ____._,.___ _________ _ Tul 1. Sirigla wc:l.l dn.wdow 

type: 2. S inglc wcl.l ruovc:ry 
Dtawdown with oba. 111tU 5. Other (specify) 

<4 Racovc:ry with ob,. wdl 
,wn•r ___ P_KS ______ _ Addn:u __ ..,,B_o.:..:.x_3:.;0::_4:..:9;...........;S:a.:h"'"'e::...:.r....:i.;:::d=a..,_n..._ ..... w ... Y _______________ _ 

D. Fudge Melhod d.rillcd: Ab-ro tary 

"" 1h ? ) Q ft. Wdl diameter :J__:].../'lJc 
I dwnctcr 5 in. Casln& lype PVC 

B. Bored or au c.red 
C. Cable-tool 

of ocrec:n l 111erval of ICJCCl'I 

pmoration saw s 1 ots o, pmoration =.cl5::...:8=---=l:..:..7..::.0_' ..........,l...,,8..,5"---=-20::::.:3=-'-

0. Dug 
H . Hyd .-rotaty 
J. Jened 

P. Air-percuuion 
R. Rf:'\l .•rotary 
T. T renchlrcl: 

Pump hp. & typo ______ _ 

V. Driven 
W. Drrve-wuh 
Z. Otha 

Pump depth __ fl . 
c.r Dietz lAB Aquifer lithology .....:c:;.;o~a;..;.1 __________________________ _ 

,de of land 
rfacc 37Q] Z' 
rom MP 79 70' ' 

1;,TE TI !E 

;-9-80 0910 
0925 

0940 

0955 

1010 

1025 
1040 

1055 -
1110 -
1125 

How 
· de1c:nninod su rveyed Ml' Above 

Below UD --- Altitude Ml' -------
How mQnued r..:11 v.:inometer:: • I r e -~ 

!)[.!'Tli TO Tl 1!:: SINCE -, , ,, Sl' "C[ S1 t:'~· 
i -· · - • i 

tic l 
. , . 

IMTJ:R LEVEL PUMP ON . :I ' . PU.!? OFF t , 1-i l :~ . R::SlDUAL 
DR.,\\ 'DO.·.':, -

i9.70 
, 

0 0 , . 
.. . .. 
80 .02 15 0.32 

80.51 30 ~ it,Th... 0.81 

81.22 45 
//.~ ·1 ·~- ·.:-,, 1. 52 ... .., 

A1 .91 60 r..;:-1 ,,, 
r,,, , ... ., 3i 2.21 J( 

I " I ' - -·-
82 52 75 , .... '•'lJ•" 

'J.) 2. 82 •1 'i. .,, . -
'i::e "-•,· " ' . ~· ' 

";, 
83.17 90 ,. ~' 1 . -~i 3.47 

83.74 . 105 '¾,~-? ,,,, ,•·1.:;/ 
- . .-... - 4. 04 

84 .27 120 ~ ~✓ 4 . 57 

84.72 135 5. 02 

.Re; l8 150 5. 48 1140 -
1155 ACi 55 165 

1210 85 .95 . 180 

1225 86.26 195 

1240 86 .54 210 

1255 86 . 84 225 

1310 87 .10 240 

1325 87 .31 255 

1140 87 .50 270 

1355 87 . 71 285 

OFF I 1400 87.77 290 

1410 87.85 300 

1425 87. 87 315 

1440 87 .71 330 

1455 87.41 345 
-

I 1510 87 .07 360 

I~ 
375 86 .67 

I 1540 86 . 24 390 
I 1:i::i:: At; . 80 4ni:; 

October 2018 
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5.85 
6.25 
6.56 
6.84 

7. 14 
7.40 
7. 61 

7. 80 
8.01 

. 
8.07 

30 8. 15 
12.60 8. 17 

8.25 8 . 01 

6.27 7. 71 

5.14 7. 37 

4.41 I 6.97 ' 

3.90 6. 54 
I 1 . 52 6 10 . 
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· II (Jk J r CU~< 

0 io = 39. 5 s; n ..... 
0 0 ~ a-
C'I) 

IT I 
I 

'1 • 0 
l'v L 0 
0 ...... 2. 45 gpm 
00 

r = 75' 
2 ~ " ' 

10.2 - 1.0 = 9.2 

3 1, ( (. 

,';/1 Otj' Cl 

4 
~ 

9.2 

5 70 .30 gpd/ft 
l . 

9. 40 ft 2/day 
6 ,--

I 
7 .J - · I ' :, I ,... 

I ..... I S = 0.3T to ... 8 
..) 

r2 
:.n 9 I -- ( 39. 5) _, = 0.3 (70.3) 1m 

C: 
I (75) 2 I•' 

....: 10 I:. 
I ; 1.0 X 10-i. -(;:, 

I 

• '' 0. It 

0. I I 
C'I) 

::i I I 
0. 
C: 
3 
0 , t 

OJ 
0\ 

.., 
' 

0 
...... ... 0 
l'v 11 I T L '..1 

;,:;-

' (;) :s:: 
0 5· 
~ C'I) 
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-
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(1) 

::s 
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C 
s 
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°' I ...... 
tv 
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(.,J 
0 
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"' ~ • • .t • A • 't • • • • • • .. • • .. • • l' •• • 
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l!:J1CTJ..,_• ,...._.~ 
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f i l , 11 

!\11 
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o I" l 1 '1 
• t I t, I I 

• i • I .. 
• L ! l 

• I I , 

' . ' . r 
,- . 5 . I 

,, . 
L -

• • • ., •• 10 • • • • • • .. ' • • mo ' • • ... • • • • ,. • ie,xio 
TIM( ~ 0 l'UM' ON, N'S 

,I 

'. 

- •· 

1 11, 

,~ j 

•, 
I. 

. 
I IP 

r •!. 
' ,. 

• ., · • 1 • •• 

8Z8Z/9Z/Z8 •peuue~s 
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'~ _..,, ..... 'U!' 

u •12 . 4S ~ I . 0 
S \~ 
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7.29 ft '/ tloy 
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I 
I 

RAMACO Brook Mine 

I' S C,l!JLOi,, ,\:;:i lXl 'LJRi\l l llh 

State Wyoming County __ ,._Sh.,.e...,r...;i:..,d,.,.a,:,,:n_ T ._!j]__(!p. R. 84 /. Sec 26 ELL 10 . __ 4;..;:6:..:4c....-__ _ 
Personnel Bondar - Gentry · lPs l T nr ;rD Sinqlc well drawdo·.rn (D> s,n111 ,ell reco ..,ery 

-J. l'rdw c11, w• u, obs . we 11 Recovery i th obs. we 11 
Wel 1 Owncr__,P....:K.:.::S'------------------- 5. Other (Specify), _____________ _ 

5 s. __ S_h_e_r~i_d_a_n..:...._W_Y __ B_o_.x_30_4_9 ________ Ori 11 er R: Reed 

I 

, _ ,Jd drilled : @ Air-ro ary 
B. Sor d or augered 

D. Dug P, Air-percussion V Driven 
H. Hyd-ro ary R. Rev- ro ary W. Drive-wash 

C. C~b.J,e- too 1 
otal we11 depth __ z_z_u __ F 

J. Je ed fJSTrenching Z. D her el 1 Dia er7 in. Casing diameter 5 ,n. Cas1n9 type __ P_v_c _ _ 

lype of screen or perforation 
Pump hp & ype 3/4 Teel 

S 1 ots Interva 1 of screen or perfo.-a ion 163' - 180' 
Pump depth ~f . Aqulfer __ D_i_e_t_z_l_B _______________ _ 

Altitude of ldnd sur ace 3781 9 qui fer 1 ithol ogy __ c._.n..,a...,].__ __________ ...-___ _ 

How determined ____ ;::..su;::_r_v'-'e'"'y"""e;..;;;d'---______ MP Above LSD - - Below ·------
WL from P ____ l_0_7_._1_2___ How mea.sured, __ G:..:a....:1....:v...:.a_n.:..o....:m.:..et.;..e.:...r __________________ _ 

Al itud MP _____ _ 

DEPTH TO 

DAE lME !ATER LEV EL 

6-11-80 0900 107. 12 

02 122.15 

05 137.25 

15 164 . OQ 

?c; 169 fin 

1i:; 174 . 13 

dli 17'i QQ 

1nnn 175 58 

l'i lR?.QO 

10 181 _ 8? 

45 183 . 06 

1100 183 . 36 

20 183 . 62 

40 183 .54 

1200 186 . 12 
I 
! 20 190 . 95 

! 40 188 .40 

,_ 1300 188 . 05 

I 20 189 .00 

40 190.32 

nrr ,. " 1 f'\r'\ I"'\ -, 

October 2018 

-~ . 

Tlr E SI CE 
PUP ON t, ~1 

0 

2 

5 

15 

25 

35 

45 

60 

75 

90 

105 

120 

140 

160 

180 

200 

220 

240 

260 

280 

-- ~ 

TII E SINCE 
I 

PUMP OFF t, Ml 

TFl S ?.I 25 
::D 10 - i ·-1 

·--
s, FT. 

t / ' RESl DUAL 
DRA DOWN 

0 

15.00 

30 . 13 

56 . 97 

62 . 48 

67 . 01 

68 . 76 

68 .46 

74 . 88 

74 . 70 

75 .94 

76 . 24 

76.50 

76.42 

79 . 00 

83 .83 

81. 32 

80 . 93 

81. 88 

83.20 
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RAMACO Brook Mine 

e Wyaroiog Count}' --s~1:1~e~r~1~· dokiM-AI----- R OJI f. . 
-~w. Soc. _ _ 2_6_ ,_\ ELL. N0. __ 4~fi-4~---

OMd __ ~Bo~n~d~a_r __ -___.G~e ... o~t~r.v __________ _ 1 est '"1.)Si,~ well dnwdown 3. Drawdov.·n wilh obL well 5 . QI.her (specif 
I\ pc : @Su,glc well aceovcry 4. Recovery wilh ob,. well 

owner ___ P--'KS"'--------- AddrCJI _ __..B .... a...,x._..3cwP~4.,_9 _ _.S...,h...,e__.r....Jiu.d .... a..,n.__.,_w ..... v ________________ _ 
lc:r R. Reed 
,I .pl.h 220 ft. 

ra dU1mclcr 5 in. 
~o(..-1t,1n l 
I pufOn(IOn S ots 

.ifu Dietz 1B 
1ude of Land 3781. 9 
:whee 

• 10m MP 107 12 . 
D,,TE TH!::: 

51 

53 
56 

1400 
05 

15 

30 

-

-

~ 

- --
I 
I 

I 
October 2018 

Me thod dJillod: ~Ai1-1atary 

Well dia.metc, L.l..L~. B. Bored 0 1 augcred 
C. Cable-tool 

Cuing type -~P-V_C __ _ 
lnlcrval of - ••fl 

01 pufontion 163'-180' 

n. Dug 
H. Hyd.-rowy 
J. Jcncd 

r. Au-pcrcunion 
R. R~.-,oi.uy 
T. Trcncluna; 

rump hp. &. typo _3.._/.._4 ......... Tu.e..,,e...,1---__ 

V. Duven 
W. Driv~w1sh 
Z.. Otha 

i'umpdcplh ....2.lQ_ lt . 
Aquifer hlhololiY __ ......_........_ ___________________________ _ 

H= d determined• ___ S_U_rv_e_,y.,_e __ MP Above 
Below 

How measured Ga 1 v a nnmP tP r 
-~ ~ -

!)!: !""Jli TO TIME S1l'CC 

uo A1111udeMP _______ _ 

-,-~ Sl' C[ S1 i:-- · . .. 
i - • ':: • i . .. 1 \Ji\ T[f; LE\'i:L PUMP O!' L.. ~Hr. Pt.:.1:1 O:F t , hl,, . /t ESIDU/'.L 

D,'--\\}0('" .. ~, 

184.91 291 
, 

1 291 77.79 .. 
176.99 2Q1 3 97. fifi . fiq" 87 

173.39 296 6 49.33 66.27 
171. 38 300 10 30.00 64.26 
169 . 03 305 15 20 . 33 61.91 
165 . 00 315 25 •' 12 . 60 _57 . 88 

. __ _J~~ .. 7Q ·- 330 --- ·· _ - ______ 4Q -
-· -· - ---- ~ -2:.2._ __ __ 52.SEi.,_ 

~r-;-r; ·T~, 0 
~ 

~ ~ 

·•i ' ,,;., ... . : 
fe'-,) , ',\r 7,-•. - ' 

Ci:-· ,J, -:,\ 
'I r , .. ' ·~ 
:t, L 

'••'•• . , l(C, .• , > 
~ .11 ind ,. t ,, 

\~~- ... I ii, _;:l 
• ' ,~vY 

~ ~-"'" 
,l-~-V -· 11,;, 

~t!Cll~~ 

. 

I 

I I I I I 
I 

\ f)t;_-~L I I I 
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RAMACO Brook Mine 

464 

PUMP lNG RATE OAT,\ 

-~- ·- ~-,----.... .... ~ ~~---,,.,,-;~~ ..... -... ----.- W""lllll • -----~~, t~~"'~wl-~a,llllllt' ~ 

DATE TidE TEST \101.l i~JE OF n~m WElGIITED 
If.ST DUl~\TlON GALS. PER DISCIIAl'GI::, GALS. l·mTC:IITEIJ AvtrnAcE: 
TAKEN sec . MINUTE !)U J,t\TJOil 01!.Cll,ARGE Q 

6-11-80 , 

05 49 . 00 3.67 3.00 5 18 -:as 
15 155 .00 1.16 3. 00 10 ll,6Q 
35 190 .00 . 95 3.00 20 19.00 
45 358.00 . 50 3. 00 10 5.00 

1000 358 .00 .50 3.00 15 7.50 
-

15 137.00 1.31 3.00 15 19.65 

30 350.00 . 51 3.00 15 7. 65 
45 312 . 00 .58 3.00 15 8. 70 

1120 335 .00 . 54 3.00 35 18.90 

4Q JJ5,QQ • 5~ J,QQ 20 ,n ~() 

1200 230.00 . 78 3. 00 20 15.60 
20 230.00 .78 3. 00 20 15 . 60 
40 460 . 00 .39 3.00 20 7.80 

1300 325.00 .55 3.00 20 11 . 00 

20 330. 00 . 55 3.00 20 11.00 
40 325. 00 .55 3. 00 30 16.50 

I 

TOTALS 290 . 00 204.65 

Average Q = 204 . 65 qa . . 71 gpm 

290 . 00 mi h. 
, 

"• .. . 
',) 

specific capacity = • Zl gpm = ,Ql g12mlft J 

\ 
-- -

83 . 75ft. I - . I '... ~ I 

I / 

A•_..l 

I 

~ - / 
I 

~ ·- ----·---·-
TF 6 2 / 2 5 

:: .. D 0-2~-1 
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00 
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n 
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"" I -c» 

• 0. 
0. 
~ 
:i 
0. 
i::: 
3 
C, 
0\ 

I ...... 
t-J 
I 

w 
0 
,CJ 

15 

25 

35 ' 

45 

:ff 
~ 55 

N ..... 
C 
f..J 
u, 65 

75 

85 

'1 
I 
l 

t 

... I • 

. . 1 ·· 

• 

I 
. I -'. 

RZRZ/9Z/ZR 'peuu~~s 

11,. · DR, l U ' 

I ' '1 
'T1 l~f,:.:! I 

'' JAi..!..'-t- lill_ q1 l PUMP H !.i T 
I~ i~iff l~r 

',,I ., I 
l1 l•j j , f 

.,..,.1~ r•,,iirl•, II y-

1 
.71 gpm ' ... ;• tll 464 ·-· --- --

, T Sll:.U 6-11-80 I 
-~ ~~•~ • • I •·:1--:-. o - •.- --::- • · ~-

I ' I I 

- ~ : I :I I : I I 
-'1· ! ) g ryck --

I, t • t t t I;: i 

: l l!I' i i. l 74.2 - 56.1 
= 18. 111 

-

..... -I<-,'-

I , 
t' ••• , 

l lf" I It< 

• ' ~~1;'11--,+-J;...,..H-,- --- t---
1 .h. J I t i 

,;;; !;, ~- I ! • 
' "•: I I · --..++--+-i~---+•- ·~'l-.,ll,i,---'-.-~--

1 I ,1/1 ,1 111 

·1'1111: '(, 
11 kii· ·• 

IP' I :i ~; : . .. .., ; ·-. . . 
I I 
I ti IH ' ,, , .. ,, 

' 
- -~- .. ~i.....-- ... 

, I t I I ' I ' 
' I I I -

' I I 

' I I 

' ' I 
• I __ .... ,_ . 

• -- - · i...- ___ ,._ ..__ ---
I I t ~I• I 4 I ' 
I•" 

'" . '! ;·:1; ,;; ' ' ' ' ' ' 
-· • • • - -L-

h,- 'I • 1•, I I ' 

. ~- ( ) 
cs7i. oq-: yc" 

'~ • .21 
18.10 

10.36 gpd/ft 

1. 4 ft 2day 
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t ••• , 
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•ll ·•• I• ., ,., 

. ~_,__....il -~ ---
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• I•,,,. -'· I , . to 1, I 
I 11• • 1 j 1••• 1 _1. 11 r '• 

•I -1, 'J• I I 
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I • 
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.71 gpm 
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71 - 55 = 16 
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11.7 gpd/ft 

1.6 ft 2/day 
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RAMACO Brook Mine 
11\/ I J LI'\ It. .l I ' , I\ 

l'~S GEOLC'C', MIC\ C PL:lRA1 0 

Statt' Wyoming 

Personnel Collier 

County _ _::S:.:..h:.:ec.:....r..:..i d::.;a::;.n.:,..__ r ,_2 _ ~:, u . ..§1.__~:, St'C. 24 Wlll rio '.=c8.;..;.H_6=-:8::..:8:;,_ _ _ 
eH Tyl't' : (D Sinqlc wt'l l dra .. down (D S,nolc •ell n:cove 

J . nr,1wdown w1 Lh obs. wcl l 4 . kccovery wi h obs. wcl 1 
ell Ch.ncr- PKS 5. Other (Spcci y) -------------

1 res s Sheridan , Hyoming Oril ler___.p..._ ..... F..,,.u.._dg~e---------------
.hod drilled: A. Air- rotary 0. Dug P. Ai - rc rcussion , [1r1ven 

0 . Gored or augered ® Hyd - rCI ary "· Rev-rotary . Or-Ive -wash 
C. Cable-tool J, Jc led . i renching l- Other 

To al "''l' 1 depth 280 Ft. \Jell Diameter 7 7/8 in. Casing diameter 5 in . Casing type PVC 
Type of screen or perforat Ion saw Slots I nterva 1 of screen or perforation 245' - 265' 
Pump hp & type ½ red jacket Pump depth 1.§,Q__rt. Aqui fer_....:D::...;i:...::e:...::t=.z_l:.:B:;,._ _____________ _ 

Aquifer l ithology _ _..c...,,o.._a ],.__ _______________ _ 

How detenn ned surveyed p Above LSD - Below -----
WL from MP 119. 59 How measured ga 1 vanometer 

Altitude of land surface 3719' 
Altitude MP 3720 . 3' 

-~ - WWW 

DEPTH TO TIME SI CE TIME SINCE S, FT. 
I t /t t DATE Tl E ~ATER LEVEL PUMP ON t . l PUMP OFF t, Ml RESIDUAL 

DRAWDOWN 

11 - 11-Al 

PUP 
nN OQ?n 119 . 59 0 0 - ·• 

00?1 126.95 1 
. , 

,; '· 7.36 
.. , ~--. 

n924 139.51 4 -
,._; \ 19. 92 

·•·.:i \ j OQ26 
t 

145 .82 6 :C, 
.. 

26 .23 

0930 150 . 01 10 
-'!. !);• !'.. / 

30 . 42 , . .. . ' ~--- ,. 

0933 152.74 
~.~,,. ....... , 

13 ... ,.,, ' ~• .. _.,,., ... 33. 15 

0941 154.30 21 34 . 71 

0950 156 .48 30 36 .89 

' I 
1000 158.17 40 38.58 

l i 1015 159 .00 55 39 . 41 

I I 
I 1031 161. 40 71 41.81 

I 1050 162.23 90 42.64 

I 1115 163.21 115 43 . 62 
I 

' 1145 164 . 25 145 44 . 66 
I PUMP 
' Off 1230 165 . 33 190 0 45 .74 

I 1?31 158 . 20 191 1 191 38 . 61 

1 ?1? 153 .M 192 2 96 33.43 

I 1?13 148 . 77 193 3 64 . 33 29. l 
I 

I 
1?34 145 . 55 194 4 48 . 50 25 

.1235 141 nn 1 or:; r"'\t: 'l )0 C' """"' """' 
, 

rr- s 21 _ s 
October 2018 

RECD 10-zr:_ 1 a 
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RAMACO Brook Mine 

r S GEOLOG1 0 nr ORAllOI 

Slate Coun y 

Person11el 

!l • n 011 ( · S ~ , ~ . ...I.Ct-, . rc. __ ...o..::1'---

fest Tyrr : · Sinq1e we 1 drawdown © S1n<Jl1? wel 1·ecove 
-~..u..i..J.+=--------------3. l'lraw o,;n w th obs . wc11 4. Recovery w1Lh obs. w 11 

_ ..... s .... h.,.e ... r_.i ..... d .... a nLL--_ r . ...57 WELL 40. RH 688 

•~e11 Own r PKS 
1reH Sheridan, Wyoming 

_ _;_;c.:..=... _______________ S. Other (Speci y ), _____________ _ 

__ .....;;.:..:..::.;:......:..::.=;~.:.:.L:::..:.:..:...:...:..:.;;1--_________ Oriller 0. Fudge 
.hod dr11 led: A. Air-rotary 0. Dug P. Air-p rcuss1on . Orivel"l 

ll. Bored or .iugered (ffi. I yo-rotary R. Rev-ro ary II. Drive-wash 
C. Cable- ool J . Jetted 1 . Trel"lch1ri9 Z. 0 her 

o al wel depth 280 f. \/ell Oiamete 7 7/8 in. Casil"lg diame er 5 in. CH1ng type _ _.p...,V...,C.___ 
Type of screen or perfora Ion saw s 1 ots nterval of screen or perfora tiol"l._..1:::2.;;i.4..:.5_' ...=-:....!:2..it.6::!..5_' _ 

Pump hp & type ½ red jacket Pump depth JfilL_f AquHer_D:::,1,!.,:· e~t=.!:z~l;.!:::B _______________ _ 
AQuifer 11 hology Coal Altitude of land surface 3719' 
How determ1ned. __ __;;;S;.;;;u"'""r..;.v;;;;.e.._ye=-d=--------- ~P :~~= LSD.______ Alti ude MP 3720.3' 

WL from 11P ___ __,;;1~1~9-=-. =-59=---- How measured, __ __;9:r.:a~l:...:V:.::a~n~o:::.:me::.t.::.;e~r'-------------- - ---
- ~ . .. 

\ DEPTH TO TitESI CE Tl E SI CE I S, FT. 

I 
. ti ' I 

DAE Tr E WA ER LE 'El PU ·\P O l t, 1 PUMP OFF , Ml RESIDUAL 

I 
DRAWDOWN 

I 
111 - 11_s:i,1 1nn 1 "111 4n ?nn ,n ?n nn 1A 01 

I 
I 1245 131 ni; ?ni:. ,c; I 1 1 f;7 11 ,1' 
I 
' 

1255 
I 

1?8 13 215 2i; R f:.n A 1:;A 

I 131n 126 50 ?10 4n t; 7i; 6.91 
' -

1330 125 . 40 25n fin · 4 17 5 81 

j 
1453 123 .87 333 143 2 11 1.,a 

' 
I -' I 

I 
I 

I 
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I 
I 
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RAMACO 

- ·- --·--
0, TL: T 11E 

Tr.ST 
TAl.:CN 

11-13- 81 0921 

0924 
0933 

094 1 
0950 

1015 
1050 

1115 
1145 

1230 

---

~ 
October 2018 

Brook Mine 

\Ji\1'1::1':. 1./CLL __ .l<JBHL...L......>6'-""8"""8 ___ _ 

PUMC'l (; l:.AT!.: l),\'l', 

_ ....,..,._....,.......,__ 
~ ... ...... ....,_.,_,,_,_,__ ···-- ···----..,.-.... , ........ ...... _. r----..,.,..._ ___ .... - ..... ,--1'".I\. 

Tl~ST 
uu1:.,\ r CON 

St:C. 

42 

44 
45 

46 
46 
45 
46 . 5 

46 . 5 
48 
48 

Average Q = 

l 

S12etifjs;; CaQs11 

\101.lilll: 01' n~u: IJEIC.llTEI 
GALS. PER DI SClll\l'CL::, C.i\LS . \•lr:TCIITED AVl:RACI~ 

Ml UTE llUl,1 TJ cm I) !iCll/\r..GL: Q 

7.14 5 1 7. 14 

6.82 5 3 20-. 46 
6. 67 5 9 60 . 03 

6.52 5 8 52 . 16 
6. 52 5 9 58 . 68 
6.67 5 25 166 . 75 
6.45 5 35 225 . 75 

6.45 5 25 - l6l,2~ 
6. 25 5 30 187 . 50 -
6. 25 5 I 45 281.25 

-
TOTALS= 190 1220 . 97 

1220 . 97 

190 = 6.43 gpn 

jt~ = 

-
6.~J gQrn 

~5 .B u = 14 anm/ft 

---· 
----

----

-

--
----- --- - · 

I 
I -- ----·----·- -

------ - I-1)6-33~ 

TrN 6 2/ 2 5 
RECD 1 - 25-1 a 

Addendum D6-12-313 

·--

DEQ Ex. 3-1282
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0 ..... BH 688 6.43 gpm 
CX) I 

11 11-13-81 I 

0 I. ' '' 

! 
" 42.7 - 32.2 = 10.5 

5 ' .. . I I I' I 

• I I l I 
I 

10 I · · 6.43 
~ ' 10.5 

15 161.67 gpd/ft 
I I 

20 
I ' 

21. 61 ft 2/day 
• I I 
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'l ~ _ , .11 , 1, . 'L•M~- n l lj 
' Wl I 8H 688 

Tl r I l , 11-13-81 

i 
I 

. 

t. 

I 
I 

l 

i ·: . 1· 
.... .I .. ........ .. 

I 
·j . ·:, 

.... ' ....... .. .I . 

I .. • 
I 
' I 

.. - I 
I l 

' I I 
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I ' 

I 
I ' 

. I 1: i 
I 

I l 
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I I 
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' I I ,· I .. 
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I •1'•-!-• 
,. I L I. 

,-..\"'; t it 

. ... ... .. . - . . 

•I ••·• -

. ·-· 

mzmZ/SZ/Zm tpeuue~s 

• 

: I I. I I 

6.43 gpm 

19.0 - 9.6 = 9.4 
I • 

I I " 

. 6.43 
9.4 

180.6 gpd/ft 

24. 14 ft2/day 

I I 
• •••• .. • • • t 

I .... I 

I ... . 
• • --• ••I 

j I . : 
·i--..1.-.:- ~ 

I 

- -1-

.L_J · 

I • 

i 
" I 
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DIETZ - 2 

COAL WELL 

D6-333 
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Brook Mine 
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RAMACO Brook Mine 
GEOLO(;;T ANU t:.}. r'LUM ~ J IUI "' '-I. "" •· ... . ... ·--· 

Wyoming Counl)' __ 5...._hu;;:e ...... c .... id ... aw.A1---- T. --5.L ~ R. -84-.. E. Soc. 24 ,_WELL_ NQ _ __.4....,6..._Q _ _ _ 

od Bondar Test . SircJ,, well dnwdown 3. Orawdown wiLh oba. ,uU 5. Othu (ipc:dly) 
type; SIJll.) c. wcll rc.covc:ry •. Rocon ry with obi . wdl 

orncr __ P_KS _______ _ Add reas __ B ___ o_x_3;;..;0;;_4...:.9 __ S;;_h.....;e;;_r....;.i .... d..;;;.an ........ ....;.W....;.Y _______________ _ 

8 Beed 
.. 1h 

d ia.m c.lcr 

253 fl . 

5 in. 
,r aaccn 
perforat ion slots 
u Dietz 2BC 
de or land 
,race 

,om MP 

,,\TE 

-3-80 

-

-

>ump Off 

I 

- -
I 

3614.9 
11 7A 

TH!E 

0840 

41 

43 

46 

50 
55 

0900 

10 
20 

30 

45 

1000 
15 
30 

48 
49 

51 
54 

1100 
10 

20 

30 

40 
55 

1210 
25 

Method drillcd: @ Alnobr)' 

WeU d iamctu LlJ B. tlo1ed or &UilCle4 
PVC C. Cabl~tool 

Cuing type 
Jotcrva.l or sac.en 

or p crfora1 ioo 227 - 244' 

D. Dug 
H. Hyd .-ro t.ary 
J. Jetted 

P. Air- pcrcuuion 
R. Rev.-ro u.ry 
T . T renchma; 

Pump hp. &. lypo -"'-'3/ .... 4....;.....;.T..a;e-"'e .... 1 --

V. Driven 
W. D,i,, o-111avt 

Z. Other 

Pump depth 200 Ct. 
Aquifer Ulholoa,, _ __..__.__ ________________________ _ 

How 
· detc:rmincd Su r veyed 

H ow mcaJwed 
.-, 

m: !"Tll TO TIME 

MP Above 
Bc:low 

Gal11.accmetei::: ---- ~-
S11'\CE 

UD 

n :r:: s1·:cc 
11J\TER LE\'EL PUHP ON C' nn~. Pll"" Qi·F t l !·'I .. · •• . t I • • 

. 

33.78 0 
, 

.. .. 
44.18 1 
54.65 3 

66.46 6 

76 . 15 10 
81. 84 15 
84 . 35 20 

86 . 76 30 

87.58 40 

88 . 17 50 

89 . 13 65 

89.74 80 
90 . 53 . 95 
91 . 23 110 

128 0 
79 . 25 129 1 

74 . 23 131 3 

68.32 135 6 

58 .86 141 12 

47 . 60 151 22 

41. 44 161 32 

38 . 19 171 42 

36 . 55 181 52 

35. 56 196 67 

35.10 211 92 
34.90 226 107 

AJtltudeMP ___ ___ _ 

5 1 ,:-~· 

t/tl 
• J • 

R:'.SlDUAL 
DR..\h'OCT.·.,; - - -...... 

' 
0., -~ • .. 

J 10.40 
20 .t37 

' 32~'68 
1\ • , 

... 42.,37 

~bll 
~ ,. , 
f t.~ -48 . 06 

50 . 57 

52 . 98 
53 .80 

54 . 39 

55.35 

55 . 96 
56.-75 
57 .45 

129 45 . 47 

43 .66 40.45 

22.50 34.54 
11. 75 25.08 
6. 86 13.82 

-
5. 03 7.66 

4. 07 4.41 

3. 48 2.77 

2. 92 1. 78 

2.29 I 1. 32 
2.11 1.12 I 

'~~ 34 .69 246 127 l. 93 I . 91 -

I I 13~! 
34 . 55 266 147 1.80 . 77 -
,,, 111 ?Ql 06-3 ~4 172 1. 70 , 65 

October 20 l 8 

d S 2/ '5 
ECO 10-2~-1 a 

Addendum 06-12-317 DEQ Ex. 3-1286



RAMACO Brook Min 

HJ\1'1:.1~ \~El.I. ___ 4.;..;;6;..:..9 ____ _ 

PU~ Pl G f:ATE DJ\Tt\ 

""" ... -~ -..,.~--.,,-.--- ·----... -----..------··•-r-w--••.- .. --~, -
DATE THIE TEST VOLli, IE OF Tl.IE IJE1GIIT ED 

tr.ST l) r_,\TlON GALS. PER . (HSCIIA RCE, C:I\LS. \-IEJCIITEU AVrnAGE 
T/\1-EN sec . MINUTE nu1:,\nm1 Dl~CllARGE Q 

7-3-80 0800 

- 0843 30.00 6.00 3.00 3 18.00 
so 46.50 3.90 3.00 I 7 27 . 30 

0900 56.40 3.20 3.00 10 32.00 

10 60.50 3.00 3.00 10 30. 00 
20 61 .00 3.00 3. 00 10 30 . 00 

30 66.40 2.71 3.00 10 27 . 10 
45 60 . 00 3.00 3.00 15 45.00 

1000 61.40 2.93 3.00 15 43.95 -
15 65 .00 2. 77 3.00 15 41.55 
1() ,;1 ,;n 2,83 3,QQ 1~ ~2 g5 

TOTALS 110 33].C,C, 

Total average Q = 337.55 gals = 3. 38 aom 
110 min. 

specific capac ty = 3. 38 ~em= 0.0 59 gpm/ft 

57 .45ft 

---

I 

D6 HJ -----------~--------

· r. 21 2 s 
October 2018 ECO 10-25-1 Addendum D6- 12-318 DEQ Ex. 3-1287



TIM, l)f-(,., J t CUHVt 
0 ~ n ,..... 
0 ~ er 0 C'b 
"1 I J I TT T l 17f"-l; 1' I 1' 11 I I I I'\ -r. (") 

I\) 0 
0 ...... I I 
co 

I 
,- . 3. 03 gpm 

7-3-80 
10 l 

] ... ~ ... lj yCI 

I 49.0 - 8.5 = 40.5 
I T 'b ( ) 

-•··· t", VLCl() - y i: lt 
I 

20 
,-i4(J.fl1 l 

_J 
40.5 

!:ii ' 19. 75 gpd/ft 
I ' 

I 2.64 ft 2 /day 
30 I 

-1 ---.I If I• . '" I~'• 

~o • :a I '. . •· ·••·. "";"Ir I 
. 

m . ' .. I 
n -"" l. i ' I 

~ 40 
I I 

Cl en a-
I I 

'I• 
I I• - r,,J 

',, ' I I I 
C I ' 

I ...... 
"" I I 

Cl "' ''' 
I u, 50 - I 'I 
~ 

• 
-· I •· • ' : 0.. 

0-
60 

I I 

('1) 
::3 

•I, 

0-
•I• 

i= 
3 
C, IJj 

°' 
"1 
0 

I 70 ...... 0 
I\) 

;,:;--
I 

'- INIJTI:, s: w I 
...... ::3 
IO ('1) 
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I Ir I. f1 , dO CU f 

() ..... 
0 
r::r 

0 ~ .., • • • .. I 
Iv • • 
0 ...... 
(X) 

,r l l"ll • ••~• 1: 
!1£,CC ll t,L!! 1y11 PUMP T ST 

u 469 (, 3. 03 gpm 

7-3-80 
10 t ,5 l J y,1.- • 

60.0 - 20. 0 = 40. 0 

20 
.~ Cl ~ 

, . 40 
20 . 00 gpd/ft 

2. 67 ft2 /day 
30 

0 
°' n -- I 
\,I ..... 40 ... -...a -C 

• NI 

- 50 . --- -
C-3 

• a. 
a. 60 
~ 
::s 
a. 
c:: 
3 
Cl OJ 

°' 70 
.., 
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0 .... 
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:,:;--

' (;,) s: 
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RAMACO Brook Mine 

Wyoming eountr _..,.S.Ll.h""'er,_i'""d,.,.a.1.1.n __ _ T . ....5L___: N. R. -8.4_(___~> Sec. 14 ,_WELL_ NO .. _..,59.._.6..__ __ _ 

Mel Bandar . Halco 1 m Tc.st ) si~ wc.lJ dnwdown 3. Drawdown with ob1- ..,eu 5. Other (,pr.cify: 
type ; (i) Single well reGO,ery 4. Recovery with obL wdl 

PKS owner ______ ___ _ Addreu __ B_ox_3_0_4_9 __ S_h_e_r_i_da_n_,__H_Y _______________ _ 

" R Reed 
.. ,th 120 ft. 

& dwnctu 5 in. 

of 1accn. s 1 ots 
r pcrfonuon ___ _ 

r« Dietz 28C 
de or Ltnd 3590' 

uracc 

,om M.I' 23 91' I 

) ,' TE TI !::: 

-19-81 0935 
36 

38 

41 

45 

50 

1000 
15 

-
30 -
45 

1100 

20 
40 

1200 

20 
40 

ump Off 1300 

01 

03 
06 

I 10 

15 

20 
30 

45 - -
1400 

Method dzWo,d ~ Ainowy 

Well di.uncter L.l.L B. Bored or augercd 

PVC C. Cable-tool 
Cuin& type _ .......,..;,_ __ 
Interval of )Cfe,en 

D. Dus 
H . Hyd .-rowy 
J. Jetted 

P. AiJ-perc11uion 
R. Rcv.•rot.uy 
T. T rcnciunl 

V. Drinn 
W. Drivo,walh 
Z. 01.hcr 

or pe:rfon1ion _9_.6_-____ 10~9~'----- Pump hp. & typo _3'""'/_4 _____ T.,.e..._e ..... 1 __ _ Pump dep1h ...lli.. fL 
Aqulfu lithology _ ....... ...._. _______________ ___ _ ______ _ 

How d . determined __ s_u_r_v_e.._y_e _ _ MP Above 
Bo.low UD 

Alutudc MP -------

How mc.>Ju.ro.d r.r1lvr1 nnmi:>t1>r ~ --
!)[!>Tli TO Tl !:'. S ll 'CE - , .~ s1 ··c- 51 FT . J - · ,_ • 1• L tit. l IUI T CF: LEVEL PUMP Ol~ t, Mil' . PU>!? OFF t , Ml i, . RES1D1..'AL 

DR..,'.1'0(",.':: - -
23.91 0 

, . 0 .. .. -

39.06 1 · lS. i5 

52.25 3 28 .34 
56 .67 6 32.76 
60 . 23 10 36 . 32 

64 . 21 15 . -40.30 
67.84 25 43 . 93 
70 .60 40 . 46.69 

72 .08 55 48 .1 7 
74 .55 70 50 .64 
76 .43 85 52 . 52 

77 .80 105 53 . 89 
79.07 125 55 . 16 
80 .25 145 56.34 

81.68 165 57. 77 
82 .54 185 58.63 

83. 39 205 0 59 .48 

69 . 37 206 1 206 45.46 

53 .85 208 3 69 .33 29 .94 

44 . 47 211 6 35.17 20.56 
. 

39 .80 215 10 21 . 50 15 . 89 

37. 00 220 15 14.67 13.09 

35.40 225 20 11. 25 11.49 

33.33 235 30 7.83 9. 42 

31. 62 250 45 5.56 7.71 

30.54 265 60 4.42 6. 63 

I~ 
29 . 63 285 80 3.56 I 5.72 

I lCM 

-

I ?O nr; 305 100 3. 05 5.14 -
? Q c;c; 1?'i D6-3 38 120 I 2.71 4.64 

October 2018 

TFN62/ ?5 
RECD 10- 25-1 a Addendum D6-12-321 DEQ Ex. 3-1290



RAMACO 

..--•- ·· 
DATE TIMI~ 

HST 
TAKEN 

6-19-81 0936 

0938 
0941 

0945 

0950 
1000 

1015 

1030 
1045 

1100 

1120 
1140 

1200 

1220 

l,4Q 
1300 

October 2018 

,,__, .............. 
Tl~ST 

our:.,,noN 
SEC. 

16.10 

17.10 
19 .70 

18 . 60 

18 . 10 
18 . 20 

18.60 

20 . 10 

19 . 60 

18. 60 

19 . 48 
20 . 21 

20 . 16 

20 . 05 

,a.as 
20 . 24 

l~i\ T[lt \JEl.1. __ __;:_5.::...;96=-----

PUM P lNG RATE Di\T1\ 

Brook Mine 

._____..,._,._ -,.,-. ......,_ •- •- - •a("'r" ___ ---.---·-----~ . .._..~ .... ~,__,..~ 
vo1.m1c or n.u~ I ElGllTED 

GALS . PER lH SClli\l'Gl:: I GALS. l·lEJ C:ll1'Cl) AVERAGE 
MINUTE DUl,i\TJOil DI:.Cll/\RGE Q 

19 . 75 5. 30 1 19.75 

18.60 5. 30 2 37 . 20 

16. 14 5.30 3 48.42 

17.10 5. 30 4 68.40 

17 . 57 5. 30 5 87 .85 

17 . 47 5. 30 10 174.70 

17 . 10 5.30 15 256. 50 

15 . 82 5. 30 15 237 . 30 

16 . 22 5. 30 15 243 . 30 

17 . 17 5.30 15 257 . 77 

16 . 32 5.30 20 326 . 40 

15 .73 5. 30 20 314.60 

15 . 77 5. 30 20 315 . 40 

15 .86 5.30 20 317.20 

15 . 25 5. 30 20 305 .00 

15 . 71 5. 30 20 314.20 

TOTALS 205 3323 . 99 

Total Average Q = 3323 . 99 gal = l 6 21 gpm 
205 min 

-----
----

SQ~~ifi~ caga~jt~ = 16 . 21 aom = 0. 27 g12mLft 

59.48 ft 

I 

- --· ._,, __ ~;I ___ ;------~·----
Ir\~/ ... 5 

ECO 10-2 -1 Q AddendumD6- 12-322 DEQ Ex. 3-1291
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0 ~ (') 
r+ 
0 ., ~ 
CJ' 0 ('t) 
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·~n T'll' !' l "f. I : J • 

'"1 () 

Iv ( I 0 
0 ·t I ') - . 16.21 gpm 
00 I I 

10 - ' 
\j l ll~. 

I .. , 
53.7 - 36.8 = 16.9 

I 

I I. ' . ' ( '. ) _ ,, roQ -,c,t 

20 
, .i 16. 21 
16.90 

I 

I 253.2 gpd/ft 
I ·1 

33.9 ft2 /day 
30 I .. 

, .. , ,., , I 
••I .... ,., 

... -- .. 
l ',. .... 0 I 

°" I ' 
• I . . I = 1..-) 40 ,,I ... ..,. - 0 ,., .. 

r-.1 
,, .. , 

C ...... ,,, I• o I J 
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"' 
0 ., 

:, ...., '!II 

I c.n - 50 .. ., .. 
,. ,. 

• I Cl. 60 I I 
Cl. I .. , I -
('t) I 
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3 
0 co 
°' 70 '"1 

I 
0 - 0 

Iv ~• IN , r1 :.. 
:,;-

f I 
~ w 

Iv :3' w ('t) 
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tit,. ELu ERY CUH 1 r'. 
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0 
O" 0 

.,, 
£ ,( s: 

(b • ., () 

tv 
0 ti( I 

0 
...... 16. 21 gpm 
CX> '. 

lJ 

10 yt ( -

20.9 - 3.6 ::: 

' . . (0 I 
.._"'c;/l_(.jg-,.. Ut 

4 .6..21 -
20 17.3 

' ~ 247.4 gpd/ft 

" 33.1 ft 2/day 
30 · ' ,.,. (' 

' -·· '• 

I • I 
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I n I 
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c::, ~ 40 ·7 ::, - I I 
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RAMACO Brook Mine 

~ --- - - .. . 
10 Wyoming County Sheridan T. 2..___ 4?, R • .M__ €) Sec. 24 ,_WELL,_ NQ BH647 

ionnd Bondar - Volk . 1 at 1. Sing),, well dnwdown(j) Drawdown with obJ.. well 5 . Othc:r (spoc:il 
type: 2. Sing}~ well rc.cova-y •. Roco•cry with ob,. well 

I o.,,ncr __;P:....;K~S;__ ______ _ Addreu _ _.::;.Bo~x..:......:3:...::0...:.4.:..9__;:;_S:..:,h:..:e..:..r..:..i d.:..a::.:"..:....•!........:.:W..:..Y ______________ _ _ 
Reed R. 

a.I pll"I 341 fl. 

lnB diameter 5 in. 

,e or .aeen_ slots 
or pc:rfora1.,on ___ _ 

wer Dietz 2BC 
,tude o f Li nd .... ,.cc 

,om MP 

D,-.TE. 

1-2-81 

-
-

-
) Ull, t" dt 

I 

I 

3673' 
77 ?(l 

TH!E 

1035 

1036 
38 

41 

45 
50 

55 

1100 

05 
10 

20 

30 
45 

1200 

20 
40 

1300 
20 

40 

14nn 

20 

40 
1500 

20 
30 
45 

Method drilled :@Air·Jot.uy 

Well dwnctci?....1.L'iti.. B. Bored or augered 
. PVC C. Cabl~tool Cas,r,a type _..;....;;... __ _ 

1.otUYal or Jae.en 
or perforation 314 - 334' 

0. Dug 
H. Hyd.-101.Uy 
J. Jetted 

P. AIJ-pcrcuulon 
R. Rc:v.-rowy 
T. Tnnchin& 

Pump hp. 1r. typo 3/4 Teel 

V. Driven 
w. Driv~""• sh 
Z. Othc:r 

Pump depth ~ rt. 
Aquifer lithology ---"""o..,._a..!.l _________________________ _ 
How 

· dctc:rmincd 
d Above SUrVeye MP Below LSD Altinade MP ___ ___ _ 

How mcuwed r,;i 1 vii nnmPtPr -~ ~- -
!)J:!'111 TO T I tE S U:C E Tl~Z 5 1', CC S1 ~1 . 

l•IATER LE\'EL PUHP 0!~ t. 1-:IJ". Pll" ::, 0 •T ) 1-'l •· tit. l R=.SI Dl!AL • •• • , I • 

DR:\h'DO.·.,, -
77 .'20 0 

, 
0 .. .. 

81. 22 1 ·4,·02 

Ga lv. 3 ---
Mal funct. 6 ---

10 ---
15 - ---. 

95.00 20 17 .8 

96 . 36 25 . 19.16 

96 . 90 30 19 . 70 

98 . 98 35 21 . 78 

100.56 45 23 . 36 

104 . 03 55 26 .83 

105 . 56 70 28 . 36 

105. 90 85 28 .70 

106 .65 105 29 . 45 

106. 74 125 29 . 54 

105 .37 145 28 . 17 

112. 50 165 35 . 30 

112. 84 185 35 . 64 

112 . 30 205 35 . 10 . 
111.38 225 34 . 18 

113.95 245 36 . 75 

115 . 55 265 38.35 

115. 77 285 38 .57 

115. 53 295 38. 33 

117 .13 310 39 . 93 

I I I 

~ D6-34~ 
-

October 2018 
TFH62/ 02 5 

ECO 10-25-1 3 

I I 
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RAMACO Brook Mine 

- --- -----. 

Wyoming Cou11ty _ .. S .... b .... e ... rjj.,.d ... a,...n __ _ T. -2..._ ~. _BL @ Sec. 24 ,_WELL_ NQ 8H642 

•Md _ _iB.i.i0.1.10.1.1,d1.1,1iju.[....;;.-_V.Lln..._J ... k._____________ 1 UI 1. Si~ well dntlfdown 3. Onwdown w11h ObL •di s. Othi:r (spccif y 
type: 2. Single wdl JC.C.O•cry (!) Roco•c:I')' w,lh ob, . ..,~~~,-:::-----

owner __ P_KS _______ _ Addn:u _.J:B~x~30~4:.;9~-..:::.Sh!.!.!ei.!r__!i~dl.5!.alln..>....!W!JY _________ ~~~2 .... 1 ~4~5iMc:---

8 
1 ... th 

Beed 
341 fl. 

Mc:thod drilled : (A) AiJ-iowy 

WcU db.mete, 2..118.. B. Bored 01 augcre.d 
C. Cable-tool 

~ diameter ___..5 __ in. Cuin& lype -P..JJ.C...- _ _ 
of eaccn Interval of scicen 

I pcrfontion $] Ot5 or pcrfontlon __ 3._.]...,4"---=-__..33.,..4,._' __ _ 

D. Dug 
H. Hyd .-roury 
J . Jencd 

P. A ir-pl'.TCIJJS 
R. Rn.,-ro!U}' 
T. Trtl'ICl\q 

re, Dietz 2BC Aquifer litholoJY --.L.1ll~------------------~~-----,~~ 

udeof land 3673' 
ufacc 

How d 
detc:nninoO ___ s.;;_u_r....;.v--e.._ye-=--- MP AbDYC 

Below LSD 

flom Mr 77 ?O How muiuscd GaJ llacometei:::: ·- ~--
!)[!"Tli TO THIE srncc -1,,.,.. s1• ·c-

J -· ,!.. • l' I. 

J;,TE TU!E \IATCR LE\'CL PUMP O!' , r-:rn. Pl':•!. OFF t , J,iJ;·. 

1-2-81 1545 117 . 13 
. 

310 0 .. 
46 112.29 311 1 
48 103.58 313 3 
51 94.43 316 6 
55 87.62 320 10 

1600 84.47 325 15 
10 82.39 335 25 
20 81. 72 345 35 

-
30 81.22 3i;i; 115 -

1700 80.63 385 75 

1730 80 . 11 415 105 

1800 79.82 445 135 
1830 79.59 475 165 

1900 79 . 42 505 195 

1930 79.25 535 225 

~ 
- -\~ 

11=l -
-

D6- 3~3 

Tr-, , 2/ , 
October 2018 E .D 10-25-1 

S] r~· 
1 . '. 

ti R"::~lD />.L 
DR.c'.IW(Y ... ';i 

39 93 

311 35.09 
104.3 26.38 

52.7 17.23 

32 10.42 

21. 7 - . 7.27 
13 .4 5. 19 

9~9 4.52 

7 q 4 n? 

5. 1 3.43 

4 0 2 g1 

3 3 2. 62 

2. 9 2:32 

2. 6 2.22 

2. 4 2.05 

. 

I 

I I 
Addendum 06- 12-326 
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RAMACO Brook Mine 

l~Alt.::1' \~EU, __ _:::;B.:..:.H6::..4.:..:.7 ___ _ 

ru !Pl G 1~·1 E DATA 

-·-- · ~·-~ ~ .... -----·~~·-·--·.--------.--..... -....-....,.....~~ .. ._- ,_ --
O,\TC TldE TEST '0Lli.' IE OF Trnr:: 1n: lG\l'J ED 

n:sr our.,.\TION GALS. PER . OlSCl!/\l'GE, GALS. \·/ El C:IITE D AV~HAGE 
TJ\1-:EN SEC. MINUTE DUl~J\TJ.Oil Dl!iCllAF:GE Q 

1-?-81 1035 138 (ice 
' 

in I ose - do not use 10a 5 data) 
., 1055 65 2.70 2.92 5 13 50 

1100 63.5 2. 76 2.92 5 13.8 
1105 64 2.74 2.,92 5 13.7 
1110 57.4 3.05 2.92 10 30 . 5 
1120 57.7 3.04 2.92 10 30 . 4 
1130 49 3. 58 2.92 15 53.7 
1145 49.5 3.54 2.92 15 53.10 

1200 51. 3 3. 42 2.92 20 68 . 4 -
1220 48.5 3. 61 2. 92 I 20 72.2 
1240 54 3. 24 2.92 20 64.8 
1300 42 4.17 2. 92 I 20 83 .4 
1320 43 .3 4. 05 2.92 20 81.0 

1340 44 3.98 2.92 20 79 . 6 
1400 45.5 3. 85 2. 92 20 77 . 0 
1420 46 3.81 2.92 20 76.2 

. 1440 42 4.17 2.92 10 41. 7 
1450 45 3.89 2. 92 10 38 .9 
1500 42.5 4.12 2.92 20 82 . 4 
1520 42 4. 17 2.92 25 104.25 

-· 

·---
TOTAL= 290 l.078.55 

0 = 1078.55 = 3. 72 gem 
290 

I spec. cap. = 3. 72 = 0. 1 I pm /ft. 
.)!;I,::,.) f -

- ·--- --- -- ---- - - - -- ---- ·----uo-..,,-,. 

Tf 6 2 / 0 :, 
October 2018 RECD 10-25-1 3 Addendum 06-12-327 DEQ Ex. 3-1296



0 Tl E ORA L'O N t tJR F 
(") ~ 
0 :s:: 
er 
(1) I' • ., f I - T"f""TTTTT'"71 I'! l ' i I. I , ...... I •• I () 

tv 0 
0 

00 3. 72 gpm 

u 
·t 

49.5-29.7 = 19 .8' 

0 ___. 
V ' 

3. 72 
19 .8 

... 
10 ··. 49.6 gpd/ft 

f t 2 /day 
It"\ 

6.63 ~ 

"' ? ' .. '° r Q 
-: 

20 .. · - I 

::a --1 
m 
n . . j Y-
0 ' 

- l -c:::, r...:, 
30 I ....... t men 

....., 
'-:, 

I c;....., -
40 .... 

• a. a. 
(1) 

:I I a. 
c:: 
:3 50 

I r- -C, I• JJ ! I I co 
O'I a 
I I ,_. 0 

tv 
,:;-

I :s:: {;.) I \'IN ,-1 
tv :I 
00 

DEQ Ex. 3-1297



0 TIME RECOVERY r•J RVE ~ (') ,.... 
0 ~ 
O" 
(1) " • ..., 

1 P,.....,..'7'TTT' f'1 1'] . i () 

Iv 0 
0 .... 
00 3.72 gpm 

:1 

I ,. . I 4.3 - . 3 = 4. 0 

0 . - .... - ,, 1 
I 

3. 72 1 
I 4.0 I 'I 
lo 245.52 gpd/ft 1 lo 

10 - . ' I 

I 
'' '" I 32 .82 ft 2 /day j I 

\D 

!. 
.:t-

1--· ... r<"\ 

::"! • ' 
I 

r, \,I) 

... I • Cl 
< I ... I - 20 I --1 m II -· j ' ... 

n 
c::, 

,:s, .. -- ........ ... - . ·- .. -· -1 - ~ I c::, 
I 

...._, 
I 

0 "" 30 I ··- -· - . l -·, • 

u, I I I 
I ' - I~ 

c» 
. . -- . 

1 · . ·: ·1 

I 40 I -·- ··- - - - I_ 
• I I 
0. I I 
0. I (1) 

::i 
1 ••• • ·-

0. I . , 
C: I, 

a 50 . •· ---
C, OJ 

°' 
..., 
0 

I 0 .... 
Iv 

;,;--
I 

(,J ~ 
Iv 
\0 

::l 
(1) 
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RAMACO Brook Min 

>, 1.,C.1../L...UU I ,...,~1.1 C.l\l'"L...Uf'\ .... I IL/I'll - ---
\~yomi ng County __ shLJ.!e-..!r...Jiu.dwawo ....... -- T. -51_ ~ R. -24- &, sec. 24 .• wELL_NQ..obs BH466 

•Mel __ B~own ... d,..a.._r_::;.-_v ... a .... J ... k.__ ___________ _ est I. Singl.o well clnwdown 3. Duwdown with obL well G) Other (11Pecify: 
l)'pe ; 2. Single well re«>vc:ry <I. Rccovcry With Dbl. well 

owner _...;P..;.K.;.;;S;..._ ______ _ Addrc:n ---=B-=o.:..:.x_;3:;.;0:...4:.:9~_S;;.:h:.:.:e:..;.r...:.i-=d.:.:.a:.:..n .,_, ...:.W:..:Y ________ o.::.;b;:..:s:...---"W-=e--"l-'-1 -'0::..:r...;;a:.:..w..:;;d.::.;ow..:..n----

::r R. Reed 
,,o, 320 fL 

-. dwnctcr _5_ In. 

' ot iac,c:n slots 
, pc::rfora1lon ___ _ 

Iu Di etz 
udc of land 
JJracc 

rom MP 

D,\TE 

1-2-81 

-
-

imp off 

-
- -

I 

I 

2BC 
3660.5' 

68 0 . 
TIS 

1035 . 

50 

1105 
1120 

35 
pni; 

1235 

1305 

1335 
1405 

1505 

1535 

1545 

Me1hod drilled : @Au otary 

Wc.11 di.a.meter 1...lJfi. B. Bored or auccred 

PVC C. C1b!e-tool 
Cuing l)'l'e --'-'-"----

hitcn-al of iacen 289 _ 304 1 

01 pc:rforulon 

D. Dug 
H. Hyd.-roury 
J. Jcnod 

P. Au-percussion 
R. R~.-ro1&1y 
T. Treni:hm& 

Pump hp. & t)'po ____ N_/_A __ _ 

V. Driven 
W. Drrvo-w1sh 
z. 0th= 

Pumpd,:pth __ ft. 

Aqllifcr lithology --J..J.UiiL.L.-----------------------------
How 

d C tc:nnfo cd surveyed MP Abon LSD 
Below ---- AJti1udc MP --------

How mc.uwed Steven's Recorder & Galvanometer -- ~ ·- · 
!)J: PTli TO TI 1E SINCE T .::-:- s11,-ct S1 ::'T. 

HATCR LC\'EL PUHP ON t, MI ' . PLW> o;~r t VI" t itl R::5IDUAL ••• • ' l I• 

DR.-\\ 1D0:-.1' -
, . 68 . 0 0 . 0 .. . . 

68.01 15 :oi 
68.08 30 .08 

68 .17 45 .17 

68 . 28 60 .28 

hA i;h QO . - . 56 

68.82 120 .82 

69.06 150 1.06 

69 .27 180 1. 27 

69.49 210 1. 49 

69.85 270 1. 85 

70 .02 300 2.02 

70.04 310 2.04 

. 

I 
l 

-

~~ 
; 

I 

~~;L7 I ! \ 

, · l , 21 M :.i 
October 2018 E .. O 10-25-1 3 Addendum D6- 12-330 
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RAMACO Brook Mine 

- - - -----
~lyomi ng Coun!)' Sheridan T . ....lil__ f, R . ....BA_&>· Sec. 24 ,_WELL_ NQ. Obs BH46G 

Mel Bandar - Volk · 1"ul l. Singls weU dnwdown 3. Dnwdown with ob.1. well (El Otha (i:poc:i!y) 

type; l. Si.ngle well recovery 4. Roc.o"cry with ob .. wtll --.-. _ _ 

)wner _P_KS.,;__ ______ _ Addrcn ____ B""'o""'x-'3::..;0::....4:....:9c,___;S::..:hc.:..:e:.:.r_,i..:d.>:-a ... o .......... w .... v _____ __,.0,...b...,5_We~J ... ].__,,B ... e .... co ..... v ... e .... r...,,,J1.---
:r . Reed Mel hod drilled : 

.. J\ 320 ft . Well di.o.mc1cr Ll/Q.. 
a diamclcr __ 5_ 1n. C.uin,: IYJH: PVC 

Ail•rotary 
B. Bored or auaered 
C . Cable-tool 

D. Dug 
H. Hyd .•rolllr)' 
J. Jetted 

P. Airpercumon 
R. Rcv.•rotary 
T. Treni:hnc 

V. Driven 
W. Driv-e-w•sh 
Z. 01.hcr 

( Interval or saun 
.;;::~1on _s_1_o_t_s_ or pc:rfora1ion 289 - 304' Pump hp. & typo _ _ __.N..,./..,A.__ __ Pumpdqllh __ ft. 

- • i rci Dietz 2BC 
JdD or land 3660. 5 • 
uf•cc 

rom MP 68 0 . 

),\TE TH!E 

l-2-81 1545 

1550 
1558 

1612 
1620 

1635 

1705 -
1805 -
1905 
2005 

2105 
2205 
2305 

1-3-81 2405 

105 
205 
305 

405 
505 

I 605 

705 
740 

- _\ 
I 

Aqullcr lithology__._ ....... ....__ _________________________ _ 

How d 
determined surveye Above 

MP Below LSD ___ Altitude MP -------

How measured S tPvPn' ~ RPrnrrlPr i ~~,v~ nnmPtPr 
~ ~--

I J:!'l'li TO THIE SINCI: -, ,~ Sl' 'CE S1 FT. j - • ,:.. - ) ' . 

titl 1-1/\ TER l.E\'EL PUHP O!~ t , Mll '. PUM? OFF t , Ml~. R~SIDUA L 
DR.-\h'D O·.-.';; -

' 70.04 310 
, 

0 0 2.04 .. .. 
70.09 315 5 63 2. 09 
70 . 12 323 13 24 . 85 2. 12 

70 l ::> •17 ?7 1? llR ? 1? 

70.10 345 35 g Rti 2. 10 
70.02 360 50 7.20 - - 2.02 

69.83 390 80 4. 88 1. 83 

69 50 450 14n < ?1 , c;n 

69.26 510 200 ') Cj c; 1 26 

69 . 10 570 260 2. 19 1 10 

68.98 630 320 1. 97 .98 
68.87 690 380 1.82 .87 
68.79 750 4 0 1. 70 .79 
68.72 810 500 1. 62 .72 

68.65 870 560 1. 55 . 65 
68 . 59 930 620 1.50 . 59 

68 . 54 990 680 1. 46 . 54 
68 .50 1050 740 1.42 . 50 
68 .46 1110 800 l. 39 .46 

. 
68 . 42 1170 860 l. 36 .42 

68.39 1230 920 1. 34 . 39 
68 .36 290 955 1. 35 .36 

\~ I -

I -
f)f,_ /JR 

October 2018 

TFH 6 2/025 
RECD 10-25-1 3 Addendum 06- 12-331 
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0 
(") ..... 
0 
o" 
(1) 
'"I 

IV 
0 ...... 
CX) 

!'Tl 
M 
C, 

-C 
I ,._, 

c.; 
I -

• 0. 
0. 
(1) 

::i 
0. 
C 
3 
CJ 

°' I 

IV 
I 

w 
w 
tv 

---4 -., 

.) 

-
._ 

0 

. 2 

.4 .. 

. 6 

. 8 

1.0 

1. 2 

1. 4 I 

1. 6 s = 0.3T to 
r2 

74 
l. 8 : 0.3(290i(l440) 

(3 5)2 

2. 0 :: 3.4 X 10- s 

2.2 

!ME DRA DO U~VE /to• 74 
~ 
~ 

,I 
• ITTTIT'" I . I' 0 

• 0 
f-' TES 1 ·, 3. 72 ·1 

r = 36!:i' I 
3.38 

3 72 

1 
3.38 

290 gpd/ft 
a, 

38.84 ft 2 / day 
..t 

"" I 
\D 

I. 
0 

I• 

I 
I 

1 .. 

I. 
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0 TIM RECOVER r•1n E s; () ..... 
0 ~ 
0-
(I) 

0 • 
"' 

I I" 
., () 

tv 
T 1111 li lji'-r1"f ' 0 

0 ...... 
00 . 2 3. 72 gpm 

' r = 365 ' 
.4 ·- i"" I. 3. 98 

I 
.6 

,, ' ~--.-' 3. Z2 
.8 

' I 3.98 

1.0 
246. 75 gpd/ft 

32 . 99 ft 2 /d 0 

1. 2 "' .. - ·•·1' •· "" I 

I ., I st) 

::a ...... Cl ,.,, "91 
. 

M - 1.4 .. ~ . - . t· •• 

~ I en 
' 1. 6 - ,.._, -- - ·- -- .... - . .. I .. I l I -

0 ...... 
I I 

N 0 . I I 
' 1.8 I 

"""' ·- - + - - I 

I I Vt I 

_j 
I - I I I 

' 
C0 ' 

I 2.0 • l 
I 

2.2 I 
• I I 

0. I .. I 
0. 
(I) --1 ::s I 0. I . , I C l I I 

3 .i 
CJ 

I . I :I tJj 

0\ a 
I 

...... 0 

tv ;,:;-' 
I ~ <..i 

<..i 5· 
<..i (1) 
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0 
(') 

s 
O" 
(1) .., 
tv 
0 ,__. 
CX) 

n 
C, 

-0 
I 

:, 
I -(.,.:> 

• 0. 
0. 
(1) 

:::i 
0. 
C: 
d 
0 
0-, 
' ,__. 

tv 
' w 
w 
~ 

-; 

r...:> --... 

~ 

0 

' 
1 
• I-... 
> z· 
I 

,,... 

.o· 
o• 
o• 
o. 

.o. 

.o. 

. o. -

.o--

. Q 

' I' 
'' 

I 

·1 
I 

I • I ' i·.-1 •ii 1' 
I I. 

! ~. I 
I 

'L. •ill 
I• r' 
I 

~ .. 
5 

.. ' 
.'01 5 ' 'l 

' - ' . 
' ,. 
J.• 

I . . . 

,· 
.lr...,;., -

1:, ~ .. 

"I -
I 

.. 
• J 

I 
f .. . I . 

I LI J 
II ~66 

--· 

w:· •· 

, . • ,0 

• I 

; (I 

I 

I' I :u. :1 '. 
. -

l ! I) 

• .. 

I, 
I 

l 
I 

·l .. 
... i;. 
' " 

.I 
I ' 
, . . 

I • 

I. .I ,II & ,lo .. • • ., • • I 

• I 

I - U~ t. f! ,!I~ '·ft1 

~,. ~>l..1 a 1. 0 
. 1.88 

226 .8 gp<l/fl 

· JO.J ft~/day , .. , 
s. &ts ,'1'· 

, 226. 8 • 1.0 
2693 X ( 365}' 

' 17911 . 2 
• JSU:77t. 925 . 0 

• 5.0 10·~ 

DEQ Ex. 3-1303



G!!I 
N 

" N 
Cl 

" N 
G!!I 
N 
G!!I 

RAMACO 

October 2018 

Brook Mine 
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RAMACO Brook Mine 

st c Wyoming couuty Sher idan 1. 57 ~- R. 84 l. , src._2_2 __ _ 
Personnel Bandar & Gentry s fl'C " 1. s·nQ l(' well ,fawn :. ~lnolc .. ell r ecovery 

(1) ll rawoo1,n with ohs. ""\1 Recllvl?!'y wi th ollS .... ell 
Well O,.ner__,_P.,_,_K:.S ________________ S, 0 her (Speci y) _____________ _ 

,.,. , <>ss Box 3049 Sher idan. WV Driller R. Reed 

WELL IO. obs . 655 

J drilled: . ir-ro arv O. Dug P. A r-r,;-rcu~sion . Onven 
0. Bored o r ~uge r ed 1 1i) H d-rotary R. Rev-ro ary . Drive- wash 
t. Cable- tool ~ Jetted T. Trenching Z. Othe r 

Total well depth 220 rt. ell Oiame er 7 7/8 in. Cas in g diameter ;> In 

Type of screen or per oration saw slots Interval of screen or per oration 172' - 2 
Pump hp & type ______ Pump depth __ ft. Aquifer_......:..Spi;..o;...i:.....:1-=s _______________ _ 
A0uHer lithology reclaimed spoils Altitude of land sur ~-__ 3;;;_;,7:....:4-=·o;..;.• ..;;.6 __ _ MP:~~: LSD._____ Altitud ' MP. . .,__ ____ _ 

How measured, _ _1,1Ga..a ,1.;lviu;au.OwOilllffis:.Pt.1,Jf;..iC--=;,...,2.S .ute~vu;e:.i.o~s_.11,1Re~c..i.CLLC..1.1ciLCf.LC-----=-==----
How d t rm1ned. __ ----=s~u_,_r.:.;ve=-yi..::e:.::d=---------

WL from MP ___ __,_18....,J......,R.,_Q.__ __ 

I - ~ . - , _ -...3'"~ · 

1 
I DEPTH 0 TU\E Sl CE TIME SINCE s, F . 

DATE 
I t;t' TI E ATER LE El PUMP 01 t, MIN . PUMP OFF t, MIN. RES! DUAL 

ORAWDOWN 
-

7/21/81 0800 183.80 0 / 0 

0815 184. 09 15 0.29 

0830 184 . 20 30 0.40 

0845 184 . 26 45 0. 46 -

0900 184 . 30 60 0. 50 

I 0915 184.32 75 0. 52 
1- -
' 

I 0930 184. 35 90 0. 55 -

I 
0945 184.38 105 0. 58 

1000 184.40 120 
I 

0.60 

1015 184 . 42 135 0. 62 

1030 184.45 150 0. 65 

1045 184.47 165 0. 67 

11 00 184 . 49 180 0. 69 

1115 184 .50 195 0. 70 

1130 184 . 52 210 0.72 
I 
I 1145 184.53 225 

I 
0.73 

1200 184 .54 240 0. 74 

1215 184 .55 255 0.75 

1230 184 .56 270 0. 76 

1245 184.57 285 0. 77 

- ~Q_Q. __ ~84.~8 300 - - ___ 06.-_ ~53 0. 78 
- -

T·' S 2/0 
October 2018 ECO 1 - ~-1 Addendum D6-12 -336 DEQ Ex. 3-1305



I 
I 

RAMACO Brook Mine 

Stale Wyoming Count Sher idan T.57Cf:.R ._ 84 _E. , Src._-=-2~2 __ 
Pj?rsonncl Bondar and Gentry _j_C'< l yrl'· l_ ~111 le -.. e l l dr~ ,fown :' . 

CJ} flrawd0w11 w1 I li~. wcl l Q) lll!Cll c 
Well .ner__.P--'=S'---------- -------- :,. Other (Speci y) _ ____ ---'__.. ____ ---='---- ..-.._ 
,.. ·ss Box 3049 Sheridan, WY Drill er R. Reed 

J dri l led : Ii.. Ai - ro ary D. Dug P. Ai r-rercuss1on V. On ven 
G. Bored or augered (ii) •!yd-rotary R. Re -rot ary W. Drive-wash 
C. Cable- ool J . J e d T. Trenching z_ Other 

ot11l well depth 220 Ft. . ell Diameter 7 7 /8 , n . Casing diameter__.;::'----

1ype of screen or per·oration saw slots Interva l of screen or perforation-£.L.JL.___;;--"'-........ -~ 

Pump hp & ype______ Pump- depth __ . ft . Aqui fer_ --=S~O.!.i .!..;l S~- ---- ------=~~~~:..__

Aquifer lithology reclaimed-spoils 
How determined surveyed 

Alti tude of land sur ace_..-..,..;..w,......._ _ __ _ 

MP 46ove LSD A 1t i tude MP 

WL from 11P 183. 80 
Below ------

How measured _ _;:gi.:::a:...:,l ..:..V::;an:!:o~me:.::::...:::t:.:e.:...r_----=s:...::t:.:e.!.ve:::,:n~• S:........:..;R::::,e.::.;CO:::.,:r~d~e:.:.r ________ _ 

., ' 

DEPTH TO TIME Sl 

DATE TIME ATER LEVEL PUMP 01 t, 

1315 184.59 315 

n1n 184 . 60 330 

114S 184 . 61 345 

Pumn Off 1400 184.62 360 

- 1415 184. 28 375 

1430 184 . 20 390 

1445 184 . 16 405 

1500 184 . 13 420 

1515 184.11 435 

1,;10 lAA OQ 450 

1 E::J\S 184 . 07 465 

u;no 184 . 05 480 

1,:.15 184. 04 495 

lh<0 184.02 51 0 

lF.45 184 . 01 525 

11nn 183 . 99 540 

1no 183 . 97 570 

rn,nn 183 . 95 600 

11nn 183 . 94 630 

1900 183.93 660 

1930 183 . 92 690 - -·--

October 2018 

CE 
MlN . 

r,r 

TIME SI CE 
I 

PUMP OFF t , MIN . 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

210 

240 

270 

300 

CI, 11() 

il,.. 2/ 25 
4 CD 10-2r.-1 3 

- . 
s, FT. 

t;t' RES DUA 
ORA DOWN 

0.79 

0.80 

0.81 

0.82 

25 . 00 0. 48 

13 . 00 0. 40 

9.00 0.36 

7. 00 0. 33 

5.80 0. 31 

5. 00 0. 29 

4.43 0. 27 

4.00 0. 25 

3. 67 0.24 

3. 40 0.22 

3. 18 0.21 

3.00 0. 19 

2. 71 0.17 

2. SG 0. 15 

2. 33 0. 14 

? ? n n 11 

? nn " 1,, 

Addendum 06- 12-337 DEQ Ex. 3-1306



I 

RAMACO Brook Min 

Sl~l(' ~oming Coun y Sheridan t...51_ -~ . R.~. ~('c. 22 w£u rm. obs . 655 
let lyrt': (!) Slnqlc ~-c11 drawdo1,o1n (;) S1nolC' ,e ll reco~er 

r.l) 1l ra1,o1clo1<n with obs. well © Recove-ry w1 hobs. well Personnel Bondar and Gentry 
lie 11 ner_..1...J.).=...S ________________ -;- 0 er (Specify) _____________ _ 

AddreH Box 3049 Sheridan, WY Driller e d 
d dril led: ~. ~lr-ro ary D. Dug P. A1r- rcrcussion V. Or1ven 

G. llored or dugered t'ii) tlyd -ro ary R.. Re• -rotary IL Drive · 11sh 
C. Cable- col "J'. Jet ed T. 1renchtng Z. 0 her 

otal well dep h 220 Ft. Wel Diame ter 7 7 /8 in . Casing diameter 5 
ype oi screen or perforat ion saw slots Interval of screen or perforation _ _.1._..7 .... 2_' ____ _ 

Purnp hp & ype. ______ Pump depth ___ ft. Aquifer_~S~p~o~i.!.ls~---------------.......;.-

AouHer ll hol ogy reclaimed spoils 
ltow det r1111ned surveyed 

WL from MP 183 . 80 

Altitude of land surfate._.....,:;.a.....:.;:..,_::'-------

~ P Abo e lSD A1 itud 
Belo ·-----

How meas u red,_.;i;ga:.1:...;v:...::a:..;.;n~o:.:..;me;;:..t.:..:e:..:.r_--=..s t.::..:e::..;v:...::e:..;.;n_' .::..s _;R:..;.;e:;..;c:...::o..:...r.::..de.::..r;......... ________ _ 

~ -
DEPTH TO THIE SINCE TIME Sl CE s , r . . 

t/t' 
DATE Tl~ E HATER LEVEL PUMP Otl t, MIN. PU~ P OFF t, I RESIDUAL 

DRA\ DOW 

2000 183.91 720 360 2.00 0.11 

2030 183.90 750 390 1. 92 0.10 

2100 183 .89 780 420 l. 86 0. 09 

2200 183. 88 840 480 l. 75 0. 08 

2300 183 .87 900 540 1. 67 0. 07 

/81 2400 183 .86 960 600 1. 60 0.06 -
0100 183.85 1020 660 1. 55 0. 05 

0200 183 .85 1080 720 1.50 0.05 

0300 183 .84 1140 780 1.46 0. 04 

0400 183 . 84 1200 840 1.43 0. 04 

0500 183.83 1260 900 1.40 0.03 

rn;nn 1R3 . R'.l. 1320 960 1.38 0.03 

07nt1 183 . 82 1380 1020 1. 35 0.03 

0800 183.82 1440 1080 1.33 0.02 

0900 183 .82 1500 1140 1. 32 0. 02 

1000 183 .82 1560 1200 1. 30 0.02 

-

---- - --- ·- -- -- -- -- .. ·- - - - -- - - - - - - --- -

: l I ./ ,-

October 2018 RECD 10- ;a-1 Addendum D6- 12-338 DEQ Ex. 3-1307



RAMACO 

01\TE 

7/21/81 

THIE 
rr:sr 
TAKEN 

TEST 
UUl~\T [ON 

SEC. 

Brook Mine 

654 

l'UMPl 'G lv\TE DAT,\ 

GALS. PER 
MINUTE 

3/4 h. p. Gould~ 
at 220'. Could not 
measure drawdown 
with gal vanomete r 

101.\i,IE. OF T1,ll': IJE1G11TIW 
DISClli\RGE, GALS . IHnC:llTED AVERAGE 

DUl-1\TTOil D[!>C \Ar-GE Q 

0801 9 .6 33.13 5.3 1 33.13 

0803 9.9 32.12 5.3 3 .. 96 .36 

,---- _..wnJ.1.A:nw.11nL.-_! ____ 9 .... ,u,6!..,__1 ___ __,3~3:..:... :..:13~ __ 1 ___ ___.;;.5..:..... 3-'---- __ 3 -~-__ 9_9 ._3_9 __ 

0810 9. 0 35. 33 5. 3 4 141. 32 

nA1c; g n 33.13 5.3 5 165.65 

nA?n Q R 32 . 45 5.3 5 162.25 
-

0830 9.0 35.33 5 . 3 10 353.30 

0845 9.2 34,57 5.3 15 518.55 

0900 9 . 0 35.33 5.3 15 529.95 

0920 9 . 0 35 . 33 5 . 3 l 20 706.E.6 

1------,-~o..:..94.....,o'---_ ----=-9-'-. o ____ , ___ 3;;;..:s~.--"-3""-3 _____ ...;..5..:..... 3 ____ ; __ 2_0 __ , __ 7_06_._6_6 

1000 8 .8 36.14 5.3 20 722 . 80 

1030 8 . 8 36 . 14 5 . 3 30 1084. 20 

1100 8.4 37.86 5 . 3 30 1135 . 80 

1130 8 . 3 38.31 5 . 3 30 1149.30 

1200 8 . 3 38 . 31 5. 3 30 1149 . 30 

1230 8.4 37 . 86 5.3 30 1135 . 80 

1300 8 . 2 38.78 5.3 30 1163.40 

1330 8 . 3 38 . 31 5.3 30 1149 . 30 

1400 8 .3 38 . 31 5.3 30 1149 . 30 ,----1---- ------ -------- ------·-- ---- ,------

TOTALS 361 13352.42 

Total Avg . Q , 13,352.42 Qal . 
, _ ___ , 361 min = .,c. 99 ga I/min 

Specific Capccity, unknown 

,...._ __ __._ ___ ....._ ___ ____ ----- --D'--JSi,_ __ -------- ----- ·-----

October 2018 
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.4 
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:I - I I -;-, o - C'\ 

I I 

..n w .6 I V, 

" I -C) 

I~ 

c.:: 
.7 

.8 

.9 

t 0 = 5.4 min . 

!·-
to= 5.4 = .00375 

1440 

I •• 

I 
i I 

I 

f I t ORI. N CUR I 

s = 

' . 
" ,. 

' .. , 

0.3T to 
r 2 

= 0.3 (2i,706 . 7} .00 
58 2 

; 7.3 X 

-,-T7 

I ••1••~ :•~ 

Jill] 

,-

I N INH . 

37 gpm 
r= 58 ft . 
L..., I •l 1~•" -

I .84- . 39 = . 45 

,- -1, 37 ' = 9768 
.45 ~ 

21.706 . 7 gpd/ft 

2,902 ft 2 /day 
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.. 1./ j' ::a - ' 
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' 1114, l7 ~ JO 

1.68 
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0. 
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-• 
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0 
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{l) 
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• 0. 
0. 
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0. 
C: 
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1f lT 
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I I 

T SI u 

r t cu t.f<) cu t 

, rTT" 1 mr , 11 t.1 

'• 
It 
I' 

'I 

'I 

37 gpm 

r = 58 ft. 
S L C Cit : 

1 

.45-(-.04) = 

T ,') ( ) 

6 'iAog-·yclE 

·' ( 3 
~49 = 9768 

-:w-
19,934.7 gpd/ft 

2,665 . 1 ft 2/day 
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RAMACO Brook Mine 

AQUIFER TEST r~IA 
r S GEOLOGY 'D D.PLORAllO l 

5tate Wyoming County Sheridan T. 57 ~. R.~ Sec. 22 WELL O .. .....;:;.O;;.;bs;...;.'----=-;.;.....::=-
Personnel Bondar and Gentry · Test Type:'il) Single wel 1 drawdown (D Sirl 7 

CJ) Drawdown with obs. well (9 Recovery w· . we 
Well Owner PKS T Other (Specify) ______________ ....,, 
Ac P. 0. Box 3049 - Sheridan, WV 82801 OriHer--,;R~•:.,_.:.;R~e.!::.e:::..d· ______ ......;:i; __ .;.:..::.,___..._ 

Met ..... drilled: A. Air-rotary D. Dug P. Air-perc ss1on . Driven 
B. Bored or augered ® Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool J. Jetted T. Trenching Z. Other 

Total well depth 220 n. Wen D ameter 7 7 /8 in. Casing diameter 5 in. Cas 11,sJ type_' _P_V._C __ _ 
Type of screen or perforation saw S 1 ots lnterva 1 of screen or perforation 172' - 212' 
Pump hp & type. ______ Pump depth __ ft , Aquifer __ s-'p'-o_i_l_s _____________ ·,...---,,---
Aquifer lithology mixed shales Altitude of land surface 3740.6 -
How determined. _;:;..su;:;.;r __ v;...;:e""y""e""'"d _________ ~P Above LSD Altitude P 

- - Below ------
How measured galvanometer - Steven's Recorder WL from MP ________ _ 

s. FT. s', FT. 
EXTE WED RESIDUAL 

DATE TIME DRAl~D0\-JN DRAW DOl·JN 

7-21-81 1400 . 820 .82 

1415 .830 .48 

1430 . 835 . 40 

1445 .842 .36 

1500 .850 .33 -
1515 . 850 .31 

1530 .863 .29 

1545 .870 .27 

1600 .878 . 25 

1615 .882 .24 

1630 .890 .22 

1645 .896 . 21 

1700 . 901 . 19 

1730 .910 . 17 

1800 .918 .15 

1830 .925 . 14 

1900 . 932 . .13 

1930 . 938 . 12 -
2000 , 941 .11 

2030 . 945 .1 0 

2100 _94q nq 

October 2018 

TI E SINCE 
I 

PUMP OFF t, MIN. 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

210 

240 

270 

300 

330 

360 

390 

r If;_ ,1;n £1?(\ 

TFN 6 2/ 2 5 
RECD 10-25-1 8 

s - s ' , FT. 
CALCULATED 
RECOVERY 

. 35 

. 44 

. 48 

. 52 

.55 

. 57 -

. 60 

. 63 

.64 

. 67 

. 69 

. 71 

.74 

. 77 

.79 

.80 

.82 

. 83 

. 85 

oc 
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RAMACO Brook Mine 

AQUIFER [ST r~ A 
' S GEOLOGY Al!O EXPLOR ON 

; tate Wyoming county Sherida n T . ....§2___~. R.~ . sec. 22 ELL rm.obs . BH - 655 
>er-sonnel Bandar and Gentry est Type: (!) Single well draw own© Single ell recove1v 

Q) Orawdown w1 th obs . well © Recovery wi h ob~. we l 1 
4e 11 ner__,,,P_K_S-....,.. ____ ...,,...,._...,.....,. _ ___,.,,..,....-==-=-=--- S. Other- ( Speci y) _____________ _ 

d P . 0 . Box 3049 - Sheridan , \1Y 82801 Driller- R. Reed · --....:...;.,;;~--------------
t1ov~ dr lled: A. Alr-r-otary ~ Dug P. Air-percussion V. Driven 

B. Bored or augered Hyd- rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool . Jetted T. Trenching z. Other 

Total well depth 220 rt . Well Diameter 7 7/8 in. Casing diameter 5 in . lasing type._P..aV..,;:;....--
172 I -212 I Type O screen or perforation saw slot Interval of screen or per oration ______ _ 

Pump hp & type ______ Pum.l)_depth ___ ft . Aqulfer--'S~P::..:O:.;i:..:l~s __________________ _ 

Aquifer lithology mixed shales Altitude of land surface 3740,6 
How determ ned. -~su~r;...v:..:e;xy..:e;..::d _________ MP Above LSD Al tt tude MP - - Below _____ _ 

How measur ed ga 1 vanome ter - Steven's Recorder Wl from MP ________ _ 

s , FT. s' FT. TIME SINCE s - s; FT. 

DATE TIME EXTEIDED RESIDUAL PUP OFF t: IN . 
CALCULATED 

ORA /DOWN ORA!{OOwN RECOVERY 

??nn Qi:;1 nA .:1An P.7 

2300 .956 .07 540 .89 

7-22-81 2400 . 962 .06 600 .90 

0100 .965 . 05 660 . 92 

0200 .970 . .05 720 . 92 -
0300 .972 . 04 780 .93 

0400 .973 .04 840 .93 -
0500 .975 . 03 900 . 95 

-

r,~ _ "lt: I 

, l I . :.1 

October 2018 .. D 1 - 2~-1 3Addendum 06-12-344 DEQ Ex. 3-1313
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.., 
.J 

~ -· ~ ,, 
c;;, 1.,.1 

~ .4 
C"-' -0 .5 

U'I 

.6 

. 7 

.8 

.9 

1.0 

t = 
0 

S = 0.3T t 0 

r2 

I I H!:.l J l:_kY l.lJt< ' 

I 1 l I ' I .. 

, • 11 ,. ; 1 , , PUMI' 1 r I 
\ 1 1 1 obs . BH 655-81 - · 

7-21-81 

= 0.3( 22.984)~.78xl0- 3 

(58)2 r 

= 5.7X 10- 3 

Tl E AFTER PUMPING STOPPED, t 1 , IN MINUTES 

I• 

I' 

I ., I ' .1 p I 1' 1 11 I 

37 gpm 
r = 58 ft . 

,, I'' l. .4 2 

lA(~ ! 
• ~It <, . I ' 

,,; < 17 
.425 

22 ,984 gpd/ft. 

3,073 ft. 2/day 
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RAMACO Brook Min 

St"l __ W;.:..V.r..:O~m"-'ic..:.;n,.::,g ____ C.ounty_-=.S'-"he::cr:....i:....:d=-=a'-"n'---_T.2 _~ . R. 84 c . . Src . 22 Ell 0 , 656 
Person"el Boodac aod Gentry · ies yrc : 2) SinQ1t' " 11 drawdown d) Srn9lc well 1·ernvery 

- ~u.u,UQ..1.......cu.iu---'-l-CJ-Lu..!'-----------3. (lr.1wdown .,, th obs. Wl' 11 4. Recovery .. , h obs. we I I 
Wel 1 ner PKS :i. Other (Speci y) _____________ _ 

A-''-~H Box 3049 Sheridan. WY Driller ___ ~R__.R;>J:e:..i::ea..d.__ __________ _ 
J d lll ed : A. ir-rotary D. Dug P. Air -J'lercus s1on V. Or\ve n 

8 . Gord or auge red H Hyd-rotary R. Rev-ro ary w. Ori e-wash 
C. Cable-tool Jel ed . 1renching Z. Other 

To al well depth 110 Ft . We ll Diameter 7 718 1n . Casi ng diameter 5 1n. Casing type_--=-P~VC"'--_ 

1ype of scr en or perforation saw slots In erval of screen or per ora ion. _ ___:7c..:0:....'_ -_1:...:1:...:0:....'-
Pump hp & ty 3/4 Gould Pump depth __ J.Q!i__ft. Aquifer_.......::S:-==o:.ll!o~i..1..J.Ls _______________ _ 

Aquifer lithology reclaimed spoils 
How determ1ned.~--"'-'SU""'r:....V::..:,euY""e..:d:.......______ IP Atiove LSD - ------ Below ·------

WL from MP ____ 7_5_._5_0___ How measured. ___ g,!.:a:..;1...:v..:;;a~n,;;.ome;,;,;,::.t.:.:e:;..r _________ _________ _ 

Altitude of land surface _ __..3..._65..,3.,_.,...,2~---
Al t i tude P _____ _ 

-I 

DEPTH TO TIME SI CE TI ME SINCE S, FT. 

DAE 
I t /t' TIME ATER LEVEL PUMP O l t, MIN . PU IP OFF t, MIN. RESIDUAL 

DRAWDOWN 

7 / 1.t1 /A1 no,n 7C. c.n n 0 

nq11 7~ ?t:; 1 2. 75 

l)Ql 1. Rl 1n 3 5. 60 

no,i:; Rr; 1 C. 6 9. 65 

na?n RR . 72 10 13.25 

- na?r; -- Ql i:;1. 15 16 .13 

na1.n 91 82 20 16 .32 

OQ1C. 92.23 25 16.73 

nattn 92 .49 30 16.99 

OQ">n -94 . 07 40 18.57 

1000 95 . 15 50 19 . 65 

1010 96 . 31 60 20.81 

1020 97 . 06 70 21.56 

1030 99 . 00 80 23 . 50 

1040 101. 85 90 26.35 

Pumn Of 1041 101. 28 91 0 25.78 

,n43 100 . 15 93 2 46 . 50 24.65 

1046 98 .44 96 5 19.20 22 . 94 

1050 97 . 00 100 9 11. 11 21 . 50 -
1055 96 . 30 105 14 7. 50 20 . 80 

- 119Q._ . 9~ . 2I 110 19 5.79 19 . 77 I 
- -- - - ..... "' .. ., ""' 

, · l • 21 

October 2018 · ,D 10-25-1 n Addendum D6-12-346 DEQ Ex. 3-1315



RAMACO Brook Mine 

r S G(U I "., ;,:,:l L \l'LOll1\l l(ilJ 

state Wyoming county Sheridan r._£ -~' R.~. src. 22 WELL Cl. __ 65_6 __ _ 
P rsonnel Bandar and Gentry r~ Tyr,r: Q) Si a l well drawdown © Srn9lc, 11 recn e ry 

J. ~rawdown ~ilh obs . well ~- Recov ry with obs. well 
Well ner__,_P.,_,,,._ ________________ 5. Other (Speci y) _______ ~~~>-.----

~s s Box 3049 Sheridan. WY Drill er R. Reed 
J drilled : A. Air-rotary 0 . Dug P. Ai - rerc1 ssion V. Or vcn 

!l. Uorcd or auge red (ii) flyd-.-otary R. Rev-rotary . Drive- wash 
C. Cable-too l '1. Jet ed T. Trench ng Z. Other 

Total well depth 110 Ft. Well Diameter 7 7/8 in . Casing diameter_..:;.5 __ ..., 
1 70 1 

Type of screen or perforation saw S Ots Interval of screen or perfora ion. ____ ....+,.---
Pump hp & type 3/4 Gould Pump depth 108 ft. quifer ___ Sp:...o_i_l_s ______ __,..,.... _____ ......,..___ 
Aquifer lithology reclaimed :5 poi] s 
How detennined surveyed 

WL from P 75 . 50 

MP Above LSD 
~elow -----

How measured, _ ____;ig.::.a.:.. ]V~a::.:.n.:.:::O:.:.::me=te:::,;r:..,_ ________________ _ 

• xr:::::::r:-:: "" ,-
I 

' DEPTH TO 

DATE Tl E \~ATER LEVEL 

1110 92 .12 

1120 90 .25 

1130 89 .10 

1145 87 .45 

I 1200 85 .74 

1- 1220 84. 35 

1240 83 . 50 

1300 82 .22 

l 1320 81 . 40 

1340 80 . 27 

1400 79 . 67 

1420 79 . 40 

1440 79 . 23 

1500 79 .16 

. - - -•·-

October 2018 

TIME SINCE Tl~ESICE 
I 

PUMP 0 l t, MIN. PUMP OFF t, Ml 

120 

130 

140 

155 

170 

190 

210 

230 

250 

270 

290 

310 

330 

350 

29 

39 

49 

64 

79 

99 

119 

139 

159 

179 

199 

219 

239 

259 

ni:. 1i:.u 

r-us2 102s 
ECO 10-25-1 3 

s, FT. I 
t/t' RESIDUAL I 

ORA DO\ N 

4.14 16.62 

3.33 14.75 

2.86 13.60 

2. 42 11. 95 

2.15 10 . 24 
. 

1. 92 8. 85 

1. 76 8.00 ·-
1. 65 6. 77 

1.57 5. 90 

1.51 4 . 77 

1.46 4.17 

1. 42 3. 90 

1.38 3.73 

1. 35 3. 66 

Addendum 06- 12-347 DEQ Ex. 3-1316



RAMACO Brook Mine 

l~ATEI~ IJCL L -~6.>!...56~-----

l'UMPI NG l:.A L'C D,\'i, 

--··-·----,--.. ·----1- .... ~-----,--··•·--· ----.. -·-~···-·~---"- ··~-·-·· 
DA TC Tl, IE Tl:S'I' 101.linC lit' l'1. ·i: :1: l r.11 ri:o 

Tr.ST UUltJ\flON GALS . PER DlSC\ll\l'GE , C1\LS . \·JEIC!ITl:1) l\\lf'l:JH;I: 

T, i-r,• SL:C. MINUTE 1-------- _ll_u1_:1\_T_W_il l)J;;r.lL\I\C. J: Q 

7-14-81 

--

0913 
0916 

0920 
0925 

0930 
na1i; 

0940 

0950 

lQQO 
1010 

1020 

1030 

1040 

45.00 7.07 5. 3 3 21. 21 ----
75.00 4.24 5.3 3 2.72 

107. 00 2.97 5.3 4 11. 76 

107.00 2.97 5.3 5 14 .85 

414 nn 0. 77 5. 3 5 3.85 

414 nn 0. 77 5.3 5 3.85 

414 .00 0.77 5.3 5 3.85 
-

81 .00 0. 74 1.0 10 7.40 -
80.00 0.75 1.0 10 7.50 - -
81. 00 0. 74 1.0 10 7.40 ----
Bl. 00 0 .74 1.0 10 7.4 0 ---
82 . 00 o. 73 1.0 10 7.30 

83 . 00 0. 72 1.0 10 7.20 

I OTALS 90 116.29 

I TOTAL AVG. 11= 116.29gal . ::: 29 gpm -----
90 min . 

SPECIF IC CAPACITY= 1.29 gpm = 0.05 gpm/ft. -- ·- ----
___ _ \ __ 

25 .78 ft ---·---'--·-' , ___ \ _ _ _ 
. _1 _ _ \ - -

' ------ ·---- ___ I __ ___ _ 
I I 
I I -- - - --- -- -· 

1=-_--t --- -------------·------- ·-- ----- ----
----- ------- - - ---- - --

D6-JE 5 
- -•·---

~I" . 
October 2018 . ; D 1 - 2,: - 1 n Addendum D6-12 -348 DEQ Ex. 3-1317
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TIME RECO tR ( • 1q v 

f' •rr 1 l '1 l''i r'' ., 

110 0 PU P 1 c._::"" 
BH656 

7 / 14J.81 

, .. 
,- . J. 

, I . 
... -.. . . ... 

.. . ... 

:..12]_' 
,,j~ r I • 

I .. r 
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. . 

I ,-

I I 

I 
• I I 1. 3 gpm 

31.7 - 1.0 = 30.7 

1. 3 
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11.18 gpd/ft. 

1. 49 ft 2 /day \C 
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RAMACO Brook Mine 

AQU FER TEST 
)KS RESOURCE DEVELOP, IEN SLUG , IE HOO 

Sta te Wyoming County Sheridan T. 57 ~ , R. 84 E .• Sec. 15 \~ell No . BH 657-81 

.·Jell 01-mer PKS Test Personnel Collier, Jones ---------------
1\ d,' c;s Sheridan, WY Ori 11 r R. Reed -------------------
To Well Depth 80 Ft. ~/ell Diamete 7 7/8 in . Casing Diameter_5_in . Casing Type PVC 

Type of Screen Perforation saw slots Interval of Screen Perforation 40' - 80' -----------
Volume injected/removed 10.6 gal. Pump hp & type 1 hp. Gould's Pump Dep h_---'-7=-S ___ F 

~quife r reclaimed spoils Aquifer Lithology mixed shales ---------------
~1 itude of Land Surface 3627 . 8 How De t ermi ned__;_su_r_v_e..._ye-'-d ___________ _ 

:il~L from P 67 . 40 H01-1 Measured ga 1 vanometer 

DEPTH TO TI E SI CE T{ME SINCE H 
DATE TI E WATER LEVEL PUMP OFF, PUP OFF , H/Ho 

t' min. t ' sec. H=S Lj-5\./Lt 

10-6-81 1351 77. 75 0 0 10 . 35 1.00 

1352 76. 77 1 60 9 .37 .91 

1353 76.38 2 120 8 .98 . 87 

1354 75. 87 3 180 8 . 47 . 82 -
1356 74.79 5 300 7. 39 .71 

1358 73. 80 7 420 - 6.40 .62 
-

1400 72.96 9 540 5 .56 .54 

1403 72 . 10 12 720 4 . 70 . 45 

1406 71. 39 15 900 3. 99 . 39 

1410 70.64 19 1140 3 . 24 .31 

1415 70.11 24 1440 2.71 .26 

1425 69.45 34 2040 2 . 05 .20 

1443 69 .12 52 3120 1. 72 . 17 

1503 68.93 72 5184 1. 53 . 15 

1526 68 . 68 95 5700 l. 28 .12 

-

I L,. -if: "7 

·1 21 ' _ :.i 
October 2018 :J: 10-2~-1 Addendum D6-12-350 DEQ Ex. 3-1319
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RAMACO Brook Mine 

AQUIFER [ST r~{ A 
'KS GEOLOG~ AIIO O.Pl:lRA1 ON 

i tate lyoming county __ S_he_r_i_d_an __ r.~9.. R.~. sec. 15 ELL m. BH 657-81 
>ersonn 1 Collier, Bowlby Test ype: <D Sin le well drawdown Siogle 

3. Orawdowo wi hobs. well 4, Reco very w,u.,..,.--1 
.ie11 l'\woer PKS S. Other (Specify) ______ -,,,c.,.:l.l..,;.;.-.,.......~_......,.-

G __ S_he_r_i_d_a_n..:.., _W..a:y_o_m_i _ng~--------- Oril ler R. Reed 
A. Air-rotary D. Dug P. Air- percussioo V. Driven 
B. Bored or augered CR) Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool Y. Jetted T. Trenchlog z. Other 

'elnuo dri 11 ed : 

Total well dept ... _~80,.__ __ Ft. Well Diameter 7 7 /8 in. Casing diameter 5 
saw Slots Interval of screen or perforatioo_...:.4.::c.O_' _-.....;::;.:....~,....-Type of screen or perforation 

Pump hp & type ½ Goulds Pump depth -1.!!._n. Aqui fer__:_re=..c;..1;..;a:....:.i.:..:.;me.::.d.:;.....;s;.i:.=o...:.i..;.1 =-s -----~~-.......,,.---,1'--
Altitude o Aquifer 1i hology shales 

How de tenni neaS _ u_r_v_e_y_e_d----------~-lP_,A..,..b-ov_e __ L_SO-·----=----------- Below ·-----
Ill from Ml) 70 .05 How measured galvanometer 

DEPTH TD 

DATE TIME WATER LEVEL 

B-10-82 1230 70 . 05 

1232 71. 54 

1233 71. 71 

1234 71.85 

1235 72.03 -
1237 72.22 

1240 72 . 46 

1245 72.90 

1250 72. 99 

1305 73. 05 

1315 73 . 34 

1324 74 .00 

1341 74.43 

1 DO 74 . 71 

1430 75.02 

'UMP OFF 1507 75 . 33 

1508 74 . 95 

1512 73.25 -
1514 72.80 

1518 72. 20 

October 2018 

T t1E SINCE 
PUMP OM t, MIN. 

o 
2 

3 

4 

5 

7 

10 

15 

20 

35 

45 

54 

71 

90 

120 

157 

158 

162 

164 

168 

' 

T ME SINCE 
I 

PUMP OFF t, MIN . 

0 

1 

5 

7 

11 

- .. - -- -
21 ? J 

.. D 10- ,._ 1 

S, FT. 
t/t' RESIDUAL 

DRAWOOWN 

o 
1. 49 

1. 66 

1.80 

1.98 

2.17 

2.41 

2.85 

2.94 

3.00 

3. 29 

3. 95 

4.38 

4.66 

4.97 

- 5.28 

158 4.90 

32 .40 3 .20 

23.43 2. 75 

15.27 2. Jli 

Add ndum D6- 12-352 DEQ Ex. 3-1321



RAMACO 

~le 11 ·lo . BH 657-81 

Test Date 8-10-82 

.,ATE TIME DEPTH TO 
WA ER LEVEL 

1524 71.68 

1530 71. 27 

1537 70.92 

1545 70.57 

October 2018 

AQUIFER EST DATA 
CO TINUATION SHEET 

Tll"'E SI CE 
PUP 0 t, MI 

174 

180 

187 

195 

D6-370 

Brook Mine 

Page 2 of 2 --
TI lE SI ICE .//t?' 

;; 
,. ·· ·FT. 

PUf·P OFF t', MI N., RESl-OUAL 
' QRA DO IN 

I'· 

17 10.24 1. 63 

23 \ 
- 7.8:V 1. 22 

! 

30 6.23 0~8·7 

38 5.13 0. 52 

/025 
. ·o 10-2s -1 8 Addendum 06-12-353 DEQ Ex. 3-1322



RAMACO 

TltlE TEST 
TES DURAT ON 

DATE TAKEN SECONDS 

8-10-82 1240 454 
1245 46 
1305 566 
1324 42 
1341 46 
1400 46 
1430 46 
1507 46 

. 

October 2018 

WATER 1ELL BH 657-81 

PUMPING RATE DATA 

VOLUME OF 
GALLO S PER DISCHARGE 

MINUTE GALLONS 

.70 5.3 

. 65 0. 5 

.53 5.3 

.71 0.5 

. 65 0.5 

.65 0.5 

.65 0.5 

. 65 0. 5 

TOTALS 

Average Q = 10 .35 = (I i:.i: ,. 

1 )/ J 

Specific capac ty - 0.65 QOITI 

5. 28 ft. 

'"'~ - '17 I 

,~ 

. I~ 2 / ? :J 

Brook Mine 

TIME l~EIGHTEO 
IE IGHTEO A ERAGE 

DURATION DISCHARGE Q 
10 7.00 
5 3.23 

20 10.60 
19 13 . 57 
17 11 . 05 
19 12 . 35 
30 19 . 50 
37 24 . 05 

157 101. 35 

. ,. r 

. u. ::,,- "f .. 

;n 10-25-1 
Add ndum D6- 12-354 DEQ Ex. 3-1323
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66 gpd/ft. 

. , ... , . 

DEQ Ex. 3-1324
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RAMACO Brook Mine 

AQUIFER TEST 
PKS RESOURCE DEVELOPi'ENT SLUG '1ETHOD 

Sta t e Wyomin g County Sheridan T. 57 R. 84 E · Sec . 15 Hel 1 o . BH 658-81 ---s. --- - --
Hell O\'Jner PKS Tes Personnel Coll i er Jones ----C'-------------
A <' c;s Sher i dan, 1..Jyoming Driller R. Reed ---'-'--...:..:..:::-=-=-----------::::;;;;;.;;~--
To . e1l Depth 80 Ft. \.Jell Diamete 7 7/8 in . Casing Oiameter__L.in . 

Type of Screen Pe r fo r at ·on saw slots I nterval of Screen Perforation 40' 
-"""""'---ifri!"""---r:-:-:--,----,,-'\-

Volume injected/removed 13. l gal Pump hp & type 1 hp Gou l ds Pump 

Aquifer re c l aimed spoils 

Altitude of Land Sur face 3622.5 

S ~L f P 64 17 H M rom ow 

DEPTH TO 
DATE TIME WATER LEVEL 

10- 6-81 1120 76 . 99 

1121 76. 64 

1122 75 .87 

1123 75.14 

1124 74. 33 

1126 73.04 ... 
1128 72. 20 

1130 71. 85 

1133 71. 10 

1136 69 .97 

1140 69.31 

1145 68 .68 

1155 67 . 75 

1205 67 .13 

1220 66 . 49 

1240 65 .77 

1310 65 . 35 

1315 65 . 29 

October 2018 

easu re qa vanometer 

Tl E SI CE 
PUMP OFF 
t, mi n . 

0 

1 

2 

3 

4 

6 

8 

10 

13 

16 

20 

25 

35 

45 

60 

80 

110 

115 

TI · E SI CE 
PU 1P OFF 
t, sec . 

0 
~ 

60 

120 

180 

240 

360 . 

480 

600 

780 

960 

1200 

1500 

2100 

2700 

3600 

4800 

6600 

6900 

~ , 

2/ 025 
r.C D 10-25- 1 8 

.:, ,?-. .• ~~/ 
~0/ 'J -.L.. )~ • 

H 
H/Ho 

H=Sl· l j-SHLt 

12. 82 1. 00 

12. 47 .97 

11. 70 .91 

10.97 . 86 

10 . 16 . 79 

8. 87 .69 

8.03 .63 

7. 68 .60 

6. 93 . 54 

5.80 .45 

5 .14 . 40 

4. 51 . 35 

3. 58 . 28 

2. 96 .23 

2.32 . 18 

1. 60 . 12 

1. 18 .09 

. 12 . 09 

Addendum 06-12-357 DEQ Ex. 3-1326



RAMACO Brook Mine 
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RAMACO Brook Mine 

AQUIFER m,T l'"fA 
~KS GEOLOGY At~ EXPLORAllOl 

State Wyoming county Sheridan T -~~, R.~, sec.___.....___ ELL r10.BH 745-82 
Personne l Collier, Andersen Test Type: 1. Single well drawdown 2. Single \;ell recovc,ry 

Drawdown with obs. well @) Recovery with obs . well 
,/ell Owner_P_K_S ________________ S. Other (Specify) ____________ _ 

Ad S heridan, Wyoming Driller D. Fudge 
t , . . drilled: A. Air-rotary D. Dug P. Air-percussion V. Dr iven 

B. Bored or augered GD Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cab.le-tool J. Jetted T lrenching z. Other 

Total wel depth 84 Ft. Well Diameter 7 1 /8 in. Cas1ng diameter 5 In. Cas g 

Type of screen or perforation Saw slots Interval of screen or perforation 64' - 84' 
Pump hp & type 3/4 Goulds Pump depth _lL_ft. Aquifer.......:..r..::.ec..:;_1.:.....;a;;..;i..:;.m;.;;;e..::.d...cs:;.Jp:....;o;.,..;i..;.1..::.s ____________ _ 

pe 1PVC 

Aquifer 1i ho logy sha 1 es Altitude of land surface. _______ _ 

How determined MP Above LSD Altitude P Below ------
WL from MP 58 .50 How measured.__,.Q~a..;.l_va;;;.;n,.;.,;om;__,;;e..;.t..:;.e_r _________________ _ 

-
DEPTH TO THE SINCE TIME SINCE s FT. 

I t /t' DATE TIME WATER LEVEL PUMP OM t' IN. PUMP OFF t, Ml RESIDUAL 
DRAWDOWN 

7- 9-82 0955 58.50 0 0 

0955:30 59.55 0.5 1.05 

0956 59 . 78 l 1.28 

0957 59 . 85 2 1. 35 

0959 60.11 4 1. 61 -
1001 60.51 6 2.01 

1nn4 60 .81 9 2.31 

1008 60.94 12 2.44 

1013 60.82 17 2. 32 

1020 60 .39 24 2. 39 

1030 60 . 90 34 2.40 

1045 61. 09 49 2.59 

1115 61 . 29 79 2.70 

1200 61 . 22 124 2. 72 

1300 61. 27 184 2. 77 

Pump 
Off 1400 61. 22 244 0 - 2.72 

1400:30 60 . 29 244.5 0. 5 489 1. 79 

1401 59 .66 245 l 245 1.16 
-

1402 58 .83 246 2 123 0. 33 

1403 58.55 247 3 82.33 0.05 

Ob- 376 

r'! 12/025 
October 20 18 - ·o 10-2s-1 Addendum D6-12-359 DEQ Ex. 3-1328



RAMACO 

.iATE 

Well lo. BH 745-82 
Tes Date 7- 9-82 -------

TI E DEPTH TO 
WATER LEVEL 

1405:30 58.55 

1406:30 58.55 

1410 58 . 54 

1420 58 . 53 

1440 58 .52 

October 2018 

Brook Mine 

Page 2 of 2 --
TIME S NCE TitE SINCE ¾· S, FT 

PUP 0 t, MIN. PUMP OFF t I , MI RESIDUAL 
DRAWOQ\,/N 

249 . 5 5.5 45.36 0.05 

250.5 6.5 38 . 54 0. 05 

254 10 25.40 0. 04 

264 20 13 . 20 0.03 

284 40 7.10 0.02 

n,;_ ~n 

1 ·, ', 2 / . 
: D 10- 2 ~ - 1 3 Addendum D6- 12-360 DEQ Ex. 3-1329



RAMACO 

TI t1E TEST 
TEST DURATION 

DATE TAKEN SECONDS 

7- 9-82 0955: 30 23 

0959 17 
1004 16 

1008 19 
1017 19 

1030 18 

1045 18 
1115 18 
1200 18 
1300 18 
1400 18 

October 2018 

WATER WELL BH 745-81 

PUMPI ~GRATE DATA 

VOLUME OF 
GALLO S PER DISCHARGE 

MlNUTE GALLONS 

1. 30 0.5 

1. 76 0.5 

1.88 0.5 

l. 58 0.5 
1. 58 0.5 

1.67 0.5 

1.67 0. 5 
1. 67 0.5 
1. 67 0. 5 
1. 67 0.5 
1. 67 0.5 

Brook Mine 

TIME \·/EIGHTED 
l· EIGH TEO AVERAGE 
DURATION DISCHARGE Q 

0.5 0.65 

3. 5 6.16 
5.0 9.40 

4.0 6. 32 
9.0 14.22 

13.0 21. 71 

15.0 25.05 
30 .0 50.10 
45.0 75.15 
60 . 0 100 .20 
60.0 100. 20 

TOTALS 245 409.16 

Average Q = 4C 9.16 
'45 = 1.67 g om 

Specific capa ... ity = 1.67 gpn 

2. 77 ft 

l'V,-1n 

TFH 6 2/025 
RECD 10-25-1 

= . 60 gpm/ t. 

Addendum D6- 12-361 DEQ Ex. 3-1330
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DEQ Ex. 3-1332



RAMACO Brook Mine 

AQUIFER HST l'f\l A 
'KS GEOLOG~ AIID DPLORA'\" ON 

itate Wyoming coun y Sheridan r. 67 ~ . R.~. sec. 15 WELL No.obs . BH 746-81 
>er-sonnel Collier - Andersen rest ype: 1. Singl well drowdown 2. Single ell recovery 

3. Orawdown ; hobs. well 4. Recovery w1 hobs. well 
~ell Owner_P_K_S _________________ (5) Other (Specify) obs. well drawdown 

\d Sheridan, \·!yarning Driller D. Fudge 
"et,, __ drilled: A. Ir-rotary D. Dug P. Air-percuss ion V. Driven 

B. Bored or augered ® Hyd-rota ry R. Rev-rotary W. Drive-wash 
C. Cable-tool J. Jetted T. Trenching Z. Other 

oU.1 well depth 83 Ft . Well Diameter 7 7/ 8 In. Casing diameter 5 in. Ca ing ty e,_P:....V:....;C;._ __ 
fype of screen or perforat ion saw slots Interval of screen or perforat on 63' - 83' 
>ump hp & type N/A Pump depth __::___ft. Aquifer_r_e_cl_a_i_m_e_d_s.:....po_1_·1_s ____________ _ 

11.quifer lithology shales Altitude of land surface, _______ _ 
• ow determined_~_--_-_~_-_-_-_-_-_-_-_-_-_:-_-_-_-_-_-_:-_-_-_-_-_ -_--\P-ATTb-o-ve __ L_S_D_ Al tltude MP 

Below ------
\IL from MP 60 . 32 How measured Galvanometer and Stevens Recorder 

DEPTH TO TI 1E SINCE TI E SI CE S, FT. 

DATE 
! t/t' TIME WATER LEVEL PUMP OM t Ml PUMP OFF t, MIN. REStDUAL 

DRAWOOWN 

7- 9-82 0956 60.340 1 0. 020 

0957 60 . 348 2 0. 028 

1000 60 . 358 5 0.038 
·-

1005 60.369 10 0. 049 

1010 60.372 15 0. 052 • -
1015 60.375 20 0. 055 

1020 60 .376 25 0.056 

1025 60 . 378 30 0 .058 

1030 60 . 379 35 0. 059 

1035 60.380 40 0. 060 

1040 60.380 45 0 .060 

1045 60.381 50 0. 061 

1050 60 . 381 60 0.061 

1155 60 . 382 120 0 .062 

1255 60.383 180 0.063 
r'UllllJ 

off 1400 60.384 244 0.064 

-

n '.lQ I 

I' jl I 2 IC, -

October 2018 = ·o • # 10 - 2~- 1 3 Addendum 06-12-364 DEQ Ex. 3-1333
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to = .16 min. 16,957 gpd/ft 
1440 mi n:lday 
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RAMACO Brook Mine 

AQUIFER EST l'f\fA 
~~5 GEOLO Y 10 EXPLORATtO 

tate \.Jyoming county Sheridan T. 57 ~ . R.~, Sec. 15 14ELL 110. obs . BH 746--01 
ersonnel Collier - Anderson Test Type: l. Single well drawdown 2. Single ell recovery 

3. Drawdown with obs . well 4 . Recovery wilh obs. well 
el 1 ner PKS ~ Other (Specify) ob w l l recover ------ ------------"-t' Sheridan, WY Driller D. Fudge · 

Me\., . _ drilled: A. Air-rotary 0. Dug P. Air-percussion V. Driven 
B. Bored or augered ~ Hyd-rotary R, Rev-rotary W. Drive-was h 
C. Cable- tool T. Jetted T. Trenching Z. Other 

Total wel I depth 83 Ft. Well Diameter 7 7 /8 in. Casing diame er 5 In. Casing type __ P_V __ C _ _ 
Type or screen or perforation saw Slots lnterva 1 of screen or perforation 63' - 83' 
Pulll!l hp g. type /A Pump depth ft. Aquifer __ r _ec_l_a_i_m_e_d_s....;.p_o_i_l_s ________ -'-'----
Aquifer lithology __ s_h..::.a_,_]e""'s-. __________________ Altitude of land surf.lee. _______ _ 

How de te rm1 ned IP Above LSD A 1 ti tude P Below ------
WL from MP How measured Galvanometer and Steven's Recorder 

_. 

DEPTH TO TI E SINCE 

DATE TIME WATER LEVEL PUMP ON t, MIN. 

7-9-82 1400 60 . 384 244 

1405 60 .355 249 

1410 60.347 254 

1415 60 . 344 259 

1420 60 . 342 264 - -

1425 60 .340 269 

1430 60.339 274 

1435 60.339 279 

1440 60.338 284 

1445 60 . 337 289 

1450 60.337 294 

1455 60 . 336 299 

1500 60 . 336 304 

1530 60.335 334 

1600 60.334 364 

1800 60.332 484 

-

-

October 2018 

,.... 

.. 
• .. &. 

TI ~E SI CE 
I 

PUMP OFF t, MIN. 

0 

5 

10 

15 
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25 

30 

35 

40 

45 

50 

55 

60 

90 

120 

240 

'101, 

2 / '5 
10-2,.-1 a 

- - -
S, FT. 

t;t' RESIDUAL 
DRAWDOWN 

- 0. 064 

49 .80 0.035 

25.40 0. 027 

17.27 0.024 

13 . 20 0. 022 

10.76 0. 020 

9 .13 0.019 

7.97 0.019 

7.10 0.018 

6.42 0.017 

5.88 0.817 

5.44 0.016 

5.07 0.016 

3. 71 0.015 

3.03 0.014 

2. 02 0.012 
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RAMACO Brook Min 

AQUIFER EST l'~[A 
'KS GEOLOGY A:1O DPL:JRATlO 

tate Wyoming county __ S_h_e_r_i_da_n __ T -~-s . . R. 84 sec . 15 ELL No.obs . BH 746•81 
ersonne l Collier - Andersen Test ype: 1. Single we ll drawdown 2. Single well recovery 

3. Orawdown with obs. well ,JO Recovery with obs. -..ell 
~el1 Owner PKS 5. Othe r (Specify) _____________ _ 

__ ...;;S..;..h...::;e_r..;.i ~da;;:..;n;.;...,_, _W .... y...::;o_m-'-i .;..;.ng..__ _________ Ori 11 er D. Fudge 
let1o.~ dril 1 ed : A. Air- rotHY .ll..- Dug P. Air-percuss ion V. Ori ven 

B. Bored or augered (U} Hyd-rotary R. Rev -rotary W. Dr i ve-wash 
C. Cable-tool J . Jetted T Irenching Z. Other 

To al -,ell depth 83 Ft. Wel l Diameter 7 1/8 in . Casing diameter 5 in. 

Type of screen or perforat ion saw Slots Interval of screen or perforation 63 1 
- 83 1 

I 

Pump hp & type N/A Pump depth ___ ft. Aquifer_:..:re:::.:C:::.:l:...:a~i:.:.:m:.::e~d-=-sr::..:O:::.:l:..:·1:..:s:....,_ _____ -=,~-;;;;..u..._.;....-

Aquifer 11 tho logy sha 1 es Alt1 tude of land surface. __ __.,...,__ ___ _ 

How determined ~IP Above LSD Altitude MP 
Below ---''""""='~~~ 

WL from MP_________ How measured Galvanometer and Steven's Recorder 

s, FT . s I . FT. 
EXTE DED RESIDUAL 

DATE TIME DRA!~OOWN DRA\/00\J 

7-9-82 1400 . 064 .064 

1405 .064 .035 

1410 . 064 .027 

1415 . 064 .024 

1420 - . 064 . 022 

1425 .064 .020 

1430 . 064 .019 

1435 .064 .019 

1440 .065 .018 

1445 .065 . 017 

1450 .065 .017 

1455 .065 .016 

1500 . 065 . 016 

1515 .065 .015 

1545 . 066 . 014 

1615 . 066 . 013 

-

October 2018 

TI ME SINCE 
I 

PUMP OFF t, Ml 
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CD 10-25-1 

. 
I FT . s - s 

CALCULATED 
RECOVERY 

-

.029 

.037 

.040 

.042 

.044 

.045 

.045 

.047 

.048 

.048 

.049 

.049 

.050 

. 052 

.053 
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RAMACO 

October 2018 
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RAMACO Brook Mine 

l'\ . J. '-IC.Ul..UUI HI LJ t.)U·'LORAT IO AQU I FER EST DATA 

UlC. Y Counry Sheridan T . 'fl__ 14 R . .§..1___ b Sec. __,_14.:......__ ·~WE LL o._5::.:8,._,2,._ ___ _ 

cnon.nti Bandar & Araas 

I• ' 'IOI pt K. s t 
R. Reed 

; , J deplh _IQ.Q___ ft. 

~,il"4! d iamcl e-r 5 in. 
• o ( ,cieen saw 

orpcrfontlon slots 
ui!c, Dietz 3 

l1hudc or land 
Slltf ace 

\'l horn MP 

[J,, Tl:. 

81.20 

AddR~ Sheridan, WY 
Mcrhod drilled : A. A11-1otary 

1cu 
t)'pc : 

ell dwnctel 7 / B. Bored 0 1 •U crcd 

P V C C. Cable-tool 
Cuing type . • • 

lntcrvll of )Q'~en 165 , _ 185 , 
or pc.rfon 1100 ~...;..,c __ .;..;;..;;.__ ___ _ 

l S1~ we.lJ dnwdown 3. Dnwdo n w1lh ob>- well S. Olh c:r {spocify) 
Single well 1ccovery ~- Recovery wilh ob,. well 

D. Oug 
@ Hyd .-.rowy 
J, Jelled 

P. Alr-pe,cussion 
R. Rc•.·10U1)' 
T. Tronchma 

Pump hp . &. typo ....;3;;.i./~4___;_T,;:.ee=--1'--__ 

V. D11vcn 
Dn•o- uh 

Z. Olh er 

Plflllp depth .lZQ_ Ct. 
Aqu1Ce1 hthololl)' ___ co .... a_l __________________________ _ 

How Above 
determined _______ MP Below LSD ___ Altitude MP ______ _ 

How mu•~~-=G=-a=l=v=o:::n:::o:-::~:-::e~t:-::e::::r-:-_ "'"'.""".-=-==- =-=--==-=======::::::::;:====================-
"l:PT\1 TO 

1/\TCh LE 'C:L 
TI>.E ~1:C[ 

PUN O!, L, n:;. 
1: .. s11::·-

l , .. , o •r l .. - .. 
.t • •• t· C , 1'J ; ., • 

1 
/t4 

c;' --
- ,I •• 

R:'.SIDL'A:.. 
:): •. ·.~ !J\ ~ 

3127 /80 11: 00 81. 20 0 0 

11:01 93 . 44 l 12 .24 

I 
I 

11:03 106.11 3 24.91 \ ___ __,_ ___ -j_..;..=..;:;..:...'--'----+------=-----1----------1------+---=...:...:...:;_:_ __ 

11:06 123.84 6 42.64 

11:10 135.98 10 54.78 

_____ 1 _l _: 1_5 _ _ 1-_14_0_._;.8_9 __ -t-___ l_S ____ t----------1----4--5.:...:9:....:·...:6..:.9 __ ! 
11:20 145.33 20 64.]3 I 

-----"'! 

11 :30 149.00 30 67 . 80 I 
--4-----~------1---------+----:--------'-+-----+-------I 

11:40 149.47 40 68.27 I 
11 : 50 149. 50 50 68. JO 

12:00 l .82 60 68 .. 62 

12: 15 1 so. 18 7 5 68. 98 

12 : 30 150.38 90 59 .. 18 

12:50 150.38 110 69 . 18 

13: 10 150. 6 130 69 .2 6 

13:30 150.46 150 69.26 

l :00 150. 38 130 69 .. 18 

14:30 150,41 210 69 . 21 

arr 14:45 150.38 225 o 0 69. 18 

l :46 13,1.68 226 1 226 53.48 

- I 14:48 117 . 82 228 3 76 36.b, 

\i4:5l 107.20 231 6 38.5 25.00 

14:55 _96 . 96 235 10 23.5 15.76 

1.81 15:00 91.01 240 15 1_6.01 

-----~=1s=:1=0 I as.92 l~~~_2_so __ - __ -_-__ 2_5 __ ~ \ 10.0 ~ -_._7~_) ~== 
___ l1_s:_2_0_-_\s4.~,----___ 26_o ___ ~ ___ J_s ___ \ 7. 1 __ 3_.o_4 __ 

__ _,I 15: 30 \l-:-
3
-: ~-:---J-__ 2_70____ 45 . 6. 09 __ 2_._8_3 __ 

_ 15_:_4_5__ 285 ____ 6_0 ____ \ ____ 4_.7_1 2.47 , 

'"'' on 

October 2018 

TFtl 6 2/ 15 
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RAMACO Brook Mine 

l,\l ·.I\ ·,.;.:u. BH - 582 

- ••-... - ••----- •--• .'I. _H_......,._ "•'"'-~ • -,L • .nt~~-~---,- ,,,,. •• ••- ,_._,.. ,- ,- • ....._ ... . ,--• ••- f ,,--~•• ,.#0-.lt 41 1 • .,.__ .. _ -

Oi',"lt: T!, 11~ 
TSf 

11 !,;[;-! 

l"E!-T 
iJU 1:,\ r I(), 

s1:c. 

• ' I I ~ 1 d 

GAS. rErt UlSCll.\t.::t·:. U.L' . 
· It UTE _____ , ________ _ 

1: -· . 
I • 1 , .. 

'I•••• ... 
• • ,'1L, .. 
----

I .'.'\ ]l>il l'iJ 

, '.' 1:1',\LI 
! t}: ··<:: .. \ ;(.1 Q 

1/?7/Rn J J · 03 

)) · ]Q 

1 J · 15 

1 l : 20 

25 QQ 8.23 .......,_......._ ___ 11--~3_._4J __ _ 3 24.69 
,, nn 8.95 3.43 I 7 --· 

62.65 

27 i:.n 7.48 
I 5 I 3. 43 --- 37 .40 

31 . 00 6.63 3. 3 I 5 33. 15 
I 

f---- 11 :30 

] l : 40 
\_11:50 

35 .50 5.80 

29.50 6.97 

30 .50 6.74 

I 
10 

10 
I 3 . 3 --1--1--

3. 3 

58.00 

69 . 70 
_____ l ___ 3_. _3 ___ i_-_-_-1_0-_- --6-7-. a· -

I 3 . 3 10 70 .40 ~ 12 :00 
12 :30 

29.20 

28 . 50 

7.0 

7 . 22 ------1---~:__~ ____ ,-_--3-o-· 1 216 . 60 

l 
28 .50 7. 22 

30 . 00 6.86 

30.00 6.86 

30 . 00 6.86 

12 : 50 

13 : 10 

13 :30 
' I l :00 
I 

---' _l 
3. 3 l 20 144. o 
3.43 ,---20- 137 .20 

---· --,-------
3. 3 20 137. 20 

-------; 3. 3 ·\--Jo-I 205 .80 
------------1-------,..::,_;===-===== 

\
--·---- __ --~ 1264.59 

, _ ___ ---- ------1-------- 1264.59/180 =7 .03 ---

- ----'-------1--------'----
TOTAL AVE. 1- = 7.63 gpm 1----,--- ----- -------1---- -- - ----- -----

! I \-pe-ci-fic c~~a -; t-y-~- 7-. 0-3 __ _ 

,----~ -=--~=-=--=\:~~:::_-_-_-_________ 1-=--=--=-~-=- :-~9 .21 = 1,-1-0-g-pm_/_f __ 

,------ ------- - -- --- -- --1--- ----- ______ ! ___ ___ , 
- -- - -----1------- ---- 1----
1----1-- - ----- -------1--------1 --- . -----
__ 1 __ , __ 

, ______ , ____________ , ---------------
1----- ---- l----- --------\-- - - , ___ ; ___ -----
,__ __ ~ ___ ! _______ ·--- ---------· --·-···--·---·- ____ \ ___ _ - , ... ,.. ,.. 

Trt S 2/ 2 5 
RECD 10- 5-1 3 
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Tl E ORA DO N CUR E 
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.! · JACOB METHOD PUMP TES,: 
1-1-Uls~,!Ul WELL . BH582 --- IWUIUffl,U!!!t1Ul41iP11~,a=:t:t::t:t:t:t:l:llU! = 7 • 0 j ~p,n 

ij, 1. TESTED · 3-27-80 
'r 11111 
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. 1 . 95 

= 951 . 8 

: 12 7 . 2 

cipd/ ft 

ft · /day 

l 
II 111 

0 

I 0 

:'O 

30 

... 0 

'0 

DEQ Ex. 3-1343



0 
(') ,..... 
0 
0- ' {l) 
'"1 

- ....l I ,[II !I ! 
tv 
0 >- ·- -, I 1!' r ii ,__ ..... ,___ 
00 _±• !! ii 

-=i_~ 
I 

Tl r' ' -- :r ii :·1 ~ 
I 

I !, 111 
II I 

I : I 11, -~ >- :-- ! 

:=:, -n, -:-a 
:J n -- " c:, I 

en .,.; 
.D - r..:i 
._,, 

c::t -. I 
0 

Y'I ,~ 
I UI -
~ 

)> 
0. 
0. 
{l) 

::I 
0. 
C 
3 
0 

°' I ..... 
tv 
' (;) 

-..J 
(Jl 
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RAMACO Brook Mine 
• • - •• .._ . , , • l • w • • • •• 

Ir WY County Sheri da T . _j]__ I R. _8 __ @ S . 14 ,_W( L 110.----'...;;;..68"---__ 

ct><>Mcl ___,,,A...,.R.c,A ... A.;i..5-'&;a....i.Ru..OwD:.udAa.i...r _ ___________ 1 .. , Si,~lu ""u d.ra down l . Dnwdo .. -n "' Jlh ob 

lypc : 1 S11\g)c woll reco•cry 4 . R very w11h ob,. 

cU owner __._p..._K..,S.__ ______ _ Alldrm Sheridan WY 
R. Reed 
l dcplh 290 ft . 

u,~ d meter _....;:S_ 1n. 
·,-p e of ..:r«n saw 

~lcthod d.rilltd ; ,\. Au-: c.t:uy 

Well d~eter l..1J . B. Bored or 311 crcd 
C . C ble>-1001 

Cuing type _;P...;v .... c __ _ 

Jl Dug 
Q!) Hyd -rowy 
J. Jetted 

P. All'-p<1 ·uss,o 
R. Rev -rou.ry 
T . T rc n.:hm; 

wcU 

cU 
S. OU\cr (specify 

V Daven 

Dr•• ~w 
I.,. Olh ct 

or pctfonuon _ ...... ...,._ 
lntc.rnl of ,accn 

or pcrfor.111on 230 1 - 270' Pump drplh Ct. 

.qu1fo Dietz 3 A ulfcr htholOrY .....1,._-..,__ _________________________ _ 
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- \-/YO 

Coun_tY--------
.arc ____ _ Sheridan T. ~ ~. R. _.!iL @) Sec. ]4 ,_WE LL_ N0. ___,5,...7_.6.._ _ _ _ 
:nOMcl ____ -1,.1.RQUJNw10.uA,u:P,__ _________ _ TUI G) S1ngl.s well d.nwdown ) . D-rawdown with ob,. wcU 5. Other (,poeify) 

typc :f!) Si.nglc \I/ell rC:CO•cry 4 , Rocovc,y w1lh ob,. ell 

PKS Addrcu ___ s_H_E_R_I_D_A_N_, _w ___________________ _ 
ell -··· -,er----------

R REED Method d.rlllc.t.1 : ~ A1Nata,y D. Dug 
17 0 7 7 tf? B. 8011:d or au ercd @ l!yd .. ,ou.,y 

, dcplh ___ Cl. Wclld1amc1c1 __ · C. Cabl~tool J. Jcncd 

111ng diameter 5 in. Casing type PVC 

P. Au-pc.rcumon 
R. RC'?.· lOUry 

T. Trcnchmi 

, pc of >CICCO I nlcrvu of >Ca-en 
or perforation __._ .......... _._.- S or pc.rfon11on __.1.,.4.,..Q.;:;-...,1,...60,..__' ___ _ Pump hp. & 1ypol 1.../ .3 ...,jTu;e;..i;;e..1,,] __ _ 

V . Dri•cn 
W. Dn•c-wuh 
Z. Otha 

Pump dep th Ct . 

~11 lfc1 --- ---="--. Aqulfcr li thology --"c~o,'-i,a...,l --------------------------
How lll lud C of Lind 

,whee dctc:nnincd ______ _ MP Above 
Below LSD --- AltiludeMP -------

VL fiu rn MP 73.4J How mca..urcd Galvanometer 
~ -·· . . . 

!~l:!'TII TO TI:C SH:C - ·-- ,t .. ,~ - 5- l "l"':J. ~;::- ·' ~ Y'" '- ; · ' 

i.J,,r:: TI ,S i·li\TEh LC 'EL PUMP o:: t . t·'. 1 i'. ~ ..... . C IL l P.::S I 0\1/· L t . .. . • t • J·: . 1,. 

!{_\ l. ' ~('l .~ • 

5/8/80 1000 73.43 0 0 

1001 77 .02 l 3 .'59 

1003 72 .47 3 0 .96 

1006 77 .60 6 . 17 

1010 85 .0 10 11 . 57 

1015 93. 82 15 20.39 . 

1020 99.69 20 26 . 26 

1025 103. 83 25 30.40 

1030 106 . 46 30 33.03 
. 

1040 103 . 24 40 29.81 

1050 l 01 . 91 so Ltl.48 

I IUU I Ol:L b=> bU J~ .a 

l 10 122 .62 70 39. 9 

1120 110.72 80 37 . 19 

1130 109 .33 90 35 .90 

11 0 112 . 70 100 39.27 

11 50 114 .65 110 l. 2 

! 1200 116 . 15 120 ·2 . 12 

l 1215 11 7. 57 135 . l 4 

I 1230 118. 33 150 44.90 

___ ! 1250 119 . 13 170 45 . 70 
. 

1320 119. 36 200 5. 90 

1350 119 . 61 230 -~\. 
46. 18 

1430 - 120~ 270 ,17. 00 
--7s7xl 120.45 300 I 

117. 02 

OFf" I 1530 l t:O. -15 330 T ·g _o: 
I 

~ 
1531 1 I/ . / ll JJ I I 131 . uol 4£1.31 

--
1533 

I 
1 :3 .00 333 3 I l 1 .00! 39 .57 

-
1536 107.0 336 f',:. _ Q7 6 I 56 .00 33.57 
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RAMACO Brook Mine 

.:::.. l?t.ULUL> Y NU E PLOR TION AQUIFER HST DATA _ Po~~- 2 0 Z ----
:~l•------ County ________ _ T N. E. 576 . --- s. R. - -- w: Sec. --- ,_' Ell o. ______ _ 
o.nonnel ____________________ _ 1 est I. Si~llJ weU d.rawdown ) . Driwdown hh obs. 

type : 2. S11'1glc 111clJ ,ecovcry 

••' ~., Addrtu 

Mclhod dnllcd : A. Aa·I<>lary D. Dug 

,. ,l depth !I. WcU dilmctu __ in. II. Bored or augcrcd H . Hyd.-rotuy 
C. Cable-tool J. Jcttcd 

1sina diameter ill . Casing IYl)C 

·pc or icu:c n l ntcrv&l or iaccn 

or pufonllon or pufontion Pump hp. & typo 

~uLl'c1 Aquifer h thology 

tlludc of land How MP Above l.SD 1111r1cc dctmnincd Below 

\' l fl om MP How measwcd - - -·-- ___ ,.. __ __ 

l'(!'Tli TO 1·•.,r ,..1:·cc . . ,.. ,. . -.. . ) 
L'" T !:: TI.E. i.'/\ TC!-: LC'CL PU!ii ' o:· ? ~I! : . ,, ..... c:, ..... . 

1540 100.00 340 10 
I :,q:, Yi.78 345 15 

1550 87.23 350 20 
1600 78.95 360 30 

1615 73.45 375 45 

-

. 

I 

---
-- - -I 

I 

\ --
I -
I (. -~ Q ,. 

1 , / 0 2 5 
CD 10-25-1 

Octob r 2018 

-

P. Air- percuss1 
R Rcv .-rou.ry lO 

T. Trcnchrrq ~ 
c-.l 

A1 1itudcMP _______ _ 

S1 : a • 

.. l :: . ( I 1 
R:'.S 1 Dl'/. L I 

~~t\• .. ,1,0· ~~ 

34.00 26.57 

23.00 19 .35 

17.50 13.80 

12.00 5.52 

8 . 33 0 .02 
. 

i ---- I -- -- -1 
I 1=-=~ t 
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\ A 'l~I~ WCLL 576 

l'UMl'l •c.; 1:/\TI. fi,\· ,\ 

---·-- ·--~-.. 1 -~.....---- -, • ..._,.,...,._ ........ ~ ... - _.f _...,... ···--·.· ... ·--·-- - ,-··•-'" r-• . ,,_...__.. ~-'-- ..... ,..,_..,. ,,. ,_,.. 

DATC rrnr: 
rr:ST 
TAJ.:[N 

TEST 
UUI~\ r CON 

sec. 
GALS. PER 

MINUTE 

VOi ,\i11[ 01· T 1 '.iJ'. 1:c I C:I IT l:D 
IHSCll/\l{Ct:' C:1\ LS' l-,r r C 11'[1) /\ Elt!,C,!: 

---,----1------:--------1------- ---------
C./R/Rn 10:06 70.30 , 2.60 3.00 6 15.60 -~~--~1-------- -------- -----1-----

j o: J 5 88 . ao 2 . 03 3 . oo 9 18 . 2 7 

10:20 e9 .so 2 . 01 3 . oo s 10 .os 
10 : 25 94.10 1.91 3.00 5 9.55 

l O: 30 96 . 50 l . 90 3 . 00 5 9. 50 
1-----+-'-'-----+------1--------4---

10: 40 150.00 1.20 3.00 \0 12.00 

10 · 50 ___._1......_, i:;n _...n_n_--i---.J...o.J l ?a.l,t_n ___ l--....:3"-'.~P;:,,t.0 ____ 1_--'1'-"o'--- - J 2. 00 
11 • 00 _ ... 93..__._)....._Q ___ t ___ ...__ 10._,11.__ ___ 1--~1~n.l.L-n ___ 1 _ _..,_]0..____ -- 1 q 10 

___ , _ _.J_._1 _· ]._._Q.__ _ ... 95..,__..,0 ...... 0 ___ , __ -_ _,_) _9..._n.__ ___ ---~l._.-n1n.._ _____ ___,_)..,,_O __ , __ l ...... 9'-'--""'-nn_ 

11 • ,n 1 ,11 nn 1 _ 45 3. 00 I l O 14 . SO 

J J · 30 _ _,_ 1, ............ ,:;......,_,;n ____ _,_l ._, 4...,.2 ____ ----=3-=-. O=O:;__ ____ ---.:.1=0 __ 1 __ 1_4_. 2_0 __ 

l l ·40 inn no 1.80 3.00 10 18.00 

10 -c.n 102,80 1.75 3.00 10 17.50 

12:00 )03 .00 1 . 75 3 . 00 10 17 .50 

12:15 103.50 1.74 3.00 15 26 . 10 

12:30 106.50 l.69 3 . 00 15 25 . 30 

12:50 104 . 50 1 .72 3 . 00 20 34 .40 
I l 3: 20 1 OS. 00 1 . 71 3 . 00 30 51 . 30 

•----• 
l 3 : 50 l 04 . 20 l . 7 3 3 . 00 30 :d . 90 

l : 30 103. 70 1. 7 3. 00 0 69. 60 -- ---
15:00 106.00 1 . 70 3.00 30 51 . 00 

--- --- --- -----
15: 30 l 06 . 30 l . 70 3 . 00 ·1 30 I 51 . 00 

1- ---1----- ----- ------- --------1330-- 567 .5 7 

567 .57/330 = Total r~e. Q = _l ._7_2 __ _ 

--- ---- ------ --------- I --- ----,----

1----- ---- ------ -------- _sp_e_c_. _c_a_p_. _"'_' ._7-2/-r ~..:.Q gpm/ f 

..__ __ __,_ ___ __... -- --- . ---- --
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RAMACO Brook Mine 
~ 
;:l 
CD 
Q.. 

BAILER TEST 
ca 
N 

' Date 3/26/80 Personnel l\raas & Bondar S.\LL. 32.26 ',•le l l :: 575-80 
N 
OJ Bailer Volume 2.68 qallons 

' N 
BAILER RES[ UAL ca 

N TfME V_OLUME TIME IN IME ORAWOOWN l/ to S' (Day) 
ca (GALS.} OU ( t} ( ') I ) 

S art 1100 2.68 lOO 1104 4.87 
2.68 1104 ½ 1106 3/4 293.25 4.91 

2.68 1107 l JQ9 1) 290.50 .96 

2. 68 1 no 1112 ½ 287.50 5.01 

2.68 1113 1115 11 284 50 5 .06 

2.68 1116 1118 1, 281 .50 5. 12 

2.68 1119 1121 2/3 278. 3 5. 17 

2.68 1122 1124 2/3 2 5.3 ~.23 

2.68 1125 1127 3/ 272.25 ,.29 

2. 68 1128 130 5/6 269. 1 5.35 

2.68 1131 k 1134 k 265.,5 5 .42 

2: 8 1134 3/4 1137 1:. 262.50 5. 9 

2.68 1138 H40 5/6 259. 17 5.56 

2.68 1141 4 1144 1 /6 255.811 5.63 

2.68 1144 3/ 11 7 2/3 252.34 5.71 

a ll 8 11 51 249.00 5.78 

2.68 1151 1.;: 1154 1/3 2 5 67 5.86 

(I 1154 2/3 1157 3/4 2~2.25 5.94 

96.36 

Stop 1157 3/4 

1202 172.67 

1215 172.3 

1230 172 .22 

1300 171. 78 

1 00 162. r.4 

l 500 1 9 .88 

1 00 141. 57 

ni;_un? 

·t 2/025 

October 2018 ECO 10- 2~-1 Addendum 06-12 -385 DEQ Ex. 3-1354



RAMACO 

V [ 1 l 1 
T = -2.°"Si {S' ) t, + tz + ½ + 

Where: S' = 141.57' - 132.26' = 9 .31' at 300 mins. 

and . :n] = 96.36 
r l l l 

Lti + 2 + ½°· · 
2. 6R ,, 

so , T = 12. 57 ( 9. 31) [96.36]= 2.21 gpd/ft = .30 ft~/day 

Ave. O = 2. 68 gals x 16 = 2.88 gal . : _743 gpm. 
5 . min . 57.75 min. 

To al Residual Drawdown = 172.67' - 132.26' == 40.41' 

.·.specific capacity= .743 gprn/40.41' "' .02 gpm/ft. 

I r- ? I .. 

Brook Mine 

October 2018 r• D 1 - 1 ,, Add ndum 06- l 2-386 .. .J DEQ Ex. 3-1355
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.IACOB METHOD PUMP TEST 1 ...... • 7,, 3 gpm 
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TESTED ' 3-26- 80 -... 

C.S/Loq c cle : 2 ~ I - 7 . ~ 

' ' ' ! 21) . = 
I '- . ' ,_ T: 264 ( l 

C.S/Loq cycle 
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m· , 264 ( • 71, 31 
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RAMACO 

-: " '"'· \;>C.VL.V\;) I "" '" t:.At'LUHA I IUN 

. ~,c WY Counry Sheridan 
• enonnel Bandar, Hil1 

AQ )FER T EST DATA 

r.hl._ s . . 
1"u1 I. S ing.la v, cll dnwdow 
1ypc: 2. Slngie eU recovery 

Brook Mine 

(rpoclfy) 

~-, ,, - ... ncr _P_K_S_________ Add res.s _ S_h_e_r _i d_a_n..;..,w _ _ _________________ ~---->--
R, Re ed Me1hod d.nllc:d : 

L 1 depth ..J.lL (t . Well dwnc tcr7_J_j_ 

A. Au-rn111.r)1 D. Dug 
B. Bored or iugercd ® Hyd .-rotuy 
C. Cable-tool J. Jelled 

. ulog dil.m cter 5 in. Crnl\!! type _p_.V..._C ___ _ 
rypc o( ic,ccn I n1c.rval of iaecn 

01 pcrfon.tion ....... <L.... ....... ...__S or perfo n. tlon 265 ' - 304' Ct . 

quuc, Di et z J /Mn Aqu!!cr lilhology __........,...._ _________________ _ _ ___ .....,....,,...,,.........,. ___ _ 

utllud c o r land 
1',Uhcc 

W"L from MP l i;q R l 

;,TC TH!!:: 

5 _q _fHl 10· 00 

I 
I 
l 
I 

-

i 

--

\ I 
I~ 

1- i 

October 2018 

How MP Above LSD detamlnod ________ Below _ _ _ _ Alt itude MP ______ _ _ 

How me.uwcd Ga 1 v a nome te r -~ - -·-· -
''J. r>"J Ii ·,·o Tl.!£ S1-iCC r::.: · .. S 1' 

U,\ T!::1' LEVEL PUMP O!' t, : T !~ . i1L1:<~' ('(" I 
. · 1 

{ 

1 i; q ?1 

(:; ;i] v;inomf't.f'r <; t 11rk n ho c:P linP 

I 
I 

l -
·-

f'i:._un'i 

RE 
2 / 2 
10-,.r.-1 

·- 5 1 f~ '. 
.. 1 . . /cl R:-S TOI'/·. L ,·t - ... . 

Dit, \.' Ul .. 

nn li"l t from ni,m ~i nn wo1>11 

-

. 

I 
I 
I ·1 
I 
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RAMACO 

TIME 
TEST 

DATE TAKEN 

5/9/80 l 003: 

1020 
1035 

1050 

1100 
1115 

1135 

1140 
1200 

1230 

1300 
1330 

1400 

1430 

1500 
1505 

1530 

1600 

OFF 1620 

I 

I 

. 

---- --··. 

October 2018 

TEST 
DURATIO 
SECONDS 

14 . 75 

15.25 

16 .00 

16.00 

10.60 

10.70 
1 . 70 

8. 00 
9.00 

8.50 

9.00 
8.50 

8.50 

8 .50 

8.50 

8.00 

8.00 

8.00 

8 .00 

7393 .9/3E 

Total Ave 

•JATER .JELL BH 462A 

PU !PING RATE DATA 

\/OLLI/IE OF 
GALLO ~S PER DISCHARGE 

MIMUTE GALLONS 
12.20 3 

11.80 3 
11. 25 3 

11. 25 3 

16. 98 3 

16. 82 3 

15.38 3 

22.50 3 

20.00 3 

21 .18 3 

20.00 3 
21.18 3 

21. 18 3 

2i. 18 3 

21 . 18 3 

22.50 3 

22 . 50 3 

22.50 3 

22.50 3 

0 = 19.46 

. Q = 19 . 46 gpn 

.. 

I 

I 

' 

I 
- I • .. - . - - . ~ i:;.~-1~ 

rr- s 21 1 :, 

R r r • 

Brook Mine 

✓ 

TIME WEIGHTED 
'i!E I GHTED A RAGE 
OUR/\TION Oi5CHARGE Q 

3 -36.60 

17 200.60 

15 168.75 

15 168.75 

0 169.80 

15 252.30 

20 307 .60 

~ 112. 50 

20 400.00 

30 635.40 

30 600 .00 

30 635.40 

30 635 .40 

30 635.40 

30 635 .40 

5 112. 50 

25 562.50 

30 675 .00 

20 450.00 

380.00 7393.90 

I 

-

Addendum D6- 12-389 DEQ Ex. 3-1358



RAMACO Brook Mine 

• /\ ,:::>. I., C.UI..U 1., I A c.Xt-'LOAATION AQUIFER TEST DATA _observa ion '!!_e_l_l __ 

I k/Y Coun ry Sheridan T . _j]_ <?,>. R. __M____@} Sec. 27 ._WELL o. BH 462 
cr>OMCI --i.B .... o .... a ..... dac.r""-...i;H~j ..... )..:.·, ____________ l rn I. Si~ wcU dnwdownu) Dnwdown WIUI ob). wc-U 5. OlhCf (.ipec,Jl'y) 

1ypc: 2. S lllg)c well reco,,:-ry © Roc:o,cry w11h obs. wcU 

ell A"'ncr _ P_K_S _______ _ Addrcu Sheri dan I ~y 
R. Reed 

o, , dcplh ......__.....,.__ fl . 

Method drilled : A. Ail -101;i,ry 0. Dug 

Well dwnc <er L.1.)2. B. Bored o r augercd @ Hyd .-roury 
C. Cable- tool J. J etted 

Ulf"Ql d meter 5 in. C 11111g l yp e ..... e ...... v .... c.__ __ 

P. Air-percussion 
R . Rev .-rowy 
T. Trcnd1ini 

yp c or ,ccn lnter,I,) o f icr ccn 265, _ 305, Pumping we 11 74' il\vay 
0 1 pcrfon t lon saw Slots or pc.rfon u o n ;::a;..;;;..;;...__....;;;..:c.;;.._____ Pump hp. & type - ~L.:....:A ___ _ 

qu i!or Dietz 3/Mn . Aqui!crlilholol)' coal (pumping we ll =/ BH 462 A) 

v. Onvcn 
, Dn o-wuh 

Z. Other 

Pump dq> lh __ ft . 

l!itudc of land 
,whee 

How MP Above LSD dct=ined _______ Below ___ Altitude MP ______ _ 

~ r om MP ' 
166. 12 How measwcd Stevens F-68 con t i nuous recorder 

·- ~ - .. ~-- ·-
l)!:!"Tli ! () THlE Sll'CE -~ 1: · ... !:: 1 '.~::. S1 i::-~ · 

•I • 

O'"F ) .... . l / 
) 

[Ji -r:::: TIME ,!/I TC~ .,E. 'CL PU !P o:· C • 1-:rn. PL::·: • : C , 1· ,. ., RE, IDL1Jo.L 
i =c\,,'~ I f"\ ~: 

5- 9-SQ 
nn l O•On 166 1? 0 

l O: 15 169. 19 15 3.07 

10 :30 170. 10 30 3.98 -
10: 45 170.57 45 4 .4~ 

11 :00 171 . 20 60 5.08 

11 : 15 172 . 51 75 6.39 

11 : 30 172 .95 90 6.83 

11: 45 173.44 105 7. 32 
-

12:00 174.71 120 8.59 

12: 15 175.21 135 9.09 

12:30 175.70 150 9. 58 

12:45 176 . 15 165 10.03 

13 :00 176.40 180 10 . 28 

13: 15 176 . 64 195 10.52 

13 : 30 176 . 88 210 10 . 76 

13:45 177.12 225 11 . 00 
. 

l :00 177. 36 240 11 . 24 -

14: 15 177 . 53 255 11 .41 

14:30 177.69 270 l .57 

l 
. 

14: 45 177 .85 285 1. 73 

15:00 178. 01 300 11 .89 

15: 15 178 . 16 315 12.0 

15:30 178.32 330 l ". 20 
- -

I 15: 5 178 .47 345 12.35 . --
I \ 16 : 00 178 . 58 360 12. 6 

--\ ]6:15 178. 64 375 I 12.52 --
Off 16:20 178 . 65 380 - --1 12.53 

T"\ 7 I 

21 

October 2018 
EL:D 10-25-1 
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RAMACO 

AQUIFER HST DATA 

Brook Mine 
oo servat1on well 

La le- WY County - Sheridan T 57 ·--- R. _B __ @ Soc. ___ ,_WELL_NO __ B_H_4_6_2 ___ _ 

PmoMd Bonda r. Hi 11 l e,t 
rypc : 

l. Si~ well d.rawdownG> Dnwdown with ob~ well 5 , Other (.1pc,cify 

2. SIJ'lilc well reco•ery Q Roco•cry with ob,. welt 
Addrcss _ __.S-b....,e .... r_.i__.d'-"a'-'-n .... ,'-'-w'--Y ______________________ _ 

Method drilled ; A. A iNo.tary D. Dug V. Driven 

I, ll depth ___ Ct . Wei! d1a.mc1er in. B. Bored or ,ugered @ Hyd .-rou.ry 
C. C•ble-tool J. Jcncd 

P. Ai.r-pc;i:u,sion 
R. Rcv.-,owy 
T. Trcnchmi 

W Dnvo-w1sh 
Z. Othel' 

:uing dia.mclcr 5 !n. Cuing 1ypc _P_V_C ___ _ Pumping well 74' away 
r ypc of !-Crccn ln1erval of lClcen 

or pcrforallon saw s 1 ots 01 perfon110n Pump hp . & 1ypo ,----~-/_A __ _ 
\quilcr Dietz 3/Mn _ Aquifer lilholorY _C_o_a_l __ ('--P_u_m_p_i_n"""g_w_e_·_1 l_ # __ B_H_4_6_2_A_) ______________ _ 

Pump dqll.h __ ft . 

\.hllud c o( land 
NJ face 

' WL f,om MP ' 

!J-',TE: 
' 

5-9-BQ 

-

I 

--. 
' 

,r;::-·-
l 620 

1630 

1637.5 

1645 

1652.5 

I 
I 
I 
l 

Octob r 2018 

How MP Above LSD 
dcte:nnincd -------- ' Below --- AJu1udeMP _______ _ 

Howmc.uurcd Stevens F-68 continuous reorder 
- - .. ~ .. 

l)[P1'11 TO T t!E s 11,;c- .. , .. s ,. ·- SI ;•I• . - 1···~ 
t IL 1 l.J/1 'CR ... E ' EL PUMP O.' C ' :r::. :i,, .. ., Oi'F t , Ml;,. P.:::~ IDU,'-.L I . .. 

J 1l.WDO.--:: 

178 . 65 380 OFF 0 0 12.53 
177 . 57 390 10 39 11 .45 
174.68 397.5 17. 5 22.71 8.56 
173.10 405.0 25 16. 20 6 .98 
172.15 412 .5 32.5 12 .69 6.03 

-

-
~ 

I 
I I -- ! 1 -

f""lf.._u. hS! I 

:;:, 6 2/025 
l ;CD 10-25-1 3 Addend um D6-12-391 

' 

r 

. 
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JACOB METHOD PUMP TEST 
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r = 74 

TESTED : ~-9-80 , __ ,__ ... 
C.S/Log cycle: ti • 4 - 1 • 1 3 
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,_,_ " J 

" 7 , 27 
"~ I ,,_.._ T. 264 ( 0 I ... ~ 

.. ~ ... · WLOQCycle 
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_ 264( 19 . 5) 
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f+ 
7 . 27 

I h-L 1oa .1 2 gpd/ft ,: 
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I ·- ... 11 
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:=u=.05 ,_.__ ...... 
II '" " 1• ,fl ii II l Ill i1111 Ill 11 1 I 
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RAMACO 

October 2018 

MONARCH COAL 

WELLS 

f'li(. - 4 1 I 

f HI 6 2 / D 15 
RECD 10- 2~-1 3 
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RAMACO 

r. /'I . .:>. 1,;1 ~uc_v1,; I 

)ult VQ 

µ. u t.Xt-'LURATIO 

County Sher idan 

Brook Mine 

AQUIFER T EST DATA 

T . __ r-. R. __ , ... Soc. ___ •Y/E L_ O. ___ Z_J_l __ 
Pa,onncl _____ G_e_r"_l a_c_h_-_o_l_f _________ Toi I. Sing!J, Well dnwdown l . Dnwdown Wllh Ob>. well s. Oth er (specify 

cy;,e ; © SLr'ilc well recovery 4. Rocovery with ob,. well 

~•, 11 " Wner Big Horn Coa 1 Address _______________________ .,,..._ ___ _ 

Method drilled ; A. AIN'Qt:lry D. Dug P. All'pc.:cuuion 
,.,, 

V. E>rlvcn 

f c. .J.l depth 85 !1 . Well diameter ?.......!.J D. Bored o r augered ® Hy<l.·rOlU)' R. Rcv.,rowy W, Or1vo-""aU\ 

5 Cuing type PVC C. Cablc-tool J. J ettcd T. Trcrv::hff11 Z. Othc:t 
In. 

S l t Interval o( IQ'~cn 
O or pcrfor11ton 65- 85 Pumphp. &.typo Teel ½ hp Pump depth ~ ft. 

\l tllude o( land How MP Above LSD 
1urf1cc ---- determined ------- Below _ __ Altitude MP ______ _ 

WLfromMP top casi ng HowmQ1111ed galvanometer (casing 1 78' above ground) 

tJ,.TEI 
HOUR 

TIME 

4/21 /77 9 4 

9 so 
9 52 

9 55 

9 57 

9 59 

l O 01 

10 02 

10 03 

10 05 

10 08 

10 10 

10 15 

10 
20 

0 

0 30 

10 35 

I 10 40 
-

10 ~ 
I 
I 10 50 

1)1: !'li i 'l'O 

II TD: i..E\'EL 

31 . 95 

Pump Dry-Off 

59 .45 

57. 79 

56 . 51 

55.52 

54 . 33 

52 . 54 

51. 24 

48 .35 

46 .38 

44.40 

43.08 

41. 33 

40 .37 

39 . 16 

38.33 

Tl :-:r: SI. 'CE 
PU l? o:· , , ~a.·. 

- .. - ·t ·-

? •\,; -o· .; _ - ·1 .::.1-:1 ·• 
, •• & [ I • II. 

CIC 

- - -
- - -
G - -
3 - -
5 0 0 

2 3.50 
9 4 2. 25 

10 5 2.0 
11 6 1.83 
13 8 1 .63 

6 11 l . 5 

18 13 1. 38 

23 18 1 .28 
28 23 l . 22 

33 Zti l . 18 

38 
jj I. I!> 

43 JU I. U 

48 3 1. 12 

53 48 . 10 

58 53 1 .09 

<:, 
• I . ' 

P.::: :- ou;.. L 
!)1,\',, 1,0. -: 

-
-
-
-
0 

2) .50 

25 .84 

24.56 

23 . 57 

22 . 38 

20.59 

19.29 

16.40 

14 .43 

12.45 

11 . 13 

9.38 

8.42 

7 .21 

fi . 33 
-----1--------1----------1----------1------i--------,-

1 ___ 1_0 55 37.52 63 58 1 .086 5.57 

11 0 36 .00 73 68 .07 4.05 
. 

11 15 35.00 83 78 1 .064 3.05 

30 34. 02 98 93 l . 054 2.07 

48 33. 16 116 111 I 1.0 5 l. 21 
-

6.8 gpm 
' l I 

\---: __ _;:S=o4>ECific Cap,lr:it.v = 6 .8aom127.50 = .25 gpm/ft ._,_ ______ _ 

-1-... -
2/r\~:, 

RECD 10- 5-1 3 
October 2018 Addendum 06- 12-395 DEQ Ex. 3-1364
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er 
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00 

• 0. 
0. 
(b 

::i 
0. 
C 
3 
0 

°' I .... 
I\) 
I 

u) 
\0 

°' 

- r 
,-.... 

-

0 
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L- , _ 

L- .... ,_ ,_ 

,_ ~ 
- L-
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I 

I 
II 

T ltr 
1 

TIME RECOVERY CURVE 

10 '0 IOO If)() 200 

JACOB METHOD PUMP T EST .., il l~~ffl~ij '11ll----l_--l,-l-- ~--l4-~~UI1llllllllll lll!I LI lJ JTillllllllllllll 

ELL = BH-231 ti o = 6. 8 

TESTED = 4 - 21 - 77 ~ ,.._,_ ...... l 70 
OS/Lo cycle ;-fogZ--

T : 264 ( 0) 
OS/Log cycle) 1, 

, 26 4 ( f, . 8 
70 x log 2 

tT r 

'"T I 
I I 

' l 

' 7 - 72 gpd/ft. 
2 

't . o3 ft /day 

II 

I 
·I 

,! 

OJ ..., 
0 
0 
:,;-"' 

s: s· 
(b 

DEQ Ex. 3-1365



RAMACO Brook Mine 

1' ~- I.JC.V\..UI.J I I-I.NU tXPLORATION AQU IFER TEST DATA 

! &I C WY County Sheridan T. -- t, R. __ t Sec. --- ,_WELL_ 0. __ 23_2 ___ _ 
enoMcl Ger 1 ac h - \~o lf 1 est I. Sir,glo wcU dnwdown l , Onwdown with obs. wcU S . Q t.her ( 19oclfy} 

!fpc: (D S1ni;lc wcU reco ,cry -1 . Rcco,cry w,t.h ob,. wcU ___ _ 

.ii ...... c, Big Horn Coa 1 Co. Addren ___________________________ _ 

Method d.rillcd: A. A ir-ro t;u-y 

·" 
Well dlAmctci Z_]_/ . B. Borcd or augued 

. PVC C. Cab le- tool Casi lypc ....,__. _ _.. ___ _ 

• d cp th ---3.8..._ fl. 

5 In. 
ln1crv&I of 1C1•cn 

o r pctfora lion _7._.8.._-_9 ... 8,..__ ____ _ 

)l..,_Dug 
(Jj/H yd.•rowy 

J. Jertcd 

?. Air-pcrcumon 
R . Rcv.,rol.:lry 

T. Trcnchnq 

V. Driven 
W. Dnvo, wuh 

2.. O th er 

Pump epth _].JJ__ ft , 

<Juilcr _.........._......,._._........,,__.._. Aqu!J'u lithology ...i.....1.M..1.---------------------------
1111ud c of land How 

rwhcc determ ined -------
MP 

L(iomMPTO• (;ic;,inn How muswcd Giil~ii•Qmeter - -
l~[!'lli TO Tl'.\!: SI -.CL 

D,T[ Tl I 1!: 1,t, TER LEVEL PU !P o:• C , ~I!'. 

4-21-77_ 
I 1: 34 36.53 -

On l 40 0 

1 43 38 . 75 Q = 3. 5 3 
l 46 46.30 6 

1 48 49.13 0 4. 6 8 = 
1 51 52 .81 11 

l 53 56. 0 13 

2 03 60.80 23 

2 08 6 . 71 28 
- 36 2 16 62.50 

2 19 62.70 39 

2 20 Pumo Off 40 
z 21 58.76 41 

2 22 54 .98 42 
2 23 51.85 43 
2 24 49 . 29 44 

2 26 45. 14 46 

~ 
28 42. 77 8 

30 41 . 02 so 

21 32 39 . 79 52 

z I j4 39.20 54 

~ 
38 38. 16 58 
4!) - 65 37 . 70 

Above 
Below J..SD 

(Ca::ii •g ----~ 

---
l , 95' iibOl'.e 

Tl ~:-:: Sl 1~CL 
rr:-::1 m:, t 1 , Vi.·:. 

-
-
-
-
-
-
-
-
-
-
-

0 

1 

2 

3 

6 

8 

10 

12 

14 

18 

25 

- -
p~c1fi c gpm/ . 

Alt1tudc MP ______ _ 

gcd} 

~l ?"i. 
l I R::. IDUAL 

It,\\ '!)0-... : 

- -
- -
- -
- -
- -
- --
- -
- -
- -
- -
- 0 

u ll 

l. 0 22.n 

21 .0 18 .CS 
14 .33 15.32 

11 .o 12 .76 
7. 67 S.61 
fi .00 6.2 
5.00 .49 

. 33 3. 26 
3.86 2.67 
3 . 22 1 . fi 3 

260 I 1 . 17 

' 
I 

I 

' I 

I 

I 
: 
I 

I 

: 

I 

i 
I 
I 
I 
I 

I 

I 
' 

C ~acity = 4.5 gpn/26.Tt=77 1--
-· --1 I _____ J __ _ l ___ _ 

I I 

n~ ~1 -~-------
1 I _________ i ____ ------

1 1, 

i ~ 2/ 25 

October 20 18 
ECO 1 .. ~-1 
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0 
n ,..... 
0 
o' 
('1) .., 
tv 
0 -00 

-

• a. 
a. 
('1) 
;:l 
a. 
s::: 
3 
CJ 
()'I 

I -(\) 
I 

w 
\.0 
CX) 

Cl 
I 

-

\.II 

TIME ORA DOW CURVE 

10 "0 IOO l!iO 200 0 
-I I ~I ...... "' IUI IUUlllllllllJ lll lJ UIJllllllllll111 , III =+'- t\ II JACOB METHOD PUMP TEST " -~4....-t,"'t.i-+-'4~,+H-H , t·. 

1--l--r-,l....J....~J..-U~~'-1-1+1~~1-I-U.&UO,!.-U.-'-Hi! ~~1.,11, ftH WELL : 8H232 --- U.UUtumfflqlll'.lJ!!!t=_=t_t::): ...... ::t:_::t:" ..... m}-H-t:il O = 4 . 6 gpm ij 
::to 1d . I ! TESTED - --- t f / I ' ' 4-2 -77 ·- ~i-+--1-H+H :r 
-- 1 ' I ~' 1 •·· - l:'1S/Log cycle = , 7 , • - 2 . 3 T ,lj -:,_•- J •- __ ,__ r • 24 . 9 

~ - - - i • ~ T = 264 { 0 ) 
.!)S/Logcycr~ 

5 

-
• 264 ( 1; s l 

21, . ~ 

] 
. ~ 10 

' 
= 

' 7 • 7 gpd/ft 
2 

= 6.3 8 f /day 

I 

I 

~ lltttr1111 -:._~ ~ ._ 
IIH~III~- l I i 

I, MINUTES 

u 

-••. La... 
I 

15 

3 
~ 

DEQ Ex. 3-1367



0 
(") ,.... 
0 
C1 
(1) 
"1 

lv 
0 ...... 
(X) 

)> 
a. 
a. 
(1) 

;:I 
a. 
C: 
:3 
t, 
0\ 

I 

...... 
lv 
I 

(.,.) 

'° '° 

-Cl~ 
I ...._, 

I c.n -

8Z8Z/9Z/Z8 tpeuu~~s 

Tl E RECOVERY CURVE 

10 ' 0 IOO 150 200 

O T+-i~-nm._ TT1rmmimnrnn:mmmrfrrTTTllITTT11111JJTTI1~0::IID:lIIJllilill:III"IIIlI•nIDlm,rrtJTIIJm~mlllii,II!"illlii.Ir -i=i..,=i..,=L~i.+=r+r-Hrrt+I1tt11Ju[Ij1uIT1im: 111I11uJT 1111m111m11J1Til LUTI (I] 1T[lTTTiffi1TD1T1ffi.U1ITT1111IDII!llll 

JACOB METHOD PUMP TEST 

" 
WELL - BH232 

.... ~-i-!-U;--"11,1-4-~-+-+--H-++HI o • "'· 6 gpm 

I!\. TESTED : 4-71-77 1 1111111 ;11111Wm•i1111 1I1ll11111ullU- ~-'-+~, ~I-II 
AS/Lo9 cycle - J S - 3.4 0 

Curve displaced by lowerinq S while 
pumping confined aquifer, or recharge 
from overlying alluvium. 

t 19.95 

AVG . T = 47.7 + 59.6 

2 

= 53.7 gpd/ f 

; 7. 2 Ft2 /day 
RAT IO t/ 1' 

I 
1 

T. 26 (0 l 
- C.S/L09 cycle 

, 25q 14 s l 
l 9. 9 S 

' 59 . 6 qpd/ft. 

2 
= 7 . g 7 ft /day 

OJ 
"1 
0 
0 
;,;-' 

s: 
5· 
(1) 

DEQ Ex. 3-1368



RAMACO Brook Mine 

~ '::>. u t.ULUG'I' A D EXPLORATION AQUIFER T EST DATA 

,a,c_.,.-i._..Y ___ _ Co uncy Sheridan T. _R_~ R-~(§, Sec. 24 ,_ ~ELL_NQ BH 467 
' =Mc.I _ .c.A,_.ra,...a""'s~&.....,B,..a...,nd...,a,..r ______ ____ _ 1cst S ing)o well dnwdown 3. Dnwdown 1th Obs. oU S,'_Ot.hcr (5f)«ify 

P. K. s. ,.. ''ner 

Reed 
(. .:ll depth ri . 

.ui d iameter 5 In. 
rypc of screen saw 

or pcrlorauon S 10 t S 
,quit« Manarcb 
J1i~~: o(l&nd 36)9. 09 

lypc· 
WY 

Single wcU ,ccovery 4 . R o•cry 1th op1. well ,. ~~ Sheridan AuulC U _ _________________ _________ _ 

Method drilled : A. AiMCltlll)I 

Well ell.a.mete, 1-1.J B. Bored o r 1ugerc.d 
C. Cabl~100I 

C u ing t ype _.p_.V...,.C'---__ 
I n1ervu of sac en 

or perforation .... 3L..4....,3._-...,.3'-"'6 __ 4 _ _ __ _ 

D. Dug 
@ Hyd.•rowy 
J. Jctttid 

P. All' pe1cus1 ion 
R. Rcv.-10Ull 
T. Trc nchms 

rum p hp. & 1Yp•3~/_4_ T~ee-'-l ___ _ 

Ori efi 
W. D1iv& ash 
Z Other 

Pu mp dcplh 250 fl . 
Aq ul!cr lltholol)' .......... ......._ _______________ ___________ _ 

How 
dctcnnincd -=s'--"u-'-r-'-ve.,y._e'--d ____ _ MP Above 

Below I.SD Altitude MP _ ___ _ _ _ 

_:Wl..~fr:..:::o:.::m..::.M:.:.P....::;:::::::::::l o=o= o=o=--,,----- ....,.....;H:.:..:o:.:w:....:m;;.:ea=lurcd Gal vonome t er_ -·· . -

' 

!);,TE Tl'.£ 

1.L:'·:·1, '!() 

1:11rci-: L[Vf.L 
T!::.:: SlNCE 

p '!·l? o:: r. . : T ?~ . 
SJ F~·. 

( / C R::5 IDl';- L 

2-26-80 10: 30 lflfl fin n !)tt.,\'.~ LJ:'" .--: ' 
- -

l 0: 31 lflR 37 1 .Q 17 

1 n- 1.-:i 11 "i Q7 1 15 .97 

10: 36 121 . 30 6 21 . 30 
10; 40 123. 75 10 23.75 
10; 45 125.23 15 25.23 
10;50 125.92 20 25 .92 
11 ; 00 126 . 45 30 26 . 45 
l l : 20 126 .. 50 50 26 .50 
11 :40 127.60 70 27.60 
12:00 127.92 90 27 .92 

12:20 127.72 110 27 . 72 
12 : 0 127.60 130 27.60 
13 :00 127.72 1_50 27.72 

13 :20 127 .82 170 27.82 
13 ; 40 128.00 190 28 .00 

I 

f-----t-------·1----t------1-------+---+----
14: 00 128. 11 210 28. 11 
l :20 128 . 16 230 I 28. 16 

l 4: 0 128. 3 25 0 23 . 43 '-------- -------1-----------1--------------.-------
15: 00 

/· 
Off 15:01 

I 15:02 

15:04 

15:07 ----
I ,_ 

15: 10 

__ j 15:15 

I 15 : 25 . I 1 s: 35 
l---i1s:1, 

)° l" : !10 

October 20 18 

128.30 

116. 71 

106 . 19 

104.73 

104.00 

103.33 

I --
102.76 

102 . 4 3 

10 . 15 

I l Jl . ~.:; 

270 28 . 30 
2 71 0 0 

272 2.72 16 . 71 

274 3 91. 33 6 . 19 

277 6 46. 16 4.73 
280 3 I , , 00 9 --- - -

14 

I 
2 

34 

285 ---,-1--,0 -~,-3-. 3-3--

--:===-=--2_9_5 ---,-------, l 2. 29 r-2. 76 

305 8.97 2. 3 

315 
., .. I 

- I l'_f: 

'"' ' /, ..., 
I 2/ ') 

· ·o o-•r.-1 

I 1 1: .. . l ~ 
I - , 

Addendum D6- 12-400 DEQ Ex. 3-1369



RAMACO Brook Min 

WATER \ ELL . B!:l g5z 
12l3~ 

PUMP G ATE DATA ~~ +- ~ 
/;; ~ti.N 19Ba "8:_ , 
to REC ~~,, ~n ;.~ 

TIME TEST VOLUME OF TIME ~ Landl·.tlhiiUi ~q~~ : 'I 
TEST DURA TIO GALLONS PER 0 SCHARGE ',IE 1 f.HT EO ~ OJS~,l "· 1 

DATE TAKEN SECONDS MINUTE G.L\LLONS DURAT JOtl ~- DIScHA lJE o· , , 
2/26/80 103°1 28 .40 7.24 3. 3 1 ·~lil-J~~L~·;_;, 

1033 24 . 70 8.33 3.43 2 16.66 

1036 28.00 7.35 3. 3 3 22 .OS 

1040 27 . 50 7.48 3. 3 29.92 

1045 26. 10 7 .88 3. 3 5 3q_40 

1050 27 .00 7.62 3.43 5 38. 10 

1100 26. 10 7.88 3.43 10 78.80 

1120 27.00 7.62 3.43 20 152 .40 

1140 27.00 7.62 3.43 20 152. 0 

1200 26.60 7.73 3. 3 20 154.60 

1220 26.80 7 .67 3. 3 20 153 . 0 

1240 26 .80 7. 67 3. 3 20 153 . 0 

1300 27 . 10 7.59 3.43 20 151 .80 

1320 27 .20 7. 56 3.43 20 151 . 20 

1340 26.40 7. 79 3.43 20 155 .80 

1 00 26.90 /.65 3.43 ?O 153.00 

1420 26 . 50 7.76 3. 3 20 I 155.20 

l 0 25.80 7 .97 3. 3 20 15 .40 

1500 26.30 7.82 3.43 20 156.04 

170 2081. 17 

I 
2081. 17/21.0 =Toal 0 017,70 I 

I 

Specific ( apacity = 7.71 /28.30 = . 27 gpm/ft. 
·- -

I 

. 

-
1 

-

--- ----- - - --------- '"\ T ,:1 ·------ .. - ·- . ----
TFH 6 2/ 5 

October 2018 ECO 10-25-1 a Addendum D6- 12-401 DEQ Ex. 3-1370
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Cb 
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tv 
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00 
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"~ I -c;o 

• 0. 
0. 
Cb 
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0. 
C: 
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0 
O'I 
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tv 
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0 
tv 
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LL 

2: - -'-- _..._ 
C/l _._ 1--H-;, 

§ .,_._ ..... • 
I 

<1 ! 

20 

E licj ..J 
<f b 5 
vi i--' .., H --rl 

I 1t 
Ii 

a: Wi I • .1. I 

25 
[ ~ ' ~£ It ' 

~ 

"~ 

J.---. !-'- - I- ill ~: I.....J - llI jl I IL 
~ It 44fi 

·111 

1:2~- Ir~• 1 

~ !i' ' 

t:l~-IL +•1 ~' Jr· · • Ii•· ., 11 
-~ ; .. , 11111;1,. i; I-~-t ,. 

1 l 1 l 11~ i r:rn I ,_ . 
~ 

,1,: . 
n11!!l11 1 .... • i 

TIME ORA DOW CUR E 

10 ''° 
~0011 ":ACOB METHOD PU~; ;~ST IB~I 

. 1 WELL: BH467 . ' " ' " 

' 
TESTED = 2-26-80 

I 

u ~ ..... ~ --1--~L 

-- 1-- ~ 

-1-- >-

1 

,_,_ '-
I 

1 

I 
'-'-- t-

' 
-L- :-

r I.L 

Irr 
11 + 
"I 

li1 
-~ 1, ,_ - ~'-

h• ·- -<-

• Ir' II I 
I ~,m • I • ,_ ... TI 

:1 
,_ - WµJ1 I ~ ' 

11 
'- ~;;-r ~·- ~ 

I I - I~ ,i. ,- -~ -
11 ll : ,. I -~ ..... kd_ ri It "' 
I . 1: 'I I 

' 
:4 I~ 

~I ..J ,_ .... ..... 7 rt - I 

~ 
I II 

,; 
: 

K j.,I 
I 

I ' 
' Ii - -- :d ~ ·; ~f ' ., 

' 
.. 

~ q. 
·111~1-

· 1 I I " 

Ii'! ~ l i !ii I Ii il 
~ 

I , Ml UTES 

100 150 200 
~ j J 11! U LIU !IUll!lilllllIUlll ll[!lll u 

j 
~ 

Qa 7 , 70 gpm 
,_,_.,_ 

65/Loq cycle { 2 7 . 3 -
'.: 5 . V) = 2 . 30 

T = 26'1 { 0 l 
65/LOQ c yc1, 

. 
. 264 l 7 • 70, 

T . 2 . 30 

' 
T = R83 . 93 g d/ ft ili 

l 
II 

.J 
I 

T ' l 18 . I£, ft /day 
I 

~ 

I I 

7 I 

' I ,, 
"' ,,, 
j' 

I 

rtl!H I 1·1 
ll I ~ 
' ,; I ' 

' 

• ti ' 
l 

i '' 1 1,11 

TT 

! TT; '] II 
I •II I 

171 

:i • 
I 

I - ,._ 
1 -~ 

- 1 4 ' 
ffO ~ 

I ' - - I 
_,_ 

I ·-·-
Ii . ,, 
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0 
(") ,..,. 
0 
Cf 
~ .., 
{'.) 

0 ,_. 
00 

::a _,. 
m-:, J 
n :::z:: ' 
c:::, en J , -0~ 

I ...._ 

"" ~ I 
I c.,n -

RZRZ/9Z/ZR 'peuu~~s 

TIME RE COVERY CU RVE 

0 1:r=:FF~~:i1.nir~timmrmmmnm5ITTTimrnrnmTIID!!!!1t:0 IIII::o:m:r::rm::1~rrmnm:nnrt'
0mnmrnmmmmlOOllhrTrr1t50t\-~lt21+00

1il"!_!: TLTu1li11:ll!Jrl1iJ'lllfJJ1bfltluTiilfunJJ11ifllt!]]+11fflmm ~n-- -. I ·-t-n~.Ull! , ~ I Ill l!Hffil ~·- I lfUlllllliHIIIIJTlJTI! J IIUlllll II 

n=- -i i rn I ill JAcos METHOD PUMP TES!._ IUHHI IINl--f-1.-i-+•'4-1~1-U 

5 

.__ ...... L , 1 WEL 13H46 
o, 1 . 10 gpm 

1- ,---
,_ ++-1 -Hi..+HI '-,_ rt r- l ! , TESTED 2-2 6- 80 • 

-1-1-----li--1--l-l--+4-l,~ll+'-HH·,,~Hllf+++Hlf+f+lr##all"™llt.iJt.ii;;i.~T-1-1--r..~µ~7=s=-,:a:tt:1qrij'mTifii:r:T:l!~~llmffiffflW~;t:t:t:t:t:mm ~:;~ i : ,, 1

: : _ ~Lt f lriltt--l--+-11--~ -+ ls.l : 

C.S/Log c cle : 5 . 0 - 2 . S 
= 2 . so 

. 

LI 

RATIO 1/r' 

I- 1-1-

T: 264 (0) 
C.S/Log c yc lr 

• 264 17 . 7C1) 
. 2 . so 

, a 1 3 . 12 gpd/ ft 

-: 100 . 11 ft 1 /day 

II 

I-H-+tt+H-t+HI-HHHHf!H-141-1-W11 H.+-++Hli~ll!M'l-l 
I 

.... 

I 

I 
I 

• I ... 

AVG. T : 383 .83 + 813 . 12 

2 

= 01\8. 5 gpd/ ft. I 

== 113.11 ft 2/day 
" 

OJ a 
0 
;,;-" 

s: 
::1 
~ 

DEQ Ex. 3-1372



RAMACO Brook Mine 

' K.:::i. L,tULUL,Y A U EXPLORATION AQUIFER T · ST DATA 

ulo HY Sheridan Councy _______ _ T. -22.._ qi, R. _8_ ~ Sec. ___ ,_Y1t:LL N0._........:..96...._ __ _ 

·=nnct Dondar & Araas 1 c,1 (j) Singla weU dnwdown 3. Drawdown wilh obi. ell 5. OUlcr (spcclfy} 

"• '' ~ nor P K S 
·om Kek i ch 

depth 2 7 8 fl. 

uulll diam ete r S In. 
y • of rccn saw 

or pcr!on1 io n sl ots 
. quucr Lower Mcoaccb 
J 111ud• o( land 3687. 6 

a.uhcc 

h orn MP 1 o7 1 0 

c,., n: TIME 

On 

4- 3-80 10: 15 
l O: 16 

l O: 18 

l 0: 21 

10:25 

10: 30 

10:40 

10 :50 

11 :00 
-

11 : 1 S 

11 : 30 

1 l :45 

12:00 

12: 15 

12:30 

12:45 

14:00 

~1420 
14:30 

4:31 

' 
I 14: 36 

14:40 

14:45 
14:50 --
14 :55 --I 15:00 I 15: 10 
15 : 30 
16 :00 

October 2018 

Mc1hod drilled : A. AIMcn:u-y 

WcUdiJUnctcrl...lJ B. Bored or• 
C. Cable-tool 

Gsl~t~• ...... P-Y-C __ _ 
I n1crvl.l o( =~n 

type : @ Single wcJJ recovery 4 . Rcco•cr y w11h obs. wcU 

D. Dug 
crcd @ Hyd .-1ou.ry 

J. Jcned 

P. Ai.r-percusuon 
R. Rcv.-ro wy 
T Trcnchrn: 

V. Driven 
w. Dn, ,.wull 
Z. Othc:r 

or pcrfon11on __.2__.4_..S_' _-......... 2.LZ..1.10_' __ _ Pump hp. & typo _3_/4~T_e_e_) __ _ Puinpdc-pLli 2!i1L (1 • 

Aquifer lithology_....._........_ _________________________ _ 

How S 
dctmnincd urveyed MP 

!low mc.uwcd r,:,.1 "n~~mn~o,,.. 
- --- -

,1: !1'! '1; TO T ~ ::!: s-:·cc 
I /ITC!-- LE 1Et PU!·!P O!, t' ~:I:: . 

167 .10 0 

179:54 1 

187. 18 3 
193 . 46 6 

199:88 10 
201.34 15 
201.35 25 

201 .24 35 
202.82 45 
202 . 72 60 

202.94 75 

203 .45 gn 

203.50 105 
204. 7 6 120 

206 .68 135 

206.. 75 150 

207 . 12 165 

207.24 185 

207 . 24 195 

193 . 63 196 

175.07 201 

172. 65 205 

171 . 08 210 -
170.35 215 -
170.00 220 

169.74 225 -
169. 9 235 

Above 
Bd w 

. . -

LSD 

- - • -: ~ 1. ··::: 
?u••-, o··- 1 1· •· • • . I t l , ·:_ ,~. 

0 
l 

6 

10 

15 

20 

25 --
30 

0 

169 . 22 255 
~ £ ~~I. 60 

169. 03 285 QO 

lF{ S ~/ 

Al thudcMI' ______ _ 

' 
c; l . .. 

/ C • P.:":S ID '!·.L 
!.., r\. \ ~·HJC ., . 

n 

12.44 

20 .08 

26 .36 

32 .78 

34.24 

34 . 25 

34. 14 

35.72 

35.62 

11:; (lJI 

1h 1', 

1h 110 

37 . /;1' 

39.58 

39 .65 

40 .02 

I 40. 14 

0 I 40. l 4 

196 26 .53 
. 

33.50 7.97 

20 .50 5.55 

14. 00 3.98 

10.75 l ? .25 -- -
l 1L80 I l. ::10 I 

I 7.50 ! 2.64 I 

I 5.87 ! 2 . 39 

l ~s ·1 2. 12 
-1 

I { 1? 1 1 ,..., 

RECD 1 - 1 3 "' - Addendum 06- 12-404 DEQ Ex. 3-1373



RAMACO Brook Mine 

(.\ 
~ i213ff1,t~ 

~JATER 1,4ELL 496 
,..._'o ',ti 

,Co R JAN 1983 -tf., 

PU PING P./\TE DATA r~ ECEIVED .;_ 
~ land Oua11ty 

'{;;, DIST. IV-# 
TTT1E TEST VOLUIIE OF TI (,I[ 

~i!;TED ~t TEST DURATION GALL01 S PER D SCHARGE ·J £Ir;HTED ,. , .. t",'11L 
D/\T[ TAKEN SECONDS MIIIUTE GALLONS DURATION DISCHARGE 0 

4/3/80 1018 41 .00 5.02 3.43 3 15.06 

1021 42 . 20 4.88 3. 3 3 14. 64 

1025 43 .00 4.79 3. 3 4 19 . 16 

1030 59 . 20 3. 7 3. 3 5 17.35 

1040 59 . 20 3. 7 3. 3 10 3 . 70 

1050 60.50 3.40 3. 3 10 34.00 

1100 62.00 3 . 31 3.113 10 33 .10 

1115 60 .00 3.43 3.4 3 15 51 . 45 

1130 60 .00 3.43 3. 3 15 51 .45 

1145 59 .00 3 .4Q 3.43 15 52 .35 

1200 63.50 3.2 3. 3 15 1!8,60 

1215 55.30 3.72 3.43 15 55.80 

230 53.80 3.82 3 .43 15 57.30 

1345 60 .00 3.43 3. 3 15 S l . L;5 

1300 62 .00 3 .31 3.43 15 49 .65 

1315 57 .30 3 . 59 3.43 15 53 .85 
-

1330 56 .00 3.68 3.43 15 55.20 

1345 55.00 3.74 3.43 15 56. 10 

1400 56 .00 3 . 68 3 .43 15 55.20 

l 20 57.00 3.61 3 .43 20 72 .20 

OFF 1 30 57 .00 3. l 3.43 lO 36 . l 0 

! 

250 I 'l l · . 71 
I 
I 

914.71/25 ~ = 3.66 , 
I 

Ota l Av . Q = j,~6 

Speci fi c rap city= 3.6 p/40 . 14 = .09 gpm/ ft. 

-
-

I - -- - "·- - - --- ---- ----- - ----.. -· ---- ---
• . I I 5 

October 2018 
·co 10- ,._ 1 3 

Addendum 06- 12-405 DEQ Ex. 3-1374



-0 
I 

(. l.) 

I • J -
• 0. 
0. 
(l) 

:l 
0. 
C 
3 
0 

°' I .... 
t',) 

.p. 
0 

°' 

... -

---f___ 

Ill' Ill !IL I I l.J j ~I· 

TIME ORA DOWN CURVE 

10 '0 100 150 '200 0 
II '" ... ·,.I ~ ~---- ... lllllllll!U!llllll)Jlfllllllllll !ll!II Ill 

IACOB METHOD PUMP T ES T Q' 
' , liltftW~Ull!;~+i=t:1+11+f:ml o: 3 . &f'> oprn WELL - 8H .6 

t I 1f I 

It:.. 
~+!' 
. ,, 
• l 

I l 
! I 

I, MINUT ES 

---

' I 

11 

I 
+l',l/',.f'J.".ll',:r' ........ ' u:ti'f,n,mr·n~ 11 1--~ 

lHHMH·l+M~t rl I I • ir 

,-

- 20 

4(' 

50 

60 

DEQ Ex. 3-1375



0 
(') ...... 
0 
r:::r 
(1) 
'"1 

l'V 
0 ...... 
00 

• 0. 
0. 
(1) 

::i 
0. 
C: 
s 
0 
0\ 

I 

...... 
l'V 
' ..:,. 
0 
-..J 

TIME RECO ERY CUR E 

5 

. 
M :, = " 
- ,J 
C) ...... 

' 
l'I ' 

' c.:: -

M )() 150 200 
t-t--++-.++-tt !l!IIIIJIU!!llltll lll 11 111111111•11!1, ~· 

, 3 . 6 gpm 

C!.S/ o cycle : • 6 - 3 • • 

= 3.5 

i-1-t:$";;;.t:t:tr~n - • T, 264 ( ) 
f---+-+4-++-"4-+-H-l C;S/Log cycle 

. 
= 264 (3 . 66 ) 

3 . 5 

T = 276 .1 qpd/f 

: 
36 . 9 n 2 /day 

n 

1-, 

I 

) 

DEQ Ex. 3-1376



RAMACO Brook Mine 

• 1' .->. ,;,c.vLv", ,..,~v C.A t' vn~ I IUN Al,IUIH. R TL ST D AT A 

Counry- Sheridan T. _j]___ ~. R. _M___ © Soc. )4 ,_WELL. O,_...;;5,;;;8...,tl-- --
'c:noMcl _ ... Bo...,nwd ... a .... r ______________ _ 1<>1 G) Si1'da weU d.nowdown 3. Ih•wdown 11h ob i,. "' • U }. O ther ( spccll 

typ e · (j) Suw • well rr.co ,..-y 4 . Rcco cry with ob,, ell 

" .. ..,ncr _ _ P_. _K_. S_. ______ _ Add rm Sheri dan WY 

B Reed 
ll de pth 340 ft . 

·.,; diameter 5 ill . 
ype [)[ w::, ecn Sa 'd 

or perlon11on S 1 ot S 

,quUu Monarch 
J\Jtudo of land 

w.,fa~c ----

Wl. from MP ]()Ci gi; 

n:,TC ll·S 

4-9 -80 10:30 

l 0:33 

10 : 36 

l 0: 40 

10:45 

10:50 

11 : 00 
I 

11: 15 

I- 11: 30 

11 : 45 

12:00 

12:20 

13:00 

13 : 30 

14 : 00 

Of l :35 

14:36 

14:38 

14: 41 

14:45 

14:50 

14:55 

15 :00 

15 : l 0 

15:20 

Method willed : A. Aa-10.ury 

WcU dwnctcJ_]_j_ B. Bored 01 •u crcd 
C. C1blo-tool 

Cam1& type .._p_._VC...__ __ _ 
Interval of JCJe.e n 

or pcrfontion 303' - 3 27' 

D. Dug 
® Hyd .•IOUT)' 

J. Jclto:1 

P. All'pcrcumon 
R. Rn .• roLMy 
T . T rcl1'hlfll 

V. 011•cn 
W D11• 1> I 

Z. OIJl c, 

Pump dcplh (1, 

Aqul!cr lithology__._....._....__ ________________________ __ _ 

How 
d etermined ______ _ MP 

How mcuured Gal vgns@jlti:f 
!K:'Tli TO THI!: SlrCE 

1/\TCF; LC\'EL PUMF o:• .: . I'. i;. 

105.95 0 

124.23 3 

139. 19 6 

141 . 27 10 

145 .51 1 5 

147.80 20 
149 . 36 30 

50.43 45 

150 .74 60 

151 . 04 75 

151. 10 90 

1 51 . 46 110 

151.77 15.0 

152 . 08 180 

l 52. l 0 210 

152. 13 245 

136.45 246 

120.32 248 

113 .81 251 

110. 31 255 

l 03. 70 ?60 

108.42 265 

108 . 15 270 

l 07 .80 280 

107. 58 290 

Abo•c 
Below 

-

UD 

T ~: .. $1',..;r: 
Pll"., o: -~ l 1-'l ·· ••• • • I I I \ • 

, 

.. 

1 

3 

6 

10 

15 

20 

25 

35 

45 

AJ111udcMP ______ _ 

S1 ~-
: ' 

'"I l 
P.::51 DL' .' 

't.\' . .'!)(' -: 

0 

18.28 

33.24 

35.32 

39 . 56 

41 .85 
3. 41 

44 . 48 

44 . 79 

5.09 

5. 15 -
4 5. 51 

45.82 

6.13 

6. 1 5 

0 6. '8 

246. 0 30 . 5(.' 

82.7 14.37 

41. 83 7.86 

25 .5 4 .36 
. 

17.33 i . 7 5 

13 . 25 2.47 

10.80 2.20 
P, .00 l .35 

6.40 I 1. 63 -----

I I I l 5: 30 107 . 40 300 55 I 5.45 l. 5 

15:40 107. 27 310 65 4.80 l. 32 
-

\15 :50 l 07 . 18 320 75 .26 I 1. 23 

11 I 
- I :00 107 nq 11n .... nt' I - - -ff f 6 2 / , 

' 

October 2018 RECD 10-25 - 1 3 
Addendum 06- 12-408 

' 

DEQ Ex. 3-1377



RAMACO Brook Mine 

WA ER I Ell BH 584 

PU Pl IG RATE D/\TA 

TI ME TEST VOll/11( OF Tl t'E .![ IGHT[D 
TEST OURATIO GALLONS PER DISCHARGE IE I GHTEO 1WER/\GE 

DATE TAKEN SECONDS MIIIUH f.ALLONS OUR/\T!Otl DISCHARGE 0 

d-9-80 103'3 22 .50 9. 1 5 3.43 3 27 .45 

1040 23.40 8.80 3.43 7 11 l • 60 

1045 24 .50 8.40 3.43 5 42.00 

1050 24.30 8.50 3 .43 5 42.50 

1100 25 .20 8. 16 3.43 10 81 .60 

1115 25.70 8.00 3.43 15 120 .00 

1130 24.00 8. 58 3.43 15 I Z8. /U 

1145 25.50 8 .07 3.43 15 121.0~ 

1200 26.30 7.83 3.43 15 117 . 45 

1220 26 .00 7.92 3.43 20 l~ti.40 

1300 25 .70 8.00 3 .43 40 320.UU 

1330 25 . 50 8.07 3.43 30 242 . 10 

1400 25.50 8.07 3.43 65 524.55 

)FF 1435 245 1987.4 

1987.4/24 1 = 8 . 11 . , o ta I Ave. 0 = 8. 1 -

Soeci fie I a pa c i t y = 8 . l /46.1 8 = .18 qpm/ft . --

I I 

I 

I -

. 

-
I 

I 

l I 
- - - . - - - - -- --- - , .,.. _,........,,. -

TF l I , 1 5 

October 2018 
RECD 1 -1 Addendum 06- 12-409 DEQ Ex. 3-1378



0 
(") ,..... 
0 
Cj 
(I) ., 
tv 
0 ..... 
co 

- r" -J 
., r 
I -

• C. 
C. 
(b 

::! 
C. 
C 
:3 
Cl 
0\ 

I ..... 
tv 
.p. 
..... 
0 

0 5 

11111 
II. ,1 

1! 

1i f-l I llllfHI 

Tl E DRAWDOW 

10 

JACOB METHOD PUMP TEST 

WELL · BH584 

TESTE D: 4-9-80 

'--
' -I- -

~I HH H IHliH.mlllll-¼-l-•-1-i-1-1-++-I -

CURE 

' 0 

I 

~,iHH''ffi™f!!IIWl--+++4-1--~+l~ I Hi+ -HI+ -HM-+111l I~ lfli'ft.JtlJ'JtJtMH-1 
lt HIUIHIIII~ _, _..._ 

I 

i iIDllfl!UHf.w-i•U 

C 
' I~ r 

I , MINI) S 

100 150 200 
1 \lllJl UIIIII Ulll I I lllllUIIIUl!lllll 

-+,-1-1-,1,...1-4+1-++I ' 

-- -- -~ 
t-

·---•- .._ 

t--, - 1- ...._ 1-H--

- -,._,_ ·-

• e . 11 qpm 

6S/Log cycle :,, 5 . 7 - t. • 4 

= 7. . 00 

T , 264(0) 
6S/Loq cycle 

, 264 (8 I 1 ) 

2 . 80 

, 764 . 7 gpd/ ft ~lffll 
2_ I 

: 102 . 2 ft /day 

' 7 • ' ·1 

I 

n I 
rr 

' ,, 

DEQ Ex. 3-1379



0 
() 
.-+ 
0 
O" 
(1) ., 
Iv 
0 .... 
(X) 

• 0. 
0. 
(1) 
::; 
0. 
C: 
3 
0 
°' I ..... 
Iv 

I 

-+> ..... ..... 

:a ~ 
m ... , 
n . -c::, 

-:, -C) -I 

:, I,.) 

I '-,-, -
~ 

5 
~ I II -
I 1ll!' I 

r 

. , I I 
I 

Ill:' I 
_, -

1-t-= 
h l 

:i I 
I 7' 

h 

J 

' 
j 

0 

10 

TIME RECOVERY CUR E 

:o 150 200 
1rm m m 1111 11111 U llll lll ll lt) JJl l!I ,, 

JtCO~ ME"F HOD PUMP TEST I I 

WE L· 81158 
• ~ : --1-+-+-+++H- i 

: 8 . l ! gpm 

- - , TESTED - tl -9-80 
' l llll l; i l O S/Log cycle : '-I . 80 - 2 . I r 

- -

--
L 111 11 1111 !~jj•~~+H- " _1 1111 11111 = = 2 • ? O 

i " l+WII-I-IHilllllllUllll,. ~~111 1-LIII I U-Ll llll H+_·-i.-i.-:1..-1..1 .. t++iitt I I - "" ... ,. 11 T = 264 ( l 

' ' 

=c~:=:~:t~tt~• OS/Log cycle 

I I 
1 

I l 

_ 264 ( 8 . I I ) 

2 . 70 

.l- ~~ 
I 

111:, ... .. -
+ 

' ,r: 
,, .. . ;~ I " IHH~H1f#mll-l-HH+'-!H"HH#l!H~ f 

--+-t-++-1 •+ l l 
I Trf 

J f I i j 

I I l l 
TTT 

' T 

AVG . T = 792.98 + 764.7 
2 

= 77 8.8 gpd/ ft 

tt 

1 ··r . 

DEQ Ex. 3-1380



RAMACO 

October 2018 

ADDENDUM D6-5 

AQUIFER TEST DATA AND CALCULATIONS 

PIT 4 

nr.,~ ~ ? I n ? r. I , ., U~ :J 

Brook Mine 

. ' '. , . 

RE CD 10- 2~- 1 3 Addendum D6- 12-412 DEQ Ex. 3-1381



RAMACO 

Date: 11/1 /79 

s • ~ • : 61 . 32 I 

Brook Mine 

8AiU:K TES, 

Personnel: Gerlich , Araas 

Bai 1 e · ' o ur,:e: 2. 63 9a , . 

T '.iE 
OUT 

BAILER ELAPSED TL'E I t. O 
VOLUME t, TO S'( Mlll ) S'(DAY) 

GALS 

RlG:ONAL 
DRA mOH 
5' F 

' VOL ( G.1\1. . ) 
TToJi:1)- COMM[tlT5 

13:28 13:29 2.68 
l 3 ; 30 13 : 31 1 . 34 
13:32 13:33 0 
13:3 13:35 0 .67 
13:35 13:36 2 .68 
13 :36 13:38 2.68 
13:38 13: 39 2.68 
13 :39 13. 41 2. 68 
1 3: 4 l 1 J : 21; 2 . 68 
13: 42~ 13:43 3 4 2 . 68 
1 3 : 44 13: 51, 2 . 68 
13:451, 13:46 3 4 2. 68 
l 3: 4 7 13 : 48JJ 2. 68 
13:48~ 13:49 3 4 2. 68 
13 :50 13:51~ 2.68 
13:51· 13:53 3 4 2.68 
13 . 51 1 J : 51p 2 . 6P. 
l 3: 541, 13: So 2. 68 
• 3: 561, 13 : 5 7 2 . 68 
13:573 ~ 13:SQ~ l .34 
13:59'. 1 :Ol 2 .68 
l 4 · 0 l', l : 02 3 4 2 . 68 
14:03 14:04\_ 2 .68 
l :043 4 14. 06~ 2.68 
14 06·; 1 · 08 2. 68 
1 .: . QP1 1 09 3 4 0. 7 

~ECY,1E1 Y 
1 ;. l 
l<i:32' 
1.,: 50 . 
15: 11 

October 2018 

l 111. 00 
112. 00 
110 .oo 
108 . 00 
107.00 
105. 00 
104. 00 
l 02. 00 
100.50 
99. 25 
97 75 
96.25 
94.75 

3.25 
9 .75 
90 . 25 
,18 . 7c,_ 

~ 7 .00 
5.50 

83.75 
82 .00 
80. 25 
78 50 
76.75 
75.00 
7 3. 2S 

f,8. 0 
50. :,[) 
27.30 
l?.00 

() 

. 079 

.o 8 

.076 

.o 5 

.074 

.073 

.072 

. .171 

.'170 
_r159 
. 068 
. 067 
.0 6 
065 

.064 

. 063 
• 1Jn2 
.060 
.059 
.058 
.ns 
.056 
.05~ 
,[)53 
.052 
. !')5 l 

58 5 
97 ,ol 
~7.J: 
5 . 2 

'33.85 
17.23 
0 
8 .93 

36. () 7 
6.74 

36. 12 
37. a 
38.ao 
33.39 

'3 .48 
o.nq 

,i(l _ 7' 
ill. 38 
I~ 2. ()5 

2 77 
l J. :-r, 
' ~, 

. , • ..).J 

:! _ • 1 3 
2.:..03 
17.06 
8 (")8 

,1 15 
sn.w 
51 . , 
1 ~. 1 7 

= :14n. ,~, 

50LUT[11 TO WW 9r BAI LE. 

r 
r"'\ f' ,. -, ,... 

I 

I 
I 

::: 'l ~.,,......., .... /ll 
{12.5 ){J3.0fl') 

= ~.22 ~Dd/f ~ n. 
. 1. ., 1 /cay 
l. 

/ il y 

rl n 2/ 2 5 
ECO 10- 25-1 3 Addendum 06- 12-413 DEQ Ex. 3-1382



RAMACO 

Oa te: 11/14/79 

( ' . 61 . 32' . . 

PAGE 2 

TIME T' IE 
OUT 

Ave. Q"' 60.30 
41. 7 

BA ILER TEST 

\ell_ ,/\-/39"-79 

Personnel : Gerlach 

Bailer o l ume: 2 -68 (]81 . 

GAILER ELAPSED T , E t , TO , REG I OdAL 
VOLUME t TO S'(Ml I) S'(DAY) ORM DOW~ 
(GALS) S' FT) 

in. . , 4 9pm 

Total esidual rawdo.,.m 98 . 65'- 1.32' = 37.33' 

.·. Spc ifi C Ca city : l 4 m 
3 .33' = .04 qprn/ft 

f"\ .C ,, 7 I 

T l 21 _5 
October 2018 co 10- 5-1 3 

Brook Mine 

COt ' E TS 

Addendum 06-12-414 DEQ Ex. 3-1383



RAMACO 

::la e: 11 /15/79 

s. \·I.: 7 . 47' 

Tl 1E 

BAIL[P EST 

\ell = :H·/391-70 

Gerl ch Araas 

Bai le r Volume : 2 . li8 l . 
-------

Brook Mine 

TB E 
OUT 

13A ILER ELAPSED I 1£ • TO REG I ()tl/\L n { G I . ) 
VOLU E t, TO S'( Mlr l) S'{OAY) DRA',,OQ,/: ~(OA'1l- COil ENTS 

GALS 5 • f F ) 

2:97 12:08 2.68 
12:08 12 :09 2.68 
12.09 12:10 2 .68 
1 2 : l O 1 2 . 11 2 . 68 
2 : 11 l 12 : 1 2 2 . 68 

l 2: 1 2! 1 2: 13k 2. 68 
l2:13k 12:14½ 2.68 
12:14 12:16 2.68 
lZ:16 12:17 2.68 
I 2: 1 71 12 : 1 8 2 . 68 
l 2 : 1 8 2: l 91 2. 68 
12:19 /412:20 3/4 2.68 
1 2 : 21 1 2 : 2 2 2 . 68 
12:22 12:23 2. 68 
12:23~ 12:241 2 .68 
12:25 /'112:27 1• 2.68 
12:27 3/'112:29 2.68 
12:301 12:31 1 2.68 
2:31 3/ 12:32 3/ 2.68 

12:33 12:34 2.68 
12:3.1! -12:351 2.68 
12 :35) 12 : 36 / 2.68 
12:37 12:18\ 2.68 
2. 381 12. 39 2 68 

12 :39! 12:40 3/4 2.68 
] 2: -!2 J/ 12: I 2 . 68 

13: 13 
13: ~5 
14:50 

12: 5 3/ 2 . 68 
12: :17: 2. 68 

162. 00 
161 .00 
160.0() 
159.00 
157. 75 
156. 75 
l 55 . 75 
5 .00 

1.00 
15 l. 75 
150.50 
149 .25 
148.00 
146.75 
145. 50 
142 . 50 
1'11 nn 
138. 50 
137 .25 
136. 0 
l 3ll. 75 
133. =~ 
131. 75 
130.50 
129.25 
1?5.75 
1 ;i.1. 2~ 
122. ;:, 

121. 00 
7.00 

05.00 
0 

~OLU'":' on TO \·.I ,, 
'· ·, I 3 
~ -~-'- --
11 2 3 n 

.391 

. Tl I 23 . R2 
11 23 . 97 

.111 24. l '.'. 

. 110 24.27 
oq 24.46 

. i09 2 62 

. 108 7C.. 8 

. 107 25.]6 

. 1 OG 'H, .2~ 

. l 05 ~5. ' . 105 ..'5. 6 

.104 25.FYi 

. i03 2fi . 08 

. 102 l6.30 

. l 01 ?.6.5i'. 

.099 27 nr 
., 7. 37 
2 . \u 

.0 ~ 23.? 2 

. 0 4 .~r .. ,, 
l 

.oq4 28 . 6~ 

.093 2e.0· 

.0.2 ')() rJ L..:. • i_.., 

.0 1 29.57 

.090 29.3 

.087 J().110 

.0% 1 ., . 
. ,t 

.08 ' .ll --
~75 .r-.7 

79.2fi 

.. AJ 
79 .06 
78 . 8/~ 
78.6il r 

.,.E~ 

... ! II l 
/'.Lif ' - 7.47 1 = 31.17', <.o =1 ..... 1:--2-_~sd.--.--=---...-:-,~• 7:i.1.4, CJ 1/~ov 

I ;;..,i.111r11f• -= f- 2 ,,,.., I 
\~here 5' = 

Tf 2 / 2 
October 2018 ·CO 10- 5-1 Addendum 06- 12-415 DEQ Ex. 3-1384



RAMACO 

Date: il/15/79 

S.\·/.: 47.47' 

PAGE 2 

T ME 
IN 

E 
OUT 

A Q = 75.04 
V • 40.25 

To al esidual 

Octob r 2018 

BA IL[ HST 

,,:ell .: \, -1391-79 

Personnel· Serl ach Araas 

Brook Min 

----------------=.:..:...=. __ _ 
Bailer o 1 ume. _ _ 2_. _68------.::._a l __ _ 
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RAMACO Brook Mine 
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'cnonml Bandar Araas Veenstra I Co]) j er le,t 1. i, - ,~ wcU dnwdownG) ou ... ·down WIU\ ~: er (sp oc:U 
l)pc . 2. S 1 Jc,.·cU recovery ~. R«:ovcry "IUI\J 

Addrcu P O Box 3049 , Sheridan \,JV P290) 
R • Reed ( PKS) Method d.n.lkd . A u -10 :u-y 

J depth SO ' 0 ft. Well dwnc1er 7 7 /'£. 
5 VVC' 

111;! d1AmtlCf $di-/ ln. HI type ____ _ 

8 . Borc<l oi "" ere.I 
C. Col.,11>-tool 

D De 
!I . II yd -rowy 
J. Jwcd 

P. Au-pc rcuu1on 
R. Rcv .•rou.ry 
T ,cnchma 

\" , C>11v'ct1 
W. Dn"~ uh 
Z. Othc:: 

Yl' • o( ,crun lnicrvtl of .aun 
o r pcrfonuon s lo s or perforation 27-50' Pump hp . &. lypc l . 5 hp Barnes Pump d(1Jlh _1L fl . 

. quilu Ft . Uni on Fm. Aqul!cr lithology _s_a_n_d.;.y_c_l a...;:y;...._a_n_d _ _ ; n_e_...;:g;...r_a_i_n_e_d_s_a_n_d_s_o_ne ____________ _ 

J111ud c of Lond 
.whee 

How 
determined s uryeyed MP Above LSD Below __ _ Allllude Ml' 1,85 

wt. Crom MP 20 .40 Galvanometer 
How meas~:!-===::-:_;::_:-;:~=-=--~-:::.-::-.::. ======::::::;;::::::===== 

:i.-. T[ 

2/26/79 
on 

11r " Tli TO 11·:- Sll'Cf 

I •.n:: 1: L!: 'CL PU Mi ' o:, l, 1::-.. 

1600 20.40 0. 0 

01 39.78 l. 

02 39.70 2.0 

03 39. 78 3. 0 

04 39 . 77 4.0 

05 39.30 5.0 

10 39 . 73 10.0 

20 39. 80 20. 0 

30 39. 7 30. 0 

1700 39.' 3 60.0 

JO 39. 80 90. 0 

1300 39. 75 20.0 

1900 39.62 180. 0 

I 2000 39.80 240 . 0 

: It l 
S l .. 

i-:::s 1 Yt:1•. L 
:--.._· . .- !I)('.~ 

0.0 

19.38 

19 .30 

19.38 

- l 9 .37 

9. 0 

19 .33 

0 

19.3 

l'1. /I 3 

1 Q. 0 

19.25 

19.22 

19.40 

19 . 35 I ---+--__;;;.2.;...;1 o'""o--+--'3'-"9..;_. 7-'s ____ -+-_.:;...30;...:.o_. o=-----+--------+----+----'-
2200 39 .47 360 . 0 19.07 

2300 39.51 °20.0 1 ~- 11 

2400 39.40 ~80 . 0 l------t----=--+-------,f--------+--------t-----1--..,.., 
: 2/"7/lt"J 0100 39.39 5·0 . 0 

19.00 
lR.99 

0200 39. 50 oOO .O 1 10 

0300 39. 43 660.0 0 .03 

. 

p m-p -o ii- --- _ l-_---~--=--•---_-~::~~~~-:=-~---~==---_--1i-_---l----
-r---1======4~------,1------=--l ---l 

i----1 --I I _ __;I __ _ 
.----1----- -1 ,-----i------
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RAMACO Brook Mine 
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,:WY Count)' - ·sheri dan T . ~ t·. fl... _8 __ S . __ 9_ . v ~L '10.l,f\,/ 392-79 

· e1 nncl Bonda r, Araas • Veenstra, Co 11 i er 1 cit 

·,uownc, Peter Kie~1it Sons ' 
R. Reed (PKS) Method drWcd ., A .' Aa·z 1:lrf 

!l deplh 50 Q it. Well dwncm L.1J 
u,rqg d ... mctcr ~'"'1-- in. Crnng I yp --'P_V....;;C'-----

·n Bored or au ere~ 
C. Cabl.,. tool 

Dn11.do n wllh ob ,_ well j Otha (sp ocil 

P A1t-pc1cuufon 
R. Re , roury 
T. T1cnchma 

. 

\' o,,vcn 
· Dnvo,,·alll 

Z. Olhe1 

)1) < of 1ecn 1 t lntcr,,a.J of ,crccn 27 ~o I 1 5 ' B 
or pufo uon S 0 S o, pcrfor211on - :J Pump hp & typo ' np a rnes Pump dcp r.h ~ fl 

t . Union Fm . Sandy clay and fine grained sandstone ,qulf<1 _______ Aq ui fer hlholo&Y _________________ _ 

J11lu~e of 1,nd 3698. 5 
race 

ll'L I MP ,om ,n ttn 
How d 

dc1c:m11ncd __ S_U_r_V..;.e,,_y.;;.e __ _ MP Above 
Below UD ---

How mc:.uut d .. r,,:i 1 v11nnmPtPr 
- - ., _., .. __ 

I)!: r, l'li TO 11 :,rr: 5 11-CC - I., <..;, l' ,·:--

Al11tudc MP _l_. 8_5 ____ _ 

51 . .. l l • • • ) •·· 
1 - - n::: I.,\ 'Ch :.: '!::L PU!·ll' o: t I ~:II,. ru:· ;, 0(? , ;:1;., / C P.::S :ot••· L -•, , 

t, .... '.:L• • •1. 

2/27/79 
off 0302:00 39.4 3 662.0 0.0 --- - - 19.03 

0302:35 26. 10 662.58 0.58 1142. 38 5.70 

0303:44 21. 07 663.73 l . 73 383 . 66 0 .67 

0305:13 20.68 665 .22 3.22 206.5° 0.28 

0307:00 20.57 667.00 5.00 133. 40 o. 17 . - --
0312:00 20.55 672.00 10.00 67. 20 0 . 15 

03?8:00 20.53 688 . 00 26.00 26.46 o. 13 

0411: 00 20.48 731 . 00 69.00 10 . 59 0. '.)8 
-

0449 :00 20 . 43 769.00 107.00 7. 19 0 .03 

-

I~ 

-

. 

·-~ --1 --· -- - - - -- ' -
_I I I 

--- ·-' - ---- - - - I - - ---7 --------•------~---------~----------'l _____ j _____ _ 
__ j _____ _ 
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I 
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RAMACO 

111\l'.:I' l'C:Ll. 

- ··- ··---- ->- ........ - ·- , ... ....-. ...... _. 
~ 

D,\ 10: . ES I' T ~,E 
l'r.ST 
T1 1:[,il 

uui:,\ r ro,• G LS. PER 

'2/26/79 1601 

1606 

1621 

1630 

1700 

1730 
1800 

1900 

2000 

2100 I 
2200 '--------

0../27 /79 

2300 

2400 

0100 

0200 

030() 

----

. 

. 

St:C. M lUTE 

79.2 41 . 67 

81. 8 40. 34 

83.6 39.47 

84.0 39.29 

8 . 7 38.96 

85.0 38.82 

8 . 5 39.05 

85.4 38. 64 

84.4 39 .10 

8 .4 39 .10 

88.5 37.29 

85.3 

I 
38.69 

86 .8 38 .02 

86. 38. l 

85.9 38 .42 

87. S 37. 71 

I 

___ , 

Brook Mine 

J of 3 

i' ·---.-~-:~;~ 1: ~: --··-~ r-·· ;_~- T~~::·~·,7l~j~•-• -
r ,,. • • r- • • , . r .. -1 • r , _. l lhJCl11,hvl:, C.11.. ..... ,,,.!_,) i\ 1.11.AGI 

';:1:·.\T!n: ; iJ::,C:ll/\1,C:t: Q 
----

I 55 1 1. 67 

55 5 20.l . 70 

55 15 I 592.05 

55 I 'J 353 . 61 
I 

55 30 1168 . 80 

55 3 1164. 60 

55 30 

I 
l 1 1. 50 

55 60 2318.40 

55 60 I 2 346. 00 
-

55 60 I 2346. 00 
l 

2237.41 55 f.0 i 
I 

55 
. 

ljf: I 2321 .40-
I 

55 I 60 
I 22Sl .20 I 

55 50 a~n .au 

-s-5 50 l'.JU::> . £U 

55 60 22b2.60 

TOTALS F,6(' 25 .403.53 
-

' 
I 

I 

- -- - -- ·-----

I 
I 

I --- ----- -----
------i----1 

I 
I 

l 
. 

-------:---1 

----· --- - ----- -------- ---- -- ------
---'----- -------. -----·-- I - -- -----

11 1~5.403.sJ., 600"' :.rn.,1' 
1
\ Srret; ''- .... a.,~lcllv -·--38~~ , .... : 2_02 

1----- ~ - .....,_______ )ll !13 ft 

I IU \.tl I ~\- -~ =~~.,,.~----- I (II I'\ _u.,, - ------ ___ L _____ - ---- -
Tr 2/ 1 5 
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RAMACO 

Results of ~quifer Test Conducted 2/26/79 

Pumprng 14e11 1,IH }92-78 
Obs . wells \./'w 393-713 lt l~W 394-78 

O = 38.5 gpm 
r
393 

= 96.7 ft , r
394 

= 174.2 ft. 

Brook Mine 

1, Attempted modified Jacob method 0rawdovm and Pecovery 1..urve analyses on 
numping well 392. For both at empts, the point scatter was very great 
dnd the resul t s ar e inconclusive. May need r.orP data points or there 
was turbulent flow. 

2. Attemoted Jacob Tir.ie/0rawdown analysis for observation 1-,ell 393. Plot 
of points shows great scatter and the results inconclusive. 

3. Attempted Theis Time/0rawdown analyses for both obsPrvation wells _4 
Well 393 yielded a leaky curve with T = 16,958 god/ft. and S - 4.4xl0 
~ell 394 yielded a late non- leaky tyoe curve with T = 55,150 gnd/ft. 
and S = 0.013. Well efficiency calculations for ~ell )93, using the 
Theis method, calculat~d to 25"' for wPll 393 Mid f: for v1Pll 394 The 
25'.. efficiency is very reasonahle. Da ta for l'lell 3011 shol'1S insufficient 
dra1-,down for any type of test calculation . TherPfore , ~ite hydraulic 
coefficients calculated for well 393 are taken ~s reoresentat1ve for the 
aquifer in this area_ 

D6- 437 

lrll 6 2/01'.i 
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RAMACO Brook Mine 

L~~ /.'c- . • .,.~ 

Pumped Well Efficiency Calculations Usinq Data Fro111 l<c. •' -~, 
Obs. Wells 393 and 394 (t: •< L'r . 

Theis Test Pumpinq I.Jell 392; Obs. I.Jells 393 and 394: Tested a/26/71 

1./W 394 

1 . 87 12 S 
u = Tt 

r = . 21 ft. 
S :: . 013 
T = 555150 gpd/ft. 
t = .46 day (use max. length of test) 

u = (l ./37}( .21 )2( . 013) = 4 75 x 159 
( 55,150} ( . 46) · ' w(u) = 18.58 

S ( ft 660 . - ( 114 · 6 ) { 38 · S) ( 18 58) - l 4<J f but 1 4 o a er min - 55,150 · - · t , · · == .0!3 = 8" v,1ell 

efficiency, therefore, T value probably too hiqh. 

Obs. ~le 11 393 

r = . 21 ft. _4 S = 4.4 xlO 
T = 16958 gpd/ ft 
t = use .46 day (length of test) 

2 -4 ) 
_ (1.87) ( .21 l (11.4x10 = 4 GSxl()-9 .,, ( u ) . JP, _;:;1 11 

( 16,958 ( . 46) . ' '" 

19.03 

, C _ 11 46Q ( ) _ { 114 . 6 ) (38, 5 )\ 18 · 61 ) 84 
· · ~ - -T- 1'' u - 16,958 = 4· 84 f~. but 4 · - 2~ well 

1 °. 03 - ., 

efficiency - reasonable 

""'r ,, -,9 

October 2018 
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RAMACO Brook Mine 

, ~ Gt.ULUu Y A EXPLOR -10 AQUIFER Tl 'iT O TA 1 O " 3 
57 r P E. b -""f.EJ' 395-79--;•! - She·idan 

T ___ 'i. R __ w· Sec. ___ , _WE LL 10. _____ _ '•----- Counry _______ _ 

'u Mel Bonda C Ara a 5 

0 

,l\lludc of la nd 
face 

.,'l. from MP 

4/20/79 
on 

3666 .4 
8.?.5 

1 •.r. 

1240 

41 

42 

3 

44 

45 

47 

50 

55 

1300 

10 

20 

30 

40 

50 
1,:00 

1 est I. S11"\llla cU dn"'do n 3 Ota-..do-..•n wuh o ._ "'• U 5. 01.het (11>CCU 
I) pc· 2, SllllV• clJ recovery •. Roco cry 11.h ob, we U 

Addrcll _..;.P....:·~c..:... ___;:;_Bo..:..x;...._3:....0:....4....:9:....:.......:S..:..h..::e..:..r..;.i ;;;.d;;;.a n;.;....L......;l'..:..·/Y;__...:8:..;:2..::8....:0..;.1 __________ _ 

Method dnlled : 

m,7 7/ 
Cu u1g \Yl)t _PVc ____ _ 

A i: -101:u-y 

B. Bored or •u crrd 
C Cable- too 

D. Dug 
I!. Hyd . rou,-y 
J. Jelled 

r Au-r,crcuu,on 
R. Rc,·.- rou.ry 
T. 1cnch 1111 

lotcrv&.I of ecn 
42-60' Pumphp. &1ypc 1.5 hp Barnes or perforat ion 

V. Drinn 
Dn•e>wa 

Z. . 01.h a 

Pump dq>lh 2L_ fl . 
nconsol idated deposi so local ori g n. 

Aquifer l!lholoi)' -------------------------------
How 

dc1em11ncd surveyed MP A ovc 
Below LSD --- AJmude MP --=3:....fi..::6..::.6..:..· 4..:.__ __ _ 

galvanometer 
How mc,uurc:'.:d~====-=;:~:-=-:-_""'.'""'.·:7.".'::.::-:. ===========::;================= 

1Jr:!1 '! Ii TO 
11!,TCI LL: 'i:L 

R. ?"i 

17.92 

28 . 33 

33. 70 

36.83 

38.87 

41 . 11 

4?.03 

2.05 

2 . 09 

41. 78 

44.65 

51 . 30 

52.97 

52. 12 

53.67 

Tl :-:.: q .:c:
l'U1if o:: . , ::1::. 

0 

l 

2 

3 

4 

5 

7 

10 

15 

to 
30 

40 

50 

60 

10 

80 

"? 

T .. ' -- :i l · , ·r_ 
.,,, .. . , 0 .. ) I"' 
l • !' I ' .J 1\ 

1 
~ I • I• 

t / ':'. C' DL'.-.L ·-·' 
r:-...\\::1r ... 

0.0 

9.67 

20.08 

25. 5 

28.58 -
30. 62 

32.8 

33 . 78 

31.80 
..,, !3,, 
J .... ' t 

33.51 

36. 40 

f,3 .05 

44. It 

I! 3. 87 

-.:, ... _ 
- ,i 5. f,, 

I I J 

----1--------4 ,---i 40 ===:]--2'.·:: 55.46 120 

I 50 --------1--------t----l 1s o 
55 .88 

56 . 33 

1 :) 

140 

150 

185 

- . Li~ 

1----i l , . 1 ' 
. 

:17. 7'1 

I c7 86 
I I 10 56. 04 

1 5 

] ---
---

.--~ 56.08 =L~-J_ s_6_._7_8===--- ___________ -:i· _,~_-~_,) __ _ 

----1---J--~--- -1-
1--1=--=il -I 1,=--1=---=---= 

"' , , I 

0 tober 2018 
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RAMACO 

I\.:), vt. LV'-' I ~ , U t. ,\ ~LUli I 10, AQU JF l:.R "T l.S T DATA 

Brook Mine 

" uf_ 3 

Ulc WY Counry Sheridan T. _5_7_ t. R. M_ !·, Sec . __ l-5_ ,_l'/[Ll '0---~-~---

c:noM•I __,JB.,_,o""n..,d..,.a...,r'""', .......... A.,_,r...,a"'a,..s'-',-------- - ----- 1 c,t Singla w c.ll dnwdO '-'"ll ). Dnwdown with ob "'• U ~. Olllcr (specif 

Pe t er iewit Sons' 
•tr.• 2. s · le well reco••!)' ~. Reco very "''Ith o b, w~-.i,o::~.,,----

t ll '- ncr __________ _ P. 0 . Sox 1u49, Sheridc1n, ·Jr 828 1 2f Add rc u _____________________ -,,t; .... .....,_.;;__r-'-:a_,..~.---

R. Q.eed ( p KS} Method drilled. (A) Ao-11,t:i.ry 

u. depth ~ , leJ t. ., wm ~ r:T 

D. Du& 
ll Hrd.•rOW) 
J. Jetted 

c~ n f "'ell d '·- ct cr ; i '°'· '( Bored or ;u crcd 
PVC C. Cable-tool 

H I d,am et<r --- Ul, Cuins type -----
ypc of · ,cc n saw ~ l O S Interval of ICJCC n 

0 1 pt.rlontion ____ or pc:rfontion 

uU<I A 11 u vi um t,q ul!tr lithology -...>!.L~W...u.i..l...J..l,......,.....,,,__,.>..j.!><..!..J...!:..a!....;:i<..!...--1.;......., .......... ....W.:......!..;J-U,:.._ _ __..;~(,,,.-------,l...:o;.

!thud of \Ind 
w1hce 

3666.4 

8 25 

How 
det crminc:d MP LS D - --

P',T[ TI!·'.:: 

How m e..asw•::d:==a=a="l=v=a='=n~o-=-m~e~~:"'e~r-:: .. ::: .. ::-.:-:. ==:::===========:::;:====================== 
!)!: 0 ·J Ii TD 

\IAT[l{ l.!:\'[L 

r1:c sire;: 
PU:•:! O:' , , '.! ?:. i·L":•• · O .. • • , 

' 1 
r. 1 ,,. • ·It· 

<:: I ••. 
P..:5 DL'-' L 
: 't'· · .. 'i•C' ·:. 

~t?nt?a~- -----l--- - ---+----------r---------1-----+------
n f f 1600 56.78 200 0 0.0 48:53 

0 40. 55 201 1 201 32.30 
02 27. 38 202 2 l 01 19. 3 

03 17. 98 203 3 67 . 70 9. 73 
1)4 12 .65 204 5 .00 4 .40 

05 l 0. 48 205 5 l.00 2.23 

06 10 .00 206 6 3 .33 1 . 75 

07 8. 64 207 7 29.58 .39 

08 8 . 29 208 8 2fi.00 . 04 

f)'l 8.23 211() I) 0 . 0 

\ 

l -----1------ -----------------+-----------------,1-------
-----1--l----+-----t-----1------

I I 
I 

I I --------- ----------i·-- - ------

-=[ _ _l 
\ I 
I -----=-~1--------- -\---

' 1-I --------.... -~ .J-.--------.--~~~----~-! ' 
TF 6 2/ 15 
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RAMACO 

WI· 395-79 
ll /\ l't.:t: \~CLL 

l'Ull1 J::<.; R/\H; IJ,\T, 

Brook Mine 

3 o f 3 

I 

{ 

~-·•- •----r----~--....--._.,. ...,_.,.. ....... . ..-....,. _ . ___ ,...,, __ ··•--• • • -r • - - - #> - •-•• , .-- • - - ~, cr--·•,,.. - ,1 . .. . ".t, __ ,,. , . __ 

,\TL: Tl ,\L TEST ' 10!.l.1[01" I 'l:: 11,'LlC:ll'!J:O 
n:5T l)UI:, rr o, • GALS. PER lLSCll /\ 1,G .. , 1:i'L'i. ·.:1:;c:1tc: ,V!:1,.',CJ: 
· /\ I:cN si:c . ·II UTE ________ 1;u1.Ano:: Ii, •;r.1111!:-:1: Q 

4/20/79 1245 214 . 60 15 .38 55 --~ 76 .90 

1300 

1320 

1325 

1350 

1430 

1500 

I :, I :, 

1530 

214.60 

208 .50 

178.8 

201.00 

207 .20 

215.80 

15 . 38 55 15 230.70 
15. 83 55 

18.46 55 
16.42 
15 .93 
15. 29 

20 
5 

- s--

j lf:> . blJ 

92.30 

o.+l U.::lU 

037 . 20 

' '+'.J O . fU 

t l t . l.lU I 5 . 54 :>::i 1 5 ~33 . 16 
- --- ----- - ----•-------- ___ _ I _____ _ 
, ______ , _ __ ,_s_._69 ___ ___ 55 15 

1
_z_3_5_.3_s _ _ 210 . 30 

1550 2 8 . 30 l :i. 12 55 20 302 . 40 

______________________ ~n_r_A_1s ___ l_19_n __ \_~q_0_1_.1_s __ 
I ____________ _________________ I ___ , ____ _ 

I l ---1---3--
1 ________ ; ____ 1 ____ _ 

•------- "i 
-'----1-----

1 ----1-----___ , ____ _ 
l -------- -----

1-----------------1--1 __ _ 
----~------ -----------------1----1-----________ , _____ ------- --------1 - __ I ____ _ 

___ , ____________ --------- -- -- -- -----

I 
___ 2993. 75 n~: s , ,. n n- 1-------- __ ..... ,pecific Cao._[i_t1.,_~.17u qp11, 

..., . .... ':lot" a c:: ... f 
190 mi n ____________________ 110 .1·.,· '.:. = 

In. 3! gpm/ ft . 
1---- -- - - 4----- - - ----- --- -- ------ --- -
..__ __ ____._ ___ _. _______ ·------ ... ~~ - -
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12-19-79 
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Time Time 
1n Ou t 

1126: 00 11 .,9: 0 
l 29: ·15 ]33:20 
1133 :3 5 1 37: 20 
113 7: 5 11 1: 25 
1142:45 1146 : '30 
1146:45 1150:25 
1150:50 llS4:'1 0 
J l ·1: 55 1158: JO 
1159:10 1·•03:10 
] 03 :2 5 1207:lS 
1207:40 1211:25 
1211:5S 11 15: 1 
l::'lG:05 219 : SU 

Rt••- )Ve l • 

1?30 :0 0 
lJ 0:00 
1430.00 
J S30 :00 

AILER TE 'T 
WELL# WW4fl8-7Y 

fJZfJZ/9Z/ZfJ 

ersonne l Bondar,Ara s ,Volk s .. L. 213.08' 
Z.68 gal s. 

Bailer Elapsed t.., To Residual Vol. (Gal.) 
olume Time, ,To S' (Day) Drawdown t(Day) Comments 

(Gals.) S'(Min.) S ' (Ft.) 
0.67 241 0.167 4.01 
2 . 68 237 0. 165 16.2 

0 233 0 .1 62 ailer valve 
0 "'?Q 

"- - - 0. 159 sticking 
.01 2 0.156 12.89 

0 2 0 0 . 153 " 
2.68 l 0 .1 50 7.87 " 

0 212 0. 14 7 " 
0.67 207 0 .H1- 4.65 II 

0 203 0. 1 1 " 
2 . 68 199 0. 138 19.42 

0 195 0. 13 " 
0 191 0. 133 " 

75.08 

180 2 9 . 05 
120 218. 2 

0 2 18.G 
0 2 12.59 

1 peuue.os 
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RAMACO Brook Mine 

Solut·on to WW408 B Ller Tes 

T = 1 
V .,. + 

4Tr(S 1 ) ½ n 

Where S' = 2 8.59 ' 213.08' = 5.51' at 244 mins. 

so, T = 1 [75 . 08 ~I 
(12.57)(5.51 1 ) Day 

= 1.08 gpd/ft. = 0 .14 ft. 2 / ay 

A e. Q = 11 . 39 g:a s. = 0. 21 m 
53 . 83 m1ns. 

Tot Resi ual Drawdown = 219.05' - 2 3.08 ' 
= 5.97 1 

. sp c fie capac1 y = 0 . 21 gpm/5.97' = 0.0 gpm;ft . 

6 / ? 
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BAILE TEST 
WELL # 'dW555-80 

Date 3 - 4- 80 
~er Volume 2. 

Perso el Vol k, Bandar 
gals . 

Bailer 
Time Time Volume 

In Out {Gals . ) 

lllU·00 11)2:05 2.68 
1112:30 1114:JO 2 . 68 
ll 14: 5 1116:55 2 .68 
111 7 :1 5 lll9 : 5 2.68 
l 1 0:00 l 2 : 05 2 . 68 

122:30 112 : 35 2. 68 
1124:55 1127 : 05 2.6 8 
1127: 0 1129 : JS 2,68 
112 9 :50 1132 : JO 2.68 

132 : 7.5 113 : ·15 2.68 

Ela sed 
Time , t,To 

S 1 (Min. ) 

107 . 9' 
105 . 50 
l03 .08 
100 . 75 

97 . 92 
95 . 2 
92.92 
90 . -1 2 
87 . 83 
8 . 25 

(l . 2 J 

70 . 00 
'.J0.00 
30.00 

0 

t, To 
S 1 (Day} 

0.075 
0 .0 73 
0.072 
0 . 070 
0.068 
0.066 
0 . 065 
0 .063 
0.06 1 
0 .059 

Res1.dual 
Drawdown 
S ' (Ft. ) 

-!4.45 
•13. 05 
41. 40 
• C>. l 9 
3 ; . 6 3 

151 Z 151 Z/9Z/Z 151 1 peuue~s 

S.W.L. 36.10 1 

Vol. (Gal.) 
t(Day) Comments 

3~.'13 
36. 71 
3 7 .2 2 
38.29 
39 .41 

0.61 
l. 23 
2.54 

43.93 
5 . 42 

01.09 
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.3olut1on To WW555 Balli::: st 

T = 1 Vl v2 
+ 

V3 
+-

4~ ( s I) + 
t3 ,, 

'..Jhe r- - S ' = 3Es. ,- I I .., - 36. O' - 2.53' at. 1 0 tn n - . 

= 12.ol gpd/ ft.. = .:, ft day 

Av . Q = 2.58 gas. x 10 
24 . 75 m1ns. 

= 6.8 gals = 1.oa 
4 . 75 n1 ns. 

To al Residu l D a;..Jcuwn = 44. 5' - 3ii. O' 
~ 8.35 ' 

rook Min 

vn 
n 

m 

J i l.C cap Cl ty ..:. 1 . 08 · _pm, = 0. 3 9 !rl !t. 

Tin.e SL C 

oeg n, t, 
2•1 . 75 

0 
60 

0 
110 

b · 1. in9 
(Min.) 

':":.me k~l.- \o::t', 

since bail 1: 
, t t / ( Jin . ) 

0 
15 . 25 
35 . 25 
55. 5 
85 .2 

"' ,. ,. 

1, , ID 2 5 

t i c' 

2 . 6_ 
.. 70 
l.~S 
1. '29 

, r:, 
., ' J 

' "., ... 
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1. 10: i 
1133:25 
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0 
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T1me, , To 

S' ( Min.) 

22 .17 
21 .83 
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2 ] 2.83 
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206.58 
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-, 

, To 
S ' ( Day) 

0. 1 56 
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Vol. {G l.) 
t(Day) 
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14 . 5 
87 .48 

Commen ~ 
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Where S' = 1 05 .85' 97.67' = 8.18 ' at 228 mins 
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(12.57)(8.18') Day 
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ADDENDUM D6-7 

GROUNDWATER QUALITY ANALYSES 

PIT 5 

, i· N u 2 / 0 2 5 
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ELL ·o . _ 1_nR ____ _ 

DATE .,.!HE S/\•PLEP 

10/9/79 1245 Gowl by 
er•ns t ra 

Bondar 

5/ 20,.co 1210 Bo dar 

Page l o 3 
FOP .-,u IO __ ·l_on_a_r_c_h_C_o_a _____ __ _ AREA __ B_i--'q'---Ho;:_r_n _______ _ 

P RA ETERS 

Lab 1ur 5 . Tab 'Jl;rrmo n 1 a l ota l Phos. 
HEATHER pH ( IT l) TSS TDS Cond . Aci d i t y Ni t . as N as "P" SAR 

Cool 7. j - - 2400 2610 - . 0. 1 0.10 -

Cool 7.2 - - 2560 2780 - 0.61 0.10 -

' 
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rARAMETERS 

Carbonate I 2+ 03 Total 
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{6 . 49 0.5 a.oar 0.005 0 .02 O.Ol 0 . 14 . lJ . lJZ 0 . 3l <0 .00 0.05 <0 .00! <0 .05 --0 . 4~ 
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DATE Tl/E SA·PLER 

l/5/80 1?00 Bandar 
Araas 

:J 
7', . - I 

"' ..n 
..... 

~ -..... 
0 
N 
UI 

FORMAT ION ___ M_o_n_a_rc_h_C_o_a l ______ _ 

PARA~ETERS 

Lab 1urb. 
WEATHER pH ( NTfl) TSS TOS 

Cold-snowino 7.0 - - 984 

' 

Lao 
Cond. 

1200 

Page l of 3 
AREA Bi~ Horn 

IArm1on1a 1ota1 Pnos. 
Acidity N1t . as N as 11p11 SAR 

- 11. 5 - 0 . 51 

-
., 

: 
-. 
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Total Mlal inity ,Bi carbonate 
as r.aco3 As HrnJ 

405 4 5 
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PAGE 2 o f 3 

Fl),~· TIO i ----------
·Iona rch ( ii 1 AREA -------------

Big Horn 

PARA IETERS 

Carbo nate ~ 02+N03 Total 
as C03 Chloride Fluo ride as "N" Su 1 fate Hardness Calcium Maanesium Potassi um 

0 8 0. 59 0. 14 404 711 113 105 19 
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GROUi~ AT R QU LITY 
WELL 0 . SSS ------- FOR.-IATI or~ ---------------

Monarch Coal 

PARAMETERS 

Cctions- Fe Dis~ F 
Sodi u;n Anions Al As Cd Cr Cu solved Tota 1 Pb 

11).U/- <0. 1 <.005 , .00, < .02 · .01 < .05 - <.02 
31 16. 7 

PAGE 3 of 3 
AREA __ B_i_q_H_o_rn ________ _ 

Mn Ha Ni Se Ba Zn Boron 
0.03 .001 <. 01 <.005 <O.~ 0.5 U.ti 
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0 GR0UN \ .~Tt" ')IJAL I TY Page l of 3 
~ () 

ELL f/0 . 562 FOR ·IA ION J-0narch Coal AREA Big Horn .... 
0 
0-

~ 
(11 PARAMETERS > .., 0 
l'V 0 
0 a a on1a o a OS. 
...... 
0:, D TE !ME SAMPLE ·/E ATHER pH TSS TDS Cond. Acidity Nit. as N as U p•1 SAR 

3/6/H0 1200 Bandar Cold 7.2 720 990 l. 15 3. 27 

Aruas 

::a ~ 
m -;-, :i 
c-, 1' 
ic, 

I 
I:' 
1' - ::, 

N 
I -N 

c.~ 
I <-, -00 

> 
0.. 
0.. 
(11 
;:l 
0.. 
C 
9 
0 cc 
0\ 

.., 
0 

' 0 

IV 
:,;--

' +> ~ 
+> s· 
(.;) (11 
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0 GROLJ ·IATU< QUALIT PAGE 2 of 3 ~ (") 
~ 

S62 ·Iona rch Coal 0 'ELL rm. FOR· T!Or AREA Bi CJ Horn ~ O" 
11) ., PARA ETERS () 

Iv 0 
0 ...... 

To al Bicarbona e Carbonate 102 N03 Total (X) 

as A 03 as C03 Chlorid F uoride as U II Su lfate Hardness Calcium Md nesium Po assium 

,; 71.. 576 () 6 114 0 15 119 29 55 8 21 

:m --1 :, 
m ~ 
M :,, 

c:, "' -- ~ ....... 

I ~ -
)> 
0. 
0. 
11) 

::I 
0. 
C 
3 
C, OJ 

°' 
., 

' 
0 

,_. 0 
Iv ;,;--

' s: .I)> 
.I)> :I 
.I)> 11) 
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0 
(') 

s 
er 
(b 
'1 

N 
0 ,.... 
00 

::a . 
n 
c:, 

-C) 
I 

N 

I -00 

• 0. 
0. 

;j 
0. 
c:: 
3 
0 

°' I 

...... 
N 

I 

.f:> 

.f:> 
{.11 

ROU CM TE. R QUALi TY 

ELL 0. 562 ------

Cctions-
Sodium Anions Al 

12.03- <0. l 
129 12.08 

-t 
-;, -en 

...... 

~ 

FORMAT I ON. _______ Mo_r_a_r_c_h_C_o_l __ _ 

PARA !ETERS 

Fe Dis - Fe 
As Cd Cr Cu solved Total Pb 

,. . 00 1 <.002 <.02 ,. .01 <.05 - .02 

Mn Ha 

.06 <.001 

PAGE 3 of 3 
Bi a Horn AREA ___________ _ 

Ni Se Ba 7n Boron 

<.0l <.005 < Q5 .02 0 .2 

' 

:. I 
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RAMACO 

--
Site 

BH408 

BH408 

8M555 

BH562 

October 2018 

Groundwater Quality F'eld Parameters 

Pi 5 Monarch Coal Wells 

Date Time I Temp. 

10-9-79 12:45 14.0 

p/20/80 12: l 0 14.0 

~/4/80 12:00 10. 0 

D/5/80 12:00 8.0 

Sp. Cond . 
co 11nhos/cm 

2900 

3000 

1500 

900 

' I 

"'- "i::.., 
2/ '5 

.CD 1 - 25 -1 

Brook Mine 

How 
pH Samr,letl Coll'lllents 

6.82 bailed lot of 
drilling mud 

6.45 bailed -

6.92 bailed -
7. 16 bailed -

I 

Addendum 06- 12-446 DEQ Ex. 3-1415



RAMACO Brook Mine 

ADDENDUM 06-:8 

SURFACE WATER QUALITY ANALYSIS 

06-464 

Trfl S 2/3~5 
October 2018 RECD 10-2~- 18 Addendum D6- 12-447 DEQ Ex. 3-1416



'--...,...,.u-...,._" - ' 
.. ._ .. 

Sampling Site TRI l / 

0 
n i r-. 
0 
Cf P RAMETEllS 
(b .., 
t\J Ternp, F1e d Cond. Lab Turb . Lab Cond . 

(:) 

0 
0 

..... DATE Ti me Samplers ~.1e«} her co hos/cm II (NTU) TSS TOS I· nhos/crn 
00 

8/25/77 
8.2 8.0 9 298 500 

t./07 I 77 12JO Ro1.,,l hy 0.0 420 12. 15 8.1 8.2 5.4 18 350 5130 

3/28/78 1248 801•"1 hy 9.5 510 9.9 8.15 8.0 210 361 350 520 

!f/25/78 1015 Bowlby 1 .0 505 9.6 8.6 8 .2 3 . 0 11 348 510 

5/08/78 1315 801,il hy .5 490 10.8 8.25 7.9 850 1280 226 467 

Bowlby 
5/22/78 1220 Veenstra 11. 0 390 9.7 8.0 80 170 282 366 

G/06/78 1105 801-11 y 

:~::: ::~:: I 
10.0 200 8.6 8.5 8 .1 55 152 100 204 

Veen ra 
6/27 /78 1115 Ogle 12. 0 210 8.4 8.0 14 56 144 2ll 

Oowl y Par Cloug 
7/3 1/78 1255 Veensl a 70 - 80 21.0 450 8.0 8.4 3.5 16 174 369 

e?OJ/78 
Bowlby Pai· Cloug 

-. ll 15 Boyle 55 - 60 9.5 445 10.1 8.7 8.4 3.8 5 254 440 

n I Bowlby 
""' c:, ?)OS/78 1150 Araas . 2 540 12.8 7.0 8.2 2.4 6 264 400 

~ ... Col l ier r1 ,·b Cl oug 
3/0G/79 1300 13m,il by 30 - 40 3.0 4 0 11. 1 7.9 7.9 .0 ]9 282 460 

Vee 1s tra 
Oondar 

Cloudy 30° Collier 
5/02/79 1340 Veens ra drizzle 7.5 475 9. 65 8.5 7.3 19 312 560 

sno~, 
Collier Par-t Cloud 

)> 5/30/79 1300 Araas rained 2 8.0 225 9.8 7.4 7.8 16 62 142 210 

a. days previ us 
a. 
(b Bandar Clo dy 
:I 
a. 6/ l /79 1245 Araas 1.;arm 12.0 200 7.3 7.5 7, 7 250 
c:: 
3 

co·11 ier 
c lear 65° 

d 7 /10/79 1200 801 l hy 22.0 340 7.3 8.9 6.3 13 

O'I Part Cloud 
OJ 

' 7 I 30/79 1345 BOl,il by 1t.rain 75 19.5 1010 !LO 6.8 8.1 8. 4 
.., 

.... 0 

t\J Ar aas Part Cloud 
0 

' 

7," 

.p. 9/13/79 1113 Bandar ra i n 60-70 14. 0 450 6.4 8.3 3 4 
~ 

:s: 
co Araas 

clear 20° 

:I 

2/11/79 1320 Collier 1. 5 c: - 8.75 8. :. -. -1 
r1I 

DEQ Ex. 3-1417



l!l Z l!l Z/SZ/Z l!l t peuu-e~s 

LU'-- 0 ~ I UII tSJg Harn 

Samp 1 i ng Site # TRI ·1 / 

0 
() ~ 
~ 

0 
O" PARAMETERS 
('l) 

~ 

"1 
• 

~ 

(') 

0 Temp. Fi e d ond. Dissol. Turb. Lab Cond . 0 

- DAT£ Ti me Samplers Ilea Lher co I hos/cm Ox TU TSS TDS I rnhos/cm 
(X) 

raas 
3/ 19/80 1130 Bandar Cl oudy 0.0 795 13 .0 9.7 7. 9 120 240 328 460 

Veen · t ra 
4/29/80 1145 Araas Cl ear 12.0 300 6.0 8.1 28 82 178 300 

Veenstra 
5/27 /80 1405 Araas Harm , Clea 14.0 220 6. 97 8. 1 28 57 194 230 

4ollenzien 
6/16/80 1 45 Araas arm , Clea 13 .0 320 8.2 7.7 8.0 90 358 52 268 

Collier ~Jarm 
7 /15/80 1345 Lyden Cl oudy 21. 9 370 8.45 8. 78 8.5 4.8 14 234 367 

ol k 
8/ 11/80 1030 Araas Harm , Clea 120 .0 470 7.8 7. 71 8.2 5. 3 16 310 501 

Mazgaj - 9/02/80 1200 Bowlby ·/arm, Glea 16.0 550 8.8 8 .. 1 8. 1 7.4 15 270 510 

• . Hi 11 
c-, - j /09/80 1415 Bandar Cold Cl ea 1.0 580 14.0 7.6 8. 1 3.2 7 254 515 
Ct a, " Bondar - t',,l ~/02/(ll 1100 Lyden Cool , Clea 3.4 600 13.0 7.68 8.2 1.8 2 302 509 

- " Rain 
0 4/2l/81 1500 Bandar Cloudy 10.0 240 10 .5 7 .8 7 .8 26 63 132 236 

L'"I Andersen Rain 
I U'I - 5/12/81 1200 Veenstra Cloudy 8.0 450 9. 2 7.4 8. 2 66 91 218 353 

co Veenstra Warm 
6/02/81 1245 Collier Clear 10.5 220 9.2 6.9 7.7 20 50 102 211 

Jones \-/arm 
6/22/81 1245 Collier Cloudy 14.0 270 9.0 8. 1 7.5 7.5 21 114 251 

Jones ~/arm 
• 8/05/81 1200 Andersen Clear 22 .0 720 8 .2 8.6 8.5 45 17 270 409 
0. 
0. Jones larn1 
('l) 
;:l 9/01/81 1230 Andersen Cl ear 17.0 500 9.8 7. 5 8. 3 4.5 2 264 473 
0. Jones Co ld i:: 

, 

3 2/14/81 1205 Veenstra Cloudy 0.0 440 13 . 1 7.4 8.0 1.3 3 )'p6 58 

C, Col lier Clgudy 
I '-' . 

O'I 3/29/82 1345 Veenstra 8.0 660 10.4 7.5 8. 2 280 850 
1:> OJ 

I 
40 F -:: a 

...... 
~ 5/3/82 1312 Jones Clear 11 .0 325 .8 7. 7 8 .0 44 280 I - 0 

I 75°F 
' ;,;--

.l:> Ve nstra 

.l:> 
~ 

ID 
::r 
('l) 
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0 
(') ..... 
0 
Cf 
(I) 
"'1 

Iv 
0 ...... 
00 

DATE 

,/24/82 

/15/82 

/27 /82 

•/7 /82 

J 

' 

-0N 
I 

c.,-, 
I '-'"f -

• C. 
C. 
('1) 

::I 
C. 
C a 
0 
O'I 

I 

t\J 
I 

~ 
U1 
0 

Time Samplers 

1245, Jones 
Veen tra 

1121 Collier 
Veenstra 

1300 Jones 
Veenstra 

1130 Jones 
Bordar 

Sampling Site #~IB=l __ _ 

PARAMETERS 

Temp. Field Cond . Dissol . 
Weather co Mmhos/cm Oxyqen pom 

Cloudy 10.0 240 10.5 
60°F 
Cl~r 11.0 240 10 .8 
65 
Cl8ar 21.0 400 8.4 
85 F 
Clear 19 .0 480 8.6 
80°F 

'-""""''-""I "'"" __ ..,_ .. =b-·-·~-· _ .. __ _ 

Fi eld Lab Turb. lab Cond. 
oH oH (NTU} TSS TDS Mmhos/cm 

6.5 8.2 3.6 31 1520 2040 

6.9 7.9 66 460 142 218 

8.1 8.4 2.2 174 176 341 

8.0 8.3 1.2 8.3 254 470 

' 

1/ 

' 

~ 
• () 

0 

DEQ Ex. 3-1419



0 
() ,.. 
0 
er 
(11 ., 
tv 
0 ...... 
00 

:::a 
r-, 
-=:, 

-
,..., 

I -
t:,.;.J 

• 0-
0. 
(I> 

:I 
0-
C a 
Cl 
0\ 
' ...... 
tv 
' ~ 

C/1 .... 

Ac i dity 
. 

---
- - -
-- -
-- -
- --
---
---
-- -
<l 

---
--t 
~ ' ---

" - :- -- -
" ,0 - --

~ - - --,-;i 

-- -.. 
-- -
---
- --
---
---
-- -

---
-- -
-- -

71nnon1a Toto l 
r i troge n Phos. 

. -. - -- -
. 12 .03 

. l . 3 

58.2 .03 

.6 .92 

. l .17 

. 5 .18 

. 49 . 07 

.32 .03 

. 18 .01 

. 02 .24 

.75 . 02 

. 46 .02 

.52 .11 

. 15 . 24 

<. 01 .05 

.60 . 09 

<. 01 .03 

. 04 .03 

. 21 . 42 

<. 05 . 23 

.09 .03 

.07 . 01 

.63 • ()2 

Sampling Site '--I-RJ __ _ 

P RAMETERS 

0rtho- Total Bicarb. 
Phos. SAR Al ka l . A 1 ka l. Carb. 

.0 - -- -- - 260 0 

.02 .47 216 264 0 

- -- --- 148 181 0 
C 

-- - -- - 184 224 0 

- -- --- 116 141 0 -

--- --- 138 169 0 

--- -- - 86 105 0 

--- --- 96 117 () 

<.01 . 33 156 186 2.0 

-- - --- 181 217 2.0 

--- --- 169 207 0 

--- --- 163 199 0 

-- - -- - 172 190 10.0 

--- - -- 83 102 0 

--- - -- 80 97 0 

--- -- - 142 173 0 

--- -- - 171 209 0 

-- - -- - 195 238 0 

--- --- 200 245 0 

- -- --- 166 203 0 

-- - --- 128 156 0 

-- - --- 96 . 117 0 

--- --- 104 127 0 

-- - - -- 160 163 16.0 

Locat1on __ B....:...ig.,__H....:...or....:...n"'--_ 
. 2/-

Chloride Fluoride N01+N07 1103 Sul fate Silica 

2.0 . 3 . 1 --- 69 8.5 

- 2.0 . 2 . 19 --- 81 -- -

3.0 .35 . 72 -- - 109 -- -

1. 0 .16 .OS -- - 78 ---
3.0 .18 .35 -- - 112 ---
2.0 .12 .28 -- - 59 ---
l.O .10 . 55 --- 19 -- -

1.0 .09 . 02 --- 15 --

1.0 .21 .01 --- 35 ---

1.0 .18 <.01 --- 59 ---
<1.0 .19 .18 --- 74 -- -

4.0 .23 .26 - - - 75 ---

3.0 .18 .01 101 - - - ---

1.0 ,09 .06 -- - 26 ---

2.0 .08 . 01 --- 12 ---
--- . 17 .01 --- 41 ---

3.0 .16 , 01 -- - 60 ---

1.0 ,20 .03 -- - 68 ---

4.0 .15 .09 - -- 81 -- -

2.0 . 15 .20 - -- 91 -- -

1.0 .11 .02 --- 36 -- -

<LO .10 .02 --- 23 ---
1.0 . 14 .05 --- 35 ---

.2 . 17 c.01 --- 41 ---

DEQ Ex. 3-1420



0 
(") .... 
0 
o' 
(l) .., 
tv 
0 

00 

::a 
m 
n = -

I 
~ 

-
~ 

• 0.. 
0.. 
(b 

:l 
0.. 
i:: 

3 
0 

°' ' ..... 
tv 
' .j::. 

(JI 
tv 

·.c id i ty 

- --
- --
---
---

---
-- -

---
---
-- -
---

J ---" - '\ <l 
0 

4- } 

en < '1 

-
<. 1 

< 1 

Ammo nia Tota 1 
Iii tr ogen Phos . 

. 09 <.01 

. 06 . 02 

<.05 . 10 

. 11 .05 

.13 .03 

.73 . 01 

<. 05 . 03 

.17 . 02 

. 01 · -- -

.23 -- -

. 13 ---

. 05 .1 9 

.12 .09 

1.61 .01 

.04 .1 3 

. l 2 .03 

.04 .26 

Samp ling Site # __ T..:....:R..:..:1'---_ 

P RA IETERS 

Ortho- Total Bicarb. 
Phos . SAR Alkal. Al ka 1 . Carb. 

--- --- 206 251 0 

--- --- 213 260 0 

--- --- 213 ?60 0 

-- - --- 194 237 0 

-- - --- 101 123 - 0 

--- - -- 134 16 0 

--- --- 85 104 0 

--- --- 108 132 0 

--- --- 176 215 0 

--- --- 194 237 0 

-- - - -- 204 249 0 

--- . 72 174 212 ·o 
- .20 107 131 0 

-- 3.95 367 448 0 

- .28 82 100 0 

- .35 146 174 2.3 

- .40 191 234 0 

. 

L oca t1 o n. __ _..;B=-1:....:· g'-'-'-Ho::c..:r....:..n:.... 
2/ 

Chloride Fluoride N01+N07 N03 Sul fate Silica 

<1.0 .20 . 02 --- 72 -- -

2.0 <.01 .01 - -- 71 ---

2.0 .18 .08 
.. 77 --- -- -

2.0 .16 <.01 --- 85 ---
2.0 . 13 .04 --- 19 -- -

2.0 .21 .06 --- 51 - --
2.0 .14 .05 --- 19 ---

<l.O .12 .06 -- - 19 ---

2.0 .16 .10 --- 49 ---
1.0 .19 . 28 --- 61 -- -
2.0 . 26 . 22 -- - 71 ---

3 . 9 .20 .16 --- 91 ---
1.0 .10 < -.01 - 22 -

11.0 .so 2.40 - 830 -

1.4 .11 .12 - 25 

1.0 .13 .16 - 37 -
1.4 .21 < .01 - 56 -

DEQ Ex. 3-1421



R Z riJ Z/9Z/ZR 1 peuue.os 

I...'-''"'""" ... ...... , . v, ,, 11\1111 

Sampl ing Site # TRl 3/ 

0 
() ~ 
rt 
0 PARAMET ERS er ~ 
n, .., 

)> 

Iv Total Oil & Aluminum Arsenic 
() 

0 
0 

...... Hardness Calcium I a nesiurr Potassium Sodium % Sodium Cations-Anions Grease To al Dissol. To ta 1 Dissol. 
(X) 

260 58 27 1.5 17 5.89 - 5.71 <. 1 <.01 

263 59 28 2.0 17 6.96 - 6.08 • 1 <. 02 

203 43 23 4.0 27 5.31 5.38 <. 5 <. 1 .. <. 005 

229 54 23 2.0 18 5. 39 - 5.35 <. l <,005 

172 35 20 7.0 28 4.85 - 4. 76 . 2 <. 005 

172 38 19 3.0 14 4.13 - 4.07 <.1 <.005 

92 25 8 1.0 6 2. 13 - 2.16 <.l <.005 

104 28 8 1.0 5 2.30 - 2.26 . 1 <.005 

171 42 17 1.0 10 3.89 - 3.87 <5,0 . 5 <. 1 <. ,005 

216 49 23 1.0 12 - .02 <'. . 1 <. 005 

::a - ] rn -;-, 
' 218 47 24 1.0 15 .09 <5.0 <. l <.005 

c-, -C, ~ 

212 48 22 2.0 16 .02 <. 1 <. 005 
~ 
) - N 228 9 26 2.0 21 5.55 - 5.62 <. l <.005 

I 98 23 10 1. 0 7 2.28 - 2. 23 <. l , .005 
r .... .., . 85 23 7 1.0 4 1.91 - 1.90 <. 1 <.005 

I - 164 38 17 1.0 10 3.75 - 3.70 <. l -. 005 

~ 

205 47 22 ,2.0 15 4.78 - 4.76 . 1 <.005 

224 52 23 2.0 18 5.30 - 5.34 <. 1 <.005 
)> 
C. 249 57 26 2.0 17 - .05 < .1 <,005 
C. 
n, 
::i 
C. 
C: 

3 
CJ 0:, 

°' a 
I 0 ...... 

Iv 
.i:, 

;,,;' 

Ul 
~ 

w 
s· 
n, 
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0 
() 
rt 
0 
er 
('!) ..., 
tv 
0 .... 
00 

- r 
I ...._ 

:, [-.J 

I ~ -
• 0. 
0. 
('!) 

::l 
0. 
r:: 
3 
CJ 
0\ 
' .... 
tv 
' .f:> 

(Jl 

.f:> 

J 

I 

Tota l 
Hardness Calcium 

213 46 

144 36 

107 26 

122 28 

176 41 

237 50 

259 51 

277 62 

241 54 

10 27 

154 35 

96 26 

123 30 

205 48 

218 49 

97 56 

219 44 

118 32 

688 103 

93 25 

165 3 

221 53 

Sampling Site # _ _,_,TR"-'1'----

P RAMETERS 

Maqnesium Potassium Sodium % Sodium 

2 5 21 ---
13 1 7 - --

10 1 6 ---
13 2 8 ---
8 1 10 ---

27 2 23 - --
32 2 17 ---
29 <l 13 ---

26 2 17 ---
10 3 5 -- -

16 2 13 -- -

8 1 5 -- -

11 1 6 ---
21 2 11 ---

23 2 16 -- -
24 2 17 -- -

27 2.4 25 -- -
9.l. 1.6 5.1 -

105 20 238 --

7.5 1.6 6 .1 --

17 1.1 10 -
22 1. 7 14 -

' 

LUI- u '". V "·--~D_..a.;I l:;,...f ..uOc....UL.1( ,~, 

. 3/ 

Qi 1 & Aluminum Arsenic 
Cati ons-Ani ans Grease Total Dissol. Total Oisso l. -

5.31 - 5.30 -- - - - - . 1 -- - <, 005 

3. ?_2 - 3.35 --- --- <.l - -- <.005 . 
2.43 - 2.43 --- - -- <. 1 .. --- <. 005 

2.86 - 2. 83 --- --- <. l --- <.005 

3.98 - 4.05 --- - -- < . 1 --- .005 

5.79 - 5.65 - -- --- <.1 - - - <, 005 

6.00 - 5.80 -- - -- - <.l --- <.005 

6. 11 - 5.92 --- --- < 1 - -- <.005 

5.60 - 5.71 --- -- - <. 1 - -- <. 005 

2.51 - 2.45 --- -- - <;. 1 --- <.005 

3.69 - 3.84 -- - --- <. l - -- .005 

2 .14 - 2. 17 -- - --- <;. 1 -- - <. 005 

2. 72 - 2.59 - -- --- <. 1 -- - <,005 

4.63 - 4.59 - -- --- . 2 -- - .:.005 

5.10 - 5.23 -- - --- <,l - -- <, 005 I 

5.61 - 5.64 -- - - -- . 2 - -- <,005 

5.52 - 5.47 <5 --- 1.0 -- - <,005 

2.63 - 2.62 - - (. . 1 - <. .005 

24.66 -24.92 - - c:. 1 - < .005 

2.17 - 2.20 - - ' . 1 
- -< .005 . .r: 

3.78 - 3. 72 - - . - ... 
~005 

5.06 - 5.03 - - .1 005 

~ ID 
" 
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0 
() 

s 
o' 
(b 
"1 

(V 
0 ...... 
00 

::,.:, 
m 
n 
= -
., 
I -

'---1 

• 0. 
0. 
(b 

::I 
a. 
s:: 
9 
0 

°' ' ,..... 
(V 
I 

.p,. 
(J1 
(.11 

:J 
:r, 

--4 -., ' "" ...... - -.J 

a, 

N ...... 
J 

Cadmi rn 
Total 01S501. 

-- - · . 01 

--- <.005 

--- C • 005 

-- - <.005 

-- - <.005 

- -- <.005 

--- <.oor: 

--- <.005 

<.005 <- ,005 

-- - <.005 

--- <.005 

-- - <:. , 005 

- -- <.005 , 

-- - <.005 

-- - <.005 

-- - <.005 

--- c . 005 

-- - < . 005 

-- - .005 

Sampli ng Site TR l 

Ch rorn i urn Copper 
Total Dissol. To tal Oissol. 

-- - <. l --- <.01 

- -- <. 02 - -- <.01 

--- <.02 -- - <.01 

- -- <.02 --- <.01 

--- <.02 --- <. 01 

--- <.02 --- <.01 

--- <. 02 - -- <.01 

--- <.02 --- . 02 

<.02 <.02 . 02 .02 

- -- <.02 --- <.01 

--- <.02 -- - <.01 

-- - .02 -- - <.01 

-- - <. 02 - -- . 02 

--- <. 02 --- . 01 

-- - <.02 - -- <.01 

-- - <.02 - -- <.01 

--- <.02 , -- - .01 

--- <.02 --- <.01 

--- , .02 --- <.01 

L.V\... U '- 1 v t ·----'-u _1 ::t..__• •_v_, ·-· 

4/ 

PA AMETERS 

Iron Lead Molyb. Ma ng anes e 
Tota 1 Oissol. Total Dissol. Total Dissol. To ta 1 Di c; c; o 1 . 

-· 
. 

<.02 .73 . 27 --- <. 1 - - - -- - - --

--- .25 -- - <.01 --- <. 02 - -- . 02 

5 .. 58 . 23 --- < .. 02 --- --- .02 

.38 . 13 -- - <.02 --- -- - -- - .02 

~3.8 . l 9 -- - <,02 -- - --- --- .02 

4. 73 <.05 --- <.02 -- - --- --- <.02 

3. 91 .08 -- - .02 --- --- - -- <,02 

1. 28 .06 -- - <. 02 --- -- - -- - <.02 

.48 .06 <.02 -!: . 02 --- <. 02 .03 <. 02 

. 38 .07 --- <.02 - - - --- -- - <.02 

.74 .03 --- <. 02 -- - --- -- - .02 

. 51 . 05 --- <,02 . 02 --- --- -- -
- - - .00 -- - <.02 - - - - -- .02 ---
-- - . 07 - -- <,02 -- - --- -- - <. 02 

--- . 06 --- < .02 - - - --- - -- <, 02 

--- . 07 --- < .02 --- --- -- - . 02 

. 41 .08 --- <. 02 -- - --- -- - <.02 

.30 .05 --- .03 --- --- - -- . 03 

<.05 <,05 -- - <.02 --- --- - -- <.02 
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0 
() ... 
0 
er 
~ 
"1 

10 
0 ...... 
00 

:D 
m 
M 
= -
C. 

I 

> 
0. 
0. 

::i 
0. 
i::: 
3 
0 
O'I 

I -10 
I 

~ 
CJl 
O'I 

' ,. -J 
-;-, ., 

c:,-, 

r.., 

l ,,_., 

Ca dmi um 
To tal Di sso l. 

--- <. 005 

--- <.005 

-- - <,005 

-- - <.005 

--- <.005 

-- - <. 005 

--- <.005 

--- .005 

--- <. 005 

-- - <.002 

--- <.002 

-- - <. 002 

- -- <, 002 

--- <. 002 

--- <. 002 

--- <. 002 

--- <. 002 

- <, . 002 

- ( ,002 

- .002 
' 

- .002 
' 

- : .002 

Sampling Site # __ T_R_l __ 

PARAMETERS 

Chrom ium Copper Iron 
To ta 1 Dissol . Tota l Oissol . Tota 1 Oissol. 

-- - <.02 --- <, 01 4.28 .05 

-- - <,02 --- <.01 . 20 . 05 

--- . 02 --- . 01 -· 20 .07 

--- <,02 --- <.01 3. 79 <,05 

-- - <. 02 -- - <. 01 .30 .06 

- - - <. 02 -- - <.01 .39 <.05 

--- <. 02 --- . 02 .29 <.05 

- -- <,02 -- - . 02 . 24 .05 

--- <,02 -,- - . 02 .22 <, 05 

-- - <.02 - -- <.01 1. 79 . 09 

--- <,02 --- <.01 1.68 .06 

--- <.02 - -- <, IO l. 38 .14 

-- - <.02 -- - <. 01 . 57 <, 05 

- -- .02 --- . 04 .28 .08 

- -- <.02 -- - . 02 .33 <.05 

- -- <.02 - -- <, 01 .05 <. 05 

- -- <. 02 -- - <, 01 6.46 . 12 

-- (. 02 - ( .01 5.25 .05 

- , .02 - ( .01 .15 . 13 

- , .02 - .01 5.25 . 19 

-- (., 02 - < .01 . 33 .05 

- ,· ,02 - < . 01 .22 .05 . 

. 

- ---. - ___ _.:;c _ _ _ 

4/ 

Lead Molyb . Manganese 
Total Dis sol. Total Dissol . Total Oissol. . -

--- ~.02 --- - -- -- - . 02 

-- - <.02 - -- <. 02 --- <. 02 

--- <.02 --- -- - --- <,02 

- -- <.02 - -- <.02 --- <,02 

-- - <.02 -- - <.02 -- - <.02 

- -- <.02 --- <.02 --- <. 02 

-- - <.02 - - - <.02 -- - <.02 

--- <.02 --- <.02 - -- <.02 

--- <.02 -- - <.02 -- - .02 

--- <,02 - -- <. 02 -- - <.02 

--- <.02 -- - <,02 -- - <.02 

--- . <.02 -- - <.02 . 02 ---

--- <.02 - - - <.02 --- <,02 

--- <.02 --- <.02 -- - . 02 

--- <.02 --- <, 02 --- <. 02 

--- <,02 --- <. 02 -- - <,02 

--- <,02 --- <.'02 -- - .02 

- < .02 - <. 02 -- <. 02 

- <.02 - < .02 - .02 

- .02 - - .02 - .02 

- <,02 - (' .02 - .02 

- .02 - .02 - < .02 

I 
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Loe a i o n ___ ....;;;B....:.i .... g_H_o;;_;r_n_ 

Samp ling Site · -----TRl 5/ 

P/\RAt-ETERS 

Mercury Nici.el Selenium Vanadium Zinc Total Kje . 
Total Dissol. Tota 1 Dissol. Total Dissol. Tota 1 Dissol. Tota 1 Di ssol. Barium Boron Nitrogen 

-
- - - -- - --- <. 1 --- <.005 --- -- - --- <.02 <. 5 .2 - --

- -- <, 001 - -- <. 01 --- <. 005 -- - <. 5 --- <.01 -- - . 1 -- -

-- - <.001 --- <;01 --- <.005 --- --- --- <.01 <. 5 . 2 -- -

- -- ·. 001 - - - <.01 -- - <.005 --- --- --- <.01 <.5 <. 1 - --

- -- <.001 --- <. 01 --- <.005 -- - --- --- <.01 <. 5 <. l ---

- - - <. 001 - -- <.01 --- <. 005 --- --- -- - . 02 <. 5 . 1 ---

--- <. 00 - - - .01 -- - <.005 --- --- --- <.01 <.5 <.1 ---

-- - <. 001 -- - <.01 - -- <. 005 --- --- --- <. 01 <.5 <. 1 -- -

<. 001 <.001 - - - <.01 <.005 <.005 <. 1 <. 01 .02 . 02 <,5 <. 1 ---
-- - <,001 - - - <. 01 - -- <,005 --- - -- -- - <.01 <.5 . 1 ---

:::, ..... -., 
n --C 

en 

J --- <. 0002 - -- .02 --- <. 005 -· - -- - --- <.01 <.5 . 1 ---
1' 
I .,. --- <.0002 -- - <, 01 -- - <.005 --- --- -- - .03 <.5 . 1 -- -
..J .,. 

--- <.001 --- <.01 --- <,005 --- --- - - - .03 <. 5 .5 ---

- ( --- . 001 -- - <. 01 --- <.005 --- --- --- <.01 <.5 . l - --
..... 

--- ,. . 001 --- c. 01 -- - <.005 - -- --- - -- .02 <. 5 .3 ---
., I 
I --- <.001 --- <.01 --- <. 005 -- - --- -- - <.01 <. 5 . 1 - --

- --- <, 001 --- <. 01 --- <.01 --- <.5 --- <.01 - -- --- ---

--- <. 001 --- . 05 --- <.005 --- <.5 --- .02 --- --- ---
• C. 
C. --- <. 001 -- - <.01 -- - <.005 -- - <.5 --- <.01 --- --- ---
(1) 

;:l 
C. 
C 
:3 
0 
0\ 
' ...... 
tv 
' ~ 

(/1 

-J 
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Loca ti on Big Horn 

Samp l i ng Si te 181 
5/ 

0 s; (') 
~ 

0 PARA/IE TE RS s: 
0-
(I> • 
'"1 (') 

I\,) Mercury rn cke l Sel eni um Va nadium Zinc To t al Kje . 0 
0 

To t al isso l . Tota I Di sso l . To tal Di sso l . Tota l Dissol. Tota l Dis sol . Barium Boron Nit roge n 
CX) ---- -

. 001 <, 01 <.005 <.01 <. 5 <. 1 

<. 001 <. 01 <. 005 <. 01 <.5 <. 1 

<, 001 .0 <,005 .10 <. 5 <.] 

<. 001 <. 01 <. 005 l . 05 <, 5 <. l 

<. 001 <. 01 <.005 .04 <. 5 <.l 

<. 001 <. 01 <.005 .05 <. 5 <. 1 

<. 001 . 01 <.005 .02 . 5 <.l 

<. 001 . 02 <.005 . 03 <. 5 <. l 

<. 001 . 02 <.005 . 01 <. 5 <. 1 

<. 002 <.01 <.005 .02 <. 5 < . 1 

J <. 002 <, 01 <.005 . 02 <. 5 <. 1 
' :a:, --- , 

<. 002 <,01 <. 005 . 24 <,5 <. l 
rn -;, J 

M --.. ,. - <. 002 <.01 <. 005 <.01 <. 5 <, 1 
~ 

<. 0002 . 03 <, 005 .08 <. 5 <. l - I"~ ...... <. 0002 <.02 <.005 .30 <.5 <.l 

<. 0002 <.01 <. 005 .09 <.5 <. l ., 
I "-., <.0002 <. 01 <. 005 <.01 <. 5 . 07 -
~ < .0002 < .01 < .005 <.01 <.s .08 

)> .0003 - < .01 <. .005 <.01 <, 5 
0. 
0. 

.0006 <.01 < . 005 < .01 <.5 (I> -
:l 
0. .0006 < .01 C - ( .005 <.01 <.5 
3 < • < .01 < .005 <.01 <. 5 
0 c:o 
0\ 

.., 
0 

I 0 ...... 
I\,) ~ 
I s: +> 

01 ::i' 
CX) ('I) 
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0 
n 
8 
er 
(b 
"1 

tv 
0 ..... 
00 

::::, ..... 
-., 

DflTE 

12/9/80 

3/2/81 

4/22/81 

5/ 12/81 

6/2/81 

~/22/81 
I 

M - -... 
c:, 

I:. 

" -
c., 

I 

• 0. 
0. 
(b 

::l 
c.. 

~ 
0 

°' I ..... 
tv 

I 

..:,. 
Ul 
\0 

{'-!I ..... 
.) 

~, 

8/5/81 

9/1/81 

2/111/81 

3/29/82 

5/ 3/82 

5/24/82 

6/15/82 

Ti me Silmplers 

I! i l l 
1015 8ondar 

Lyden 
1415 Oondar 

1220 Bondar 

Andersen 
OB45 Vee nstra 

Veenstra 
0915 Co 11 i er 

Jones 
08 5 Co llier 

,Jones 
0805 An dersen 

,Jones 
0830 Andersen 

Jones 
1000 Veenstra 

Co lli er 
0950 Veenstra 

0930 Jones 
Veenstra 

1000 Jones 
Veenstra 

0830 Co 11 i er 
Veenstra 

Silrnp 1 i ng Si e ~ __ T_R_213 __ 

P rtflMETERS 

l Temp. Fleld Cond . Di ssol. 
Hea ther co · 11hos/cm 0x yge11 pem 

Clear 
Cold 0.0 700 12.0 -

' 
c1 0ar 
55 F 6.3 710 14.8 

Cldy-Rain 12.0 400 10 .4 

. 
Rain 45°F 7.0 490 9.5 

Clear 
\·/a rm !) • 0 . 220 9.2 

Ptly Cldy 
•/ ar1:1 14 . 0 280 8.8 

Clgar 
85 F 20.0 600 6.3 

Clf?r \ 

80 F 14.5 675 8.1 

Ptl/ Cldy 
25 F 0.0 725 12.9 

C18udy 
40 F 7. 0 720 11.0 

c15ar 14. 0 420 . 
75 F 

Cl8udy 10.0 270 11. 6 
60 F 

Clear 12.0 300 8.4 
70°F 

l / 

Field lab Tu b. lal Co nd . 
pll nll (I! TU) TSS TOS M111li o /c111 = 

7.9 8. 1 2.4 3 364 657 

.. 

8 . 3 8.5 .8 4 366 644 

8.0 7.8 15 47 248 397 

6.8 8.2 13 22 258 432 

7: 0 7.7 26 72 911 209 

7.4 7.5 14 32 134 268 

8.5 8. 5 100 31 404 539 

7.35 8.2 2.2 13 364 634 

6.7 8. 1 l.7 3 424 754 

6.9 8.3 26 142 414 610 

7.00 8. 00 50 328 246 
~0' 

420 
' -

5.90 7.60 3. 20 r i6 1210 0 

\, . . 

6.40 7.90 120 58,Q 162 278 . 
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0 
n 
s 
CJ' 
(1) ., 
Iv 
0 ...... 
00 

• Q. 
Q. 
C'b 
::::l 
Q. 

C: 
3 
Cl 
0\ 

I -Iv 
I 

~ 
0\ 
0 

m 
n 
0 -

DATE 

7 /27 /82 

)/ 7 /82 

;) 

" 

O') 

Time Samplers 

0955 Jones 
Veenstra 

0850 Jones 
Bandar 

Sampling Site N_T_R_2_B __ _ 

PARA ETERS 

Temp. Field Cond. Di ssol . 
~leather co Mmhos/cm 0xyqen oorn 

c15ar 20 .0 : 500 9.0 
85 F -,, 

c1sar 17. 0 625 6.8 
80 F 

', 

' 

la/ 

Field Lab Turb. lab Cond. 
oH oH (NTU) TSS TDS Mmhos/cm 

8.20 8.40 3.60 12 240 402 

7.95 8.20 . 1.40 12 
.. 

336 556 

-
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0 
(") ,...,. 
0 
tr 
(II .., 
Iv 
0 ...... 
(X) 

= m 
n = -0 

I 

'.:1 
I -

;)> 
0. 
0. 
(II 

::i 
0. 
C: 
3 
tJ 
0\ 

I .... 
Iv 

I 
.j:> 

0\ .... 

...... 
~ 

en 
r-., -<. j 

I .,) 

:.'i 

C idi ty 
-

- --

---

---
---
---

- - -

-- -

'J ---
I 
;::- -- -.J .. 

---, 

<l 

<l 

---

---

- - -

/l.111mon1 a Tota 1 
itrogen Phos . 

. 06 . 15 

. 19 . 11 

. 13 . 18 

1. 26 . 10 

• JO . 03 

. ?(, . (11 

.06 - - -

.20 ---

.44 ---

. 12 . 16 

. 17 . l 9 

3.04 . 02 

.07 .19 

.06 .09 

. 08 .68 

Samp ling Site U TR213 -----

P RAMETERS 

Or ti o- Tota 1 Bicarb. 
rhos. SAR Al ka 1. Al ka 1. Carb. . 

- -- - -- 247 302 0 
,. 

- -- -- - 223 250 11 
. 

- -- - -- 133 162 0 

-- - - -- 146 178 0 

--- --- 78 95 0 

-- - --- 103 126 0 

-- - --- 202 :, 246 0 

--- --- 202 247 0 

- - - --- 245 299 0 

-- - . 78 211 258 0 

-- - .38 143 ' 174 0 

-- - 5.79 536 654 0 

-- - . 40 98 119 0 

--- .49 167 198 ~.6 

--- . 58 220 268 0 

ezeZ/9Z/Z8 tpeuu~~s 

Loe a tion -------r 
UIY 11U III 

. 2/ 

Chloride fluoride Nq3HI02 N03 Su l fate s i 1 i ca 
- -= ==..;,.;:....:_:... 

4 .25 .20 -- - 129 - --
. 

4 .21 .12 - -- 135 ---

2 .14 . 16 - -- 62 - -

4 .70 .45 -- - 75 ---

2 .13 .11 - -- 25 ---

1 . ] 3 . 17 --- 31 - --

3 .19 .20 --- 96 -- -

4 .17 .23 --- 118 ---

4 .33 .96 --- 124 - --
3.7 .23 . . 14 --- 132 - --

2.1 .1 3 .08 -- - 53 ---

12 .58 3.06 -- - 478 ----
l. 9 .19 .07 -- - 41 ---

2.6 . 17 .08 --- 66 - --
4.4 . 26 <.01 -- - 97 -- -
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0 
() 

8" 
O" 
(l 
,; 

N 
0 ...... 
co 

• 0. 
0. 
(l 

::i 
0. 
C: 
3 
0 

°' I 

. -. 
M -
111::11 

-
-

Tota I 
Ha rtlness 

321 

305 

162 

190 

91 

128 

267 

266 
7 

" 311 j 

..., 
,D 290 

175 

418 

118 

207 

275 

T 
Calciuin 

73 · 

54 

35 

41 

21 

28 

56 

51 

64 

59 

41 

128 

28 

44 

55 

Sampling Site #_J-B-2~D---

PARA ETERS 

Magnesium Po ta ss i urn I Sodium % Sodium 

34 2 29 ---
' 

41 3 27- -- -

10 3 15 
·, - --

21 2 16 - -·-

9 1 6 -- -

14 1 7 -- -

3 2 20 -- -

34 3 26 - --

37 3 27 ---

35 3 30 ---

18 1.8 12 -- --
24 18 272 ---

11 2.2 9.9 . - --

24 l. l 16 -- -

33 2.3 22 ---

. 3/ 

Oil & Aluminum Arsenic 
Cations-Anions Grer1se Tota 1 Oissol. Tot~ l Ui ssol. 

7.74 - 7.76 --- -- - < . 1 -- - <.005 

7 .3"4 - 7.40 -- - . . I - - - <,005 
.. 

3.97 - 4.00 --- --- <. 1 -- - <.005 

4. 55 - 4.66 - -- --- <.1 -- - <. 005 

2 . 10 - 2.14 --- -- - <. 1 - -- <.005 

2.89 - 2.75 --- --- <. 1 -- - <,005 

6.27 - 6.16 - -- -- - ,<. 1 --- <.005 

6.52 - 6,64 -- - -- - <. I --- <.005 I 
7.49 - 7.60 . l <.005 --- --- - --

·-

7. 20 - 7.08 <5 - -- <. 1 --- <. 005 

4.07 - 4.03 --- --- <.l --- <,005 

20 . 65 -21.02 --- --- <.l --- <.005 

2. 04 - 2.86 --- --- <. 1 --- <.005 

4.87 - 4.79 --- --- <.l --- <.005 

6.53 - 6.52 - -- --- <.l - -- <. 005 
: 
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0 
n 
'"" 0 
CJ' 
~ 
-1 

t0 
0 -00 

n = -
-
• a. 
a. 
:l 
a. 
C: 
3 
CJ 

°' ' ...... 
Iv 
' ~ 
°' w 

S mpling Site U TR20 

Cat.lmium Chromium Copper 
To al D1ssol . Total Disso l. Total Oissol . 

J -" ..., :,-

r -
0 
::, 

--
.005 

· . 005 

<. 002 

<.002 

<. 002 

<, 002 

<, 002 

<. 002 

. 002 

<, 002 

<.002 

<.002 

<.002 

<. 002 

<. 002 

< .02 <.03 

<,02 <. 02 

<.02 <.01 

<. 02 <.01 

<.02 <. 01 

<. 02 , 01 

<. 02 . Ql 

<. 02 .02 

<. 02 < .01 

<.02 <. 01 

<.02 <.EH 

<,02 <. 01 

<. 02 <.01 

<,02 <. 01 

<.02 <. 01 

PliRAMETERS 

rron 
Tota l Dissol. 

. 16 <. OS 

. 10 <. 05 

1. 10 .08 

. 75 <,05 

l. 77 .11 

. 99 . 06 

c. 05 <.05 

. 1l <.05 

. 05 <.05 

1. 50 .13 

5.48 c.05 

. 2 <.05 

7 ._53 .18 

.46 <. 05 

.33 <. 05 

Lead 
Total Dissol . 

<0 .02 

<.02 

<·.02 

<.02 

<.02 

<.02 

<.02 

<.02 

<.02 

<.02 

<. 02 

<.02 

c.02 

<.02 

<.02 

filZfil Z/SZ/Zfil • peuue.os 

..._""""""'"" '-•v• • - ., 

Molyb. 
Total Oiss ol. ~= --· 

<.02 

<.02 

<.02 

<,02 

<.02 

<.02 

<.02 

<.02 

<.02 

<. 02 

<. 02 

<.02 

- -- <:02 

<.02 

·4, 

llanganese 
_lQQ} __f! j S <; _O -'-= = 

.03 

. 04 

. 04 

<. 02 

.03 

<. 02 

<. 02 

. 02 

. 05 

.04 

.04 

. 16 

. 02 

<. 02 

<. 02 

s;: 
3:· 
• () 

0 

co a 
0 
;,;-

3: 
:I 
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( 

Samp 1 i ng Si te # TR28 
0 
(") ,.... 
g. PARAr ETERS 
rn .., 
IV 
0 ..... 
CX) 

::D 
m 
M = -
C. 

I -
~ 

• 0. 
0. 
rn 
::l 
0. 
i:: 
s 
0 
0\ 

I -IV 
I 

..:,. 
0\ 
..:,. 

-

J 
~ ' 

~ -

Merci11-y 
Total [) 1ssol . -- --= 

-- - <.001 

--- <.0002 

-- - <. 0002 

--- <. 0002 

-- - <. 0002 

--- <. 0002 

--- <. 0002 

-- - . 0003 

-- - . 0002 

--- <. 0002 

--- <, 0002 

--- <.0002 

--- . 0003 

-- - .0009 

-- - . 0014 

Iii cl:el 
Tota 1 Di sso 1. 

--- .02 

--- . 01 

-- - <,01 

-- - <. 01 

-- - <. 01 

-- - <.01 

- - - . 01 

- -- <.01 

- -- .01 

--- <. 01 

-- - ... . 01 

-- - .02 

-- - <. 01 

- -- <.01 

-- - <.01 

Selenium Vanadium 
To ta 1 Dissol. Total Dissol . 

--- <. D05 --- ---

- -- <. dos --- ---

--- <.005 --- ---

--- <. 005 --- ---

-- - <.005 --- ---

-- - <.005 --- -- -

- -- <. 005 --- ---
<.005 --- -- - -- -

-- - <.005 --- ---
- -- <,005 --- ---

--- <.005 -- - -- -

--- <.005 --- ---

--- <. 005 --- ---

--- <.005 -- - ---

--- <. 005 --- ---

Location Big Horn ____ _:;.._ _ _,.J 

5/ 

Zinc Total Kjc . 
Tota 1 Oissol . Barium Boron Iii t,·ogen 

--
--- . 05 <.5 <.l ---

--- .01 <.5 <. l ---

--- .02 <.5 <. l ---

-- - <. 01 <.5 <.l ---

-- - .17 <.5 <. l - --

--- .19 <.5 <. 1 ---

--- .03 <.5 <. l - --
- .113 . 5 <. l ------

- -- . 04 <.5 <. 1 -- -

- -- <. 01 <.5 . 09 ---

--- .01 <.5 . 10 - --

--- < .01 <.5 .08 ---

--- < .01 <. 5 .28 ---

--- . 01 <.5 .03 ---

- -- .01 <.5 . 14 ---

_'i I( -
'; .. 

' -• . 
\r. ;:. ...;: 

r:"~ 

- . . , •c r 
~-•/": • i ~ 
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0. 
0. 
(1) 

:l 
0. 
C: 
3 
0 

°' I -Iv 
I 

~ 

°' c.r, 

.... 
-;-, 
~ 

N 

) 

,, 

DATE Ti me 

0/03/78 1130 

2/05/78 0940 

3/06/79 1340 

5/02/79 1500 

5/30/79 1345 

6/14/79 1320 

7(10/79 1220 

tf30/79 1425 
"' l 

~13/79 1025 
r-.J 

~/11/79 1425 

3/19/80 1035 

t/29/80 1230 

5/27 /80 1330 

>/16/80 1300 

1 /15/80 1420 

3/11/80 1045 

)/02/80 1100 

~/09/80 1515 

1/02/81 1000 

1/?l/Rl l fldf) 

Sampling Site # __ G_co __ 

PARA ETERS 

Temp. Fie ld Cand. Dis sol. 
Samplers leather co Mmhos/cm Qxyqen ppm 

Bowlby Ptly. 
57°F Boyle Cl dy. 10.0 510 10 . 0 

Bowlby 
Araas Cool 2.0 750 ----
Bandar Ptly . 

35aF eenstra Cldy. 2.0 650 9.2 
Collier 

Snow 30°F Veenstra 8.2 533 10 .95 
Col 1 ier Ptly. 

55°F Araas Cldy. 8.8 250 10.0 
Bondar 

60aF Araas Cldy. 16.0 180 8.7 
Collier 

Clear 65°F Bowl by 23 .5 590 8.3 
Ptly. 

75°F Bowlby Cldy. 20.0 1230 8.4 
Araas Ptly. 

65°F Bandar Cldy. 14.0 1030 ----
Araas 
Collier Clear 20aF 1.0 597 ----
Araas Ptly. 0 
Bandar Cly. 35 F 3.0 960 12.2 
Araas 

am1 81°F Veenstra 15.0 400 ----
Hil 1 Ptly. 

70°F Collier Cldy. 14 .0 550 ----
Wollenzien Ptly. 

75°F Araas Cldy . 15.0 349 9.0 
Co 11 i er Ptly. 

70°F Lyden Cldy . 23.5 920 14. 0 
Volk 

Clear 75°F Araas 19.5 1000 11. 4 
Mazgaj 

Clear 85aF 80';l1 by 18.0 920 8.2 
Hil 1 Clear 
Bandar Cold 0.0 800 12 .6 
Lyden Ptly. 

S5°F Bondar Cl dy. 3.0 925 · " . 8 
Cldy. Rain 

Rn nri;i r f nn l 1::> .n 560 9.0 

1 / 

Field Lab Turb. Lab Cand, 
oH pH ( NTU) TSS TOS Mmhos/cm 

8.3 8.4 5.2 10 314 520 

8.2 · 8,2 3.4 78 416 570 

8.2 7.7 10 . 0 30 480 750 

-- - 8. 5 16 . 0 53 344 580 

7.2 7.7 54.0 174 172 290 

7.6 7.8 34.0 162 192 177 

9.0 8.3 8.6 26 376 610 

6.5 8.2 4.6 22 576 840 

5.8 8.2 5.5 15 396 790 

8.9 8.2 1. 8 10 516 740 

7.3 8.1 12.0 27 564 790 

5.6 8.1 25.0 95 234 380 

6.5 8.1 50.0 116 184 280 

7.9 8.1 50.0 145 52 293 

9.0 8.7 3.0 8 632 890 

8. 2 8.4 7.3 27 700 1000 

8.0 8.4 8.4 26 570 880 

7.6 7.8 4.2 8 428 745 

7.6 8. 1 2.i 5 484 780 

7.6 7.7 18.0 39 36ll 59 
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0 
() 

s 
o" 
('1) 
'"I 

t\J 
0 ,_. 
00 

::a 
c-, 
c::::, 

-
I -
~ 

• 0. 
0. 
('1) 

:1 
0. 
C: 

3 
C, 

°' ' ...... 
I\.) 

I 

~ 

°' °' 

-. . 

N 

:; 

_, 

DATE Time 

·/ 12/81 1245 

/02/81 1315 

/22/81 13 5 

/ 05/81 1245 

/01/81 1250 

/14/81 1313 

/29/82 1415 
,i)/82 no 
J 
"/24/82 1300 
0 

t15/ 2 1320 

/27/82 1330 

/7/82 1200 

Samp ling Site GCO 

Temp. 
Samp 1 ers lea tner co 

Andersen Rain 
Veenstra Co ld 10.0 
Veenstra Clear 
Collier I· arm 10.0 
Jones Cldy. 
Collier Warm 16.0 
Jones Cl 0ar 
Andersen 85 F 23.0 
Jones Cl0ar 
Andersen 85 F 18 . 0 
Jones Cldy. 
Veenstra Cold 0.0 
Collier Clear 
Veenstra Coo l 9. 0 

Jones Cl~r 16.0 
Veenstra 75 
Jones Cl~y 10 .0 
Veenstra 65 
(.('lllier Cl~r 15 .0 
Ve nstra 70 
Jones Cl~r 23 .0 
Veenstra 85 
Jones Cl~r 19.0 
Bandar 80 

l/ 

PARAMETERS ~ 
Tield Cond. D1ssol . F1el d Lab Turb . Lab Cond. (') 

0 
Mmhos/cm Oxyqen ppm pH pH (NTU) TSS TDS Mmhos / cm 

1025 9.0 7.1 8.2 .0 20 574 852 

200 8.7 7.0 7.4 4.0 85 76 196 

320 8.4 7.8 7.5 19 .0 39 144 302 

1000 10.0 8.5 8.4 5. 0. 29 564 789 

980 11.8 7.8 8,3 3.8 10 602 935 

925 13 .2 7. 1 8.0 1.6 4 516 891 

950 13.3 7. 9 8.6 1.5 6.5 536 770 

550 .6 7.3 8.0 22 . 187 332 555 

380 9.4 6 . 5 7.9 180 195 218 38 

400 9. 2 6 .8 7.9 140 800 210 379 

700 12.2 8.2 8.5 3.0 22 394 633 

00 • 11. 8.0 .3 1.4 11 480 740 

I . 
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Location. __ ....;B~i...,g_H....:.o_rn;.;,__ 
2/ 

Samp1ing Site GCO 

PARAMET ERS 

.A 1m1o n1 a To ta l Or tho- Total Bi carb . 
le idity t i trogen Phos. Phos. SAR Alkal . Al ka l . Ca rb. Lnlori de Fluoride N03+N02 N03 Sulfate Silica 

. 10 . 07 185 221 3 3 . .29 . 06 92 - -- --- --- - -- ---

--- . 32 . 17 - -- -- - 178 21 7 0 3 .36 . 62 - -- 147 - --
- -- 2. 15 .1 7 --- -- - 249 303 0 6 ,35 .55 ---· 161 - --

. _J_ 
--- 1. 0 .10 - -- --- 169 187 10 5 .22 .D7 119 ---

' 
- -- . 56 .36 --- -- - 75 92 0 1 . 12 . 12 --- 49 ---
-- - .13 .32 -- - -- - 62 76 0 2 .09 . 07 -- - 26 ---

--- <.01 .11 -- - --- 192 235 0 4 .31 .09 -- - 118 ---

-- - .62 . 41 -- - --- 249 303 0 7 .30 .59 --- 201 ---

--- <.01 .27 -- - --- 272 331 0 6 .41 . 32 --- i65 ---
--- . 54 . 13 --- --- 258 315 0 6 .24 .27 --- 154 - --

::a -t 
~ 

M --ICI 
en 

J -- - .45 . 36 - -- --- 254 309 0 6 .26 .33 --- 187 - --
" -- -- . 10 . 35 - -- - -- 130 159 0 2 .15 .08 --- 68 ---
0 

=- - -- . 31 . 03 85 104 0 1 . 12 . 13 46 --- - -- --- ---- - -- .·14 .02 --- - -- 100 121 0 1 .17 .10 -- - 45 -- -
I ..... 

.:> --- . 03 . 21 --- --- 276 305 15 10 .33 . 84 -- - 226 -- -
c,..., 

I -- - .16 .38 - -- -- - 314 378 2 11 .33 .69 - - - 249 ----
~ --- .06 .23 --- - -- 292 349 5 8 . 01 · .68 -- - 209 ---

- -- .05 . 22 --- - -- 283 345 0 5 .30 .34 --- 153 ---

• 0. 
0. 
{10 

:l 
0. 
C: 
3 
0 
0\ 
I .... 
tv 
I 

-+' 
0\ 
'-1 
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0 
(") ,.,. 
0 
c:r 
(11 
"1 

tv 
0 ...... 
co 

-

• 0. 
0. 
(11 
:::, 
0. 
C: 

3 
CJ 
0\ 

I -tv 
I 

~ 
0\ 
co 

f,c id i ty 

-- -
-- -
-- -

-- -
---
-- -

- --
---
<l 

,;.l 

2 < 1 

-<> 

" - . 
-

. Ammonia To ta l 
I i rogen Phos . 

.74 . 37 

. 72 .26 

.09 .47 

. 18 .05 

.26 . 13 

. 10 ---

. 26 - --

. 68 -- -

. I 9 . 27 

.28 .37 

. 17 .21 

.OS . 17 

. 16 . 22 

.06 .91 

Sampling Site # ___ ric_O_ 

P RA lETERS 

Or tho- Total Bicarb . 
Phos. SAR Alka 1. Al kal . Carb. 

- -- --- 262 320 0 

- -- --- 189 231 0 

--- --- 259 317 0 
, 

-- - --- 64 78 0 

--- - -- 100 123 0 

- -- - -- 266 325 0 

--- --- 229 364 0 

-- - - - - 268 327 0 

- -- .82 262 295 0 

- . 57 172 210 0 

-- .4 125 152 0 

- .49 116 141 0 

-- .65 224 263 5.4 

- .80 256 313 0 

Location ti19 Horn ___ ....::.,_ __ 

Chloride Fluoride N01+NO:, N03 Sul fate 

6 .24 . 18 -- - 173 

6 .22 .58 --- 127 -
9 .27 1. 32 --- 220 

1 . 16 . 14 I --- 31 

2 .18 . 27 --- 47 

6 .30 .67 --- 221 

9 .25 . 62 --- 234 

5 . 39 1.10 --- 165 

8 .32 . 27 --- 189 

3.1 .20 .18 - 99 

2 .1 .16 .14 -- 59 

2.4 .15 .07 - 59 

4 .6 . 28 .32 - 126 

7 .9 .37 .99 - 159 

. 

2/ 

Sil i ca 

---
-- -
- - -
---
---
---
---
---
---
-
-
-
-
-

O:J a 
0 
;,;-

~ ,.... 
:::, 
(11 
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Sampling Site GC0 . 3/ 

0 
() ~ ,... 
0 PARAMETERS er 

s: 
('l) • 
"'1 

N Tot I 
Oil & Aluminum Arsenic 

(") 

0 
0 

..... Hardness Calcium I a nes ium Po assium Sodium % Sodium Cat ions-Anions Grease To al Dissol. Tota 1 0 issol . 
CX) 

248 48 31 2 17 .03 <. 1 <,005 

276 51 36 2 28 .05 <5 <. l <.005 

362 59 52 3 28 .02 <. 1 <.005 

250 50 31 2 19 5.87 - 5.99 <. l <.005 

105 22 12 2 10 2.5 - 2. 55 <. l <.005 

77 18 8 1 8 1.90 - 1.85 <. 1 <, 005 

273 52 35 3 22 6.46 - 6.41 <.1 <.005 

390 72 51 4 38 9.57 - 9.40 < 1 <.005 

386 72 50 4 34 9.30 - 9.05 . •l <.005 

359 73 43 3 30 . 01 <. 1 <.005 

=- -t J 383 71 50 4 32 9.15 - 9.16 <. l <.005 
., 

" M == :,. 171 36 20 2 12 4.02 4.11 <.l <.005 
C ,0 

G> " 114 25 13 l 9 2.71 - 2. 70 <. l <. 005 - t"',) 124 25 15 2 9 2.93 - 2.96 <. 1 <. 005 
I 

._ 
I' 422 78 55 4 41 10 . 36 - 10.57 <. 1 <. 005 
c,,:, 

I '-'"'1 468 80 65 5 49 11. 64 - 11.82 < . 1 <. 005 - 437 76 60 4 40 -- - 10.58 10.48 <.l , .005 

402 78 51 <l 24 9. 09 - 8.99 < . 1 <.005 
)> 
C. 
0.. 
('I) 

::l 
0.. 
,:: 
3 
0 OJ 

°' 
"'1 
0 

I 0 ..... 
N 

;:,;-
I 

..p. ~ 
°' '° 

::l 
('I) 
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0 
(') ,.... 
0 
er 
(11 .., 
ts,;) 
0 ,..... 
00 

::ID 

"" M 
-=--

I 

C. 
I -

Col 

• a. 
0. 
(11 

::, 
0. 
C: 
3 
0 
a, 
I 

...... 
ts,;) 
I 

..:,. 
-'1 
0 

--;, 

== 
en 

...... 
,...., 

Total 
Hardness Calcium 

373 69 

. 268 51 

409 78 

79 16 

139 27 

405 75 

446 78 

378 66 

386 68 

235 
~ 160 
" 

35 
I 

~ 144 32 
-.J 

307 102 

357 64 

Samp l ·ng Site R -----GCO 

PARAMETERS 

Magnesium Potassium Sodium % Sodium 

49 3 31 ---
34 3 26 ---
52 4 39 ---. 
9 1 6 ---

17 2 9 ---
53 4 34 - --
61 5 44 -- -

52 3 30 -- -

52 3.? 37 ---
2 2.1 20 -

18 1.7 14 -
16 2.6 14 -
11 3.1 26 -
48 3.4 35 -

---- -. - --------=--
. 3/ 

Oil & Aluminum Arsenic 
Cations-Anions Grease Total Dissol. Total Dissol. 

8.87 - 9.04 --- --- <. l --- I<. 005 

6.52 - 6.64 --- --- <,l --- <,005 

9.97 - 10.15 --- -- - <. 1 -- - <,005 

1. 89 - 1. 97 --- --- . 1 -- - <.005 

3.22 - 3.07 --- - -- <.l --- <. 005 

9. 67 - 9.42 --- --- .1 --- <. 005 

10.96 - 11. 13 --- --- <. 1 --- <.005 

8.93 - 9.05 --- -- - . 1 --- <. 005 

9.41 - 9. 41 <5 --- , 2 --- <,005 

5.62 - 5.59 - - - < .1 - (. 005 

3.84 - 3 .79 - -- ( .1 - ( ,005 

3.55 - 3 .62 - - < ·1 - ( ,005 

7.36 - 7. 25 - - < .1 - i<. •005 

8. 74 - 8.65 - -- ( ,1 - l .005 

-
&, 5 

' i r' h , ,, I ) • 

~ 
:, . 
~ -
.{" ·tY t'"'.,~ 

·c-
C'' 

-
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0 
() 

s 
O" 
(b 
"1 

l0 
0 -CXl 

=:, 
m 
M 

-
-, 
I 

_. 

""""" -., :J 

" I 

er, "'" )0 
lO 

r ..... 

Cadmium 
To 1 01sso l . 

- -- <.005 

- -- <. 005 

- -- .. . 005 

- -- <. 005 

- -- <.005 

--- ,005 

-- - <. 005 

--- <. 005 

--- <.005 

--- <,005 

--- <.005 

- -- <.005 

--- <.005 

- - - <.005 

- -- <,005 

-- - <.005 

- - - <, 005 

--- <. 005 

Samp ling Site D ___ G_CO __ 

PARA lETERS 

Ch rorni um Cop per Iron 
To tal Dissol. To tal Dissol . Total Oissol . 

--- <.02 --- <.01 .49 .1 5 

--- <.02 --- . 02 .58 .09 

--- <.02 - -- <.01 . 8( .12 . 
--- <. 02 --- . 01 --- .10 

--- <.02 --- <.01 -- - .15 

--- l< .02 -- - <.01 --- . 12 

- -- <.02 --- <,01 --- .07 

-- - <, 02 --- <, 01 . 3{ .10 

- -- <,02 - - - <.01 .63 . 10 

- -- <,02 --- <,01 . 36 <. 05 

-- - <.02 -- - <.01 . 93 <. 05 

- -- <.02 --- <,01 .24 . 06 

-- - <.02 --- <. 01 3 . 73 . 11 

--- <. 02 --- <. 01 3.12 .05 

-- - <.02 --- <. 01 ,23 <. 05 

--- <. 02 -- - <.01 .66 .10 

--- <. 02 --- .01 . 48 . 07 
. 

- -- <. 02 --- . 02 . 31 <,05 

I 

Lead 
Total Oissol . 

--- <:02 

-- - <.02 

-- - <,02 

- -- <.'02 

- -- <,02 

-- - <,02 

-- - <.02 

--- <.02 

--- <,02 

--- <, 02 

--- <.02 

--- <,02 

--- <.02 

--- <. 02 

--- <.02 

--- <,02 

--- <. 02 

--- <,02 

-----. - ---- ~--'--

Mo1yb . Manganese 
Tota 1 Oiss ol. To ta 1 • iss o l 

--- --- - -- . 02 

--- -- - --- . 05 

--- -- - . - - - . 12 

-- - --- --- .06 

--- -- - --- . 02 

-- - --- - - - <,02 

--- - -- --- . 02 

--- --- --- .07 

- -- --- -- - . 08 

-- - -- - --- . 07 

--- --- --- . 10 

- -- <,02 --- . 03 

-- - <.02 --- .03 

--- <.02 --- <.02 

- - - <.02 --- <. 02 

- -- <.02 -- - . 18 

. - -- <,02 --- . 10 

--- <. 02 --- . 05 

. 
' 

' 
--

co a 
0 
;,;-

s: 
:I 
(b 
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- r 
I ...._ 

C) 

'-! t 
I (.: -
• 0. 
0. 
(1) 

;:J 
0. 
~ 

3 
0 
0\ 
' ..... 
tv 
' -+> 

-.,J 
tv 

J 

' 
' ~ 
} 

Cadmium 
To al D1ssol . 

-- - <. 005 

--·- <.002 

--- <,002 

-- - --.002 

-- - <.002 

--- <.002 

--- <.002 

- -- <.002 

-- - <. 002 

- <.. .002 

- ( .002 

- ( .002 

- .002 

- .002 

Sampling Site # __ ~G..,,.CO>L...-_ 

PARAMETE.RS 

Chromium Copper Iron 
Total Dissol . Total Dissol . To ta 1 Dissol. 

--- <,02 --- .02 .26 .08 

--- <. 02 - -- <, 01 1.30 .11 

- - - <,02 - -- <.01 .86 . 07 . 
- -- <.02 --- <.01 2. 38 . 30 

-- - <,02 --- <. 01 l. 46 <. OS 

- -- <. 02 -- - . 01 <.OS <.OS 

-- - <.02 --- .02 .28 . 07 

--- <.02 --- <. 01 .11 .09 

--- <. 02 <. 01 .29 <.OS 

- .02 -- .01 3.87 <.05 

- <..02 - .01 2. 78 .13 

- (. .02 -- ,. .01 7. 29 .13 

- <.02 -- .01 .55 <. 05 

- · . 02 - - .01 .33 <, 05 

I 

I.,."""- V '-I .... •, ___ -___,•:'>':,.__•-• -

4/ 

~ 
(") 

Lead Mo lyb . ,anganese 0 

Total Dissol . Total Dissol . To ta l nic:so l --

- -- <: 02 - - - <, 02 --- .10 

--- <. 02 -- - <.02 --- <. 02 

-- - <.02 --- <.02 --- . 11 

--- <, 02 -- - <.02 --- .09 

-- - .04 --·- <.02 -- - . 02 

-- - <.02 -- - <.02 --- . 09 

-- - <.02 -- - <. 02 - -- . 06 

--- <.02 - -- <,02 --- .08 

-- - <.02 -- - <.02 --- . 06 

- c. .02 -- <.02 -- .09 

- <. .02 -- <.02 - .04 

- . < .02 - < .02 - .03 

~ .02 < .02 .04 - - -

-- < .02 - -< • 02 - ,<. 02 

' 

' -

I I 
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0 
n 
0 
Cr' 
(b 
"'I 

tv 
0 

(X) 

::=::II 
m 
r-, 
0 -c:::, 

I 

'"-., 

-

• 0. 
0. 
(b 

:I 
0. 
C: 
3 
0 

°' ' ...... 
tv 
I 

~ 
--.J 
(;J 

-II -., 

C, 

-C 

Mercur 
Total Oissol . 

-
-- - <,001 

- - - <.002 

--- <.002 

--- <.001 

--- <. 001 

- -- <.001 

-- - <. 00 1 

-. - <.001 

--- <.001 

-- - -~. 001 

:J - -- <. 001 
7' 

' --- . 001 I" 
.D 
::, --- <. 001 

-- - <.001 

--- <. 001 

--- <.001 

-- - < .001 

--- <. 001 

Sampling Site # __ ..:cG-=-C0=----

PAl3AMETERS 

Mickel Selenium Va nad ium 
To t;i l Ois sol. To tal Oissol. To ta l Dissol. 

-- - <. 01 --- <. 005 - -- -- -
. -- .01 --- <.005 --- -- -
- - - <.01 --- <.005 --- ---
--- <. 01 --- <.005 --- ---
-- - <.01 - -- <.005 --- ---
- -- .01 --- <.005 --- ---

-- - <.01 --- <.005 --- ---
--- <. 01 --- <.01 -- - ---
-- - .01 -- - <.005 --- ---
--- <.Ol --- <.005 - -- ---
--- <, 01 --- <.005 --- ---
- -- <. 01 -- - <. 005 --- ---
--- .03 --- <.005 -- - - --
- -- <.01 --- <. 005 --- ---

-- - <. 01 - -- <. 005 -- - ---
--- <. 01 -- - <.005 --- ---
- -- .02 --- <.005 --- ---

--- .02 --- <.005 --- ---

Loca t ion Big Horn ---------"'---
5/ 

Zinc Total Kje . 
Total Dissol. 13arium 13oron Nit ogen 

--- .01 --- --- ---
--- .01 <. 5 .1 -- -
--- . 05 <.5 .2 ---

-- - . 12 <.5 . 2 ---

--- <. 01 <.5 .1 ---
--- .02 <.5 . 2 ---
--- <.01 <.5 . 2 -- -

--- <.01 <.5 .2 - --
--- .03 <.5 . 1 ---
--- <. 01 <. 5 <. l ---
--- <.01 <.5 <,l ---
--- . 01 <, 5 <. 1 - --

--- .22 <. 5 <. l - --
--- .01 <.5 <. 1 ---
--- .05 <. 5 . 1 ---
--- .07 <.5 . 2 -- -
--- .01 <. 5 . 2 ---

--- .03 <, 5 <.l -- -
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location Big Hon 

Sampling Site # GCO 
5/ 

0 ~ C') 

8 
o' PARAr1ETERS ~ 

• (} .., () 

Iv 
•1ercury ti eke l S-elenium Vanadium Zinc To tal Kje. 0 

0 ...... To tal Dissol. To ta l Disso l. Total Dissol. To al Dissol. Total Dis sol. Barium Boron it ogen 
00 

<,0002 .02 <. 005 .02 <. 5 <. 1 

<.0002 <.01 <.005 .03 <.5 <, 1 

<.0002 <.01 <.005 .02 <. 5 . 1 

<,0002 <. 01 <.005 .04 <.5 <. 1 

< .0002 <.01 <.005 . 13 <,5 <.l 

·= . 0002 .03 <.005 .13 <.5 <. 1 

<. 0002 <.01 <.005 .32 <. 5 .2 

.,. .0002 <.01 <.005 .35 <,5 . 1 

<. 0002 <.01 <.005 <. 01 <.5 . 12 

<. 0002 - < .01 .005 .01 <. .5 .12 

:::a - .0002 ,:. . 01 .005 .01 ( ,5 < .01 
m -, ., • r, 
n - I .0004 (, 01 .005 - ,(,, 01 (.. 5 .14 
c::, ~ 

en .0 ,.s - .0007 .01 .005 <. ,01 .1 - .0006 < .01 .005 , .01 <.. 5 .17 

., -
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0 
n ,.... 
0 
er 
(b 
'"1 

t0 
0 ..... 
(X) 

m 
M 
0 

-
" I -
• 0. 
0. 
(b 
;:l 
0. 
C s 
0 
(j'I 

I ..... 
t0 

I 

~ 
'1 
(.11 

--t -., 
.....: 

"~ -.. 
) 

, 

DATE Time 

5/08/78 1100 

5/ 22 / 78 1135 

6/06/78 '1 025 

6/27 /78 1100 

7 /31/78 1245 

2/05/78 1120 

3/06/79 1125 

5/02/79 1410 

S/30/79 1200 
' 
~/14/ 79 1115 
J 

7 /10/79 1140 

7 /30/79 1330 

9/13/79 1133 

?/ 11 /79 1255 

3/ 19/80 1215 

1/29/80 1115 

,/27/80 1330 

5/16/80 1105 

7 I 15/80 1250 

l/ 11/80 1000 

Sampling Site # ___ GC_2 __ 

PARAMETERS 

Temp. F1eld Cond. Di s sol. 
Samplers ~leather co Mmhos/cm Qxyqen ppm 

Oo\'1lby --- 5. 2 640 11. 3 

Veenstra --- 15.0 375 8. 2 
Clear 

Bowlby arm 13 . 0 220 8 .8 
Ogle Clear 
Veenstra Warm 13 . 0 150 ---
Bowlby Part ly 
Veens tra Cloudy 75° 24.0 625 7.5 
Bowlby 
Araas -- - 0.2 840 12 . 7 
Bandar Partly 
Veenstra Cloudy 35° 1.0 800 10.8 
Veens t ra Ra~n . 
Co 11 i er 35 F 9.7 554.6 10.0 
Co 11 i er Par tl y . 
Araas Cloudy 50° 8.0 223 8.5 
Bondar Cloudy 
Araas Warm 15.0 222 8.4 
Coll ier c1sar 
Bowl by 65 F 24.0 530 9.5 

Bowlby 
RaJn 
75 F 22.0 1150 9.2 

Araas Rain 
Bandar 60°F 15.0 900 ---
Araas c1sar 
Co 11 ier 20 F 2.0 790 ---
Bandar Partly 
Hi 11 Cloudy 409 4. 0 905 9.0 
Veenstra c1 0ar 
Araas 65 F 15.0 370 ---
Ara as Partly 0 
Veenstra .Cloudy 70 14 .0 300 ---
Woll nzien c1 0ar 
Araas 70 F 14.0 310 10.5 
Lyden Part ly 
Co ll ier Cloudy 70° 24 . 3 840 11. 7 
Araas Clear ' 

Volk 10° 21. 0 75 5 .. . 4 

1/ 

Field Lab Turb. lab Ce,r.d . 
oH pH (/ITU) TSS TOS l•~Tihos/cm 

8.5 7.9 290 568 308 596 

--- 7.6 110 190 258 385 

9.2 8.1 · 45 126 192 219 

8. 6 7.9 13 37 118 142 

--- 8.4 8 27 396 675 

7.82 8.0 9.4 22 505 620 

--- 8.0 4.0 14 525 800 

--- 8.6 6.6 19 376 610 

7.5 7.6 48.0 120 156 210 

7,3 7.8 220 23 144 214 

8,8 8.3 11 21 346 550 

8.1 8. 4 8.4 30 582 830 

6.7 8.3 4.3 14 488 760 

8.5 8.3 1.1 5 498 750 

9.1 8.1 9.2 12 546 770 
-

6.21 8. 1 8.9 ~ '. 218 360 

6.33 7. 9 55. 0 ~4 268 230 
~ 

7.66 8.0 29 .0. ~ 56 48 272 
i.... 
l i;;, 

8.86 8. 5 8.4 { tz 592 / 857 .. , .. • > 

8.0 8. 3 ~. 5 2 (/ 7ip2 ' . 000 
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Samr 1 i ng Si te # GC2 

0 
(') 

S PARAMETERS 
O' 
(b 
'"1 

I:\,) 

0 -CXl 

-
I ...... 

• 

)> 
0. 
0. 
(b 
::, 
0. 
C: 

a 
0 

°' ' -I:\,) 
I 

~ 
-.J 

°' 

DATE 

)/02/80 

~/09/80 

3/02/01 

1/21/81 

i/ 12/81 

j/02/81 

j/ 22/31 

yos1s1 

t/01 /81 
!) 
j 

'./14/81 

1/29/82 

/3/82 

/24/82 

115/82 

127/82 

17/82 

Time Samplers 

Bowlby 
1135 Mazgaj 

Hi 11 
1330 Bandar 

Lyden 
1130 Bandar 

1300 Bandar 
Andersen 

1142 Veenstra 
eenstra 

1215 Co 11 ier 
Jones 

1140 Co llier 
Jones 

1045 Andersen 
Jones 

1200 Andersen 
Jones 

1140 Veenstra 
Collier 

1314 Veenstra 
Jons 

1200 Veenstra 
Jones 

1125 Veenstra 
Collier 

1 1 Veenstra 
Jones 

1135 Ve ns rn 
Jones 

1105 Bo-rdar 

Temp. f1eld Cond. D1ssol. 
~leather co Mmhos/cm Oxvqen ppm 

c1sar 
85 F 17.0 1250 8.4 
Clear 
Cold 0.0 820 14.20 
c1 0ar 
55 F 4.8 875 ---
Cloudy 
Rain 14.0 620 9.2 
Rain 
35 f 12.0 950 9.2 
Cl ear 
\form 10.0 205 8.3 
Partly 

Cldy . Wann 17 . 0 280 7.3 
c1sar 
85 F 19.0 1030 10.4 
c1sar 
80 r 20 .0 980 12.4 

C~~;~ l~0°F 0.0 850 13.6 
c1sar 
45 F 9.0 1000 13 . 2 

Cls;r 
75 12 .0 800 10.4 

Cl~y 
60 F 14 .0 425 7.8 
Cl5ar 
70 F 15.0 460 8.1 
Clear 
s0 r 23 .0 730 9.2 

c6g;r 
20.0 800 13.10 

1/ 

field Lab Tllrb . Lab Cond . I oH pH ( IITU) TSS TDS l1mhos/crn 

8.1 8.4 7.6 16 616 930 

7.3 8. 1 2.4 4 450 756 

8.4 8.3 1. 2 ] 472 763 

8. 0 7.9 6.4 20 390 606 

7.2 8. 1 6. 2 22 574 841 

7.2 7.5 26 60 68 197 

7.8 7.4 15 29 132 279 

8.7 8.5 75 38 514 767 

8.1 8 .3 14 18 594 912 

7.4 8. 1 2.4 4 470 825 

8.1 8,5 1.6 13 534 760 

7. 7 8 .2 3.4 42 390 606 

6.9 8.0 12.0 133 160 275 

7 .o 7.8 76.0 350 24E 446 

8.0 8.4 3.4 9 392 633 

8.5 .4 2.2 20 416 710 

. 

DEQ Ex. 3-1445



0 
() ..... 
0 
a" 
n, ., 
Iv 
0 ...... 
o:> 

m 
C""1 
-

c::, 0') 

-f'-.) -
:'I I 
I -

/\c id i ty 

---
---
-- -
---

<1. 0 

---
---
---
- --
---

? 

" ---
I 
r::-
.D - --
r::-

-- -, 

---
---
-- -
- --
- - -

---
-- -

Ann,on,a Total 
I i trogen Phos . 

. 7 . 61 

. 2 .24 

.49 . 17 

.86 .06 

.42 .10 

.28 .35 

2 .19 .14 

I. 22 .11 

. 58 .33 

.54 .18 
,, l . 21 

. 65 .32 

.; _ 01 .23 

. 57 . 13 

.55 .28 

.26 .27 

. 16 .02 

.13 .02 

.40 . 12 

. 06 .24 

Sainp l · ng Site # GC2 - ----

PARAMETERS 

Ortho- Total Bicarb. 
Phos . SAR Al ka l . A 1ka 1 . Carb. 

-- - --- 161 196 0 

--- --- 125 153 0 

--- --- 74 ·. 90 0 

- - - --- 49 60 0 

.10 .73 202 242 2 

- -- -- 267 325 0 

--- -- - 257 314 0 

--- -- - 195 203 17 

--- --- 67 82 0 

--- --- 73 90 0 

-- - --- 178 217 0 

--- --- 256 310 1 

-- - --- 255 310 0 

--- - -- 247 301 0 

--- - -- 252 307 0 

--- -- - 122 149 0 

--- --- 77 93 0 

--- -- - 93 114 0 

- -- --- 263 303 9 

--- -- - 316 386 0 

Location ___ ~_1g_n_o_rn_ 

2/ 

Chloride Fluoride N01+ O, N03 Sul fate Silica 

4 .26 .48 -- - 155 - --
3 . 13 . 44 --- 74 ---
1 .09 . 15 --- 35 - --

I 

1 .04 .07 --- 21 - --
5 .25 .23 --- 142 ---
4 .38 1.15 --- 160 ---
7 .38 . 62 --- 173 ---

5 .24 .08 --- 131 -- -

1 . 11 .12 - - - 38 ---
2 .10 .07 --- 34 ---

3 .28 .19 -- - 109 ---

6 .30 .23 -- - 198 - - -
5 .39 .26 --- 158 -- -
5 . 23 . 29 --- 149 ---
6 .25 . 29 -- - 184 -- -

2 . 14 . 23 --- 64 -- -

1 .11 . 11 --- 43 -- -

<l . 17 .12 - -- 41 ---

8 .30 .20 -- - 216 ---
11 .32 .07 --- 253 - --
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0 
() ..... 
0 
C]' 
(1) 
"1 
(\.) 
0 -00 

-
:, 
I -

• 0. 
a. 
(1) 

::I 
0. 
~ 

3 
tJ 
°' I 

...... 
1:0 

I 

~ 
-..J 
00 

Acid i ty 

- --
- --
---
---
---
---
- --
- --
-- -
-- -

7 
<1 7' 

I 
i:- '- 1 JJ 
J> 

d 

-
-
--

Anv11on1 a 
I i r·ogen 

. 06 . 

.20 

.46 

. 54 

.28 

. 18 

.21 

. 17 

. 33' 

.56 

. 32 

.21 

.06 

.14 

.23 

.07 

Samp l i ng Si te # GC2 

To a l Or tho- Total 
Phos . Phos . SAR Alkal. 

. 16 - -- - -- 309 

. 26 --- --- 273 

. 22 -- - --- 255 

. 21 --- --- 198 

. 36 -- - --- 247 

. 03 --- --- 65 

.n8 - -- --- 97 

-- - --- --- 260 

--- --- -- - 281 

-- - --- --- 259 

. 29 -- - .82 256 

. 31 -- . 64 199 

. 10 -- )0 104 

.09 -- .54 129 

.23 --- .68 213 

2. 35 -- .75 266 

Location Big Horn 
2/ 

PARAMETERS 

Bicarb . 
Al al. Carb . Chloride Fluoride N03+ 0? N03 Sul fate Silica 

368 4 8 .01 . 49 -- - 223 ---
333 0 6 ,30 .36 --- 164 -- -
311 0 6 .24 .21 --- 172 ---

242 0 6 .23 .60 --- 132 ---
302 0 10 .28 1. 35 -- - 216 ---
80 0 1 . 15 . 12 --- 30 ---

118 0 2 .16 .22 --- 42 ---
318 0 7 .28 .60 -- - 177 ---
343 0 9 . 24 . 28 - -- 227 ---

315 0 5 . 36 1.00 --- 148 -- -
300 5.9 4.2 .29 .27 --- 191 ---
2l2 0 4.6 .22 .33 - 121 -
127 0 1.9 .09 .07 --- 34 -
157 0 2 .8 ,19 .34 - 74 - -

251 0 4 . .27 .37 - 133 -

315 0 6.8 .38 .56 -- 155 -
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Sa 1pl ing Site# GC2 
. 3/ 

0 
(") ~ ..... 
0 PARAMETERS 
a' 

~ 
(1) .., 

)> 

tv Total 
Oil & Aluminum Arsenic 0 

0 
0 

...... Hardness nesium Potassium Sodium % Sodium Cations-Anions Grease Tota 1 Dissol . Total Oissol. 
(X) 

271 53 34 5 24 6.61 - 6.59 <.l <,005 

183 37 22 3 12 4 ..24 - 4.16 . l <,005 

94 22 10 l 8 2.25 - 2.26 <. l . <. 005 
·, 

62 1 7 1 5 1. 50 - 1. 48 . <. l <.005 

297 58 37 3 29 7 .26 - 7. 14 <5 <. l <.005 

382 7 48 3 30 .15 <. 1 <.005 

381 55 60 3 31 .04 <.l <.005 

287 54 37 2 20 6.69 - 6. 78 <. l <.005 

90 19 10 l 8 2.18 - 2.18 <. 1 <. 005 

::a -t 95 21 10 1 8 2.27 - 2.23 <.l <.005 

C, 
-., J 249 118 31 2 20 5.90 - 5.91 <.l <, 005 

-- ' 11:::f 396 76 50 4 37 9.62 - 9.44 <. l <.005 
en -

) - r-.,' 368 69 48 4 31 8.77 - 8.55 <. 1 <,005 - 344 66 43 3 29 -.01 <. 1 <. 005 
, 

I ;:'I 377 70 49 5 32 9.03 - 9.06 <. 1 <. 005 

-
~ 

162 3 19 2 13 3.83 - 3.85 <.l <. 005 

101 22 1l 1 8 2.41 - 2.45 <.1 <.005 

118 24 1 l 9 2.80 - 2.75 <. l <.005 

)> 
403 73 53 4 39 9.84 - 10 .00 <. 005 

0. 
0. 
(1) 470 82 65 5 48 11 . 64 - 11. 88 <,005 
::, 
0. 
s:: 
8 
0 

°' 
OJ .., 
0 

I 0 ...... 
tv 

;,:;-
I 

.,:,. ~ 
--J 
I.CJ 

::, 
(1) 
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0 
(") ,..,. 
0 
CJ' 
(1) ., 
tv 
0 ,_. 
00 

c-, 
c:, 

-
:, 
I -

)> 
C. 
C. 
(1) 

::i 
C. 
c:: 
3 
0 
0\ 

I ..... 
tv 
I 

.;:. 
00 
0 

-

r 

t J 

To al 
Hardness 

463 

407 

368 
281 

404 

79 

128 

400 
424 

355 

J 385 

277 
0 
-I 124 

i69 

300 
364 

Sampling Site # 

Calcium Ma nesium Potassium 

79 64 4 

78 52 <l 

69 48 3 

54 36 5 

77 52 4 

16 9 1 

25 16 2 

75 52 4 

73 59 5 

71 43 3 

72 50 3.3 

54 35 2.4 

30 12 1.4 

33 21 3.8 

57 3 3.2 

6 50 3.4 

"""""'-- .. •..,.. • 

GC2 
. 3/ 

~ 
PARA ETERS 3;:: 

)> 

Qi 1 & A 1 urni num Arsenic n 
0 

Sodium % Sodium Cations-Anions Grease Tota 1 Oissol . To al Di ssol. 

43 11. 24 - 11.09 <. I <. 005 

27 9...33 - 9.08 <. l <.005 

31 8.78 - 8.89 <. 1 . <.005 

25 6.83 - 6.93 <. 1 <.005 

39 9.87 - 9.83 . 2 <. 005 

6 1.88 - 1. 97 . 2 <.005 

9 3.00 - 2.86 <. 1 <,005 

26 9.24 - 9. 14 <. l <.005 

43 10.49 - 10.63 <. 1 <. 005 

28 8. 36 - 8.50 . l <.005 

37 9.23 - 9.39 <5 <. 1 <.005 

25 6.68 - 6 63 (.1 coos 
7.7 2.85 - 2.84 ' .1 <. . 005 

16 4.19 - 4.19 .1 <. .005 

27 7. 25 - 7.17 <. • 1 < .005 

33 .80 - 8.74 ,:: . 1 <' • 005 
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Samp ling Site l_~G=C=2 __ _ 
0 
n 
s ~ PARA IETERS 
"'1 

lv 
0 ,_. 
00 

::ii:, 
l'n 
n 
c= -c:, 

I 

'- . 
I -

t:-.1 

• 0. 
0. 
(11 

:::l 
0. 
C: 
3 
tJ 
0\ 

I 
...... 
Iv 
I 

~ 
00 ,_. 

.... 
-n J 

" I 
I:" 

en -D 
)0 

f-..) -
I ..) 

;'I 

Cadmium 
Tota 1 D1sso l. 

-- - <, 005 

-- - <. 005 

--- c _ 005 

-- - <.005 

--- <. 005 

--- <. 005 

--- <, 005 

·- - <.005 

--- <,005 

--- <,005 

-- - <,005 

--- <.005 

- -- <.005 

-- - <: ,005 

-- - <. 005 

--- <. 005 

--- <: , 005 

-- - <.005 

--- <. 005 

-- - <.005 

Chromium 
Tota 1 Dissol . 

--- <.02 

--- <.02 

--- <.02 

- -. <_. 02 

--- <,02 

--- <.02 

--- <.02 

--- <.02 

--- <,02 

- -- <.02 

--- <.02 

--- <. 02 

-- - <.02 

-- - <.02 

--- <,02 

- -- <.02 

- -- <.02 

--- <.02 

-- - <.02 

--- <. 02 

Copper rron 
To ta 1 Dissol . Tota 1 Dissol. 

- -- <.01 17.3 .10 

--- <. 01 8. 18 .09 

--- .02 -3.05 .09 

--- .02 1.48 .12 

--- <.01 .81 .'06 

--- <.01 .92 .07 

-- - <.01 .45 .06 

--- .01 -- - .09 

--- <.01 --- .13 

- -- .01 --- .15 

--- <.01 - -- .08 

-- - <.01 .48 .06 

--- <.01 . 67 .30 

--- <.01 <.05 <.05 

--- <.01 .57 <.05 

--- <.01 .95 . 06 

--- <. 01 4.03 . 12 

- -- .01 1. 74 .06 

--- <.01 .46 <.05 

- -- <.01 .39 .06 

I 

---- -·-·· ____ ..::;__ __ 
4/ 

Lead olyb. Manganese 
Tota l Dissol. Total Dissol. To ta 1 n; c;c;n l. -

--- --- --- - -- --- .02 

-- - <.02 - -- --- - - - <. 02 

--- <.02 --- -- - <.02 

-- - <, 02 --- --- - -- <.02 

--- <.02 --- <. 02 -- - .02 

--- <.02 --- --- --- .05 

--- <.02 --- --- --- .10 

--- <.02 -- - --- --- . 06 

--- <.02 - -- --- --- <.02 

--- <.02 --- --- --- <.02 

-- - <.02 -- - --- --- <.02 

--- <.02 --- --- --- .02 

-- - <.02 --- --- --- .09 

--- <.02 --- --- --- .05 

-- - <.02 --- --- --- . 11 

--- <.02 --- <.02 --- .03 

-- - <.02 --- <. 02 --- .02 

--- <.02 - -- <.02 - -- .02 

-- - <. 02 --- <.02 -- - . 02 

--- <.02 --- <,02 - -- .08 

J 

1, I • 

IS- 1~ 
I • I• 

; 
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Sampling Site# GC2 
0 
(') ,.... 
0 
~ PARA ETERS 
.., 
N 
0 ...... 
00 

M"1 
M 
c:::, 

-
., 
I 

CJ 

• 0. 
0. 
(II 

::I 
0. 
C: 
3 
0 

°' I ...... 
N 

I 

~ 
00 
N 

~ J 
~ "' t 

r::-
en ~ ~ 
r.., 

Cadmium 
To t a 1 D1ssol . 

- -- <.005 

--- <. 005 

- -- .005 

-- - <.002 

-- - <.002 

-- - <.002 

- -- <.002 

--- . 002 
<.002 ' -- -

--- <.002 

- -- <. 002 

- . 002 

.002 

- <., ,002 

- ( ,002 

- < .002 

Chromium Copper rron 
Tota 1 Dissol. Tota 1 0issol . Tota l Dissol. 

-- - <,02 --- .02 <.05 <.05 

-- - <.02 --- .02 . 25 <.05 

--- <,02 --- .02 .49 . 07 

-- - < .. 02 --- <. 01 . 72 .09 

--- <. 02 -- - <.01 . 79 . 06 

--- <.02 --- <,01 2. 02 . 24 

--- <.02 --- <.01 . 90 . 05 

--- <:, 02 -- - .01 <,05 <,05 

--- <.02 --- . 02 . 49 <: , 05 

-- - <.02 -- - <.01 . 14 .05 

- -- <. 02 - -- <.01 . 31 <. 05 

-- ( .02 - .01 1.05 (.05 

- .02 - .01 2.10 .16 

- < .02 -- ( ,01 5.84 .10 

- .02 - <. .01 . 76 .05 

-- <. .02 - .01 .53 < .OS 

" 

LV U "- t vi. ____ -_•..c...;:i _•_•_• _" 

4/ 

Lead Molyb. Manganese 
Tota 1 Dissol. Total Disso l . Total ni<;c:nl 

. 
--- <.02 -- - <. 02 -- - .02 

--- <.02 --- <.02 --- . 06 

--- <.02 -- - <.02 --- .09 

--- <.02 -- - <. 02 --- <. 02 

--- <.02 --- <. 02 - -- . 03 

-- - <. 02 --- <. 02 --- . 07 

--- <,02 --- <. 02 --- .02 

-- - <.02 --- <,02 --- . 07 

--- <.02 --- <.02 --- . 05 

--- <. 02 --- <. 02 - - - <. 02 

-- - <.02 --- <.02 - -- .10 

- < .02 - ,.02 - .07 

-- .02 - < .02 -- .02 

- < .02 - < .02 - .02 

- -<..· 02 - ~.02 - .03 

-- c02 - <.. .02 - c02 . 
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0 
(') -0 
cr' 
('!) 
"1 

Iv 
0 ,... 
CX) 

::a 
m 
r-, 
C, 

-
':'I 
I -

.... 
~ 

en 

-
I 

:, 

Mercury 
To ta l Di s so 1 . 

- -
--- . 001 

-- - ~. 001 

- -- <. 001 

- -- <. 001 

--- <. 001 

--- <. 002 

- -- .0002 

--- <. 001 

--- <.001 

--- <. 001 

0 -- - <,001 
"' I 

<. 001 V, ---
0 
0 <, 001 ---

--- <. 001 

--- <.001 

--- <.001 

--- <. 001 

-- - <.001 

-- - <. 001 

--- <.001 

Location Big Horn 

Sampl ing Site # _ ____..GC.¥,C,..2 __ 
5/ 

P RAMETERS 

rncke l Selenium Vanadium Zinc Tota 1 Kje . 
Tota 1 Oissol. To tal Di ssol. Tota 1 Dissol . Total Dissol. Barium Boron Nitrogen -

- -- <.01 --- <. 005 --- --- --- <. 01 <.5 . 1 -- -

-- - <.01 --- <.005 --- --- --- .06 <.5 . 3 -- -
-- - <.01 --- <.005 --- --- --- <,01 <.5 <.l ---

-- - <. 01 -- - <.005 --- --- -- - <.01 <.5 <.l - --

--- <.01 -- - <.005 --- <.01 --- .02 <.5 <.l ---
--- <.03 --- <.005 -- - --- --- <.01 <.5 . 1 ---
--- <.01 --- <. 005 --- --- --- <.01 <.5 <", 1 ---
--- <.01 -- - <. 005 --- --- --- .08 <,5 .2 ---
-- - <.01 - -- <.005 --- --- --- <.01 <.5 .1 ---
--- <.01 --- <.005 --- --- --- ,02 <.5 ,3 ---
- - - <. 01 -- - <.005 --- --- -- - <.01 <.5 .2 ---

<.01 <.005 <.01 <.5 .2 --- --- --- --- -- - ---

.01 <.005 --- --- --- --- -- - .03 <.5 . 1 ---

--- <. 01 -- - <. 005 --- --- --- <.01 <.5 <.l ---
- -- <.01 --- <.005 --- --- --- <.01 <. 5 <. 1 ---
- -- <.01 - -- <.005 --- --- --- .01 <.5 <.l -- -
-- - <.01 -- - <.005 --- -- - --- .02 <.5 <. 1 ---
--- <.01 --- <.005 --- --- - -- .05 <. 5 <. 1 ---

- -- <. 01 --- <.005 --- --- --- .03 <.5 . 1 ---

- -- <. 01 --- <.005 --- --- -- - .05 <. 5 . 2 - --
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0 
(") ,.... 
0 
a' 
(II ., 
t-.) 
0 ...... 
(X) 

c-, 
0 

-
C. 

I 

• 

Mercu,·y 
_ Total J__Q_1ssol . 

.,, 
, :;) 

<,001 

,. . 001 

<.0002 

<.0002 

<,0002 

<. 0002 

, .0002 

<. 0002 

<.0002 

<. 0002 

<.0002 
.0002 

.0002 

.0005 

.000 

.0007 

S mp l · ng Site# GC2 

P RAMETERS 

dcl el Selenium Vanadium 
Tota 1 Dissol. Tota l Disso l. Tota l Oissol. 

. 01 <.005 

.02 <.005 

. 02 <.005 

<.01 <.005 

<.01 <.005 

<.01 <.005 

<.01 <.005 

. 03 <.005 

<.01 <.005 

<.01 <.005 

<.01 <. 005 
<... 01 < .005 

.01 .005 

.01 <. .005 

.01 , .005 

.01 <. .005 

Locat1on ___ .... D..i.:i9:L-l-'H..,..o.,_r ...... n 

Zinc To t al Kje. 
Tota 1 Oissol. Barium Boron Nitrogen 

.02 <.5 . 1 

.03 <.5 . 1 

.02 <,5 <. 1 

.06 <. 5 <. 1 

<,01 <.5 . l 

. 17 <. 5 <. l 

<.01 <.5 <. l 

.02 <.5 <.l 

.41 <.5 . 2 

<,01 <.5 <. 1 

<.01 <.5 . 11 
. (. 01 <. 5 .1 3 -

( .01 < .5 ,.01 

l .01 .5 .1 

'- .01 <. .5 .08 

<_,01 <. . 5 .16 

5/ 

~ 
~ 
• () 
0 

OJ ., 
0 
0 

" ~ 
s· 
(11 
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0 
(") 

8 
cr' 
"1 

tv 
0 ..... 
00 

::a -. 

DATE 

/20/79 

I 10/ 79 

/3 1/79 

/1 3/79 

?/ 11/79 

/19/80 

rn ~ ~29/80 
n " 
c, en 
_ ~ ~27/80 

I - .. 
N :) I 16/30 
'---., ~ 

I -
• a. 
a. 
(b 

::l 
a. 
C 
3 
0 
°' I ...... 
tv 
I 

+> 
00 
(.l1 

I } 5/80 

12/80 

1/9/80 

'2/81 

1 12/81 

'2/81 

S amp l i n g S i te # __ B_li_-0_0_3_ 

Ti me Samplers 

Ba ndar 
1015 Araa 

Collier 
1100 Bow l y 

094 5 Bowl by 

Bandar 
1210 Araas 

Araas 
1150 Co llier 

Hi 11 
1300 13ondar 

Araas 
1050 Veenstra 

Hil 1 
1300 Collier 

Hea ther 

Cloudy 
,arm 

Temp . 
co 

17 .0 

c13ar 
65 F 19 . 0 

Ra i n 75°F 18 .0 

Rain 60°F 17. 0 

C1 0ar 
20 F 6.0 

c1sar 
30 F 7. 0 

c1sar 
65 F 17.0 

Pt~l - Cldy 
70 F 17 . 0 

Woll enz ien Cl&ar 
1030 Araas 65 F 19.0 

Collier Pt6-!°. Cldl 
11 30 Lyden 70 F 22 . 0 

Mazgaj 
1100 Bow l by 

Hi 11 
1300 Bandar 

Lyden 
1230 Bandar 

Andersen 
10 5 Veenstra 

Veenstra 
1100 Col l ier 

c1 0ar 
85 F 17 . 0 

Clear 
Cold 3.0 

Pt6y Cldy 
55 F 8. 6 

Rain 32°F 11. O 
Clear 
l•Jarm 15,0 

PARAMETERS 

Field Corid. Oisso l . 
Mmhos/cm O,:_yqen ppm 

1680 

l850 
1530 

1800 

1730 

2000 

2000 

1800 

1790 

1830 

2000 

2000 

16 0 

2000 

1350 

7.6 

6. 1 

7. 8 

10.8 

7.3 

10.28 

7.9 

11. 

10 . 7 

8.2 

8.6 

8Z8Z/9Z/Z8 tpeuue~s 

LDC ac 1 on _ ____;:_t:1""'"1 g.__Ho~r...;;.;.n __ 

Field 
•H 

lab 
pl• 

Turb. 
(NTU) 

6.8 7.8 8.0 

8.1 7.8 28.0 
. 

5. 7 8.0 14.0 

6.75 7.9 5. 1 

8.2 7.8 6.8 

8.9 8.1 8.8 

6.44 8.2 7.2 

7. 32 8 .3 27.0 

7. 9 

8.2 

8.2 20 . 0 

8 .3 31.0 

7.8 8.2 

7.65 8.1 

13.0 

6. 3 

6.0 
ii 

TSS TDS 

67 1250 

42 1340 

28 1440 

17 1140 

18 . 1500 

13 1390 

22 1210 

32 1070 

36 976 

43 11 00 

17 121 0 

8 1110 

l2 968 

Lab Cond. 
M111hos/cm 

1720 

1860 

1930 

1800 

2130 

1970 

1790 

1540 

1640 

·1670 

1870 

1730 

1490 
,.. 8.05 8.2 

7.4 8. 0 23,0 ( 46 

8. 2 16 

ll60 ~ 90 
:-

' "4 

1080 00 7.3 7. 6 

. I ►✓ ,.,:. ... . -~ • r: ~, i,· y 
' l C :, 

1 / 

I 
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0 
n 
0 
O" 
("I) 
"1 

Iv 
0 
f--0 
(X) 

> 
0. 
0. 
("I) 

::l 
0. 
C: 

9 
0 

°' I 
...... 
Iv 
I 
~ 
(X) 

°' 

M 
C, 

-
l 

I 

6 

8 

9 

DA TE 

/22/81 

/5/81 

/1/81 

12/14 /81 

3 /29/82 

5/1/82 
-, 
,"5 /24/ 2 

/15/82 
, 

/27/82 

/7/82 

I 

Time Samplers 

Jones 
1030 Co 11 ier 

Jones 
1015 Andersen 

Jo11r•s 
1020 Andersen 

Jones 
1115 Veenstra 

Colli er 
1 45 Veenstra 

Jones 
1130 Veens ra 

Jones 
1110 Ve nstra 

Collier 
1005 Veen ra 

Jo s 
1050 Ven. tra 

Jons 
1030 Bo r 

Sampling Site # BH -003 (Con. 

PARA IETERS 

Temp. F1 el d Cond . 0issol . 
~Jea ther co Mmhos/cm 0xyqen ppm 

Ptly Cldy 
~Jann 17.5 1625 

. 7.7 -
C16ar 
85 F 24 .0 1980 6.3 

C18a r 
80 F 17.0 1600 8.7 

PtJy Cldy 
20 F 4.0 2400 8.9 

c1sar 
50 F 10.0 2300 9.9 

Cl~r · 
75 F' 14.0 1650 9.2 
Clou.Jy 

60°F 13 .0 2000 8.0 

Cl~r 
70 15 .0 1800 5.3 
Clear 
85°F 20 .0 2000 5.2 

Not flCJvJir g Lhi ampling peri lx_j 

. 

LV\.. u '-, uu __ ____;_v_ , .,_~ _,._..,_, " 

Field Lab Turb. 
pH pit (NTU) TSS TDS 

. 

7.9 7.6 7.4 a 974 

8.2 8.2 200 . 0 60 1124 

7.25 8.0 11.0 25 966 

6.9 7.7 3.8 14 1320 

7.2 7.9 5.4 60.5 1370 

7.5 7.8 3.2 8 .5 1040 

6.9 7. 9 8.4 123 156 
. 

7.0 7.6 2.9 25 l090 

7.1 7.6 14.0 35 1280 

.. 
~ . 

Lab Cond . 
IM111hos /crn 

1600 

1690 

1490 

2140 

1 66 

1490 

264 

1680 

1840 

- O,J 

a 
0 
;,;-

~ 
::l 
("I) 

DEQ Ex. 3-1455



0 
(') ..... 
0 
0-
('I) 
'1 
~ 
0 ..... 
00 

::a 
m 
M 
c:t 

-0 
I 

c.,, 
I -

-4 
~ 

en 

~ ...... 
( 

c.,.-, 

Acidi ty 

-- -
- --
---
- --
- - -
---
-- -
---
-- -

-- -
J ---
" ,. ---
:, 

- --
- - -
-- -
---
---
---
-- -
---

"- 1 

1 

-
-

Ammonia Total 
rii'trogen Phos. 

9.42 .22 

.26 .08 

3.23 . 07 

.01 .05 

4. 15 .03 

2.66 .02 

4.21 . 17 

3. 8 . 07 

3.07. .o 
3.42 .04 

4.00 .02 

4. 35 . 09 

2. 24 . 02 

. 21 . 02 

8. 19 <.01 

7. 04 .03 

.25 - --
2.91 ---
7.88 ---
3. 78 .02 

4 .57 .02 

.08 .OB 
4.64 .02 

5 .81 .05 

Sa pl ing Site § BH-003 

PARA~ETERS 

Ortho - Total Bicarb . 
Phos. SAR Alkal. Al kal. Carb. 

- -- --- 427 521 0 

--- -- - 437 534 0 

--- --- 487 594 0 

--- --- 489 597 0 

- - - --- 533 651 0 

-- - --- 538 656 0 

- - - - -- 552 673 0 

-- - --- 483 589 0 

-- - --- 483 590 0 

- - - -- - 440 498 19 

-- - --- 551 672 0 

--- --- 545 666 0 

-- - --- 409 499 0 

--- - -- 435 530 0 

--- --- 423 516 0 

--- --- 436 533 0 

-- - -- - 515 628 0 

-- - -- - 405 495 0 

- -- --- 586 715 0 

--- 6.52 627 765 0 

- 4.54 471 575 0 

-- .30 102 125 0 

- 4.87 488 595 0 

- 4 .69 402 490 0 

RZRZ/9Z/ZR 'peuu~~s 

Location 1119 Horn ------
2/ 

Chloride Fluoride N03 NO? N03 Sulfate Si lica 

9 .48 2.56 --- 549 ---
9 .66 1. 97 -- - 607 -- -

10 .56 1. 35 --- 642 ---
2 . 67 1. 17 --- 612 ---

13 .50 . 96 -- - 663 ---
5 .60 1. 36 -- - 572 ---

l1 . 76 2. 98 --- 4G4 ---
9 .69 1. 71 --- 407 ---

9 .ns 2.28 -- - 399 -- -
9 .82 3.62 --- 422 -- -

12 .06 2.57 --- 481 ---

11 .83 1.12 --- 440 ---
13 .72 1.23 -- - 401 ---
13 .73 22 .20 -- - 420 -- -

12 . 78 18 .03 -- - 410 ---
8 .69 14.00 -- - 358 ---
8 .68 . 3.65 -- - 444 - --
7 .59 6.67 --- 344 ---

12 .91 7. 82 -- - 516 ---
14 .85 .96 --- 494 ---
9.8 .59 l.07 - 372 -
1. 7 . .09 .06 - 32 -
9.6 .49 2.24 - 436 --
9.1 .65 2.84 - 625 -

l 
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0 
(') ,.... 
0 
CT 
~ -, 
tv 
0 

co 

::I:'. 
m 
M 
~ 

-~ 
I 

u, 
I -co 
• 0. 
0. 
~ 
;:l 
0. 
C 

3 
0 
(j\ 

I -Iv 
I 

~ 
co 
(X) 

J 
" - /I 

~ :> 
:c ,. 

N ...... 
C ,.., 
U'I 

Tot I 
Hardne s Ci! lciL1111 

561 105 

31 107 

609 11 11 

639 112 

631 119 

542 104 

'119 70 

399 64 

400 72 

344 59 

427 67 

360 66 

339 63 

416 89 

417 89 

350 &9 
360 82 

276 53 

502 81 

454 93 

3 9 72 

119 ll 

427 0 

522 108 

San·pling Site BB-003 

P RMETERS 

l"aq11es i um Potass ium I Sodium % Sodium 

73 13 200 ---
76 15 223 ---

79 16 242 ---. 
88 18 208 ---

81 17 277 ---
69 15 261 ---

59 14 279 ---
S8 12 236 ---

5'1 13 224 - --

48 15 255 ---

63 17 289 -- -
a 7 301 ---

45 12 226 -- -

47 17 237 -- -
47 16 224 ---

·13 16 224 -- -
38 l 277 ---
35 13 225 ---

73 20 306 -- -
4 17 320 ---

13 209 -
0 ]. 3 7.5 -

80 16 231 --
6 t9 247 -

-----·-·- ----=---

Oil & Aluminum l\rseoic 
Cations -Anions Grease Tota 1 Oissol. Total Ui ssol . • 

20.26 - 20.42 --- -- - <. l --~ <.005 

21.-69 - 21. 79 --- -- - < .1 - -- .005 

23.14 - 23,48 --- --- <. I -- - .oos 
22 . 30 - 22.67 -- - --- . l --- <. 005 

- -- --- <. l --- <. 005 -----
22.61 - 22.92 --- -- - <. I -- - <. 005 

20 .84 - 21. 23 --- -- . l --- <. 005 

18.54 - 18.53 --- --- <. l -- - . 005 

10 . l O - 18. 42 --- --- <. l --- <. 005 

18.3 - 18.11 -- - -- - <. 1 -- - • . . 005 

21. 51 - 21. 55 --- --- <. 1 --- <,005 

20.50 - 20 . 48 --- -- - <. 1 --- <. 005 

16.91 17. 04 <. 1 <. 005 - -- - -- - ---
19.04 - 19.45 -- - -- - <.l --- <. 005 

18.50 - 18.67 --- --- . 1 --- <.005 I 
17.16 - 17.47 ..- . l <. 005 I --- --- ---

20.49 - 20.07 --- --- .l -- - <. 005 

15.65 - 15.99 --- --- . 2 -. - <. 005 

23.87 - 23. 43 --- --- <. l --- <. 005 

23.44 - 23 .22 <5 -- - . 2 --- <.005 

17 .40 - 17.44 - - .1 - < .OOS 

2.73 - 2. 77 - - < .1 - (,005 

19 .07 - 19.11 - - l ,. .005 

21 .67 - 21.32 - - (. . 1 - l .005 

DEQ Ex. 3-1457



Samp 1 i ng Si te U BH-003 -4; 

0 ~ (") 
r+ PARAMETERS 0 
tr 

;s:: 
(1) • ., 
Iv Cadmium Chromium Copper Iron Lead Molyb . Manganese n 

0 
0 Tota 1 01ssol. Total Oissol . Total Dissol. Tota 1 Dissol. Total Dissol. Total Dis sol. Total i 
>-' 

00 

<.005 <.02 .01 . 10 <,05 <0 . 02 .32 

<. 005 <. 02 <.01 8. 94 .06 <.02 . 39 

<. 005 <,02 <.01 . 53 . 05 <.02 .44 

<.005 <.02 <,01 .46 . ro <,02 .20 

<.005 <.02 <.01 <.05 <,05 <.02 . 43 

<.005 <.02 <.01 .26 <.05 <,02 .33 

<.005 <.02 <. 01 .11 <.05 <. 02 <. 02 . 21 

<.005 <,02 <.01 . 29 <.05 <.02 <.02 .22 

<.005 <.02 <,01 .23 <.05 <.02 <. 02 .15 

<.005 <.02 <. 01 .34 <.05 <.02 <.02 .06 

'} <.005 <.02 . 02 <,05 <.05 < .02 <.02 .16 -m -., <.005 <.02 . 02 .16 <.05 <. 02 <. 02 . 30 
n _ ,. ...... ) 

c:, " <.005 <.02 .02 .18 <. 05 <.02 <.02 . 22 
a, - <.002 <.02 <,01 . 57 <.05 <.02 <, 02 . 36 
..... 

<.002 <,02 <.01 .28 .18 <,02 <,02 .47 

c., \' <.002 <. 02 <.01 .11 <.05 <. 02 <.02 . 21 
I U'1 - <. 002 . 04 . 03 . 06 .06 < .02 --- <. 02 .30 
~ 

<.002 <. 02 . 02 .24 .09 <.02 <,02 .15 

• <.002 <,02 <. 01 
0. 

.22 . 09 <.02 <.02 .55 
0. . 07 <.02 .25 
(1) <,002 <,02 <.01 .3Y <. 02 
:::i 
0. .002 .02 c.01 . 35 (. .05 <. .02 .15 
C: 
s ( .002 -:, .02 .01 . .23 .13 < .02 .02 
0 ClJ 

°' < .002 ..: .02 < .01 .38 <.. .05 < .02 .28 
., 

I 
0 

..... 0 

Iv <. .002 (.."02 <.. .01_ . 70 < .05 <.. .02 .27 ;:,;--

1 s:: 
00 

'° 
:I 
(1) 

DEQ Ex. 3-1458



Location Bi<] llorn 

S,j1np l in Site BH-003 
5/ 

0 ;;o 
n • ,-+ 
0 ~ er PARAMETERS 
(b 
"1 0 
l'v 

1 cJ el Se l en ium Vanadiun1 Zinc lQ l "' l Kje . 0 
0 HJc11ry 
(XI Totdl f•i~'>Ol. f o ta l_ _ Oi s c;,o l . Tota l Dissol. Tota 1 Dis sol. Total Dissol. Barium Bo,·on H1 t rnge11 ---- ---.--~ 

<.001 .03 < . 005 . 05 <.S . 1 

.001 < 01 <,005 . 02 < ,5 . 2 

-. no1 . 04 <.005 .02 <.5 .2 

". 001 . 05 <. 005 .04 . 5 . ] 
· . 001 . 01 <.005 . 01 <. 5 <.] 

•C , 001 <.Ol <.005 <.01 <.5 <.] 

< . 001 .01 <. 005 <. 01 <. 5 . 1 

, .001 . 01 <. 005 <. 01 <.5 . 1 

. 001 <. 01 <. 005 . 05 <.5 . 1 

. 001 <. 01 <.005 . 04 <.5 . 1 
::a -m -;1 J <. 001 . oq <.005 . 04 . 5 . 5 
M " C 0, ,, <. 001 . 03 <.005 .04 <. 5 . l 

:> - J ,; , 0002 .02 <. 005 . 02 <.5 • 1 
c::, "" ....... 

I .- .0002 .03 <. 005 .02 <.5 . l ...., c::, 
u, ...., 

. 0002 .02 <. 005 .20 <.5 < . l 
I u, - <. 0002 .01 <, 005 <.01 <.5 . 1 

co 
<,0002 . Ofi .005 .05 . 5 <.l 

,. .0002 .02 <.005 .24 . 5 .2 
• 0. .0002 .01 <. 005 . 54 <, 5 . 2 
0. 
(b 

. 0002 .01 ::, <.005 <.01 <.5 
0. 
C .0002 .0 1 <. . 005 ( ,01 (. 5 3 
0 • O()()li .01 .005 < .01 (' . ) OJ 
O'I 

-, 
I .0002 .02 c: ,005 

0 

...... < .01 (. . 5 0 

l'v 
;:,;-' 

I .0003 .03 < .005 < .01 ~ ~ ( . 5 
I.O ::i 
0 (b 

DEQ Ex. 3-1459



0 
('") 
.-+ 
0 
cr' 
(11 .., 
tv 
0 -():) 

::a 

n 
~ 

-
l,'.'I 

I -
)> 
0. 
C. 
(11 

:J 
0. 
C 
:j 

0 
0, 

I ,_. 
tv 

I 

~ 
ID ...... 

-,., 
%!: 

C, 

r",) ..... 
0 
C 

~ 

DATE Ti me 

0/03/78 101 0 

2/05/78 1050 

3/06/79 1035 

-
5/02/79 1200 

5/30/79 111 5 

6/ 14/79 1030 

1ifl0/79 1045 
' 1!J 30/79 1305 

00 

9/ 13/79 1229 

2/11/79 111 0 

3/1 9/80 1320 

4/29/80 1030 

5/27/80 1230 

6/16/80 1000 

7 /15/80 1100 

8 / 11/80 0930 

Sampli ng Site;/ -----TR5B 

PARAMETERS 
. 

Temp. Field Cond . D1ssol. 
Samplers Weather co ~nhos/cm Oxygen ppm 

Boyle Ptly . 
Bowlby Cldy. 55° 13.5 1150 6.8 

Araas Clear 
Bowlby Cold 4.5 1900 11.2 

Veenstra Pt ly. 
35° Bandar Cldy. 6.0 1500 11. 5 

Collier Ra3n 
Veenstra 35 F 9.8 1276 9.7 

Araas Ptly. 
50° Collier Cldy. 14 .0 1100 8. 7 

Araas Cldy . 
Bondar Warm 21. 0 1420 8.4 

Bowlby c1sar 
Collier 65 F 21.0 1450 7.7 

Bo 1lby Rain 75°F 22.0 1800 7. 2 

Araa s 
Rain 60°F Bandar 15.0 520 ---

Araas C1 0ar 
Collier 20 F 4.0 2600 ---
Hi 11 snswi ng 
Bandar 30 F 6.0 2480 10 . 0 

Araas c1 0ar 
Veenstra 60 F 17.0 2500 ---
Hi 11 Ptly. 

700 Collier Cldy. 19 . 0 2100 ---
Uo llenzien c1sar 
J\raas 65 F 20.0 2400 7. 3 

Collier Ptly. 0 
Lyden Cldy. 70 22.0 1800 7.3 

Vo l c10ar ' 
Araas 65 F 20.0 320 7. 8 

Field lab Turb. 
oH pH (NTU) 

7.39 8.2 22 

7.4 8 . 1 12 

7.09 7.9 36 

---- 8.4 20 

7.9 8.1 29 

7.8 8.2 230 . 
8.0 8.1 87 

7.7 8,0 11 

7.8 8.3 4.9 

8.41 8.0 19 

9.0 8.1 40 

7.34 8.2 6. 9 

7.60 8.4 15.0 

8.10 8.2 4.5 

8.18 8.2 7.2 

7.52 8.2 4', 5 

TSS TDS 

16 840 

27 1350 

63 1030 

64 1060 

79 1070 

54 1150 

15 1140 

28 1260 

11 362 

38 2270 

50 1810 

17 1890 

20 1660 

10 1440 

16 1740 

12 1690 

. 

lab Cond. 
Mmhos/cm 

1130 

1550 

1410 

1410 

1340 

1463 

1540 

1610 

560 

2690 

2150 

2390 

1980 

2130 

2170 

2110 

/ 

1/ 

o:l 
a 
0 
;,_-

s:: s· 
(1) 

DEQ Ex. 3-1460



Sampling Site P TRSB 1/ 
0 ~ () .... 
0 P RAMHERS ~ 
o' 
(n • ,, () 

r0 Temp. Fie d Cond. 01ssol . field Lab Turb . l~.ab ;o~~. 0 
0 

---
OAT£ Time Samplers \I a tner co l¾nhOS/Clll Ox m H 11 (l TU TSS TOS . .. o. I~ -

00 

80~11 by 
/02/80 1015 Mazgaj 

Clsar 
85 F 17 .o 2300 8.2 7.44 8.3 3.6 5 1520 2110 

l i 11 Clear 
)/09/80 1015 Bandar Cold 3,0 2450 13 . 7 7.40 8. 5.0 5 1540 2080 

Lyden c15ar 2200 3/02/81 1300 Bondar 5;; F 8.5 2500 10.8 8.35 7.8 23 99 1470 

1/22/81 0930 8ondar Rain, Cool 14.0 2020 9 . 10 7. 70 7.9 18 44 1 26 2170 

Andersen tly . 
"j/ 12/81 1015 Veenstr Cldy. 45° 12.0 2 00 0 . 8 7.0 8.1 34 70 1520 2190 

1eens tra Clear 
j/02/81 1030 Colli r Warm 12.0 2450 7. F, 7.5 8.0 60 95 1340 2040 

Jones Ptl y . 
_ z/22/31 1000 Co llier Cldy. !!art 17.0 1700 7.8 8. 1 7.7 19 21 1180 1790 

" . I Jones Clsar .. i 
..,. 
~05/81 0%0 Andersen 85 f 20.0 1875 7.9 8.2 8.5 22 23 1054 1600 

- Jones Cl ar 
~ - /01/81 1000 Andersen 80 r 17.0 1800 8 . 1 7. 15 8.2 2.5 2 1120 1720 

I 
~ Jones Ptly. 0 

""' ~ I ui, ?/14/81 1055 Veenstra C dy. 20 3.0 1850 12.0 7,2 8.1 5 6 1040 1660 

- Cl ar 
CD 

C:ol ier 
/29/82 1100 Veens ra 50 F 9.0 1800 10.6 7. 5 8.1 6.5 25 1160 1620 

• J 18 r 
p. 5/3/82 1050 Veenstra 70 F' 18.0 1800 .2 7.9 8.3 2.8 11. 5 ,,.\n 1 70 
p. 

Jo p ly . (b 
;:I j /24/82 1010 Veenstra Cloy. s°F 10.0 2300 .6 7.4 8.0 6 .6 6 1:;,~ 225 
p. 
C: Colli er l l ~ r 
3 S/ 15/82 0922 Veens ra 70 F J8,0 2100 .2 7.1 .2 1 .2 16 1 00 2"10 
0 Jone Cl~r 

lli 
O'I 7/27/82 1070 Veenstra ) . 23 . 0 2 00 .6 .0 

., 
I .2 2. 6 1640 2170 0 

...... 0 

tv Bo r Clear ;,;--
I 
~ -:J /7/ 2 1000 J , 0°F 20.0 2000 .2 8.0 .2 1. 11 1500 2030 ~ 
I.O ::l 
Iv ('I) 
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0 
(') 

s 
Ci 
(1) 
"'I 

tu 
0 ...... 
CXl c id i ty 

. 

-

- ~ ._ 
:, ,_, 
I -

• 0-
0-
(b 

::l 
0-
c:: 
3 
0 
0\ 

I 
...... 
tu 
I _.,. 

'° w 

---
- -· 
. --
- --
---
---
---
---
- --
---

- --
-- -
- --
-- -
---
---
---
- --

Anmo11 1a 
r i trogen 

. 15 

.76 

4.79 
l. 82 ' 

2.32 
1 17 

.20 
1. 34 

<,01 

8.1 4 

4. 77 

4.00 

2.93 

7.14 

6 . 79 

6.68 

5.68 
4.24 

Sampling Site 

Total Ortho- 1o ta 1 
Phos. Phos. SAR Alkal. 

.02 -- - -- - 263 

.02 --· -- - 214 

.04 --- --~ 311 

.05 --- - -- 280 

. 15 - -- --- 310 

1? --- --- J13 

.07 -- - --- 324 

.07 - - - - -- 296 

. 11 --- - -- 211 

. 03 -- - --- 424 

.16 - -- - -- 351 

. 13 -- - - -- 307 

.09 -- - -- - 303 

.04 --- --- 298 

.02 - -- - -- 284 

<.01 -- - --- 287 

. 01 ·- - -- - 363 

.09 --- --- 405 

Loca 1on ___ o_1y_nu_1_·11_ 

2/ 
TR58 

PARA 1ETERS 

Bicarb. 
Al ka 1 . Carb. Chloride Fluoride N01+NO;, NOJ Sulfate s i l i ca 

321 0 6 .40 .52 --- 360 ---
261 0 7 . 39 . 56 --- 765 - --
380 0 8 .57 .44 --- 510 - - -
, 

310 16 14 . 49 .42 --- 512 - - -

378 0 6 . 44 .53 --- 501 ---
38? 0 7 . 37 . 42 --- 545 -. -

395 0 7 .51 2.01 --- 572 ---
361 0 7 .37 . 79 --- 600 - --

258 0 3 .26 .05 --- 95 ---

517 0 17 .42 3.10 -- - 1160 ---

428 0 14 .50 3.47 --- 856 ---
375 0 13 . .52 2.50 - -- 996 - --
368 <l 10 .48 2.26 - -- 854 -- -

364 0 11 .56 4.46 --- 822 ---
326 10, 13 . 53 11. 91 --- 885 ---
350 0 12 .49 11. 28 --- 830 -- -

443 0 13 .04 .76 --- 814 ---

494 0 11 . 58 2.25 --- 834 -- -

DEQ Ex. 3-1462



ocation u1y nut 11 

2/ 
Samp 1 i ng Site # RSB 

0 
n ~ 
rt 
0 
Ci PARA IETERS 

~ 
(1) ..., • 
tv 

(') 

0 · non1 a 1 o tal Or ho - Tota !3 1 ca rb. 
0 

- ,\cidity t11 trogen rhos . s n i ca 
00 Phos . SAR AH.al. Al a l . Ca rb. Chloride Fluoride NO NO N03 Sul fate 

4. 3 . 03 418 510 0 14 .58 2 . 11 739 

~- 0.) . 03 446 5 5 13 .66 l. 52 644 

4. 59 . 01 467 569 16 .35 1. 69 7 8 

3.90 . 02 382 466 0 13 72 1. 97 I 691 

. 11 . 02 403 492 0 9 .59 3. 76 565 

2.53 404 493 0 9 . 49 2.68 500 

5.69 382 467 0 4 .40 9. 55 S09 

6. 22 324 396 0 8 .50 4.84 485 

5 .14 .04 3.49 339 413 0 5.4 .44 2.01 579 

( 1 4 .7 .02 3. 74 345 416 2 .4 8 . 5 .45 2 .0S 607 

J <'. l .06 .05 .17 88 108 0 . 70 .08 .02 16 

" 2.24 .01 4 .19 367 44 0 11 . 44 2.79 994 
-

.72 .03 3.74 343 419 0 11 . 58 2.87 881 

c::, . 31 .14 3.59 365 445 0 12 .62 2.14 811 
I -c::, 

c.,, N 
I Ut -
• 0. 
0. 
(1) 

::I 
0. 
C: 

3 
0 CJJ 

°' 
"1 
0 

I 0 -tv 
>;-

I 

~ s: 
'° :I 
~ (1) 

DEQ Ex. 3-1463



0 
(') ,...,. 
0 
O" 
(b 
'1 

t0 
0 ...... 
00 

::a 
rn 
n 
c::, 

-
c.,-, 

I -
• 0. 
0. 
(b 
::l 
0. 
C: 
9 
0 
0\ 

I 
...... 
t0 
I 

..:,. 
\0 
(/1 

J 

" --- I 
-;, .JI -- .,J 

O"l 

~ ...... 
. .., 
I.:/) 

Total 
I Hard11ess Calcium 

477 99 

800 14 6 

610 116 

633 111 

617 98 

678 114 

679 117 

714 141 

276 57 

1100 182 

822 l 5 

823 132 

748 116 

553 98 

712 ll8 

703 116 

652 99 

736 122 

Sr101pling Site TR58 

PARAMETERS 

Magnes i um Potassium Sodium % Sodium 

56 10 74 ---
104 14 91 ---
78 10 104 -- -. 
87 12 92 -·--
91 12 93 ---
96 13 91 ---
94 13 104 - - -

88 14 99 - - -

33 2 20 ---
156 25 254 ---
112 18 198 - --
120 24 234 ---
111 18 193 - --
75 20 284 ---

101 20 235 -- -
101 22 216 ---

98 21 268 --r 

105 13 250 ---

' 

3/ 

Oil t. Aluminum /\rsen i c I 
Cations-Anions Grease Total Oisso l. Total Oi s so 1 . r 

I 

.03 -- - --- <. 1 --- <.005 

.08 -- - --- .. . 1 --- <.005 

<,05 --- - -- <. 1 -- - <.005 

16. 98 - 16, 72 
I <. I <.005 --- - - - -- -

16.69 - 16 .84 --- --- <. 1 - -- <.005 

17.86 - 17.86 --- -- - <. 1 - - - <.005 

18.45 - 18.73 --- -- - <. 1 --- <.005 

18.94 - 18. 67 -- - --- . 1 -- - <.005 

6.44 - 6.28 --- --- <: 1 -- - <. 005 

. 15 --- -- - . 1 --- <. 005 

25.49 - 25.48 - -- -- - <.l -- - <.005 

27.25 - 27.43 - -- -- - <.l - - - <. 005 

23.84 - 24. 30 --- --- <. 1 --- <.005 

23.91 - 24.38 --- --- < .1 -- - <.005 

24.98 - 25 .32 -- - --- < . 1 - -- <. 005 

24 .03 - 24 .1 8 - -- -- - <. 1 --- <,005 

25 .23 - 24 . 93 -- - -- - <, 1 - -- <.005 

25.93 - 25.95 --- --- <.l --- .005 

.~ . . 
.--!:. 

'?'[1-, --. '""". . ',!: . .. 
' . .. 1,-}~. 

';i , I 
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0 
n ,...,. 
0 
O" 
ct, .., 
IV 
0 

(X) 

-0 

' N 
UI 

I -
CID 

• 0. 
0. 
('1) 

::i 
0. 
C 
3 
0 
(J\ 

' ,..... 
IV 

' ~ 
'° O'I 

I',) .._,. 
C 
"-,) 

"" 

Total 
Hardness Calc ium 

522 81 

440 65 

511 8 

509 92 

478 81 

509 109 

50 100 

534 99 

530 97 

,21 76 

95 .4 

786 102 

752 102 

707 % 

Sampling Site i __ ~I-B-5_8_ 

PARAMETERS 

Maqnesiurn Potassium I Sodium ':. Sodium 

78 22 299 -- -

68 20 312 -- -
73 22 320 ---
63 19 283 ---

67 18 231 ---
58 17 200 - --

62 32 179 ---

69 16 134 -- -
70 15 185 ---

l 17 196 --
21 L 4 --

129 23 270 -
121 22 236 -
l 14 22 220 -

Oil & 
Ca t ions-Anions Grease 

23 .99 - 24 . 32 ---
22 ._86 - 22 .86 - --
24 . 69 - 24.88 -- -
22 . 95 - 22 . 57 ---
20.03 - 20 . 41 -- -
19 .33 - 18 . 98 - --

18.69 - 19.07 ---
16.92 - 17 . 18 ---
19.00 - 18. 99 5 

19 .41 - 19 . 79 -
2 . 11 - 2 . 11 -

2 .04 - 2 . 37 -
25 . 5 - 25 .52 -
24.27 - 24 .51 --

' 

Aluminum 
Tota 1 Oissol. 

--- . 1 

--- < . 1 

-- - < . 1 

--- <. l 

- -- <. l 

--- . 1 

-- - <. 1 

--- .1 

--- <. 1 

- <· l 
- <. • 1 

- (, . 1 

-- . 1 

- ( . 1 

. 

3/ 

Arsenic 
Total Di ssol. 

C 

- - - .005 

-- - , . 005 

-. - <,005 

-- - <.005 

- -- <. 005 

- -- <.005 

-- - <.005 

-- - <. 005 

--- <. 005 

--- (. 00S 

- .005 

- < .P05 

- <. .005 

- c. .005 I 

co .., 
0 
0 

"" s: 
::i 
(l) 
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0 
(') ,.. 
0 
er 
(II 
"1 

t-..) 

0 ..... 
00 

-.. -:, 

I 
r -

:, ' I , -
• a. 
a. 
(II 

:::i 
a. 
i:: 
3 
0 
O' 
' ,-

) 

' 
1 

. 

Cadmi rn 
To t a l 1 S ol. 

--- <.005 

--- <.005 

- -- <. 005 

--- <. 005 

- -- <. 005 

- -- <.005 

-- - <.005 

--- <.005 

-- - <. 005 

--- <.005 

-- - <.005 

--- . 005 

--- ". 005 

-- - <,005 

- -- <.005 

--- <.005 

--- · .005 

--- <. 005 

Sa pl · ng Si t e TR5B 

Chromium Copper 
Total Oissol . To ta 1 Di ssol . 

- - - <.02 - -- <. 01 

-- - <.02 --- <.01 

--- <.02 --- <. 01 

- - - <.02 - - - .01 

--- <. 02 --- <.01 

--- <.02 --- <.01 

- -- <.02 - -- <. 01 

-- - <.02 - -- . 02 

- -- <. 02 -- - <.01 

- - - <. 02 -- - <. 01 

--- .02 --- <. 01 

- - - . 02 --- <. 01 

-- - <.02 - -- <. 01 

-- - <.02 --- <. 01 

--- <.02 - -- <. 01 

-- - <.02 --- <.01 

- -- .02 --- . 04 

-- - <. 02 --- . 02 

4/ 

PARA ETERS 

Iron Lead Molyb. •tanganese 
Tota l Oi ssol. Total Disso l . Total Dissol. Total Dissol -

9 <.05 - -- <. 02 - -- --- --- . 16 

1. 57 . 05 --- <. 02 - -- -- - -- - .22 

1. 22 <. 05 -- - <,02 -- - - - - -- - . 19 . 
--- . 06 --- <.02 -- - --- --- . 34 

- -- <. 05 - -- <.02 --- --- - -- . 21 

--- <. 05 --- <. 02 --- --- -- - .06 

-- - .05 - - - <.02 - -- - - - -- - . IO 

. 22 .05 - -- <.02 - -- --- -- - .12 

. 50 . 08 - -- <.02 --- -- - - - - .03 

<. 05 <.05 -- - <. 02 - -- --- -- - . 12 

.97 <. 05 --- <,02 --- --- --- . 11 

. 11 <.05 --- . <. 02 --- <. 02 --- . 04 

. 14 <.05 -- - <. 02 --- <. 02 - -- . 07 

. 08 <,05 -- - <.02 --- <. 02 - - - . 03 

l. 41 <.05 --- <.02 -- - .02 -- - . 03 

. 16 <. 05 --- <, 02 --- <.02 --- . 05 

. 05 <. 05 --- <.02 --- <. 02 -- - .03 

. 14 <.05 --- <.02 --- <.02 -- - <.02 
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0 
() 
rt 
0 
CT 
(1) .., 
Iv 
0 

CX) 

.. -C:, r..) n 
I ..._, 

C 
U'I ~ 

I U, -
• n. 
n. 
(1) 

::, 
0. 
C: 
3 
0 
°' ' ..... 
Iv 
' -+'> 

IO 
CX) 

(admwm 
To al 01~so 1. 

-- - . 005 

--- ·. 002 

-- - -- . oo~· 
- -- . (iO? 

- -- .002 

-- - < . 002 

-- - •. 002 

-- - .. . 002 

-- - < . 002 
- .002 

- .002 

- < .002 

- .002 
' 

- (. .002 

Sar~pl ing Site TR58 

Clrrom i m Copper 
Tota 1 Di ssol. Toca·1 Oissol. 

--- " . 02 -- - .02 

- -- <.O? -- - <.01 

- -- ~.02 --- <.01 

--- (, 02 - -- .01 

--- <.02 - -- <.01 

--- <. 02 --- <.01 

-- - .02 --- . 02 

--- .02 --- < . 01 

- - - <.02 --- <. 01 

- (. 02 - <. . 01 

-- .02 - .01 

-- c02 - ,.01 

- .02 - .01 

- (,02 - <. .01 

'- W'"- Y ,._ • - ••-----=----
. I 

PARAMETERS 

Iron Lead Molyb. Ma11gancse 
Tota l Oisso l. Total Dissol. Tota 1 Dissol. To ta l Di sso l 

.39 <. 05 - - - <'.02 --- <, 02 --- . 16 

. 14 . OS --- <.02 -- - .02 --- . 10 

.,24 <.05 -- - <.02 --- <.02 - - - . 07 

. 54 .. . 05 -- - <. 02 --- . 02 --- . 12 

. 20 .05 -- - <.02 -- - -.02 --- .OB 

· . 05 <. 05 --- <.02 --- <. 02 --- . 09 

<. 05 s.,05 --- <.02 --- < .02 --- .05 

. 17 .05 --- <,02 - -- <.02 - -- .08 

,47 <" . 05 -- - <,02 --- .02 -- - .0 

. 21 < .05 -- <. .02 - <. .02 - . <. . 02 

1.86 t,05 - .02 - <-02 - .16 

. 27 .05 - <.-02 - c_, . 02 - <. . 02 

.09 < .05 - <. .02 - .02 -- "- .02 

.20 ('05 - <_.02 - {,02 - <- .02 

DEQ Ex. 3-1467



0 
(") 

0 
CJ" 
~ 

"" tv 
0 ...... 

Mercury 

loca t1on \.II~ • fV I U 

-------
Sdmfl i ng Si te # TR5D 

PR ME TERS 

' l1 c'.e l Se l enium Vanadium Zinc Tot 1 Kje . 

00 
To tal Di sso l. To tal Dissol. o tal Dissol. Total Dissol. Barium Boron titrogen 

--,..·-====·-:1=-=--==="1======,t========il=-====!=-=============l===-=====a~F~~e====t==========t==========="====lc=====i-=--......=:~~ 
. 01 < . 5 

Tot l Oissol . 
• 2 

. 3 

• 2 

. 2 

. 2 

. 3 

• 3 

. 2 

. 1 

. 1 

-
' ~ ...... 

I 
-

<. 00 1 

<. 0002 

<. 0002 

<.001 

<,001 

<.001 

, .001 

~.001 

-: . 001 

<.001 

<.001 

<. 001 

<. 00 1 

< . 001 

<.001 

<. 001 

<. 001 

< , 001 

<.01 

.02 

.02 

.01 

<.01 

.03 

<.01 

<,01 

<. 01 

< . 01 

<. 01 

<, 01 

. 01 

<.01 

<.01 

<.01 

. 04 

. 03 

<.005 

<,005 

<.005 

<.005 

<.005 

<.005 

<. 005 

<. 01 

<.005 

<. 005 

-: . 005 

<.005 

<. 005 

<.005 

<.005 

<. 005 

<.005 

<.005 

. 02 <.5 

. 02 < . 5 

.02 < . 5 

<.01 <.5 

.01 <.5 

<.01 <. 5 

<.01 <.5 

.02 < . 5 

. 01 < . 5 

<.01 <.5 

. 01 < . 5 

<.01 <.5 

.05 <.5 

.04 <. 5 

.05 <.5 

. 04 < . 5 

.09 .5 

<.1 

• 1 

.1 

.1 

. 1 

.2 

. l 

.2 

5/ 

~ 
~ 
)> 
() 
0 
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• 0. 
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::s 
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i:::; 
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Iv 
I 

01 
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0 

Locat1on __ ___;tl=-1:.....g1.....,;..;.H.::..o:....:rn~ 

Samp l in Site ' -----TR5B 5/ 

PARA ·ETERS 

I· er cury 
Total D1ssn l . 

Selenium Vanadium Zinc Tota 1 je . 

o ta l Diss ol. Total Dissol. Total Dissol. Barium Boron Nitrogen 
---

1/1 c ,e l 
_=2l.J ,__,,,,_,=01=·s~~~o~l~.=t:.-======t="'~~===:l=,;.;;;,.;,;;.,;~==~,;;;,.;.,;,=~~~~========~2 ===--*===l=======li=~ 

c . 0002 .02 <. 005 .02 . 5 . 1 

<. 0002 . 01 <.005 .02 . 5 . 2 

<,0002 <.01 <.005 .01 . 5 . 2 

<.0002 <.01 <.005 .12 . 5 . 1 

. 0002 .01 <. 005 . 01 . 5 . 1 

<. 0002 . 02 <. 005 . 31 . 5 < . 1 

<. 0002 <.01 <.005 . 32 . 5 . 2 

<. 0002 <.01 <.005 1.09 . 5 

<. 0002 <,01 <.005 <.01 . 5 . 16 

.0002 < .01 .005 .01 .5 .18 

::J 
- 1' 

t. .0002 .02 <.005 ( -01 <.• 5 <,,01 
I . .,, ( .0002 .03 _.,. _ <.005 ( ,01 . 5 . 26 

" a, .0007 l .01 vOOS <..01 (,5 .22 

N .0005 <. .01 ...... .005 (.01 ,.5 .27 

....., 
u, 

OJ a 
0 
;,; 

s: 
::s 
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RAMACO Brook Min 

BHl 

DATE: 6/25/79 r Tli·\E: l : 20 1D 

HYDRO OGIC SO "L ,YPE: Alluvial 

ROO I ilG DEPTH. 8.5 

C an l!u111ber Deotll Soil 1·,oi s ture ,. 
C c11;"1e11 t !: ' I 

I 
I did no reach ,,ater table, no ev·oence 

I of subirriga ion, bagged samoles . I 

. . 

' 
I I J.-. , -. 

( s Rq ,>t,i'l!'i' I -,;::·:: ·j~C' 
-=--==0=-=1 """_-3=-=-=-=t=1 =v=e=ry=f=1=. n=e=s=a=nd=, =f=e=1v=l =_ =S=n=u:i=. =s=c.,,;o;;r;,,· ;,a ;,;;c.,;h;.i,;;;,p=s=. =..,_ =-r--=-= 

i----------------------
I. 8- 2 .0 1-20" diame er subangulJ scoria a~d ~ed1 m sand . 

2.0- 2 . 2 fine sand. 

2.2-2 . 6 Subangular-roundea scoria and sancstone 1-50 mn diarnete 

2.6-3.3 Very ine sand -,ith 1-5 min coal and scoria chips. 

3.3-4.0 Subangu ar-ro nded scorio and sandstone (1- JO 111111) 111 th 111~d1 ,., s rd 

.'J-4.9 I Subangular scoria (5-30 • n d1ai.·eter e1·1 co 11t;· u ia11 r: r!r. 

4 .• -8 . ':: I Subnngular scor1a - 1-200 :011 diame.er, coal chips n sanoy clay. 

8 . 5-9.5 Sanuy clay 1•iit t1 subangular 5-200 ,rir1 scoria cinps. 
I 

9.5-12.5 Subangula scori -100 1rm (prim rn 5-10 rnn), some subangular 

sar:ds one, (same size . 

Tf 2/ 025 

October 2018 
ED 10- 2 - 13 

Addendum 06- 12-508 DEQ Ex. 3-1477



RAMACO Brook Mine 

O TE: _6...,/_..2.,.5..._/._,79..._ _____ _ 

11 ME: _1.:...::2'--L.JJtjO"'"'T'--------

HY D~0L0G l C SOL YPE: Alluvial __,;_~;;....;.....:::.c:-_____________ _ 

ROD I ;:G DEPTh: 6. 0 -'--~----------
C,111 :!vnber I Depth Soi 1 ;:101 s •~u1·1? ·:'- I Lc.1; :~e11 t: - -., -

I Second highes errace. I 

I 
Samples a en f·om l n er·,a 1 s dS belo •1. 

I ~:o ·Id er encoun e ed. I 

' 
·10 apparent subirngat1on. 

I To 
I 

al roo depth approx. 6 eet. 

I 01·1ent.ation horizon al \'Ii 11 I s ream. 

STR":IGH/\flH't' co::::E·: ~ ., -
0-1. 4 Silt with mix of scori a chips. - -
l . 4- l . 5 Subrounded to rounded scoria (1-10 .nr:i). 

l . 5- 1 . 8 Silt wi th scoria chips. 

l .8-1. 9 Sub rounded to rounded scoria ( 1- l O mm) . 

1.9-2.0 Med to coarse sand, fe•1 coal chips. 

2 .0- 4. 1 Fine to med. sand wi n ~ rrm d; ar,e .:.e ,- coal and sc~•n a ch,ps. 

4.1-1.6 Ver'y coarse scor'.a ctn ps . --
4.6-5 .3 1-20 11rn scor1a and sands one chips ( subangul.:ir to l°QUlldd ). 

::i.3-o . 1 1v ry coarse sand •1/ 1-100 •on•, suban _ ar o round_d sandsto , -:: 

and scoria clii ,JS ( l ,ff~er sJni.:!·, ~n'le ni e:es). 

6.1 - 3.8 Very ine sand 1·/1-15 mn angu ar to subrou11dec s co1·13 clnps 

i;nd 10-1.:'0 111111 sand s one. 

3.S-1 5 Slratific>d ang l ar to subrounded sco,·ia (1-20 1m1) nd ba; e : 

I sandstone (1 - 100 :nm ) cotJ1 , scoria 1-2 rrm , nd q ar z. lo 
-----------

October 2018 

d ' s nc ciay enses pres n;. ~~, 

Tfns21 '5 
RECD 1 - 2~ -1 Addendum D6-12-509 
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RAMACO 

i' I t f:ll'"!l ~ •· 

o;, - ~. 6/24/79 

T '.i·iE: 1 .00 · QT 

HYDROLOGIC SOIL iPC. 

ROOT;':G JEPTH: 

0-2.0 

All id l 

ota 1 5.5' 

Soi 1 ·•·o 1. : •• ir-i: -

1- S •1 scor1 

BH 3 

C •· ..:I : -> 

io 1acer encoun ered. 

lo apparent subirriya 

SaMples :a~er at 

rl 1 ghes • terrace. 

nr,en a ion horizon.al 

cnips hro11q•w1,::. 

2.)-2.: ver1 fines nd chic~ h~ougho ut 

2.5-3.0 isi"I (buried B 1orizon). 

3 .0-4.6 er fines n 

Brook Mine 

4.6-4.S Suban ular to rounded l-50 mm scori w/~at ered coal cnips. 

4. o _ 5_ 7 1 ery f·ne sand chics .h oughout 

--~5..;... _7 · b . 5 lsi ! clay. 

6. ~-b .. \ Fi r.e san 
I 

6.6- 7.3 I Sa d clay . 

7. '3-8 . 0 IF· ne o med . sa d 

u_o:9.7 ~a,Jy clJy 

10. - 12. 1 ry ·;ne sand .o silt 

12. -13. Jscoria 1 to inc nu , r·ounde,j co J:,g: .. lu. 

T· I '5 

0 tober 2018 o- 2 - 1 8 Addendum 06- 12-510 DEQ Ex. 3-1479
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RAMACO 

Pit :11rl•.:r" BH 4 ...:a:.:..!---', __ _ 

QAT~: 

i i·lc.: _ ___._2"'"': 3"'"'0"--'-~.,_.D:....:..,_ _____ _ 

HYOP.OLO IC SOll YPE. Residual-Colluvial 

Can :!u1:ibci· 

0-1.2 

Dcoth I Soil i•\oisture 

!o •1a ter. 

lo subirrigation. 

Samples a~en 3.6' to 

C .... , .• ,~·•-c 
J II t_ I· .J 

!silt w/angular 1-10 mm scoria {B Horizon). 

Brook Mine 

,1.2-2. Silt w/angular-subrounded sandstone & seer a (: Hor izon). 

slight I 
orientction 2.4- 2.7 Fine sand 1/1-5 mm scona l, burn chips. 

1 2.7- .0 Fine to med. sand w/angular o subrounced sandstone and 

scoria (1-50 ITJll). 

4.0- .7 Fine o rnediu1:i sa 1 ,·1/dngu ar c, subrounde~ s~~c!s one r, sco1·1 

I ( 1- 150 ,m) . 

___ 4_. 7_-_4_._9_ Weathered coal. 

4.9-o.2 Sil y clay, an ular 1- 25 ,-:n scorit.1 1:/so1~e sanostone. 

6.2-8.6 Colluvial mixan,;:u1.;rwsub,·ounded 15 7m-3C2 1;,") s ndstone 
----

October 2018 

lmudstone , shalQ, scor·a. 

A.6-10.3 !So t weathered gray shale bed uc~. 

G . • -11 -~ Sandstone and ~uds one-wea thered. 

TF~62/ 2:. 
RECD 10- ~-1 B 

Addendum 06-12-511 DEQ Ex. 3-1480
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RAMACO Brook Mine 

BH 5 

o..:.iT.: 

r:•\E: 3: 30 ''D 

HY OROLOG t C SO. L TYPE : ~1.--'1-=-u .... v.;..;i a __ l'-------------------

ROOT: ':G DEP H: 6. 3' ---"-''-"----------

Can .:umbe1· 

0-2.3 

De th I Soil i·:lls"un~ ,, 

Did no reach water able, o ev1denc 

of subirrigation,coal dry. 

C ocolate b·01. n, ine sane ;-,i h 0-50 rrm d1a111et r 1:114 t icu;nre'l 

r:,uds one. 

2.J - 4.0 Gray sandy shale·.~, h 0-50 rrm diarreter ul::.icolored muds one. 

4.0 - 4 . 8 Sandy clay, brOl·in (mos ly clay). 

4 .8-5.2 Dark brown c rbonaceous s ale. 

5.2-5.3 po1,dery sil size pJr i-les . 

coal-poo1 qual, y, we~~he~ d. 

......_ 

October 2018 

[')(,_ c;7q 

. H 6 2/ 2 
R~ CD 1 - 25 -1 

Addend um 06- 12-512 DEQ Ex. 3-1481
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RAMACO Brook Mine 

O,'.,,E : 

•·.:.: 9:00 MDT 

HYOaOLOGIC SOIL TYPE: Alluv · a1 

ROOT I G DEPT:1 : 

(,J.1' ;lu,nber I 
I 

I 

1 

I 

' 

I' I :\I I 
=.:;;--=; 

0- 1. 3 

l.3-1.55 

1.55-1 .7 

1 . 7- j. l 

..l . 1-4 .7 

4 . 7-6 . 

6 .4- 7 . 0 

7.0-?.7 

7 . 7- , . u 

---------------------
aporox. 4.5' 

Deoth Soi 1 , io is t:.Jl°e 
, 1 Cc · : ;,:1\ ts .' 

I ' I 

1Reached the ·1ater tab e at 10.85'. 

!Ho ri ;:on ta l orientat1on. 

i 
' 
I 

I 

I 
--

cr,::::c:-;-s 
-=~ 

s i 1t to very f'ne sane :.'/1-5 mr. coal and scor d. 

1-20 mm sands tone and scoria s u lJ 1·0L: nd ed :o rou1,ded. . 
Very fine sand. 

1-30 mm sands tone, and scoria, and friable coa l Cli i jJS , ( round ed) 
-- --- -

mos tly 5- l 0 mm. ----
1 1-lO0 m11 sandstone , s con a anc friable coi!l cinos , (1·ou~,:1~d) P1ostly 

5- 10 rm1. 

Silty clay mixed 1·1/l - SQ r.m subrounded to rounded s ndstO'l'= and 

scoria some mu dstone . 

Same 1-1/less clay ( 1-1 00 '"7'.::1) . 

\·/el l sorted sub·oundcd ~o rounded scoria and sJnd s one 1-15 1rm. 

\./e11 sorted suorour.ae.j ... o roundeo scona 2110 5ands tone 1-150 :111•1 . 

8 .6-10 . 35 Coarse sand mixed ·1/clay, subrcunded o rou r1th:d sandst..,ne and 

sco ·ia chips 

Tr i B 1025 

Octobe r 2018 ECO 1 - 5- 1 B Addendum D6-12-513 DEQ Ex. 3-1482



RAMACO 

( 

( 

p; ;_ .-· ~ ~ 1• B H 7 Brook Mine 

:)i\ TE : 6/ 26/79 

1:-,c:: l O: OD ; OT 

HYDROLOGIC Su!l 'P:: : r\llu ,al 

ROOT ,:G DEP"'il!: 7.0' ------------

Can ::Li,n~er ! Dco -::.h \ Soi ; , ,o is tu re · 

------i-----i--------.... ' ...:H.:..!..i t via ter able 2 1_2_._6_' ____ _ 

All strata ha e horizontal 

orientation. 

----- ----+----------------------------

------'------'---------------------------

STHi,T !GK .. "cl\' 

0 . 0-2 .0 

2.0-2.l 

2. 1-2.4 

2.4-2 . 5 

2.5-3.6 

3 .6- ::l.4 

8. 4-12.6 

Fine sand ~·th in erm1xecJ 1- 5 mm sub:_ingu1ur· c;cnriil chips 

1- 10 mm subang lar scol"id cilips. ----------------
Fine sand. 

·ledium sand 1~i n in err.iixed 1-3 mm subangular scoria chips. 

Fine sand 1,ith intermixed 1-10 mm subangulai- chips. 

( large material near s ream). 

Scana and s,rnds one, s1.,b;;ng lar - rounded 1-100 1:111 •,•11t1 in er-

1:11xed fine san and cloy. 1/ery f •, coal chi~s. 

Subangular rounded sandsr:one and sco1··a. 1-30 1rrn dia1ucter ,·11th san,j 

.:ind clay. 

Y'=1 S 2/ 25 
ECD 10-2"-1 

DEQ Ex. 3-1483



RAMACO 

Page 2 of 2 

DATE: 

TIME: 

Pit umber BH 8 

Brook Mine 

.,/r-~ 
" J I r. 

1 

HYDROLOGIC SOL TYPE: __________________ ....;..;,.~--' 

ROOTING DEPTH: _________ _ 

Can dumber Depth Soil Moisture % I Com:nen ts 

I 

STR TIGRI\PHY 

1 .2 - 11.4 Suban ular to rounded sandstone and c~ria chi s. Pi cnes 

out a,-1av from stream. 

1 l. 4 - 11. 9 Fine sand with some clav. 

11. 9 - 13.0 Subanqular to rounded coal. sandstone. scoria (5-75~ ) . 

. 

TFN62/ 25 
October 2018 CD 1 - 5-1 J Addendum D6- 12-515 DEQ Ex. 3-1484



RAMACO Brook Mine 

r 

r 

( 

Page I o, 2 

Pi C f un1 •:r· SH 8 

DATE: 6/26/79 

T lME: 11 :00 D 

HYDROLOG C SOL TYPE: alluv·a1 

ROOT H!G DEPTH. aporox. 3.8' 

Can Number I Deoth Soil ,ioisture • . Cc:':.nc11 ts -
I Horizontal ori enta ion in a 11 strata. 
' . I 

No samples. I no subirr1qation. 

Did not reach 1·1a ter table: 

I 

S TR/, i' GPAPII f -== . 
0.0-0.5 Si 1 t. 

0. 5- i . 2 Fine o ery fine sand. 

l.2-3.6 Sil iv/intermixed 1-5 r,1n mudstone , scor·a, sands one chips 

3 . 6- . 3 Angular-rounded sandstone , scori, chips (S-50 nu•1}. 

4.3-6.4 Fine sand subrounded o round d 1-5 mm scoria chips 

6. -6. 5 Sub rounded to rounded :,-2·) tr,111 sco,-ia :!!\ •~ sand 3 ton ~ c• 1 :is 

and fe1 coal chips. 

6.5-6.8 F1ne sand. ______ ..__ ______________________ ·-----

6.8-7.J 

7.3-7.9 

7.9-$.l 

S _fl -. .o 

9.o-9.7 

9.7-11.2 

Sub ngul r to r-ounded scor1d and sands Ont: cnips (5 -30 1w1). 

Fine sand w/intermixed coal chips. 

Subangu ar to rounded scc:··a a 1 sands or . co.:i, chips 5- 2'; n]:: d1 ···-t1·, 

~d :2-10 ,r.n, sards one, scoria and c:o,1 cni;J 

'.O l S : a t 1 Q . 0' 

T · 1 .. 2 / 2 5 
ECO 10-25-1 

October 2018 Addendum 06- 12-516 DEQ Ex. 3-1485
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RAMACO Brook Mine 

Pit I uml~r BH 9 

DAT[: 6/26/79 

Tl ·iC:: 12: 30 MOT 

HYDROLOGIC SO l TYPE: Alluvium 

ROOTliiG DEPTII: at least 1.93' 

Can :lumber I Death Soi 1 io is tu ,·e ,., I Co: :;;\en Ls 

I ·Ja ter a l .93' 

I 

ST~f,i lGRAr11Y crn ·,: 1 i: :1 , s 
-

0- .95 Mott l ed clay, very fine sandy clay, and chi [lS. 

. 9 5- 1 . 4 5 ~e 11 sorted, very coarse sand , 4- 5 mm coal, scori ;·ou ndeC:. 

1 . 45-1.5 Si 1 ty clay , co 1 chi [lS. 

1.5-1.9 Very coarse sand. 1-5 rrrn rounded coal , sandstone, scoria ci1 ips 

w/la r ger to (50mm} coa 1 chips. 

1 . 9-2 .5 1- 5 mill rounded coal, sandstone, scoria C i ps .... ; fe• .. , 5~Jbang lar to 

rounded 5-50 sandstone, coa 1, scoria. 

St ream cha nne 1 moist but no f1011 . Percned .,.,a er i r: channel 

be t1•1een pi ts 6 and 9 . 

. 

r 
_ ,, C' ""-' · 

TF 6 2 / .. 5 

October 2018 RE CD 10- 25 - 1 Addendum D6-12-517 
DEQ Ex. 3-1486



RAMACO Brook Mine 

Pagel o 2 

pi t I Ul71' C • BH 10 

DATE: 6/26/79 

t· E: 1l :00 t· OT 

HYDROLOGIC SOIL YPE: alluvium 

ROOT ; G OEPHI: approx. 7.0' 

Can ·:u;;1ber l_g___ep:h I Soil 1·,oisture ''. 
I 

i did not reach the 1·1a ter 

l 
l 
I 

I 
I 

able. 

-----...----.---------'r------------------
.1 I 

.. - -- ~ -· 
0- l. 5 Silt w/in ermixed ansular-subrounde scoria, s Ile!'.; to1'E.•, CQ.;, 

d mudstone ( 5-50 mm) . 

1.5- 2.7 Sarne as above, on y l-10 mn: . 

2.7-3.5 Very fine sand 1'1/coal and muds one chips. 

J.5 - 3.7 Very fine sand w/rounded coal and scoria l-5 mm. 

3 . 7-4.9 ery ine s nd ·I/COd C ips. 

.9-5. 5 Very fine to "inc sand ·..i / :i - 50 mm rounded sands one SCO '1 d, 

and coal ch·ps. 
-

5.5-5.9 Fine sand •1/coa 1 chips ( \-2 nm). 

5.9-5.95 Sub rounded 0 rounded sa nds on ( 1- 20 rrm) . 

5.95-6. ',ell sorted (1-5 nm) sco,·ia, sand:tone, coal ch1r,::.. 

6.4-l.l.3 Subroun ed - rounded ( 1-10 mm) sands one, scori a c 1i s ·1/ e1-1 

]drge chips to 100 mm . 

8.8-9.5 Fine sand -,110-·100 niin sandstone, scoria (rounded) w/1-5 111111 coal 

chips. 

iH & 2/ 5 
October 20 18 ECD 10 .. 2 -1 Addendum 06- 12-518 DEQ Ex. 3-1487



RAMACO 

Page 2 of 2 

DATE: 

T~i-iE: 

HYDROLOGIC SO IL TYPE: 

ROOT i:G DEPTH: 

Pit iluml:,cr BH l 0 

-. 

Brook Mine 

I. . 

Can ;lumber Deoth Soil ~:oi s ~u1·e " l========[ ('=·•.::: cn ~:; 

I 

l 

STP.t,TIGRM'l!Y 
""='==""'-

9.5 -1 0.0 Clay, gr ey. 

10.0-11.55 Fine Sand ~/10-100 mm sands tone , sco r ia (rounded) vi/1-5 mm coa l 

ch i ps . 

C 

October 2018 

TH 8 2/ 25 
ED 10-25-1 S 

Addendum D6- 12-519 DEQ Ex. 3-1488



RAMACO 

October 2018 

ADDENDUM D6-1I 

HIDDEN WATER CREEK 

Brook Mine 

SOIL MOISTURE AND INFILTRATION TESTS 

D6-537 

,di 6 2/J~5 
RECD 10-25- 1 3 Addendum D6- 12-520 DEQ Ex. 3-1489



RAMACO 

• 

• 

Area Pit 

Date 5/15/79 

Brook Mine 

l:1fil ro111cter Forms 

Site o. BH3 Sa11p lcr JB & OK 

Time 1000 11.1550094 E. 589195 

Eleva ion 3664.35 HydrolO~lC Soil Type Alluvial -------- -----------
Actual Soil Classification Ft. Collins oam ---------------------
Vegetation Type Mixed silver & bi 

sagebrush, grass and alfa l fa 

Can tic. Depth Soi 1 Meis ture·; 

45 . 1 16 .0 

49 .5 14.5 

53 1.0 14.9 

57 2 .0 14.3 

61 4.0 16.3 

56 4.5 15.0 

Amt. o Drop Time Time 
Measured (i n) Filled Emotied 

(II; ? · 111i 2·51 ·45 

.05 7 : 54: 15 2:59 

.05 13:00 3:07 

.05 13:07:30 3: 14 : 30 

.05 3:15:30 3:22 

.05 13:22:30 3:29 

.05 13:30 3:36·30 

.05 13:37:30 3:45 

.05 3:46 3:53 : 30 
. .05 13:54:30 4:02 

.05 ~:03 4: 10: 30 I 

.05 14: 11 4: 19 :JO 

. 05 l:l:20 4:28: 30 

.05 ~:29:30 4:37 :30 

. (15 4:46:30 

.05 :4/ 4: ::,:, 

Aoprox .Rooaing Der h 0-0.S ;M;F 

0.5-1.0;C;F 

1.0-2 .0;F;C 

Comments 

5-20mm subangular scori a chi ;:is at 4.0' 

Could not penetrate easily ---
At 5.0' another scoria s ratifi0d layer --
TDD 5.0 

Sci l moisture tube 1 ns ta 11 ed. D of -.' be 
lS 4. 5'. Did not reach •,-1ater t blc . -- - -

---·· 

ime ( hrs) nfilt .R,Jte 
To Dn·tdn. Inches/Hr. Co,1•ment: 

. 1125 .44 Double rinq 1-1as 

.0792 .63 pre ·1etted for approx. 

. 1167 .43 15 minutes . Sampler 

. 1167 .43 JA . Test perfor1:ied 

. 1083 . 46 5/14/79 . 

. 1083 .46 

. l 083 .46 

. 1250 .40 

. 1250 .40 

. 1250 .40 

. 1250 .40 

. 14 l 7 .35 

. 14 l 7 .35 

. 1333 . 33 

. l 333 .38 
IJJJ . j !.J -r:38:30 

2 Mean = -D6 53& 

TFH 6 2/ 5 
October 2018 ECO 1 - r._1 Addendum D6-12-521 DEQ Ex. 3-1490



RAMACO 

so·1 , <'lsture and Double R· ng 
lnfi 1 ,·0111e er Forms 

Brook Mine 

Area Pi Si e lo. BH9 Sa111µler JB --------- -------- -----~-
On e 5/15/79 ime 1215 ll 154 922 E. 589013 

Elevation __ 3_6_7_3_.2 _____ Hydrolog·c Soil iyp __ A_l_l_u_v,_·J_l ______ _ 

Actual Soil Classification Ft. Collins LoaM ----------------------
Ve 9 et at ion Typ __ P_e_r_e_nn_,_·a_l_g_r_as_s ____ Mpp·ox.Rooting Der h 0-.5; M;' F 

0.5- O;F;VF 

Can flo. Depth Soil Moisture:; Comments 

35 . l 32.2 

36 .5 15.8 

34 1. 0 15.7 

39 2.0 15. Subangular scori 

40 4.0 3.6 (alluvial gravei )at 10.5-11.4' 

33 6.0 15.2 

38 8.0 20.8 Cou ld not penetrate beyond 11. 4' 

42 10 .0 2 . 9 TOO 11. I 

7 l l. 0 21 .0 Did not reach water able. nsta led soil 

mo1s:ure ·ube. 

I Amt. of Drop Time Ti me T 1me (hrs) In ·n .Rae 
Measured (i11) Filled Emoc ied To Dn•1dn. Inches/Hr. Comment~ 

ClS 11: 14 l l: 50 .60 .08 Double ring ~,as 

.OS 11 : 51 12:34 . 72 .07 pre•,·ie t ting for 

-

.05 12:35 1 : 21 .77 .06 approx. 15 minu es , 

Mean =.07 Sampler 8. Analysis 

performed 5/15/7 

. 

I I 
I I 

I ·-I 

I ..... ,. c-,n 

2 / 5 
October 2018 CD 10-2"-1 Addendum D6- 12-522 DEQ Ex. 3-1491



RAMACO 

October 2018 

Area Pit 4 

Oa te 5/16/79 

Elevat·on 3700.19 

Soil 1•·iis re and o·ouble RiricJ 
lnfil rome er Forms 

Time 1100 L 1549777 . E. 5882 8 

Brook Mine 

Hydrnlo~ic 5011 Type ____ ~~~-=:.1,;../-1:,<;t-,~ 

Z i gv,e id 1 oam 

Vege a ion Type Big sagebrush,grass Approx . Rao ing 

0.5-4.0;F:F-M 

F·C&'/C) 

Can tlo. Deoth Soi 1 Meis ture·; Col!wnen ts 

123 . 1 11..; Did not reach water table.soil moisture 

124 . 5 16.2 tube ins ta 11 ed 

126 1. 0 17. 2 

127 2.0 16.7 Scoria and sandstone colluvial and/or 

128 4.0 16.3 o ed roe k a t 3 . O ' 

Subanqular & subrounded scoria and - -
sandstone at 4.o· ~bedrock and/or rolluv1um 

. 

Amt. of Drop Time 
i-1e·asured (in} Filled 

.05 10: 25 

. 05 10:37 

nc; 11 -nc; 

.05 11: 31 

.05 11: 51 

.OS 12: 16 

.05 

.OS 

. 

Tirr:e Ti me (hrs) l n f i 1 t. Ra e 
Emo1.ied To Drwdn. Inches/Hr. 

10:37 . 27 . 19 

11 : 04 .45 . 11 

11 · 1() .42 . 12 
11 : 53: 45 .38 . 13 

12: 15: 30 .34 . 15 

1 : 36 .33 . 15 

ean =.l 

I 
I 

06-540 

.r ~ 2/ 25 
RECD 10-25-1 3 

--

Co111':ients 

Double r·ng was 

prewetted for approx. 

10 minutes. 
Sampler JA test 

perfor:.1ed 5/15/79 

C"" 

--· -

Addendum D6-12-523 
DEQ Ex. 3-1492



RAMACO 

Soil ~')is ure and Double Ring 
l nfil rorie er Forms 

Brook Mine 

Area _ ___;_P ___ i"'"t_4..:,.._ ____ Site o . __ B_H_l_l _____ Sa111pl er J3owlby ,Araas ,Bonddr 

Date 5/14/79 Time 1411 M. 1550106 E. 589479 11?,J 
' 

Ac ual Soil Classification Ustic torrifluvent - fine loamy 

V~getation Type Silver & big sagebrush, Approx.Rooting Depth ~------~ 
perennial grass, and alfalfa 

Can tlo. Deoth Soil Moisture% Comme nts 

No soil moisture samples taken. 

Amt. of Drop Time Time Time (hrs) Infil 
I 

. Rate 
~1e·asured (in l Fil1ed Emptied To Drwdn. Inches/Hr. Comments 

.05 2: 15 2:33:20 .3055 . 16 Double ring was 

-

.05 2:36:30 2:58 ,3583 . 14 pre~1etted for appror .. 

.05 3:00 3:26:30 .4417 . 11 15 m · nu es 

.05 3:27 3:49 .3667 . 14 

.05 3:50 4: 22 .5333 .09 

.05 4:2 4:53 .4833 . 10 

leans=. 12 -

. 

-
-

I T r'H-6' 2 / 2S 
CD 1 - 2~ -1 

October 2018 Addendum 06- 12-524 DEQ Ex. 3-1493
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RAMACO 

October 2018 

",., 1111 • 111111 , 1~H:ti1 r. t(li!() 

1 11 f i l t 1·0111c L1::1· r-on11s 
Brook Mine 

Area Pit 4 S; te Jo. 13H 12 Sainp 1 er-~- D1:_ __ ---------
Date 5/ 16/79 Time 1200 

Eleva ion 3650.29 

1.1549566 E.5905 2 

Hydroloqic Soil Type Allu ial (lbw st terrace) 

Ft. Collins loam Actual s0·1 Classi ication -------------------------
Ve_ge ation ype Grass, silver sagebrush_ Approx.Rooting Depth 0-.S·,··· F 

and alfalfa .5-1.0;C;VF;M 

1.0 - .O;F M 

C.:in no. Deoth S01 l Mo, sture"'. Con111en ts --
I 

___!i9 l 9.5 Did not reach 1·1a ter table. 

100 .s 13.8 Soil moi s ture tube installed. 

____.!iB 1.0 9.8 5 5 

103 2.0 8.8 - 5.5- 6.5 vert fine sand 11-1ell 

10a 4.0 12. l sorted 

107 6.0 9. 1 Hit alluvium/colluviu111 at 7.0' 

1"4 7 O TOD 14.5 (5-10 mm in diamete· · , angular and sub-

anqular scori a 1 s.inds tone and coi.1 l chies) 

Amt. 0 Drop Time 
Measured {in) Fi 11 ed 

.05 2:28 

.05 2:36:30 

.05 2:58 

.05 3:20 

.05 3:44 

.05 4:02 

. 

Tirr.e Time (hrs) 
Eniotied To 0rwdn. 

2:36 . 13 

2:57 .34 

3: 19 .35 

3: J .38 

4:01 .28 

:21.30 .33 

"' 
c, . .., 

r 2 / '5 
RECD 10-2 -1 

nfilt.Pa e 
I nches/H1· . Coa,mcn ts 

.38 Double ri g 1·1as 

. 15 prev1e Lted for appro1 . . 

. 14 15 min tes. Sar.ipler 

. 13 JA test perfon-:ied 
-

. 18 5/15/79 

. 15 

ean =. 19 

Mean C?(Clud ng =. 15 

1st reading 

I 

-- -- -

------- -

Add ndum 06- 12-525 
DEQ Ex. 3-1494



RAMACO 

Area Pit 

So i I 11,: i s u re and Doub 1 e :, 1 r1 

l:1fil ronte er Forms 

Brook Mine 

Si e lo. ___ B_H_39 ____ S a111p 1 er __ J_B ___ K __ _ 

Oa c 5/15/79 Time 1345 1549880 ·E . 589116 

E1evat1on 3671.60 liydrologic Soil ype All vial(highes err ce) 

Actual Soil Classifica io n Ft . Collins loam ----------------------
Ve~etation Ty pe Perennial grass Approx.Rao ing Der 0- .S · 4;VF 

0.5-4.0;F;I/F 

Can t:o. Depth Soil 

46 . 1 

37 . 5 

41 1.0 

43 2.0 

44 4.0 

sn 6 0 

51 8. 0 

52 8.8 

Amt. of Drop Time 
Me~sured (in) Filled 

= 

Moisture·; 
I 
' Co::1:ne11 ts 

23.2 
~ 

17.9 

16.5 Subanqular scoria chips (S-2Qr.m diameter) 

9 .0 I fro,;: 7, 0-8.8 I 

21 . l I Subangular sco1·i a ch ips ( 2 nm di ame 

19 . 0 reached at 8 .8' .,,hich could not be 

11. 8 oenetrated 

12.5 8.8 TOO 

Did not reach ~,a ter table. I nstalled 

I soil moisture tube . 

Time \ Ti~e l hrs) 
Emptied ; To On-1dn. 

!nfilt.P.ate ]' 
Inc hes/Hr. Co·~~en~s 

= 

er) 

-

----------j,_ ________ __ -.1-----------------
1 --------1-----<,----------+------,---·-----

7---· 
I ------j----t------.l'l .... lh,.__....,,..,,u ___ _,__ ____ ---' •--- - - -

October 2018 

5 
- 1 Addendum D6- 12-526 DEQ Ex. 3-1495



RAMACO 

rea Pit 

Soil ,· 1sture dnd Double Ring 
\11 iltro1 e er Forms 

Brook Mine 

S · e , o. __ B_H_O _____ Sa11p l e,·_J_B __ DK ___ _ 

Date 5/15/79 

Eleva tion 3676.09 

Time 51 0 L 1550054 .E . 588749 

Hydrologic Soil Type_!lluvial (h ighest terrace) 

Actual Soil Classificat·on S oneham Loam ---------------------
ve·getation Type grass.big sagebrush __ ,,pprox.Rooting Der h 0- . 5;M:M-I/F 

0.5-5.0; F;C,M&F 

Can no . Depth Soil tloisture•; Comments 

55 . l 13. 1 

54 .5 14. 9 

5n l.O 10.6 

59 2.0 10.0 

48 4.0 14 . 7 Hit subanqular scori a and sub rounded 

64 6 .0 . ). 5 gravel at 11.0 ' (moist) 

62 8.0 U.3 TDD 11 .0 ' 

63 10.0 21. 8 

60 11.0 14.2 Ins ta 11 ed soil •:1o i s tu re tube. 

----

Am of Drop T irne l ir.ie iime (h rs) n i l t. Ra e 
:-ie·asured { in) Fi l led Emptied To Dn,dn . Inches/Hr. co~"ne n~ s 

. 

-

. 

I 

-· --· L 'O -,J-.-,. I 

October 2018 

'f l S 2/025 
RE CD 10- 25 -1 S Addendum 06- 12-527 

-
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RAMACO 

, 

October 2018 

Da e __ 5~/_l ~6/_7_9 __ r me 

Soil r~, istu1·e and Double Ring 
In il t rometer Fo·ms 

Brook Mine 

Si e ,lo. BH l Sa11 ,p ~r JS & DK --------
1300 l. 1549380 E. 5904.10 

Elevation 3652 . 26 Hydrologic Soil Type Alluvicl(h1ghes: ·er ac~ \ --------
Ac ual Soil Classification 8 i b man Loam ---------------------
e~etation Type Predominately alfalfa 

with silver and big sagebr sh,grasses 
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FOREWORD 

The Administrator of the Wyoming Department of Environmental Quality, Land 

Quality Division, bas declared that requests for final incremental bond release at coal mines 

must be preceded by: 1) a demonstration that lhe postmining groundwater conditions support 

the postminiog land use as per Coal Rules and RegulatloruJ Chapter 4, Section 2.(h)(i) and 

Chapter 4, Section 2.(i)(i) and; 2) verification of the accuracy of the Probable Hydrologic 

Consequences (PHC) predictions for groundwater as per Coal Rhles and Regulations Chapter 

4, Sectioo 2.(i), One of the principal objectives in Big Hom Coal's reclamation has been to 

restore the quantity of groundwater in the mine backfill and adjacent areas to a level suitable 

for livestock use and meeting the livestock use water quality standards set forth under the 

Wyo.ming Department of Envlronmental QuaJlty, Water Quality Division's Rules and 

Regulations, Chapter VIII. Section 5, Table I. Groundwater quality data are presented in this 

report demonstrating how these standards have been met at Big Hom Mine. In tenns of 

restoring groundwater quantity characteristics, Big Hom's specific objectives have been to re

establish infiltration and recharge capacities, aquifer storage and groundwater flow, and aquifer 

saturated thicknesses. 

This report is intended to fulfill the requirements for demonstrating postmioing 

groundwater conditions at 8ig Hom Mine and more specifically to verify that the quantity and 

quality of gro~ndwater has been restored throughout the majority of all recl~!med llllilC lands 

and throughout all adjacent areas to condition.~ suitable for livestock watering. Data and 

analyses are provided for reclaime-d mine spoil sites not yet fully meeting livestock watering 

criteria showing trends in groundwater recovery which allow forecasts to be made of meeting 

the restoration goals . GroWldwater conditions now existing within and contiguous to Big Hom 

Mine. are compared to predictions made in llle PHC assessments of the mine pennit document. 

This report Is inclusive of ~I of Big Hom Mine and has been prepared intentionally 

well in advance of any request for Final Incremental Bond release because, as demonstrated in 

this report, coal bed methane gatheriag activities have begun to significantly impact 

groundwater conditions in areas adjacent to the mine. This submittal does not request any 

changes m Big Horn Mme's currently approved groundwatet monitoring program nor does it 

request any r~lease from liability for postmining groundwater 1;onditions. 

Big Hom Coal Company 
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RAMACO Brook Mine 

I POSTMJNING GROUNDWATER QUANTITY 

Groundwater conditions within and adjacent to Big Horn Mine were influenced by 

nearly 100 years of surface and underground coal mining activities. This chapter begins 

wlth an overview of the historic mining_ developments that are inferred to have or are known 

to have affected groundwater conditions within and proximate to Big Hom Mine. 

1903 to 1963 - According to records compiled by Dunrud and Osterwald (1980), 

coal mining near Big Horn Mine began at the underground DielZ No. 5 Mine in 1903 

immediately south of present-day Big Hom Mine. From 1904 to 1940, underground coal 

mines including the Dietz No. 8 Mine, the Hotchkiss Nos. 1 and 2 Mines, the Model Mine, 

the CameJ Mine and the Acme and Acme No. 2 Mines were developed over large areas 

within and contigqous to Big Hom Mine. The Plachck strip·coai qtlne on GQose Creek (the 

Plachck Pit reservoir of Section 22) operated from 1957 to 1963 and the B and W strip coal 

mine operated from 1948 to 1953 within a portion of what ultimately became Big Hom's Pit 

3. Tn essence, Big Hom Coal Company, which consolidated Big Hom Mine in 1963, was 

restricted in its mining to "islands" of coal separating the historic mines. 

1965 - Large-scale stripping operations are underway along the east side of Goose 

Creek east of the former Plachck Pit within Big Hom's Pit 1. 

1973 - Tongue River immediately below the mouth of Goose Creek is diverted 500 

feet north into the old D and W Mine coal pits to allow mining in Pit 2, 

Summer 1978 - Tongue River ls routed into its permanent postmining channel after 

the final backfilling and grading of Pit 2. Mining begins in the Pit 3 area. 

Early 19801s - Mining in Pit 3 intercepts alluvium of Tongue River causing.local 

drawdown of the alluvial water table. 

1984 - Pit 1 was extensively backfilled, leaving open only the "Southeast Triangl!!'' 

groundwater sump. 

1985 - Pit 3 advancement ceases and most exposed coal faces are covered. This 

reduces the grouodwater inflow rate to Pit 3. 
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RAMACO Brook Mine 

December 1996 - Backftlling of the Pit 1 "Southeast Triangle", which began in 

1994, is completed and the groundwater sump is closed. Pit pum_page of groundwater from 

the Dielt: 2, Dietz 3 and Monarch coal aquifers ceases. 

1999 - Coal bed methane gathering activities begin pumping groundwater ftom the 

Dietz 3, Monarch and Carney coal scams in areas south and southeast of Big Hom Mine. 

2000 - Backfilling and grading of Pit 3 is completed late in the year and Pit 3 

Reservoir begins filling. 

In Section 6.1. 5 of the Reclamation Plan, alluvial groundwater from Tongue River 

and Goose Creek valleys is predicted to be a si!,'llificant recharge source to the post.mining 

coal aquifers in areas adjacent to the mine reclamation and to the mine backfill (spoils) as 

well via, in part, groundwater recharge from resaturated spoils along the downgradieot 

coal/spoils con!Jlcts (see Exhibits RP-14, RP-15 and RP-16 of the Reclamation Plan). The 

mined edg.es of the Dietz 2 coal, Dietz 3 coal and, particularly, Monarch coal seams contact 

reclaimed spoils which in turn contact Goose Creek and/or Tongue River channels or the 

) native alluvium underlying the stream valleys over broad lengths along the perimeters of 

reclaimed Pits 1, 2 and 3. Streamflow infiltration from Goose Creek and from Tongue 

River together wlth subsurface flow from the alluvium of these valleys has recharged the 

mine backfill, which bas in turn recharged the native coal aquifers at the coal/spoils 

contacis. Groundwater in the alluvium of Tongue River valley south of Pit 3 Reservoir and 

streamflow in Tongue River north of the resei:voir were also ide_ntified ps the principal 

recharge sources to Pit 3 Reservoir via the South Frenoh Drain and North French Drain, 

respectively (sec Sections 7.3.1.1 and 7.3.1.4 of the Reclamation Plan). Very little, If any, 

groundwater resaturatipn was preqicted c\t P.its 4 and 5 because the coals mined in these 

areas naturally existed as remnants isolated from recharge sources of the Tongue River and 

Goose Creek valley floors. No groundwater aquife(s were identified before or during 

mining in Pits 4 and 5 and none bas been projected to develop after mining in either area 

(see Section 6.1.5, RecJamation .Plan). 

Chapter 4, Section 2.(b)(i) of the Wyoming Department of Enviro~ental Quality, 

Land Quali'ty Division Rules and Regulations states that ''the recharge capacity of reclaimed 
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RAMACO Brook Mine 

lands shall be restored to a condition which supports lhe approved postmining land use". 

Big Hom Coal's objective to restore lhe mine backfill and adjacent aquifers to a condition 

suitable for livestock watering would be greatly compromised were the spoils sufficiently 

impermeable so as to not readily lran~il water horizontally as groundwater movement, or 

vertically as infiltration of surface water, inclusive of rainfall, snowmelt and streamflow, 

The infiltration rate of a soil or of strata where soil is absent is defined as the rate at which 

waler infiltration talces place, expressed in depth of water per unit of time, usually in inches 

per hour. The following section of this text explores the approximate, effective inflltration 

rate of the mine backfill where the effective inftltration rate is broadly defined as the rate at 

wl1ich the backfill resaturated as a result of water infiltration from all sources including 

stream channel and other surface water infiltration combined with lateral groundwater 

inflow from unmJned aquifers. 

I.A Groundwater Recovery In Backfill Aquifer In Pits l, 2, 3, 4 And 5 

) I. A. l Infiltration Rates 

No direct measurements have been made of infiltration rates on reclaimed lands at 

Big Hom Coal beyond those presented in the 1993-1994- Annual Report (Table 16). No 

attempt has been made to convert the infiltration rates of the 1993~1994 Annual Report into 

groundwater recharge or spoil resaturation rates. Instead, effective infiltration iates, as 

defined in the previQus section, have ~n estimated for portions of Pits 1 and 2 

corresponding to four topsoil request areas formerly approved by LQD before topsoil was 

applied on the regraded spoils. These areas, shown on Exhibit 1 accompanying this 

docun:tent, were selected for effective infiltration rate calculations because the timing and 

source:i of groundwater recharge within Pils 1 and 2 can be estimated with some accuracy. 

The resaturation of spoils within these areas is credited almost excJusively 10 the in filtration 

of streamflow in Tongue River and Goose Creek and lateral groundwater flow from the 

alluvium of these valleys. Lateral groundwater flow to spoils from the Dietz 3 and 

Monarch coal seams and the infiltration of precipitation and snowmelt over the spoils 

) probably constituted a very small fraction of the total spoil resaturation. 

Big. Horn Coal Compillly 
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Pits 1 and 2 

As of October 2001 , groundwater in the back.fill at Big Hom Mine had recovered to 

the polentiometric elevations shown on Exhibit 1. This exhibit also shows potentiometric 

elevations in Monarch coal adjacent to the mine and in Tongue Rive.r alluvium between Pits 

2 and 3 near the SouU1 French Drain as of October 2001. The first step in estimating 

effective infiltration rates was to convert the polentiometric elevations shown within the 

topsoil request areas into volumes of saturated spoils. This was accomplished by first 

preparing a digital map of structure contours on the top of the Monarch coal from Exhibit 

D5-12 (Appendix 05) and then subtracting from this surface a unit amount of 22 feet 

representative of the average thickness of the coal (see Exhibit D5-11, Appendix D5) to 

derive structural contours on the bottom of Monarch coal. Using surface modeling 

software, this intermediate product was then subtracted from the polentiometric contour 

elevations (Exhibit 1) lo derive approximate volumes of saturated ,spoiJs above the original 

Monarch floor (assumed pit floors) within each topsoil request area. 

Having estimated the volumes of saturated spoils within the topsoil request are.1s of 

Pits 1 and 2, the final elements needed for computing approximate effective infiltration rates 

were an estimate of the effective porosity of the spoils and estimates of the time elapsed 

between when the spoils began resaturating and ending with the October 2001 groundwater 

level measurement date. Although the backfill of Pits I and 2 was undoubtedly constanUy 

subject to some resaturalion in the form of seepage from Goose Creek and Tongue River 

even as mining continued in the area, the date rcsaturation began was assumed to be 

equivalent to lhe date Tongue River was turned into its final channel, July 1978. Under this 

assumption, the time elapsed between July 1978 and October 2001 was constant for the four 

topsoll request blocks of Exhibit 1 at 23.2 years. The effective porosity of the spoils was 

assumed to be 20 percent in the effective infiltration rate calculations. A porosity of 23 

percent was found for the s~ils at the Plachek Pit through multiple well testing but all other 

multiple well tests at Big Hom Mine returned storage coefficients that were much lower 

(sec Table RP-12, Reclamation Plan). The low storage coefficients were thought to be 

I indicative of coarse-grained spoils being overlain by fine-grained materials (sec Section 
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6.1.2, Reclamation Plan). While this hydraulic differenti .. tion ..:llll be c.xpc:.c:.:o ai,er the 

spoils arc fully or nearly fully saturatoo, an effective porosity of approximately 20 percent is 

probably more indicative of the spoils in their dry, loose state. 

Effective inrtltration rates oompuled per the above procedure are presented on Table 

I. The rates range from 5.9 to 13.9 inches per year, which is very high relative to what 

would be expected for the vertical infiltration of rainfall and snowmelt alone. As an 

example, Davis and Zabololney (1996) found through groundwater flow modeling that the 

premining infiltration rate from surface water sources (precipitation, snowmell, overland 

runoff, etc.) to shallow overburden aquifers at Belle Ayr coal mine wa& about 0. 16 inches 

per year. Reclaimed lands at the mine were found to have an lnfllttation rate of about 2 

inches per year. The authors concluded that the postmining infiltration rates will likely 

diminish over time as the spoils settle and as evapotranspiration losses increase with 

increasing vegetal growth. Big Hom Mine reported infiltration rates ranging from 0. I 0 

inches per hour to 3.00 inches per hour from eight, double ring infillration tests conducted 

on backfill in Pits I, 3 and 4 (see Table 16, 1993-1994 Annual Report). The average 

I infiltration rate from these tests was 0.82 inches per hour. 

The reader is again advised that the effective infiltration rares of Table 1 are not true 

soil infiltration rates but are inclusive instead of groundwater recharge from all sources. 

The rates may also be biased somewhat high by the assumption that the total recharge 

period for Pits 1 and 2 was only 23.2 years prior to October 2001 when in fact the backfill 

of both pits was subject 10 some constant recharge that was probably not entirely captured 

by pit pumpage before July 1978, the assumed starting date for recharge. Conversely, 

resaturation in the Pit I/Pit 2 area has not been limited to the topsoil application areas alone 

but has also occurred contiguous to these areas in pre-Jaw portions of the mine. This could 

tend to bias the estimated effective infiltration rares low. Regardless of the analytical 

technique's limitations, the resultant infiltration rate values (recharge values) clearly indicate 

that the backfill of Pits I and 2 has resaturated very quickly and there are no apparent 

properties of the spoils that retard water infiltrntion or movement in either the vertical or 

horizontal planes. 
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Pit 3 

As shown more fuUy in Section I.A.2. below, all indications are that the Pit 3 spoils 

have resaturated very rapidly, virtually in phase with the filling of Pit Three Reservoir. 

Effective infiltration rates were not computed for the Pit 3 spoils because the topsoil 

application dates (11ence, the approximate back.filling date.~) ranged over 16 years (1985 

through 2000), but a large portion of the recharge was probably supplied by Pit 3 Reservoir 

as it began filling beginning in late 2000. Because of U1e diversity of rec1iarge sources and 

the temporal duration of backfilling activities at Pit 3, it would be very difficult to establish 

a siarting date for recharge with any accuracy. 

I.A.2 Subsurface Flows 

I.A.2.a Water Level RecoveIY Within Mine Backfill And Adjacent Affected Aquifers 

Figures A-1 through A-28 in Addendum A are hydrographs of groundwater 

elevations versus time for wells monitoring the backfill aquifer a.nd Camey coal, and wells 

monitoring all aqujfers affected by mining, including che alluvium of Tongue River and 

Goose Creek valleys, and the Dietz 2, Dietz 3 and Monarch coal scams. Although some of 

the non-backfill wells were removed from the monitoring program In. March 2001 (Change 

No. 6 to Permit 213-TS; partially approved April 20, 2001), groundwater elevations were 

measured in most wells as recently as October 2001. Groundwater saturation, as portrayed 

by hydrographs, is considered fimdamental to understanding subsurface flow because the 

groundwater elevation in a well is a product of both horizontal and vertical water 

movement. 

The text of the following sections identifies evidence of potentiometric declines in 

the coal aquifers caused by coal bed methane (C~M) gathering activities that began near Big 

Horn Mine in 1999. This is particulady true for the Monarch and Camey coals. Gas and 

groundwater production records of the Wyomi1,g Oil and Gas Commission were 

interrogated via internet link on April 29, 2002 to obtain infonnation relating to CBM 

activities for selected areas adjacent to Big lf orn Mine. These areas include Sections 13 and 

22 through 27 south and southe~st of the mine (sections of land shown on Exhibit l), The 
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) 
search revealed the existence of 120 CBM wells in V!ll'ious stages of permitting and 

development (expired, cancelled or abandoned. permits not included), although groundwater 

production data were m:orded for only 20 wells; one in section 13 and U1e other 19 in 

section 26. All 20 wells are developed iJ1 either lhe Monarch or Camey coal seams. Many 

of the other wells not having groundwater production records also have no indication of the 

coal completion interval in the records revlewed for tllis seoreh. The groundwater 

production data of the 20 wells are temporally variable, suggesting that the wells have been 

intermittently operated. What can be stated is that, in the period 1999 Ulrough early 2002, 

the cumul11tive groWldwater production of the 20 wells was 799 acre-feet (AF); 50 AF from 

llie one well in SecJion 13 and 749 AF from the 19 wells in Section 26. The well in Section 

13 is in Camey coal and had an average groundwater production rate of 25 gpm from May 

1999 !hrough August 2000. The two wells with the largest cumulative water production in 

Section 26 (both in Carney coal) had avecage water production rates of 30 to 31 gpm from 

May 1999 th.rough August 2000. The two wells with the lowest cumulative water 

production in Section 26 (both in Camey coal) produced at rates between 4 and 5 gpm. 

CBM development activities remoin brisk around Big Hom Mine and the volumes of 

groundwater produced will almost certainly Increase in the near future. 

Hydcographs for the alluvial aquifers are presented as Figures A-1, A-2 , A-3, A-9 

and A-13, Those for wells 206~76 and 397-78 (Figures A-1 and A-2) , located near the 

South French Drain (Exhibit 1), suggest water table recovery of' about one to two feet from 

1989 to present (fall 2001), probably as the result of the final backfLlling of Pits 1 and 2. 

The• water t.able elevation fluctuations within these two wells over the past several years 

appear to be within the ranges seen in 1979 and 1980. The hydrographs for the remaining 

three alluvial wells, Nos. 403-78, 508-79 and 644-80 (Figures A-3, A-9 and A~l3, 

respectively), show no apparent influence of mining upstream of the mine on Goose Creek 

and Tongue River (wells Nos. 508-79 nod 403-78, respectively) and downstream of the 

mine on Tongue River (No. 644-80; see Exhibit 1). Underflow lo the alluvium of the 

stream valleys, as evidenced by the groundwater elevation trends of the five wells, appears 
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to have fully or nearly fully re-established, as predicted in the RecJamauon PJan (Sections 

6. 1.5 and 6.2.2). 

The Reclamation Plan concludes that the only drawdown observed in alluvium 

historically monitored by Big Horn Mine occurred in the immediate vicinity of South 

French Drain (Seclion 6.2.2), and lhis drawdown will be permanent as a result of the high 

water line of the reservoir always remaining below the base of alluvium intercepted by the 

drain. Permanent, postminiog water table elevations p;edicted for the alluvium contiguous 

to South French Drain are. shown on Exhibit RP-16. Water table elevations in alluvium of 

the same area as recorded in October 2001 are also shown on Exhibit 1 accompanying this 

text. The water table elevations of the two drawings are very similar and the inferred flow 

patterns vary only sUghtly with E~hibit 1 showing a somewhat smaller area of the valley 

floor underflow being affected by Pit 3 Reservoir drainage. Based on Exhibit 1 and Exhibit 

RP-16, it is concluded that the alluvial underflow conditions have been restored and the 

affects of Pit 3 Reservoir on alluvfal water table elevations and tlow patterns are as 

predicted. 

Hydmgrapbs of Dietz 2 coal wells 

Groundwater elevations in Dietz 2 coal were ptedicted to return to premining_ 

conditions quickly after mining because saturated Dietz 2 coal was mined only in Pit 1 and 

the alluvial subcrop recharge zones of the aquifer were not disturbed by mining (see Section 

6.1.5, Reclamation Plan). Groundwater hydrographs through October 2001 are presented 

. in Addendum A for Dietz 2 coal wells Nos. 469-79, 596-80, 686-81, 687-81 and 828-84 as 

Figures A-8, A-12, A-18, A-19 and A-26, respectively. The wells are located on Exhibit 1. 

The hydrographs show that the potentiometric surfaces In wells Nos. 469-79, 686-81 and 

687-81, located south and southeast of Pits 1 and 2, have recovered significantly since about 

1994 to elevations equivalent or greater to those of the early 1980's. The mechanisms of 

aquifer recharge and subsurface flow in the Pietz 2 coal are clearly fully re-established 

south and southeast of Big Hom Mine. Groundwater elevations in wells Nos. 596-80 and 

828-84 remain about four feet and two feet, respectively, below peak elevations observed in 

the early to mid-1980's. Water levels in these wells fluctuate from about one to two feet 
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between readings, indicating variable recharge and subsurface flow rates that are pr'obably 

associated with cyclical precipitation cb.angcs and seasonal changes in Tongue River flow 

rates/stages. This is considered evidence of the aquifer flow functioning normally ill 

response to natural changes in recbarg(: volumes and rates. The differences in water 

elevations in wells 596-80 and 828-84 over what they were 15 to 20 years ago are small 

relative to the potentiometric heads existing above the top of the coal. 

Hydrographs of Dietz 3 coal wells 

Like the Dietz 2 coal, groundwater flow and potentlometric elevations in the Dietz 3 

coal were projected to recover from dr:i.wdown quickly after reclamation at Big Hom Mine 

because none of the coal's alluvial recharge subcrop zones were disturbed by mining (see 

Section 6.1.5 Reclamation Plan). Groundwater hydrographs are presented in Addendum A 

for five Dietz 3 monitor wells: Nos. /462--79, 468-79, 576-80, 660-81 and 827-84 

corresponding to Figures A-4, A-7, A-10, A-17 and A-25, respectively. The wells are 

locii,ted on Exhibit l. In all cases, notes on the hydrographs indicate that the wells have 

become affected by CBM gas gathering activities beginning at various times from 1999 to 

October 2001. CBM wells bave been withdrawing groundwater and gas from the Dietz 3, 

Monarch and Carney coal seams in areas immediately south and southeast of Big Hom 

Mine since approximately 1999. With the exception of well 576-80, all the Dietz 3 wells 

show water level recovery to potentiometric elevations slightly less than to significantly 

greater than what was observed in the early 1980's. By 1998, potentiometrlc elevations at 

wetJ 576-80 bad recovered to wilhin less lhan four feet of peak elevations observed in 1986, 

but beginning in late 1999 the well has experienced renewed drawdown presumably as a 

result of CBM activities. The recovery of minlng-related drawdown and reduction of flow 

in the Dietz 3 aquifer appears to have been substantially complete by 1998 or 1999 but since 

that time there has been significant renewed drawdown associated with CBM gathering 

activities. These activities are projected to locally escalate in the future and drawdown in 

the Dietz 3 will undoubtedly .increase in areas within and adjacent to Big Hom Mine. 
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Hydrographs of Monqrch coal wells 

Mining at Big Hom Coal removed the Monarch coal's alluvial recharge snbcrop 

zones and replaced them with spoils. The coal's , postmining groundwater recharge is 

primarily via the spoils which in turn are recharged by underflow in the alluvium of Tongue 

River and Goose. Creek, by seepage from Tongue River along its reconstructed length 

between Pits 2 and 3, and by seepage from Pit 3 Reservoir. Because the spoil recharge 

sources are areally extensive and supported by perennial water bodies, the recovery of 

potentiometric elevations and groundwater flow in the Monarch aquifer was projected to be 

relatively rapid after final reclamation (see Section 6.1.5, Reclamation Plan). 

Addendum A contains groundwater hydrographs for three Monarch wells: Nos. 467-

79, 584-80 and 825-84 corresponding to Figures A-6, A-11 and A-24, respectively. The 

hydrographs of all three wells show significant groundwater level recovery beginning in 

1.996 that was likely a result of substantially closing the. lli_t 1 final opening, but the recovery 

periods were relatively short lived until potentiometric dcelines began again in 1999 or 

2000. Beginning in year 2000, the potentiometric trends in wells 467-79 and 584-80 

) reversed and the water levels rose abruptly to elevations unmatched in the history of the 

wells. This phenomenon is almost certainly indicative of gas buoyancy reducing the 

specific weight of the groundwater and causing the water levels in the wells to rise. This 

has not been observed to date in well 825-84 where the groundwater surface bas steadily 

declined since late 1999. The potentiometric declines that began in the Monarch in late 

1999 or 2000 are ascribed to local CBM gathering activities as ls the apparent gas buoyancy 

found in wells 467-79 and 584-80. Although potentioroetric elevations and groundwater 

flow in t11e coal had significantly recovered as the mine pits were backfilled, the recovery 

was not entirely complete by the time CBM activity-related drawdown began in 1999 and 

2000. Ignoring the effects of gas buoyancy, up to about 10 feet of additional recovery to 

historic peak groundwater elevations remained at well 584-80, some 8 feet remained at well 

825-84 and about 5 feet remained at well 467-79. 

The potentiometric surface shown for the Monarch coal on Exhibit 1 adjacent to the 

reclaimed spoils is very similar in pattern and value to the projected postmining 

potentiometric surface of the coal shown on Exhibit RP-16 of the Reclamation Plan. The 
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drawings differ sHghlly in that the potentiometric contours of Exhioir l, drawn with October 

2001 water level measurements, arc shifted slightly upgradient from those of Exhibit RP-16. 

This is due to the stage in Pit 3 Reservoir still being some six feet below its projected 

average elevation. As the reservoir fills, groundwater elevations in the spoils and adjacent 

Monarch coal will rise, causing the potentiomctric contours of Exhibit 1 to shift 

downgradient in better agreement with the same contours of Exhibit RP-16. 

Hydrograph of Camey coal well 

The Camey coal seam was not physically or hydrauHcally affected by mining at Big 

Hom since it lies some 100 feet below the Monarch coal (see Section 6.2.2, Reclamation 

Plan). A hydrograph is presented for one Camey well in Addendum A - well 465-?9 

corresponding to Figure A-5. The hydrograph clearly shows no effect from mining, 

although potentiometric elevations in the well declined over 100 feet from 1999 through 

year 2000 as a result of local CBM gathering activities. The pattern and timing of the 

drawdown in well 465-79 is similar to that seen in wells Nos. 462-79, 468-79 and 660-81, 

) developed in Dietz 3 coal, and to Monarch coal well 467-79. 

Hydrographs of mine backfill wells 

As previously mentioned, saturation of rhc mine backfill nnd establishment of 

groundwater flow through the backfill were also projected to be relativetr rapid after mine 

reclamation because of the large, perennial recharge sources provided by Goose Creek:, 

Tongue River and the Pit 3 Reservoir. Groundwater hydrographs illustrating recharge 

trends are provided for nine spoil wells in Addendum A. These include wells Nos. 655-81, 

656-81, 657-81, 745-82, 816-83, 819-84, 823-84, 906-90 and 907-90 corresponding to 

Figures A-14 through A-16, A-20 through A-23, A-27 and A-28, respectively. A tenth 

spoil well, labeled "C-2001" on Exhibit 1, was constructed in late August 2001 near U1e 

north shore of Pit 3 Reservoir. No hydrograph has yet been prepared for this well because 

of the well's short period of record. The reader is also advised that well 816-83 in Pit 4 

spoils and wells 906-90 and 907-90 in Pit 5 spoils are recording only minor groundwater 

saturation in keeping with the p,rediction set forth in Section 6.1.5 of the Reclamation Plan 

that there would be very little, if any, resaturation of the spoils in either of these two pits. 
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As predicted, all of the Pit l, 2 and 3 spoil weUs show relatively rapid and, in 1nosl 

cases, generally consistent groundwater recovery begiuning up to 20 yeats ago in the early 

1980's. Well 745-82, located north of Tongue River in Pit 3 spoils, and well 819-84, 

located east of Goose Creek in Pit 2 spoils, are showing pronounced seasonal water 

elevation fluctuations that are ascribed to chnnges in stream stages and alluvial water table 

elevations of me respective valleys. This phenomenon, also <1pparent co o lesser deg,ree in 

wells 657-81 and 823-84, is demonstrative of the spoils' ability to rapidly transmit water 

from vertical and horizontal recharge sources (ic. high infiltration and horizontal 

gi;oun<lwater movement rates). Grnundwater recovery rates in Pits I through 3 spoils began 

diminishing between late 1997 to 2000, indicating that the potentiometdc surface was 

approaching llydrostatic equilibrium with recharge and discharge sources. Groundwater 

elevations in the Pit 3 spoils contjguous to Pit 3 Reservoir will likely continue to ascend 

slightly, perhaps another two to four feet, as the stage in the reservoir ascends the final six 

feet above the approximate elevation observed October 2001 to its average opecaliog 

elevation of 3560.5 feet. 

Well 816-83 in Pit 4 spoils is 50 feet deep and with a groundwater elevation of 

3634.0 (Oct. 2001) there is only some 5,5 feet of water in the well. This is insufficient for 

any practical use; therefore am.I as predicted, the Pit 4 spoils are nor identified as an aquifer. 

Wells 906-90 and 907-90 developed in Pit .S spoils are 75 and 160 feet deep, respectively. 

The groundwater elevations sl1own on Exhibit 1 for October 2001 translate to water column 

heights of 6,9 feet and 5.2 feet for wells 906-90 and 907-90, respectively. Again, these 

small water columns are insufficient for any prilc.tic,al well developilleot and the Pit 5 spoils 

are not identified as an aquifer. The hydrographs fot• the Pits 4 and 5 wells do not suggest 

that the water levels may rise significantly. Instead, the groundwater elevations appear to 

be in dynamic equilibrium with local recharge and discharge sources. Further evidence that 

the Pit 4 and Pit 5 backfill does not/will not constinlte an aquifer was seen in October 2001 

when wells 816-83 and 906-90 were sampled for water quality analyses. Each well was 

bailed dry after yielding less tban 10 gallons of groundwater. 
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I.A.2.b Potentiometric Surface In Backfill Aquifer 

Exhibit l illustrates the potentiometric surface in baclcfill and adjacent Monarch coal 

at Big Horn Mine as of October 2001 . The drawing also shows water table elevations in 

Tongue River alluvium adjacent to the South French Drain, as discussed above under the 

title Hydrographs of al/11vial wells. fahibit l shows that the groundwater gradient in Pit l 

is from west to east, from recharge provided by Goose Creek. In Pit 2 and between Pits 2 

and 3, the Tongue River has a profound effect on the water table configuration. This is 

particularly evident with the 3580-foot water table contour traversing nearly parallel to the 

river between Pits 2 and 3, indicating flow directly from the river into the ~oils and thence 

into Pit 3 Reservoir. The 3580-foot contour in the spoils of Pits l and 3 join the same water 

table contour in Tongue River alluvium south of South French Drain. Overall, the salient 

feature of Exhibit 1 is that the spoils of Pits 1, 2 and 3 are in direct hydraulic continuity 

with the alluvium of Goose Creek and Tongue River. 

The potentiometric surfaces of the backfill, Monarch coal and Tongue River 

alluvium near the South French Drain on Exhibit 1 agree in form and value with the 

potentiometric surfaces projected for the same aquifers on Exhibit RP-16 of the Reclamation 

Pian. Potentiometric elevations shown on Exhibit 1 for the spoils are up to about 10 feet 

lower than those projected on Exhibit RP-16, especially tlu'ougb the northwestern portion of 

Pit 3 adjacent to Pit 3 Reservoir. The difference is due in part to the fact that the stage in 

the reservoir was still some six feet below it nonnal projected stage when Exhibit 1 was 

prepared (October 2001), and due in part to the fact that Exhibit 1 was drawn using 

additional backfill groundwater control points not available when Exhibit RP-16 was 

created. Overall, the potentiometric configurations of Exhibit l agree remarkably well with 

those of Exhibit RP-16, allowing the conclusion that the goal of restoring groundwater 

quantity has been met. 

Exhibit ! illusuates one groundwater feature in the spoils that is not shown on 

Exhibit RP-16. It is that Reservoir 14 contains a pcnnancnt pool supplied by groundwater 

in Pit 2 spoils . Although the pool depth is only some two to three feet, the reservoir did 001 

go dry in year 2001 despite the occurrence of a severe drought that began in year 2000. 
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The 3580-foot groundwater contour encircling Reservoir 14 on Exi;ibic l indica,es that we 

reservoir's evaporative losses locally suppress the spoils' poteatiometric surface. 

I.A.2.c Groundwater Production Rates In Backfill 

No conventional aquifer tests have been completed in Big Hom Mine spoils beyond 

those that are reported in Section 6.1.2 of the Reclamation Plan; however, eight test boles 

and one moni<or well (well C-2001) were drilled in Pits 1 and 3 iD August 2001 and from 

this work additional data are available on approximate groundwater P,roducrion rates in the 

spoils . The results of the rests described in the Reclamation Plan show a wide diversity in 

spoil hydraulics with transmissivities ranging from about 5 gallons per day per foot (gpd/ft) 

to over 22,000 gpd/ft . Production rates in those tests ranged from Jess than one gpm to 3 7 

gpm. Overall, the 11ansmissivity (a measure of an aquifer's total yield available 10 a well) 

of the spoils was projected 10 be at least as great as the undisrurbed coals. 

The eight rest holes tbat were drilled in the spoils, together with monitor well C-

2001 , are located on Exhibit 1 and geologic logs for the sites are presented in Addendum A. 

I The 1es1 holes were drilled in repeated attempts 10 cons1ruc1 five additional monitoring wells 

1ha1 would be used for assessing ostmining groundwater elevations, water quality and 

aquifer hydraulic characteristics. The test holes could not be completed as monitoring wells 

because the spoils consistently caved into the boreholes at such large volumes and rates so 

as to preclude successful insertion of well casing. While sloughing of mine backfill in 

boreholes is not unique, the problem at Big Hom was obviously exacerbated in some cases 

by the boreholes producing large grouadwater flows that washed out the unconsolidated 

materials. Groundwater yields estimated by experienced personnel during airlifting of the 

open boreholes are noted on the logs of three of the sites in Addendum A. Holes A-A and 

A-Al produced approximately 20 10 25 gprn while hole B-A2 was noted as producing some 

25 10 30 gP-m, all from airlifting near the base of the spoils. Well C-2001 was noted as 

yielding 10 gpm during final airlift development. While the permeability and traasmissivity 

of the spoils will probably diminish as the materials settle and compact, all evidence now 

indicates that groundwater yields iii Pits 1 through 3 are more than sufficient to supply 

livestock watering wells. 
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1.A.3 Backfill Storage Characteristics 

I.A.3 .a Backfill Storage Characteristics Reported In Mine Permit Document 

The groundwater storage characteristics of the backfill at Big Horn Mine are 

quantitatively and qualitatively assessed in the RecJamntion Plan. Table RP-12 quantifies 

storage coefficients in spoils from four multiple-well pumping tests . The results range from 

a high of 0.23 for spoils of the Placbek Pit to a low of 0.0002 for a test completed in Pit 3 

spoils. The high value is indicative of unconsolidated strata under water table conditions 

While the low value and others found like at the mine are indicative of groundwater under 

confmed to semi-confined conditions. Similar storage coefficient values characterized the 

native coal and overburden strata of Big Horn Mine, with the largest storage found in the 

alluvium of Goose Creek and Tongue River valleys and the smallest values found in the 

deeper coal seams. By reference to studies conducted at strip coal mines in southe11stern 

Montana (Van Yoast ec a.I ., 1978), 1he Reclamation Plan cites low spoil storage coefficiems 

indicative of rubble-strewn pit floors and cites further the conclusion that the premining and 

postmining occurrence and flow of groundwater are not expected to be dissimilar (Section 

6.1.2, Reclamation Plan) . 

l.A.3.b Current Status Of Groundwater Storage In Mine Backfill 

There have been no direct measurements of backfill storage coefficients at .8ig Horn 

Mine beyond those referenced above in the previous text section. However, indirect 

evidence of groundwater storage in the spoils exists in the findings and products presented 

above including the groundwater hydrograpbs of wells in the backfill (Addendum A), the 

potentiometric surface map of the spoils (Exhibit 1) and the logs of the test holes drilled in 

the spoils (Addendum A). 

The bydrographs of the spoil wells in Pits 1 through 3 together wilh U1e 

potenliometric surface map of the spoils show groundwater recovery to predicted elevations 

over nearly all portions of the backfill. Below the phreatic surface of the spoils, 

) groundwater is held in storage, as is true for any aquifer. Both the effective porosity 
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(unconfined storage) and confined storage pmpcrties of 1hc spoils probnbly vary 

considerably over rhe mine as a result of tlte spoils' textural diversity, but overall, the 

effective porosity appears to be large as evidence by the geologic logs of the spoils re.~t 

holes (Addendum A) describing loose, caving mnterials with 1ioticeablc voids. The l~rge 

porosity of the spoils described in the lest holes is also demonst(ative of materials exhibiting 

large permeabilities, and hence, large groundwatec yields, which indeed was the case for the 

severa1 test holes wllere yields were estimated. Groundwater also readily moves into and 

out of storage in the spoils, as evidence by the seasonal water elevation fluctuations that are 

very apparent in the hydrographs of several of the spoil wells, most notably wells Nos. 745-

82 and 819-84. These sensonal fluctuations are caused by the water table in the spoiis 

rapidly responding to chan_ges in recharge (river stage) and discharge (evapolranspiration 

losses), which in tum is indicative of an aquifer ha.ving large .porosity nod penneability. 

Finally, groundwater storage releases and flow through the spoils have been 

sufficient to maintain a permanent pool in Reservoir No. 14 within Pit 2 through over a year 

of drought (2000-2001) when recharge from precipitation and runoff was very small and 

) evaporative losses were high. 

October 20 I 8 

l.A.4 Recharge Capacity Of Mine Backfill 

Th.e data and findings presented in the previous sections of this text fully 

demonstrate the recharge capacity of the reclaimed lands within Big lforn Coal Mine. 
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rr POSTMJNING GROUNDWATER QUALITY 

As defined in Section I, the intended post mining use of groundwater at the Big Hom 

Mine will be for livestock consumption, The Wyoming Department of Bnviroomental 

Quality defines groundwater quality standards for this use (Class III) and others in Chapter 

vm of Wyoming Water Quality Rules and Regulations (March 1993). Chapter VIIl 

constiruent and concentration suitability criteria for domestic (Class 1), agricultural (Class 

II) and livestock uses are presented in Table 4. Based upon the intended use of groundwater 

from Big Hom Coal's restored and adjacent aquifer systems, the following evaluation is 

restricted to the assessment of groundwater for Class ill laboratory analytical constituents 

and concentration limits. By ~ utual agreement with the WDEQ, Big Horn Coal' Company 

also includes the analytical results and assessment for ammonia nitrogen. 

Big Hom Coal Company commits to Class ID groundwater quality restoration 

o~ectlves for Dig Hom Coal Company's Pits 1, 2, and 3 disturbance areas and adjacent 

aquifers. Premlnl.og assessments in the Pit 4 and Pit 5 areas conclusively demonstrated tl1e 

) lack of groundwater in the mine-affected geologic units of both areas, It was anticipated 

there would never be usable quantities of groundwater within either of these areas when 

fully reclaimed. This prediction has been confirmed, as discussed above under Section I . 

A relevant water quality assessment which included backfill wells from several 

northern Powder ruver Basin (Gillette, Wyoming) coal min!ls has been compiled by the 

WDEQ (Ogle; 2002). Wells represented in this assessment were monitored for upwards of 

15 years and demoastrated steady but only relatively slow recharge rates. Only one of the 

referenced wells had recharged to the premining level. Typically dissolution of sodrum, 

calcium, magnesium, and sulfate during initial saturation resulted in an elevated TDS in 

sampled groundwater from these sources, Elevated sulfate and TDS routinely ex:ceede4 

Class 111 limits during initial saturation, In general, elevated TDS and sulfate 

concentrations in the backfill aquifers declined as the aquifers continued to be recharged and 

flushed. In summary, witb. sufficient time, TDS and sulfate co~ntrations are expected to 

meet Class m limits. 

Big Hom Coal Compa.ey 
Oroundwater Restoration Dcmooslrado~ 17 Rev, April 2002 

BHC16-022 
()1 BHC GW RESTORATION DEMONSTRATION NARRATIVE AND TABLES.PDF 

,r tfS 2/ C~r. 

October 2018 ir:co t0- 7. 5-1 8 Addendum D6-13-23 DEQ Ex. 3-1522



RAMACO 

The WDBQ's assessment also references generalized his\ol'ic backfill water qualiry 

research from southeastern Montana as swnmarized by Van Voast et al (1976). The 

research indicated that backfill groundwater tends to co.ntain increased concentrations of 

minerals and chemically resemble that of the associated inorganic aquifers rather tbau that 

of coal aquifers. Additionally, TDS coocentratioos generally range from 1,500 to 3,500 

mg/L but wero found 10 occur as higll as 6,000 mg/L. The research also concluded that 

notable percent.ages of available salts were dissolved during initial backfill saturation and the 

con9entrations of salts declined with exposure to subsequent pore volumes. Research 

indicates tllat, although trace metals might occur in undisturbed groundwatec: locally, tlley 

generally are more common in backfill area groundwater. The distribution and 

concentrations of dissolved trace metals io backfill groundwater was, however, determined 

to be of no great significance. 

As discussed in Section 6.2.2 of !lie Reclamation Plan, there has bistorically been no 

mine-attributed change of water quality in the affected (Diek 2, Dielz 3 and Monarch) coal 

aquifers, or in the Lwo alluvial aquifer systems. The Carney coal aquifer, underlying lhe 

) Monarch coal, was not physically or hydraulically affected by mining. 

I 
' 

Big Hom Coal Company's groundwater monitoring database indicates that several 

different laboratories provided groundwater analytical services to the mine over the years. 

Northern Testing Laboratory of Dillings, Montana, and Inter-Mountain Laboratories of 

Sheridan, Wyoming, provided much of the groundwater quality analytical services from 

1980 through 1983. Records indicate virtllally all of the groundwater analyses from about 

1983 through most of 1990 were conducted by the Peter Kiewit & Sons' corporate 

laboratory, historically located in Sheridan, Wyoming. Inter-Mountain Laboratories 

cesumed contract groundwater analytical services in late 1990 and continues to provide these 

services. Other than small differences in the reported quantifiable !units for lead, 

chromium, arsenic and selenium, there does not appear to be significant analytical 

variability resulting from changes in the laboratories used, or changes in the Iegulatory and 

industry-accepted laboratory practices that would have occurred within Big llom's period of 

record. 
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TI.A Constituents For Class ill Water Quality Assessment 

In consultation with the WDEQ/LQD, fourteen analytical water quality constituents 

of Class ill criteria were selected for evaluating postmiuing groundwater quality 

characteristics at Big Hom Mine. These include: pH, total dissolved solids (TDS), the 

combined nitrate and nitrite compounds (reported as nitrogen), chloride, and sulfate along 

with dissolved concentrations of aluminum, arsenic, cadmium, cadmium, copper, lead, 

selenium, and zinc. With exception to lhe analysis of pH, which is a unitless measurement, 

all analytical results are reported in milligram per liter (rug/L) concentrations. Regulatory

defined maximum concentration limits or allowable ranges of each constituent are presented 

with the analytical result summary tables in Addendum B. 

ll.A.l Monitoring Results For Class m Wate.r Quality Criteria 

Laboratory analytical data are compiled from 15 monitoring wells U1at are sampled 

annually during the current monitoring regime. The monitoring well sample locations are 

) shown on Exhibit 1. The number of samples obtained from· these wells varies, l;>ased upon 

well installation dates and historic monitoring frequencies. Analytical result summaries are 

presented in tabular format numerically by aquifer and include life of well minimum, 

maximum ond arithmetic mean concentrations for each of the targeted constituents 

(Addendum B, Tables B-1 through B-15). Figures B-1 through B-6 illustrate graphic 

conslitllent co)lce17-tratlQns for those wells that bave exceeded one or more Wyoming Class 

ill quality criteria. Big Horn Coal Company did not analyze combined nitrogen compounds 

as nitrate plus nitrite from approximately 1982 to 1996; however there are sufficient data to 

assess this constituent. 

.II.A.La Groundwater Quality In Mine Spoils 

The analytical results of b.istoric groundwater sampling from nine well locations 

within the reclaimed spoils of Big, Hom Coa1 Company's five pit disturbances are presented 

in well identification numeric sequence in Tables D-1 through B-8. 
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Pi1s 1 and 2 spoils 

Analytical results obtained from monitoring wells 656-81, 819-84, aud 823-84 are 

used to asses~ backfill water quality of Pits l and 2. Results of the analytical assessment for 

these wells are presented respectively as Tables B-1, B-5, and H-6. 

The wnter quality at wells 656-81and 819-84 reflects the major influence to the 

backfill materials from the lligh quality waters of Goose Creek and its alluvium. With 

exceptio11 of a single occurrence of chromium (0.08 mg/L in 1986 at 819-84), targeted 

Class ID constituent concentrations from both wells have not been exceeded. Four 

individual analytical results from 656-81 ate considered anomalous and are not utilized in 

the assessment. Out of 37 samples from 819-84, two analytical results are considered 

outliers. Concentrations of dissolved solids at bolh wells are typically on the order of 1000 

mg/L. Concentrations of all of the Class m constituents from these wells are considered 

stable. 

The analyses presented in Table B-6 from reclaimed spoils well 823-84 confirm 

overall very high quality backfill recharge. Readily dissolved ions were apparently flushed 

from the newly satutatecl backfill at this location by approximately 1986. Since 1987, 

dissolved solids have ranged from 42 to 710 mg/L. Although primary recharge 10 the 

aquifer at this is location is from the Tongue River, the unusually low concentrations of 

dissolved solids at this location likely result from the influence of nearby Reservoir 14. 

Sulfate concentrations continue to Ouctuate somewhat, but average less than 150 mg/L. 

Since 1987, of the eight-trace metals targeted, zinc was detected twice at 0.02 and 0.05 

mg/L, and copper was detected once at 0.02 mg/L. Records indicate that, from 1987 

through 1991, pH laboratory analyses of samples from this well c;onsistently were above the 

Class ill limit of 8.5, with a maximum pH measurement of 10 occurring in October 1990. 

Since 1992, three pH measurements have exceeded 8.5 while the 1ife of well average pU 

from 3'"/ samples is 7 .6. These occurrences of elevated pH indicate not only tl1e presence of 

soluble carbooate in the back.fill matrix, but more importantly, these occurrences further 

confinn the nearly pristine backfill groundwatcr's initial Jack of buffering capacity resulting 

from low concentrations of dissolved cations. Figure B-2 graphically illus11ates the 

historical pH values of well 823-84. 
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Pit 3 spoils. 

Three additional backftll wells are situated in Pit 3 reclaimed spoils on the north side 

of the Tongue River. These include 745-82, 657-81 and the recently instulled, C-2001. 

Analytical results of Class IIl constituents for. these three wells correspond respectively with 

Tables B-3, B-2, and B-8. 

Analytical reStJlts froi;n 745-82 have never exceeded any of the Class ill constituent 

limits. Historically, TDS concentrations demonstrate a conclusive downward trend from 

3760 mg/L In 1982 to approximately 1100 mg/L in recent years. The peak. sulfate 

concentration has declqied from 2230 to less than 600 mg/L since 1999. With exception to 

copper and zinc occurring near the detection limit on isolated occasions, Class ill trace 

metals are generally no longer detected ih wclJ 745-82. 

The analylical results presented in Table B-2 for spoils well 657-81 are atypical of 

those obtained from other wells in Big Hom Coal Company's Pits 1, 2, and 3 backfill. 

Several factors contribute to the delayed stabilization of groumlwater quality at 657-81. 

These factQrs include localized low aquifer transmissivity and probable iafiltratioo of low 

quality groundwater resulting from exposure to numerous active underground coal fires 

burning in the partiaJly saturated areas of the adjacent Monarch coal seam to the· northwest. 

The underground coal fu-es are located outside of Big Hom Coal's Pit 3 disturbance in areas 

of historical underground mine workings and are currently observed approximately 1,000 

feet northwest of 657-81. Water temperarurc mea_surements during sampling of 657-81 

have historically fluctuated and have ex:ceeded 20° Celsius on several occasions. Elevated 

groundwater TDS· concentrations potentially attributable to underground combustion of loc~l 

coal aquifers is found in the results of baseline monitoring presented in Appendix. D6 of the 

Welch No.1-Nortb Mine's Permit 497-TI (1999). The Welch Mine Is located nocth and 

adjacent to Big Hom Mine property. There are documented, active bums in dry or partially 

saturated zones of the Dietz 2, Dietz 3, and Monarch seams within and adjacent to the 

Welch Mine tltat are believed to be associated with the abandoned Acme urtderground coal 

mine. One of the historic Welch Mine Dietz 3 monitorin,g wells (1)3-Ml), located witltin 

one half mile downdip (and hydraulically downgradient) from a documented active burn, 
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consistently yielded elevated TDS concentrations of approximately 5800 mg/L in the early 

and mld-1980's, ptior to the wcU's abandonment. Other Dietz 3 monitoring wells closer to 

the bum were dry, however, down hole temperature measurements at these locations 

exceeded 70° C. Additionally, several Monarch coal wells located less than one mile 

downgradient from the burn contained elevated baseline TDS concentrations on lhe order of 

2500 mg/L, over two times the concentration observed in Big H'.om Mine's 825-84 Monarch 

monitoring well. 

Since sampling commenced at 657-81, peak TDS concentrations (6440 mg/L iI1 

1984) have declined to less than 6000 mg/L in recent years, but typically remain above 

target Class Ill limits. Several times throughout monitoring, concentrations of dissolved 

solids have shown dramatic fluctuations, apparently from sublle temporary shifts in the 

principal source of recharge or infiltration paths. ln 1991, TDS concentrations abruptly fell 

to 546 mg/L with another significant temporary reduction .in TDS occut1ing in 1999. 

Maximum sulfate concentrations of 3280 mg/L have fallen and continued to remain below 

Class ill limits since 1996. Although chromium concentrations intermittently exceeded 0.05 

rog/L from 1982 co 1989, since 1990 this element has not been detected at 657-81. 

Analytical results for pH, TDS, sulfate and chromium are provided in graphicar fonnat as 

F·igures B-3 through B-5. 

A single water sample (Table B-8) has been collected from the rect:ntly installed Pit 

3 spoils monitoring well (C-2001} that was completed in the northern area of the backfill. 

Initial water quality testing confl.ITlled all constituents to be below the targeted livestock 

criteria limits. Currently, sulfate concentrations are at 2100 mg/Land the TDS results are 

reported to be 3960 mg/L. With exception to zinc, which was found to be present at 0.02 

mg/L, there Were no detectllble concentrations of !he Class ID trace metals present. Water 

quality in the adjacent spoils is expected to continue to improve quickly as a result of further 

influence from the new Pit 3 Reservoir. 

Pit 4 spoils 

Although there is insufficient quantity of water to develop for livestock use in the 

reclaimed Pit 4 backfill, sufficient volume is available to sample. Because of very limited 
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infiltration. the water quality at the single monitoring well (816-83, Table B-4) has been 

slow to stabilize. Water quality at the well has, however, sl1own significant improvement. 

Historically, the pH bas fallen below the targeted rauge of 6.5 to 8.5 and TDS, sulfate and 

chromium have exceeded the targeted Class llI limits. These constituent concentrations are 

presented in graphical format as Figures D-6 through B-8. Additionally, at one ti.me or 

artother, all of the other seven Class ill trace metals have been detected. As of the most 

recent three samples collected since 1997, only TDS has exceeded target Class Il1 limits 

from a single sample. 

Pit 5 spoils 

Due to the lack of groundwater in the Pit 5 area prior to mining, as anticipated, the 

backfill contains insufficient quantity of groundwater to develop for livestock use. 

Sufficient waler is available to sample well 906-90 by purging slowly with a hand bailer. 

The well produced less tJ1an 10 gallons during the most recent sampling event. Analytical 

results for Ulis well are summarized in Table B-7 and wiU1 some exceptions mentioned 

) below, are generally within Class DI limits. A single sample collected in April 1998 

contained TDS concentrations above 5000 mg/L. Also, there have been three radical single 

sample spikes in nitrate and nitrite concentrations at the well occurring in 1998, 1999, and 

2001 that have ranged from 113 to 338 mg/I. Figures B-9 and B-10 graphically show 

concentrations of TDS and nitrate and nitrite compounds from 1992 through the present. 

Ammonia concentration.~ show simultaneous spikes tanging from approximately 62 to 133 

mg/L. Very low concentrations of aluminum, copper, selenium and zinc have been presel)t 

on occasion in samples from well 906-90; however these trace metals are typically not 

detected. With exception to the occurrences of l11e three nutrient concentration spikes 

mentioned earlier, b'ackfill water quality at Pit 5 app_ears relatively stable and tl1e 

groundwater has otherwise consistently met livestock use limits. 

Livestock grazing probably has not contributed to the intennlttently elevated nitrogen 

compounds observed at 906-90, based upon the limited amount of seasonal unconfined 

grazin,g conducted within and above the reclaimed Pit 5 area. Although there is the 

potential fpr isolated remnants of nitrogen based blasting agents to occur within surface coal 
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mine backfill, in this case the source for the elevated concentrations of nitrogen compounds 

is more likely attributed to backfill recharge water that is exposed to the underground coal 

fires lwlown to exist in the adjacent, abandoned underground Acme Mine workings. 

Baseline ammonia conce.otrations at the Welch No. l Mine's historic D3-M.t monitoring well 

(discussed earlier in this section), intennittenlly exceeded 15 mg/L. During the same period 

of baseline groundwater monitoring, several other Welch Mine Dietz 3 and Monarch 

monitoring wells located within one mile downgradient from areas of the Acme Mine 

undergrouod bum also demonstrated erratic low-level fluctuations in ammonia and 

combined nitrate and nittite concentrntions, 

Tongue River alluvium 

Groundwater quality of the Tougue River alluvium aquifer is monitored at a single 

downgratlient well location from the Big Horn Mine (644-80, Table B-9). Groundwater 

quality of the alluvium at this location has been and continues to be of excellent livestock 

quality. With exception to o single anomalous occurrence of lead, Class Ill limits bave not 

) been exceeded in over twenty yea.rs of routine monitoring. For th.is assessment, one 

analytical result for nitrate and nij.rite (1.22 mg/L) and one lead result (0.24 mg/L) are 

considered anomalies and we(e not included for the statistical assessment. 

Dietz 2 coal 

The analyses from two recent Dietz 2 coal aquifer water samples obtained 

downgradient from the Big Hom Mine at well 828-84 (Table B-10) confirm excellent 

livestock water quality. Sulfate is not a detectable constituent at this lQ<;ation and TDS 

averages 1250 mg/L. Trace. metal concentration averages are below detectable levels. 
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Dietz. 3 coal 

Analytical results from wells 468-79 and 827-84 are assessed in Tables B-11 and B-

12. These results c.haracterize the water quality downgradient from tJ1e Big Hom Mine in 

the adjacent Dietz 3 coal aquifer. The data from botl1 wells confum excellent water quality 

for livestock use and indicate no degradation of water quality in approximately two decades 

of monitoring. 

Monarch coal 

Two downgradient Monarch coal aquifer wells (467-79 and 825-84) are located to 

the east and northeast of the Big Hom Mine. The analytical results obtained from over 15 

years of monitoring both wells are presented in tables B-13 and B-14. As wilJ1 U1e water 

quality from the overlying Dietz 2 and Dietz 3 coal aquifers, groundwater quality from Uie 

Monarch coal continues to meet livestock use criteria. Class m constituents have never 

exceeded target limits to date, and there have been no apparent changes in constiruent 

concentrations resulting from Big Horn Minc's operations. 

Camey coal 

The analytical results obtained from 35 samples collected since 1979 from 

monitoring well 465-79 are presented in Table B-15. The data represenl6 historic water 

quality monitored from the Camey coal aquifer, As stated previously, Big Horn Coal did 

not physically or hydraulically impact the Camey coal. Water quality of the Camey aquifer 

bas and continues to be suitable for livestock use. 
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111 VERIFICATION OF POSTMINING PROBABLE HYDROl,OGIC 

CONSEQUENCES 

III.A Review Of Predicted Probable Hydro logic Consequences 

As stated in Section 6.2.2 of the Reclamation Plan, the coal seams mined at Dig Hom 

Coal, in descending order the Dietz 2, Dietz 3 and Mon;uch coals, together with the alluvium 

of Goose Creek and Tongue River valleys, were identified as the only strata physically mined 

that is capable of yielding enough groundwater to be clessi fied as aquifers. The Camey con! 

seam, another aquifer found about 100 feet beneath the Monarch, was not physically or 

hydrologically affected by mining. Pxior to mining, the Dietz and Monarch coal sewns were 

locally recharged primarily by groundwater where the coals subcropped in saturated alluvium 

of Goose Creek a.od To11gue River va.lleys. Mining wilh.iu Pits 1, 2 and 3 variously affected 

groundwater elevations in the coal seams depending ~1pon the positions of the pits relative to 

the coals' alluvial subcrop zones. Potentiometric declines of 10 feet and more were -recorded 

in the Dietz 2 and Dietz 3 scams up to about one mile downdip (southel\St and east) of mining 

and up to about 1.5 miles downdip of the mine in Monarch coal (Section 6.2.2, Reclamation 

Plan). The coal seams were dry in Pits 4 and 5 and no aquifers were intercepted in these 

areas. The southern boundary of Pit 3 intercepted saturated alluvium of Tongue River along a 

length of about 2,000 feet. This caused the water table in the alluvium to decline over a 

portion of the valley floor between the river and the mine pit. Mining did not cause water 

tab1e declines in alluvial wells monitored by the mine other than those proximate to the 

southern boundary of Pit 3 (Section 6,2.2. Reclamation Plan). No unnatural groundwater 

quality changes were observed in either the affected coal seam aquifers or in the alluvium of 

the stream valleys (Section 6.2.2, Reclamation Plan). The channel and alluvial deposits of 

Goose Creek were also mined in the 1950's and !960's but hydrologic impacts were not 

predicted for this mining because it was pre.Jaw. 

With the creation of Pit 3 Reservoir, the postmining hydrology of Big Hom Mine will 

be significantly different than premining. Beyond the existence of the reservoir where none 

existed prior to mining, the changes will be rather limited with regard to poslmining 

groundwater quantity and quality. The reservoir wiH be supplied primarily by the North 
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French Drain, which connects the reservoir to channel flows in Tongue R.i\;er, and by the 

South French Drain, which connects the reservoir to saturated alluvium of Tongue River 

upstream of the North French Drain. Otlier, projected water supplies to Pit 3 Reservoir 

include groundwater sources from reclaimed salurated spoils and the Dietz 3 and Monarch 

coal seams but these sources will be minor relative to what will be provided by the two 

French drains (Section 7, Reclamation Plan), The average pool elevation of the reservoir will 

be below the floor of Tongue River alluvium where the alluvium connects to the South French 

Drain, meaning that the water table in the alluvium proximate to the drain will be permanently 

lower than premining. Permanent drawdown of the alluvial water table is projected to occur 

only proximate to the South French Drain where is will extend slightly less than half-way 

across Tongue River valley south from Pit 3 Reservoir to the river channel (see Exhibit RP-25 

and Section 7.3.1.1.1, Reclamation Plan). The mined edges of the Dietz 3 and Monarch coal 

seams will be below the normal operating level of the reservoir and, although the edges of 

both serons were covered with backfill, the reservoir snould act as a constant head recharge 

source to the coals similar to the natural subcrops of the coals in saturated alluvium of both 

Tongue Riv.er and Goose Creek (see Exhibits RP-15 and RP-16, Reclamation Pion). 

lll.A.1 Groundwater Elevations 

Yields 

GroW1dwater elevations 

Growidwater elevation~ in the affected coal seam aquifers and in the reclajme_<:1 spoils 

are projected to recover relatively rapidly to equilibrium conditions after final back1Uling of 

the mine pits and after Pit 3 Reservoir tills (Section 6.2.2, Reclamation Plan). Groundwater 

elevations will recover quickly in the aquifers because of significant recharge in the form of 

seepage from perennial channel flows jn Tongue River and Goose Creek, as well as by 

grow1dwater flow from the saturated alluvium of these valleys where the alluvium contacts 

the spoiJs and where the alluvium contacts remaining coal subcrops. Groui1dwater elevations 

in Dietz 2 coal are projected to fully recover within two years after final bacldilling of Pit l 

(by year 1999). Grdun:dwater elevations in the Dietz 3 and Monarch seatns are predicted to 

fully recover within two to three years after fill ing of Pit 3 Reser1oir, Post.mining 
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groundwater elevations in the coal seam aquifers a.re expected to be similar to premining 

groundwateF elevations. Groundwater elevations and gradients in the reclaimed spoils of Pits 

1 through 3 were projected to be npproximately the same as the premining Monarch coal. 

Attainment of hydrostatic i:quilibrium within the spoils is projected to occur within five years 

of final Pit 3 reclamation (Section 6.2.21 Reclamation Plan). Pit 3 Reservoir began filling in 

late 2000, and as of January 2002, it appears that the reservoir will reach its nom1al pool 

elevation (3 560,5 fc_et) before the end of the first quarter 2002. 

Infiltration and recharge rates 

Section 6.1.5 of the Reclamation Plan describes how the reclaimed backfill will be 

recharged simultaneously with and by the same mechanisms as the coal aquifers since the 

backfill is physically connected to the same alluvial recharge sources and to the reconstructed 

Tongue River channel adjacent to Pit 2. Recharge to all affected aquifers and to the backfill 

of Pits l through 3 is projected to be rel&tively rapid, as described above. A backfill aquifer 

will not be restored in Pits 4 and S because these areas lie slTatigraphically and 

topographically above the Tongue River valley where lateral groundwater recharge is 

inadequate to sustain significant groundwater saturation (Section 6.2,.2, Reclamation Plan). 

Recharge to the Pits 4 and 5 spoils is predicted to be restricted to precipitation infiltration as 

oppOSt,d to the significant lateral groundwater recharge provided by the alluvium of Tongue 

River and Goose Creek valleys. 

Postmini1\g infiltratio11 rates are qualitatively discussed in Section 6;2,2 of the 

Reclamation Plan in the context of referencing groundwatec elevation recovery rntes observed 

in coal monitoring wells. Postmining water table elevations in the backfill of Pits 1 through 3 

are predicted to be hydraulically connected to the Monarch coal and to the saturated alluvium 

of Goose Creek and Tongue River. Based on these observations and conclusions, 

groundwater resaturation rates (groundwater infiltration rates) are projected to be relatively 

rapid for the affected coal and Tongue River alluvial aquifers as Well as for the backfill itself. 

Groundwater quality 

TI1e groundwater quality of the post.mining spoils is predicted to be diverse but total 

dissolved solids concentrations are projected to decline over time as saturation levels and 

Big Horn Coal Compony 
Orowidwa1er Res1or<1,tio11 Demomttation 211 Rj:v. April '2002 

Brook Mine 

t31~C15-033 

01 BHC GW RESTORATION DEMONSTRATION NAl1RATIVE ANO TABLES.f'OF 

I r4j ti 2 / ~ ~ 5 
October 2018 RF. CD 10-25- lS Addendum 06- 13-34 DEQ Ex. 3-1533



RAMACO 

) 

groundwater flow patterns stabilize. illtimately, the groundwater quality of the spoils is 

predicted to be suitable for the same uses that the coal aquifers had prior to mining (Section 

6.2.2, Reclamation Plan). 

Aquifer yields 

Section 6.1.5 of the Reclamation Plan concludes that premining groundwater flow 

directions and gradients will be restored in the coal aquifers proximate to the reclaimed spoils 

of Pits 1 through 3; hence it can be inferred that the groundwater yields, transmissivitics and 

storage characteristics of these aquifers will be restored. Section 6.2:2 of the Reclamation 

Plan concludes that the transmissivities of the resaturated spoils in Pits 1 through 3 appear to 

be at. least that of the undisturbed coal aquifers; therefore it can be inferred that these spoils 

will yield sufficient groundwater for livestock watering as did the premining coal aquifer~. 

IU.A.2 Projected Sl1rface Water/Groundwater Interactions 

In Section 6.2.3 of the- Reclamation Plan. the most significant source of postmining 

coal recharge is stated to be Tongue River and its alluvium. The coal seams, particularly the 

Monarch, are projected to be the principal source of groundwater recharge to the backfill of 

Pits l tluough 3. Streamflow depletion in Tongue River associated with aquifer drawdown is 

described as minute, if any, and projected to cease after reclamation is complete and 

groundwater elevations in the coals and spoils aquifers have recovered. Section 7 of the 

Reclamation Plan describes the functions of the French drains on Pit 3 Reservoir to 

permanently connect the reservoir to the channel flow and alluvial groundwater flow of 

Topgue Rjvcr. The South French Drain will permanently lower the water table in the 

alluvium of the river proximate to the drain. These projections taken together, it is clear t.hlit 

the Tongue River fluvial system is projected to remain a critical component in the surface ahd 

groundwater functions of Big Hom Mine. 

JU.B. Demonstration Of Groundwater Restoration 

11us document has shown that the quantity of groundwater in the affected aquifers and 

backfill at Big Hom Mine has been essentially fully restored. Lateral groundwater flow from 
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the alluvium of Tongue River and Goose Creek valleys together with direct infi\tration of 

streamflow iu Tollgue River over its reconstructed reach have been predominate recharge 

sources resto(ing subsurface flow and water storage in the backfill of Pits 1 through 3 and the 

affected coal aquifo(s. Resaturation (effective infiltration) rates in Pits I through 3 have been 

high while the backfill of Pits 4 and S remain essentially dry, as predicted. As of October 

2001 or before, groundwater elevations aud patterns of groundwater movement in 1he back fill 

and in the affected coal seams proximate to the backfill closely matched those predicted for 

equilibTium conditions in the Reclamation Plan. The storage characteristics of the coal seam 

aquifers have been restored with the recovery of tl1e aquifors' potentiometric elevations. The 

backfill rapidly transmits water from surface sources as evidenced by groundwater elevations 

in the backfill changing seasonally in response to changes in stream stages and changes in 

alluvial water table elevations in Tongue River and Goose Creek valleys. Groundwater 

moving in to and out of storage in the backfill has been sutliciertt t'o provide a perennial pool 

in Reservoir 14 of Pit I. Evidence obtained from te~t holes and most monitor wells indicates 

moderate to high rates of groundwater movement and storage in the spoils. Groundwater 

yields recorded from test holes and monitor wells completed in Pits I through 3 spoils are 

generally more than adequate \o supply conventional livestock watering wells. 

Water table elevations in the alluvium of Tongue River valley adjacent to the South 

}'reach Drain on the Pit 3 Reservoir show permanent drawdown, as predicted. The alluvial 

groundwater will remain a principal supply source for the reservoir. Groundwater elevations 

and flow patterns now found within the alluvium near South French Drain agree with 

predictions made in the Reclamation Plan and appear to be in equilibrium with recharge 

provided by the Tongue River fluvial system. 

With the exception ofwell 657-81 in Pit 3, groundwater quality data for Pits 1 through 

3 spoils overwhelmingly indicate that !he water~s acceptable for livestock use per st-andards 

set forth by the WDEQ/WQD (Rules and Regulations, Chapter VIII, Section 5, Table 1). 

Solute concentrations exceeding the livestock use standards h,we been relatively rare in the 

backfill groundwater with the exception of well 657-81 in Pit 3 and well 823-84 in Pit I. 

Over the past 20 years, total dissolved solids and sulfate concentrations in the groundwater of 

well 657 have frequently exceeded the livestock use standards, although the concentrations 

) have diminished somewhat over time. H'igh solute concentrations in well 657-81 are probably 
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due to the foct that the lransmissivity (groundwater flow rate) of the spoils is knoWn to be 

very small there. The elevated sulfate Wld TOS concentrations at well 657-81 will very likely 

continue to diminish over time as the spoils continue to be recharged nnd flushed, as has been 

observed at mines in the northern Powder River Basin (see Section II), The growulwater 

quality in well No. 823-84 in Pit l is uniquely different from all other spoil aquifer wells in 

that the solute concentrations lhere are very low but pH values frequently exceeded the 

livestock use standard prior to 1992. The high pU values in this well have diminished over 

time as the carbonate buffering capacity of the water increased with increasing solute 

concentrations. With the exception of the high pH values, the quality of the water at well 

823-84 has otherwise frequently been excellent, meeting even the domestic use criteria of the 

Wyoming Department of Environmental Quality, Water Quality Division (R&R, Chapter 

VIU, 1993). The groundwater quality at both wells 657-81 and 823-84, while continuing to 

imptove over time, is not indicative of Big Hom Minc's spoils aquifer as a whole having 

water quality suitable for livestock consumption. 

Grou11dwater elevations in the backfill will continue to rise some two to four feet in 

areas proximate to Pit 3 Rcservoit' as the reservoir fills to its normal operating elevation. The 

patterns of groundwater flow will remain the same as shown in this document and water table 

elevations in 1he back.fill and in the spoils proximate to the backfill will continue to fluctuate 

together in phase with seasonal changes in the stages of Tongue River and Goose Creek. 

Solute concentrations in groundwater of lhe Pit I through 3 spoils will continue to diminish 

and become more al'eally consistent as soluble mineral constituents are flushed out o,f the 

spoils. 
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TABLE 1 DOUBLE RING INFILTRATION TEST RESULTS , 

G) CD LOCATION 
0 <a' COORDINAlcS 
C ::c INALlRAllON RATE :, 0 
a. 3 SITE NO. MINE AREA NOFmilNG EASTING SOIL TYPE OATETESTEO (IHCHESMOUR) 1 C) 

8H1 1! 0 PIT 1 1S44320 595950 NATIVE RESIDUAL. 10/31/1978 , .as 
::0 

!!!. 8H3 PIT3 15~ 594650 NATIVE AU.WWJCOU.WIAL 05122/1979 1.42 
<> (") 

8H4 PIT3 1548590 594510 NATIVE. AI.LWIAl 05122/1979 0.95 .. 0 
0 3 81-iS PITJ 1549720 594940 NATIVE ALLNIAUCClU.WlAL 05f22Ji979 o.n ol .., 
g: ~ BH6 PIT3 1550550 59-4980 NATIVE COU.WlAL 05/23/1979 1.74 
:, '< BHB PrT4 1550094 5891" NATIVE COl.LWI.AI.. 0,42 
C BH9 PIT4 1549922 589013 NATIVE COU.IMAl. 0511511979 0.07 m 
g 81-110 PIT4 1549m 590248 NATIVE COU.UVIAL 05/15/1979 0.14 
:, 

8H11 P1T4 1550106 589479 NATIVE COU.UVIAL 05115/1979 0.12 .. ; BH12 PIT 4 1549566 590512 NATIVE COU.WIAL 05/15/1979 0.15 

5 
::, BH13 PlT4 1549506 590702 NATIVE COWMAL 05/1511979 0.32 

BH1~ TONGUE RIVER 1545981 586156 NATIVE COU.WIAL 05115/1979 0.62 
BH15 TONGUE RIVER 1546581 585e18 NATIVE COU.WlAL 06/04/1979 8.58 
BH16 TONGUE RIVER 1545921 586765 NATIVE COLLWIAL 06/0Sf1979 0.96 
BH17 TONGUE RIVER 1545527 585226 NATIVE CCU.WW. 06/05/1979 0.39 
8H18 TONGUE RIVER 1545515 585819 NATIVE COLLWIAL 06/0511979 1 .09 ... 
8H23 TONGUE RIVER 1547182 594578 NATIVE COU.lMAL 06/04/1979 1.22 c., 

8H24 TONGUE RIVER 1547160 595008 NATIVE COLLUVIAJ. 05/2311979 3.06 
BH2S TONGUE RIVER 1547164 595229 NATIVE COLLWIAL OS/23/1979 1.92 
BH27 PIT3 1548684 594249 NATIVE COLLUVIAL 05l22/2007 3 .67 
8H32 PITJ 1551117 594412 NATIVE COLLUVIAL 05/23/1979 1.54 
BH34 PIT3 1547606 592807 RECLAIMED 06/01/1979 0.28 
BH35 PrT 1 1545466 593034 NATIVE RESIDUAL 06105/1979 7.25 
8H36 GOOSE CREEK 1541865 590222 NATIVE ALLUVIAL 06/01/1979 3.7• 
8H37 GOOSE CREEK 1541806 590370 NATIVE A!.1.t.lVlAL 06/01/1979 8.2'1 
8848 PIT 1 1543157 592479 RECLAIMEO 09/15/1981 o.,o 
Bli49 PIT 1 1544349 592109 RECI..AJMEO 09(15/1981 0.65 

• BHSO PIT3 1549126 593083 RECtAIMEO 0911611981 0.46 

a. 8H51 PrT3 1549902 593295 RECLAIMED 09/16/1981 0.54 
a. 8HS2 PIT3 1542090 591965 ~CI.AIMEO 0911711981 1.15 ro 
:l BHS3 PIT3 1541715 592150 RECLAIMED 09(1611981 0.39 
a. ettS4 PIT3 1~985 5973711 NATIVE RESIDUA!. 08/21/1987 4 .35 
i:: 

CD 
:0 BH55 PIT4 1549520 590015 RECLAIMED 08121/1987 3,00 ;3 
,. 

~ :<' BH56 OJ (") PrT 4 1549950 588045 NATIVE RESIDUAL 08/2011967 1.41 
Cl )> a '{' -0 • INDICATES THE TEST OATA/RESUL TS ARE NOT INCllJDED IN APPENDICES 06 AND D11 OF PERMIT 213-13. 

°' 8 ~ 0 
I 

"' "' ;,:;-- 8 vJ "' This is reprinted Table 16 from Big Hom Coal Company's 1993•1994 Annual Report. ~ I 
~ :I 
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Table 2 s..,,n aauifer hvdraulic oronerllu - Rio MMn f'nol Area 

AquU,r Spoils Spoil, Spoils Spoils Spoils Spoils Spoils Spoils Spolls 
W.11# PlachekPil 6SS 6S6 6S7 6S9 745 819 823 818 

Wells 746 
Dll10ITHI 1~.,Jum 2I.Jvl-81 14-Jul-81 IO·Alig•a2 OB-O,H1 06-lkt-3I 09-Jul-82 20-Mar--84 2Hhl·B4 
SOUfOI Rohn KM&E KM&E KM&E KM&E KM&E KM&E KM&E 
TYPEOFTl!BT - Jlcol>h- Jocol!Thn• Jacol>TN ~- Slli9MI"°" -Tim• JacobTlmt .-1no 

~ : °"- RlcvYtl'/ llrrMfoooj llmdowlll in.oo,,,n1 01-
l•••Yl'tJ>t r.r..-c.io. R""''"" Ro<G,Oly, R,<CYfl)' RICMl'f, ...... llec:CMWY !hot, llmt-Cllc Tlloit~ 

Tllol, II_,.,-, 
~ 

LlftVl!tofTHI 46.30 26.00 S.83 l .2$ 1.58 l.92 6.12 
(HRS) 

Dl1oh11g1 6.SO ]7.00 1.29 0.65 ---· ..... 1.67 
(DPMI 

Flnll DrlWlfolocll 19.12 0.82 2'-78 S.28 10.35 12.82 2,72 
(FT) 

Sp1otnc 0.30 - ·· 0.10 0.12 ·-· -·· 0.60 
C1p1olly 
(GPM/1'1) 

Hyd11ullc 4.00 1182? 0.85? 58? 7? 14.25? 930? 
CondllcU-.!ty 
(GPOIFT2J 

T11n1111l11Mty 172 ll466 II S8 26 '7 17662 
(OPD/fl) 

Sto11110 0.23 6.0xlO-l ...... ·-· .. ... •n • 2.0x10~1 
Coo,fflcllllt 

COMMENTS fll)fflAlhn f'lnpodWII S1hnlod TVsl~•llrao: &11<ttJlod m~ 
i0pod(Ol/1eh &S( U.1111110 l),lclcN,Hlt B111ol1pill l/lldntHII wtl; 141 

Thtt!t) ,aie1nnh qlJU!oool\o nol tlKilt q11ttlbl1blo; ®tlrtll», . 
-iltrlml;II i-, b111ol,pol1 s,iw,lod 
~ quullllllo~t -. ... 

<otllldtoll q,,t,_, 
dlllmllom 

Nlffill4ion .. l 
656.Slllnltd 

[hk:IUIHI 

- V.,,tb',i 

This Is reprln!ed Tabla RP-12 from Big Horn Coal Company's Recfama11on Plari (Permit 213-T5). 
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o.ss 

Sl.!'1 

0,00 

1.1? 

5 

··-

B111olljlllll1 
q,itlUooltlfo; 

IIO"dl.,1 

LH\) 

22.20 

l.73 

100.90 

0.10 

10.1? 481.7? 
509.0? 

191 91.H 
9671 

-·· 1.4~ 10·2 
l.2x10·2 

f'lnped ..... OD,tr,lflon 
\O~l lifdtn<y ~ bll..,l 
-.11o .. o1 Sl>l)lls 

lj)Ols qun-
-lioMbll 
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Table 3 Ertacuva lnnltrallon Rates In Backflll For Selected Areas Of Pits One And Two At Big Hom Mine 1 

Topsoll Appllcallon Area 1-1 
sampled 
Approved 
Area (tt2) 
Saturated Spoils Volume (W) 

Water Volume (113) 

Recharge Time (years) 
Groundwal.er Movement (ac-ft/day) 
EffecUve Infiltration Rate (In/yr) 

Topsoil Appllcatlon Area 1-2 
Sampled 
Approved 
Area (112) 
Saturated Spoils Volume (111 
Water Volume (!11 
Recharge Time (years) 
Groundwater Movement (ac-ft/day) 
Effective Infiltration Rate (In/yr) 

Topsoil Appltcatlon Area 1-3 
Sampled 
Approved 
Area (112

) 

Saturated Spoils Volume (ft' ) 
Water Volume (113

) 

Recharge Time (years) 
Groundwater Movement (ac-ft/day) 
Effective lnfillratlon Rate (In/yr) 

Topsoil Application Area 1-4 
Sampled 
Approved 
Area (ft2) 
Saturated Spoils Volume (It' ) 
Water Volume (111 
Recharge Time (years) 
Groundwater Movement (ac-ft/day) 
Effective Infiltration Rale (In/yr) 

May-65 
02/20/1998 
1,370,094 

77,544,000 
15,508,600 

23.2 
0.04 
5.9 

Jun-87 
07/14/19B7 
2,031,313 

117,126,000 
23,425,200 

23.2 
0.06 
6.0 

Apr-96 
10/24/1996 
1,438,327 

193,077,000 
38,615,400 

23.2 
0.10 
13.9 

3rd Qtr. 97 
06/16/1998 
5,523,236 

493,506,000 
96,701,200 

23,2 
0.27 
9.3 

Coal Thickness (ft) 22 
Porosity 20% 
Last Groundwaler Sample 
Rechatge Starting Date 

1. As used In this analysis, the effecUve Infiltration rate Is the rate at which the spo11s resaturated 
from all surface water and groundWater sources exp(essed as Inches per year of water applied 
over each respective topsoll application unit. 
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TABLE4 UNDERGROUND WATER CLASS USE SUITABILITY 

Constituent or 
Parameter 
Aluminum (Al) 
Ammonia (NH3 - N) 
Arsenic (AS) 
Barium (Ba) 
Beryllium (Be) 
Boron ' (B) 
Cadmium (Cd) 
Chloride (Cl) 
Chromi um (Cr ) 
Cobalt (Co) 
Copper (Cu) 
Cyanide (CN) 

I 
Domesti c 

Concentration• 

0.58 

0.05 
1.0 

0.75 
0.01 

250 .0 
0.05 

1. 0 

El uoride ( Fl 
Hydrogen Sulfide (H 25) 
Iron (f'e) 

0.2 
1.4-2.'11 

0.05 
0.3 
0. 05 Lead (Pb) 

LithiUm (Li) 
Mangane:rn (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Ni tr ate (N03-N) 
Nit.rite (N02-N) 

(N01+NO2) -N 
Oil & Grease 
Phenol 
Selenium {Se) 
Silver (Ag) 
Sulfate (SOI) 
Total Dissolved 

Solids (TDS) 
Uranium {U) 
Vanadium (V) 
Zinc (Zn) 
pH 
SAR 
RSC 
Combined Total 
Radium 226 and 
Radium 228 9 

Total strontium 90 
Gross alpha particle 
radioactivity (in

cluding Radium 226 
but exc luding 
Radon and Utanium) 9 

0,05 
0.002 

10.0 
1.0 

Virtually Free 
0.001 
0.01 
0 . 05 

250.0 
500.0 

5,0 

s.o 
6.5- 9 .0s,u. 

SpCi/1 
Bpci/1 

l SpCi/ .].. 

*mg/1, unless other wise indicated 

II 
Agriculture 

Concent."' 
5.0 

0.1 

0.1 
0.75 
0.01 

100 .0 
0.1 
0.05 
0.2 

5.0 
5.0 
2.5 
0 . 2 

0. 2 

10.0 

0.02 

200.0 
2000 .0 

5.0 
0.1 
2 .0 

4.5-9.0s.u. 
8 
1,25 meq/1 

SpCi/1 
BpCi/1 

lSpCi/1 

III 
Livestock 

Conceot.* 
5.0 

0.2 

5.0 
0.05 

2000.0 
o.os 
1.0 
o.s 

0.1 

0 , 00005 

10.0 
100.0 

10 . 0 

0.05 

3000.0 
5000.0 

5.0 
o. l 

25.0 
6.5- 8.5s.u 

SpCi /1 
BpCi/1 

lSpCi /1 

This Is reprinted from Table 1, Chapter VIII , Wyoming Water Quality Rules And Regulations, 
March 1983, 
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', V., ·. ~"-• l ;, '. :> t .Ar' l UHA I l l1N A (.J l/J! I· R JI Sf llA .I A 
.. --

c_...:.W:.Ly-"-o=m-'-"i n ___ g_ County _..,_S.uhelc.J...r1.w· d~a"-1.n,__ __ _ T. __5L ~ R. _8L ~ Soc. 25 ,_WELL_ NO .. _ __.4...,6._3,__ __ 

oMel _....1B;u.ou.ou.dwa.Lr-=.-__iG.iie::ao.ut ... -r-.1-Y----------- 1 est l. Sing.lo well d.nwdowr(i) Onwdown with obL well 
l)'pe: 2. Single well recovery (3) Rocovery with ob,. well 

5 . Qt.her (specify . 

I t _P_K_S _______ _ Addreu ___ Bo_x_3_0_4_9 __ S_h_e_r_i_d_a_n.:,.,_W_Y ________________ _ 

td" _ D. Fudge 
al wcll depth 243 ft. 

5 ,r13 dia.mctcr ___ in. 

c of 1C1cen 
~, pcrfon11on 
,ifc, Dietz 

slots 

lAB 

,tude of l.lnd 3698. 5 1 

ru.r face 
lP L from~ 87 44' 

Mc1hod dn!Jcd :(N Air-.roury 

Well d~cter7_]J_&,_ B. Borcd or augered 
PVC 

C. Cable-tool 
Cuing type ---'--'-----
1 nterval of screen 

or perforation 160'-165' 1 185'-200' 

D. Dug 
H . Hyd.-roury 
J. Jetted 

P. A ir-pcrcuuion 
R. Rev.-,oury 
T. Trcnchms 

Pump hp. & type --"3"-/_.;.4--'-T e;:;..e=c..l'--_ 

V. Driven 
W. Dnve>wash 
Z. Other 

MICRO c I' , l '84 
£JLML" ,c.r -

Pumpdcpt.h 12.Q__ ft. 
Aquifer Jjthology _,__......_. ___________________________ _ 

How 
determined 

!:\ [ !'Tl i TO 

surveyed MP 

How measwcd Galvanometer --~ r 

TH IE su:cc 

Above 
Below 

- --- --

LSD 

Tl::: ~. 1 ' : (T 

AJtitudeMP -------

S I ;'l . 

D,\TE TUS HATER LE\' EL PUMP Ql, t' PL1'-P o;cr t) '· 'I •. tic 1 ~:rn . • •• . , J, J \ , P.. ~ S IDU/-. L 

6-9-80 0910 87 .44 0 .. . 

11 99. 4"i 1 

13 111. 74 3 

16 125.15 6 

20 140.00 10 

25 151.36 15 

30 155.27 20 --
·40 11,n ?? '.l() 

-
50 lf;? 90 ll.() 

1000 164.55 c;n 

15 166 .17 65 

30 167.68 80 

45 169.03 95 

1100 170 .11 110 ,. 
15 171. 62 125 

30 173.06 140 

50 174 1 "i 160 

~12io 174 76 mo 
1230 175.30 200 

1250 175.54 220 

11310 175.76 240 

~!330 
176.20 260 

-· 1359 176.58 289 

1400 176.58 290 -
11401 167.33 291 

11403 151. 96 293 - -- . I -- - -- .. ·- --· -· 

-- . - 11406 156 .58 29.6 ---- .. I -- ~412 ' 147.50 302 
- -- - . 

420 136.63 310 

October 2018 

.. 

QI l ,99·213 

--· -.. -,, . -. 
A f) QI I TV 

rrr I ' ,.. [ l ' 
T ,. " , ,,, r.~ -

7,'3, ,~a.11 

0 

1 

3 
----· - . . -· - I .. 

6 

06-:~15 .. 
12 

20 

rr- s 2102s 
RE CD 10- 25 -1 8 

.. 

f\:t\'.; [I(". .": : .. 

: 0 

12.01 

24 . 30 

37.71 

52.56 

. - 63. 92 

67.83 

7? 7P, --· 

7"i ll.1' -
77 .11 

78.73 

80.24 

81.-59 

82 .67 

84.18 

85. 62 

~ A/; 71 -
- - 87 32 - -- ...... 

87. 8[ ........ 
I 'I I I ' 88 .10 

-
~ , §8.32 

, ~88 .76 
V 

~-13 ~.14 
-

' 0 89. 14 

291 I 79.89 

97 . 67 r -=7k. 52 
- - - i 

49.33 I 69._14 
25.17 I 60 . 06 

! 15.50 i 49 . 19 
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RAMACO 
Brook Mine 

Gt L~l ,.l• I , , • : :. , L 1-. l l. i.l :<fl I 1-..J,'J A(.JLJ II L K 11\ I l i ,Uo\ 

~J yomi nq County ---=S"-h""ec.:.r-'-i""d'""a'""n'--__ T. _fil_ qy. R . ....1i4_ (9 Soc. 2 5 •. WE LL,_ ~Q .. ___ 4~6~3_( ~CQ~O~t~) 

,cl _ _!B,!.loJj.nJ..ld,...a..,r__;-:.__i.G,..e ..... o.ut .... r .... '/,__ ___________ _ Test 1. Si,~ well d.nwdow(>) Dnwdown with ob1,. well 
type : 2. Silig) c well recovery LY Recovery with ob, . well 

S. Other (specify, 

PKS 

·dl ~ . ..n 

dia meter 
r ,czc,:n 

e:font ion 

Fudge 
243 ft. 

5 in. 

Dietz 
slots 

lAB 
e of I.and 
ace 

om MP 

\ TE 

-9-80 

: 

-
-

I 

~ - -1 
I 

-· 

. -

I 

3698 .5' 

TIME 

.. 

35 

45 

1500 

15 

30 

45 

I 

- . 

October 2018 

Ad dreu _ _ ..:;B-"'o-'-'x-=-3=-04..:...9:;_____::S:..:.h~e;.:.r....:i..;:;d:.=ac:.;n_.,_~W-'--Y ________________ _ 
Method drillod:~ A iI-101:uy 

Well diameter ·1_]Jii. B. Bortd or augcrcd 
- PVC C. Cablo-tool 

Cuing type _ __;_..:....;:; _ _ _ 

D. Dug 
II . Hyd .-ro ta.ry 
J . Jetted 

P. Air-percuuion 
R. Rev .-roury 
T . Trc nchin:z 

V. Driven 
W. Drive-wash 
Z.· Other 

Interval of sawn 
or pcrfonti,m 160' -165' , 185 ' -200 ' Pump hp . &. typo -~31.J-/.C,4__._T.,_e.,_e..._] --

Aquifer lithology _...:1<..1,L!l,l,.L. _____________ _ ___ _ ___________ _ 

How 
determined surveyed 

How mcaswed -~ 
!JE !'T l l TO THE 

\1/\TCR LC\' CL PUMP O!~ 

!'21 . 04 325 .. 
113 . 39 335 

105. 48 350 

100 . 25 365 

96. 82 380 

94. 90 395 

I · 

-

Above 
MP Below LSD ---- Al t itude MP --------

Galvanometer 
r . 

srncc -,-,..,- S1' 'C[ 

t ' r-:rn. 
. J -· · - • )' 

Pll~!:' o;~f t , l•:I ;; . 

-

- -

; 

35 .. . 
45 

60 

75 

90 

105 

. • • ~ n.llA I i 'f'lf 
'-" =~ -

RECt! 1VED 
-r " . ~ 

TFrr-T··-s;~ 

I 

-

2/ '5 
1 - -1 

7 3 

:, l ;-~· . 
tjt 1 

R::SIDL' /•.L 
D,~·•.\-:DO' . .'':; -

9. 28 : 33.60 
7;44 . 25.95 
5. 83 18.04 

4.87 12 . 81 

4.22 9.38 
3. 76 J.46 -

-..... ....... ..... . --- -
In1v1s10" 

,-o 1 a Q. ~ .. 

Pt-RM~ ~T-.i - - - - -- -

-.. - -
€9-2 13 ' ~3 

! ·-
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RAMACO Brook Mine 

\.J J\Tt::1-: WELL ___ 4_6_3 ___ _ 

l'U MPJ.NG IV\TI~ D,\T,\ 

Mi':::"l '.J "EP 2 1 '84 
fJLMED ,.) 

-••--·•----~.,. ,...,_..,.......,._._._...,._,._..,~ •~••r-•....._- .. , , __ ... ,..,. .... ___ __ ..,~ .. c•,-- f""91',~ t•cr.-~ "' •..., - 4l ''• 1u--_rz,._,_.. 

DATE 

6-9- 80 

-

Tli'\E 
Tf.S'f 
TAKEN 

TEST 
DUI-:.i\T [ON 

SL::C . 

GALS. PER 
MINUT E 

\101.\ i,I[ or n:-iE l·/1:: lC l!TED 
. DI SCIIJ\ l{GE, Gi\LS . \-JETC IITED J\ 'Jl: lv\C E 

nu1:1\·~·rn.i [)1 '.;C JI.J\RGC Q 
- - -----

0913 35.20 5.11 3.00 3 15.33 

16 36.80 4.89 3.00 3 14-.67 

20 39. 00 4. 62 3. 00 4 18. 48 

25 52.30 3.44 3.00 5 17.20 

30 67.00 2.69 3.00 5 13.45 

40 68.30 2.64 3.00 10 26.40 
-

50 73.20 2.46 3.00 10 24.60 

1000 75.00 2.40 3.00 10 24.00 

15 75.30 2.39 3.00 15 35.85 

30 75.80 2.37 3.00 1 15 35.55 

45 75.20 2.39 
1 
____ 3_.o_o ___ 

1 

15 35.85 

,__ ____ 1_1_00 _ __. __ 75_._5_0 __ ___ ...,2 ..... 3 .... 8._____ 3. 00 --=-1=-5 --1--=3-=-5 ::...:c• 7-=0 __ 

15 77,40 2.33 3.00 15 . 34.95 

30 76. 80 2.34 3.00 15 35.10 

50 I · 78.40 2.30 3.00 20 46.00 

---- 1210 78.50 2.29 3.00 20 45.80 

30 76. 70 2.35 3.00 20 47.00 

50 77.50 2.32 3.00 20 46.40 

1310 78 .00 2.31 3.00 20 46.20 --- -
1---- __ 3_o ____ 7_9_.2_0 ______ 2_._2 __ 7 ______ 3_.o_o ____ __ 20'---__ 4_5_.4_o __ 

1400 80.50 2.24 3.00 30 67.20 ---- -----~---~-

·- -- ·

-----
, 

October 2018 

' . '. Po 1 1 :,:f:t1 ~--,-~7-'1 ~_._1_3_ 
Average Q = 711. 13 qal = 2.45 ""'ao=1m __ 

t 
-W < I· I \. l r, J L ~ r r-< • l J 8 2, 

290 min ------
HN l o.~. 93 JA_:.':,.._213.1~-

- - . f- .--- -. t-- 2 45 - '"'' .. • 1••'• ----·-··---- s_e.~<:.,:!-- ~~---':.~.Pac~.r__- ·. 9pm .; 0~03 arm·• --·· . _ 

1 ----·l8~:-~~-_f! __ ~ ~f~ ~ ,~ 
1

89_~2
1 

- - -· --- I ------

TFH 6 2/025 
RE CD 10-25-18 
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TIME ORA\ N CURVE 

5 10 ' 0 100 150 200 
"' "'" LI U "' ' " I ~~l\'.\LP ''1'1111111 11 111 1 II ,-

., 
~ JACOB METHOD PUMP T EST .. ,-

WELL = 463 -. 
Q' 2.45 gpm 

0 

>- IESTED' 6/9 '80 
6S/Lo g cycle, 

I 82.0 - 65.0 = 17.0 
I T, 264 ( ) 

- ·· i: 6S/Log cycle 

- I i ~-
I ' 264 ( 2 !15 ) 

10 

1- _ _ 

-
-1 

17.0 w._ 
w I Ii '" ' "'" LL - I , 38.05 gpd/ft. 7 

20 

T -_. 
II 

-

! i (/") - ' 5.09 ft 2 /day -z I· I 

30 

e5 . 1 - I - I, I a,_ . - - -'- I' l; .. , .. 
:~ ·_ 

i 3: - - >--· I . 
<! . -- ~- i l er. n .. 

I - I I l 
I 

..JI- - I il · 1. I <! I 

I I. I 
i:s '" t I i I 

- 50 

ui I 1, r LLI I 

I ;1 er 1- r • I: i Hi~ I r - f ' I 

I 
"-' C 

60 
c.a 

70 

80 

l- I f I 
' t' l ! 

! ,µ I I I 
t i - I!';. I .,. 

'"' I I I 
~ 1· 1 r, 1 1 

I ~J J -~ 

I It l I I 1' -n ....... 1 , 
~ :. I I 

-·r h ~ 1-. I I 
01 I C:, ! , 

I 
,. d 

II 
I ....... li I l ;t ' t 'I I • 1 

N ,.!. . I I • • - j 

f ~ I . -
.<P . ... - ... .. 

"'C ~ ... ~ I ) :r: 
~,- J Hie .... -~ 
~ ..... I .~ ._ r . I . . '- 11111 

·- 11111 1 
, ;) I . 111 11 1 

11111 1 I 

I, MINUTES 
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11 1 I 

i I I I I 

TIME REC\.. _rtY CURVE 
MICRO 

flLMED SEt- 2 1 '84 

10 0 100 150 200 
''' "" _ L.JJ.J.I J " ' " ' ,I .1 .. j l !l! j l , '.l j !l l!I 1111 111 11 llilllill ~I 

~ACOB METHOD PUMP TEST .. 
. ' 

WELL = 463 0 = 2. 45 gpm 
TESTED = I 'C /l 

6S/Log cycle = 

83.5 - 14.0 = 69.5 
T = 2.§..'!l.Ql 

I 65/Log cycle 

' 
: I = 264( 2.~5) 

69 . 5 
I,. 
! I• ' 9. 31 gpd/ ft 

I I, ' , I 

I j ' 1. 24 ft 2 / day I 

r 

. : ! I ., 

' ' ' + t- IL · It 

, l 
! I'": I I ' 

·:1 I : I • 1 I 1· 
Flr.. 

I I '._ I· :1, I I 1 I• r 
,I 

I ; I r~ !; I Ii l.. ' '. 

I I !! 
i'\ ! I , 

1. I I t I I ! ii I I· 
I ' I I ' I I ' 

11 

~ -
I ' I 

I • 
. 

~ 1 1 . 1 

l I 
I I I ~ 

l 

r 
r, 

i 

' - ~ 
RATIO 1/1 ' 
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-

RAMACO 
Brook Mine 

;_ GEOLOGY AND EXPLORATION AQUIFER TEST DATA 

T • ....51_ Cf·, R. -8.4.._& sec. 25 •~W_ELL,_NQ. obs. 463A Wyomi nq County __ ..,,,S.uh,,._er1...Ju· d.,.awn.___ 
Bonda r, Ger:itry 

·nnel -----~---'-"------------ Test 1. Single well dnwdowii.D Dnwdown wi th obL well 5. Other (apccify) 
type: 2. Sing.le wcll recovery (D Rocovery with ob,. well 

PKS Add~u Box 3049 Sheridan . WY 
D. Fudge Method drilled:~Ai:J-Io.wy 

I well depth 2 l Q ft . Well diameter 7 7 '"" B. Bored or augercd 
+-+-f C. Cable>tool 

-rg diameter 5 in. Cuing type PVC 
, o{ ,accn Interval of screen 
rpcrlonation saw slots orpcrlonation 158-170' 185-203' 

D. Dug 
H. Hyd .-rou.ry 
J. Jotted 

P. Air-percuuion 
R. Rcv.-rou.ry 
T. Trenchin& 

Pump hp. &. typo _____ _ 

V. Driven 
W. Drive>wiuh 
Z. Other 

MICRO 
fll.MED ;ff ~ l I I 

Pump depth __ fL 

ifcr Dietz lAB Aquifezlithology ....:c~oc.=ac..:..1 __________________________ _ 

~~=C~{ )a
nd 3701 7 I 

How 
· determined surveyed MP Above LSD Below __ _ Altitude MP ______ _ 

f MP 79 70' . ram ' 
How measured 2 I r.:~ l vaoometer COl'.ltl l'.l' O'IS d recor er -~ ~ 

DE !'Tll TO TIME SINCE Tl '. S Sll/CE S1 'C'~· 

PU~? OFF c1 , HI~. 
. . 1 • l • 

o ; ,TE TIME \.1/\TER LEVEL PUMP ON '- . MIN. t/t FES1DUP.L 
[R,\WDO· ... '!, .. 

I 
I 
I 
I 
I 
I 
I 

6-9-80 0910 79.70 0 
, 

0 . i ,• 

.. . 

0925 80.02 

0940 . Q(l c;1 

0955 81. 22 

101n Ql Ql 

1025 82 52 

1040 83.17 

1055 83 . 74 

1110 84 . 27 

1125 84.72 

1140 Qi:; 1 A · 

1155 Qi:; , 55 

1210 85 . 95 

1225 86 . 26 

1240 86.54 

1255 86 . 84 

1310 87 .10 

1325 87 .31 

1340 87 . 50 

1355 87 . 71 

OFF 1400 87 . 77 

1410 87 . 85 

1425 87 . 87 

1440 87 . 71 
1455 87.41 --

I 1510 87.07 

~ 
86.67 

86 . 24 

15 

0 
35 . 80 

, t:, (\ 85.39 

October 2018 

--------------

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

. 180 

195 

210 

225 

240 
255 

270 
285 

290 

300 

315 

330 
345 

360 

375 

390 

405 
420 

-
-

06-3 

T 
REC 

'0 

------------

.. . 
l " 0.32 
i 

0. 81 I 

I 

1. 52 : 
I 

2.21 : 
' 

- - 2.82 I 
3. 47 j 

- 4.04 I 
4. 57 

I 5.02 
I 

5.48 I 

' 

5.85 I 
6.25 I 

' 6. 56 

~ •r . ~ 6.84 
'-' 

7 ..J.4 -LAND QUALi y OIVl51 ' l'l'I 
7. 40 

RE CF. IVED Df r, . ~8 I ! 82 7. 61 

T i: N l 5 /29 13 Pt.RM 11 7 JlQ. .,,, . ;.. 9f•~n:-.-. 8.01 
. 

0 8.07 

10 30 8.15 

25 12.60 a. F 
40 8.25 8. 01 
55 6.27 7. 71 

70 5.14 7.37 

85 4. 41 I 6. 97 ' 

100 3. 90 
I 

6.54 
115 I 3.52 6..10 
130 .21:f ·f3 5.69 

' I J 
P9 

1 - ,: _ 1 Addendum D6-14-9 

----------
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C; 
(b 
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UI ,..., 

I """ -OQ 
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C: s 

00 

w ,-
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0 
°' I 

> .... 
. -t ID ...... 

.j:> 
I ...... 

0 

hJ ... 
w ... 

I"' 

00 
I\) 

C --.... .. -
c: -. 
0 
2 -

TIME ORA /N CURVE 

TESTED = )tc , • 

I I MINUTES 

~ 39.5 
100 

-

MICRO 
Ell.MEG SL? 2 l '84 

150 200 

. ~ I' '.\ ll !Yl'l l' l 111 1111 1 IHl.ill!!.'.U'_ 

I 

I 
I 

I: 

--

o = 2.45 gpm 

r : 75 I 

6S/Log cycle= 

10.2 - 1.0 = 9.2 
T - 264 ( Q) 
· · 6S/Log cycle 

= 264 e. 4s ) 
9.2 

= 70. 30 gpd/ft 

' 9.40 ft 2 /day 

I 

I 

- r--· - -
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I
ll. 

'" 2' 2' " .. 

.. 

I .. 
21 

. , 
0 

, I 

' 'B ·1·· 

, tit -l:1'. 

31 j : •• ~ 

--)t i 
2 L :. :. : 

: '.I ; -- .}~: : 
' '. 
' i l • 

--

I • •. , .. 
I,. , . ., . 

•• 

Scannedt ~2/26/2~2~ 

1.a a • a .a 

TIME AFTT 

P8, f?. d3S ~3~ ., 

.. ~. ~ 
ON, MIN.'S · 

... 
""• 
r ..i .. ,_.. .... ,.,. -- J' -- ·-• -- . . 
;J\ 

0 
t'/') 

er 

2 2 , IJ 31 • D e 7 • 0 I I lS 2 2 9 3 

--·• 

i: i: 
1 ~ ~!.~~ 

, l!!~lZ.~5.J< 1. 0 
5 .15 

,54 _52 gpd/ft. 

,] . 29 ft2/day .., 
S : 2(,9·3- ? 

54.52xl.0x39 . 5 
2693 X (75)2 

2153. 54 
' 15,148,125.00 

). 42 X 10-4 

·~ .,._ .,_ 
rt) --~ 
°' co -.... 
('t) -,.._ 

-&.n ' C""' c.: 

• 
N -·~ 

• I c:, 
•\D 2:: u , c:i L:J .... a:: 

-. .. 

00 ...... 
0 
C'\I '. I-< 
V 

.D 
0 .... 
u 

0 
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I 
I 

I 

I 

RAMACO Brook Mine 

t , I :. ~ 

PKS GlOLOC'.i i1:il1 Ol'LORAl 101{ 

State Wyoming County Sheridan T . ...22._(P., R.~. Sec. 26 WELL N0._...:4-=-64-'----
Test Type: {l!) Single we l l drawdown @ single "ell recovery 
3. nral'do"n with obs. wel l 4 . Recovery with obs. well Personnel Bandar - Gentry 

.. '1 Owner---'-P-'-'K:::::.S ________________ 5. Other ( Specifyl--..--.-------------
~ss Sheridan, WY Box 3049 oril1er R. Reed -----------------

r o, tho d drilled:@ Air-rotary D. Dug P. Air-percussion V. Driven 
8. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 

MICRO 
flLM[D SEP. 

C. C~~\j"tool J. Jetted 
718

Trenching z. Othe r 
Total · well depth _____ Ft. Well Di ameter_7__;_ __ ,n. Casing diameter 5 in . Casing type __ P_V_C __ 
Type of screen or perforation __ s_l_ot_s ___ Interval of screen or perforation_...:l:.:6:..::3_'_-...:1:..:8:..::O_'_ 
Pump hp & type 3/4 Teel Pump depth ~ft. Aquifer __ D_ie_t_z_l_B _____________ _ _ _ 

Aquifer 1 ithol ogy _ __,c.,.a ..... au.l __________ ~-----
How determined ___ ...:sc..cu~r_v=e-!-yec..d _______ MP Above LSD - Below -----

WL from MP 107. 12 How measured Galvanometer 

Altitude of la nd surface 3781 9 
Altitude MP _____ _ 

--:: . . ~ 

DEPTH TO TIME SINCE TIME SINCE s, FT. 
I t;t' 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. · RESIDUAL 
DRAWDOWN 

6-11-80 0900 107.12 0 0 

02 122.15 2 15.00 

05 137.25 5 30.13 

15 164 . 09 15 56 . 97 

25 169 . 60 25 62.48 

1c; 174 13 35 67.01 

.1.c; 17.:.. QQ 45 68.76 

1nnn 17.:, 58 60 68.46 

15 182 00 75 74.88 

:rn 181. 82 90 74.70 

45 183.06 105 75.94 

1100 183.36 120 76 . 24 

20 183.62 140 76 . 50 

40 183.54 160 76 . 42 

1200 186 . 12 180 79.00 
Ht:30 - j "I 

20 190.95 200 -........ - · .....a'.3 . 83 

- .._;~·-. ~-··· 40 188.40 .. 220 - · 81. 32 

1300 188.05 240 LA~JLQUALITY [ !VISI ON 
80.93 

20 189.00 260 
RECE IVED DEC. 2 8 , 1982 

81. 88 
- ,::: ,,,.. ,- -

I 
I 

TFN J. -~~-
40 190 . 32 280 ~ 1 

., 83.21) 

-
OEE -- ___ _sQ_ ___ _.19O. 87 _ -- -- __ 290 __ __ 0 '. 83 . 75-- --- - - .....D.&!323. ·--- ·-----__ _ _ 3. 13. _ . 

Yr 2/025 
October 2018 R CD 10· 5- 18 Addendum D6-14-12 

>--

-
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RAMACO Brook Mine 

J, \.:>1.-VL-.V'--' I • •••- _,,, --• ,, ,, ,_,.., 

Wyoming Counl)' --S~A~Q~r::...i1-1.dka1+n1------ T. ~7 o_r<>. 011 E. 26 o 464 ~ R . .-l.J.!L_ 1_W) Sec. __ ..__ ,_WELL. N _ __,1,.,,;~---

nne1 __ ....:::.Bo~n~d:::..:a""r'----__,G°"e..,_n..,,tw..r.J..y __________ _ 1 est (DSinglD well drawdown 3. Duwdown with obl. well 5. Olhc:r (specif) 
l)·p e: @Single woU recovery -4 . Recovery with ob,. well 

owner __ ..:..P.:..:.K,:::S ______ _ Addrcu Box 3049 Sheridan, WY 
:r_ R. Reed 
... .h 220 ft. 

,g diaJ11eter 5 in. 

er ldMn l t 
r pc:rlontion S O S 

Ier Dietz 1B 
ude of land 3781. 9 
1.rface 

rom MP 107 12 
' 

),\TE TH!E 

51 

53 

56 

1400 

05 
15 

30 

-
-

- -
-

I 

~ 
October 2018 

Method drilled : <'.£) Ail ·rat;J.ry 

Well diameter ?.__Jj ~- B. Bored or augered 
C. Cabl<>-tool 

Gti~t~e -~P~Y-C __ _ 
lolerva.l of SCJUfl 

or pcrlon tion ---=-16"'-'3"-'--....,1=80x..' __ _ 

D. Dug 
H. Hyd .-roury 
J. Jetted 

rump hp . & typo 

r. Air-percus,ion V. Driven 
R. Rcv.-rOUI)' W. Drivo-wash 
T. Trenching M Z . Othc:r 

IC"O _ 
FIU,1 -Q C;(- p I. 1 '84 

3/4 Teel Pump depth -2.lQ_ ft. 
Aquifer lithology __ ......., ......... ___________________________ _ 

How 
detcnnined 

!)J:!"Tll TO 

surveyed MP Above 
Below 

How musurcd r, ,, l v;innmPtPr ·- ~ -
TIME S11\CE 

UD AJtitudcMP _______ _ 

-,--::- Sl' ' CE S1 '!:'~· 
• J • 

WATER LE\'EL PUHP Ol, i:., HIN. 
i -· ,_ - i 

PU:!? O!"F t , l·iI ;-; . titl R::SIDUAL 

.. 

184.91 291 .. . 

176.99 2Q1 

173.39 296 
171.38 300 

169.03 305 
165.00 315 

159.70 330 ,, ___________ 
.. 

I 

I 

DR.-'.1~00·.·."1~ .. 
, 

1 291 77. 79 .. . 
3 97 fifi . ;;a A7 

6 49.33 66.27 
10 30.00 64.26 

15 20.33 61.91 
25 

,. 
12 .60 ..57. 88 . 

·•· - - - 40 - · - ··- 8.25 52.58 

. 

tlllH• ····'4 . -- •-
-

.AN[' 
,,, I I , , - '-' ,,. 

. "~ ,., r -_ -.:::c '-' 7 I' .I. 

'. 2 1 3-T:i ... r ~ 1 '· r r -

,__,-3 .... -

·s·t3 
·-

·------

n~~;L - ' \.,{ I . . 
~ 

I 
TFH 
REC 

2/ 15 
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RAMACO 

------··- ·· 
DAT E THIE 

TEST · 
T/\'KE:N 

.. 

6-11-80 

05 

15 

35 

45 

1000 

15 

30 
. 

45 

112J 

4Q 
1200 

20 

40 

1300 

20 

40 

Average 

I 

October 2018 

Brook Mine 

HATER WELL _ ___ 4..;..;:6~4 ___ _ 

PUMPlNG RJ\TE DJ\TJ\ 

MlCRO ~ 11 2 l '84 
fli..tt.C~ - .1 

- ·"" .. ---..-- · ,..~~ ........ ..,~~--,,,,-.~·•- •·--••,-.----,,-.-,~•r.--- -~,·~~ ..... ~ ....... f V.._,_,___ 

TEST VOL \.1 1'11:; OF n~m WEIGllTE D 
DUl~\TION GALS. PER DISCll/\ RGE, GA LS . \·JE IC llTED /\VERJ\GE 

SEC. MINUTE DU RJ\TJ.01l DISCIIJ\RGE Q 

., 

49.00 3.67 3.00 5 13_:35 

155.00 1.16 3.00 10 11,QQ 
190 . 00 .95 3.00 20 19.00 
358.00 .50 3.00 10 5.00 
358.00 .50 3.00 15 7.50 -
137.00 1. 31 3.00 15 19 . 65 

350.00 . 51 3.00 15 7.65 
312. 00 .58 3. 00 15 8. 70 -
335.00 . 54 3.00 35 18.90 

335 . QQ . 51 · 3.00 20 Hl An 

230 . 00 .78 3.00 20 15. 60 
230.00 .78 · 3. 00 20 15 . 60 
460.00 . 39 3. 00 20 .7. 80 
325.00 .55 3.00 20 11 . 00 

330 . 00 . 55 3. 00 20 11.00 
325 . 00 .55 3.00 30 16.50 

'• 

TOTALS 290.00 204.65 

Q = 204.65 qa .71 gpm ---- · 
290.00 mi 1. -- -i/i/1 •111·. 14 

- --
~gecifi~ ~ggg~ i:tt = .Zl ~gm = ,Ql gpmLf:t 

83.75f:t, LANO QUALi tTY DIV IS ION 

RECE l~E D D c. ~ 8 . l ~Sl 
.... _,_, 

1 
,- ,,, , -::i Dt:' OU I , 

"? 1I? -· . .. _ , - -- -
l. "9-21 :i 1.:, 

-·--- -- n~ ti o u- -s ----- - --------
RECD 1 - -1 8 Addendum D6- 14- 14 DEQ Ex. 3-1557
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-
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-
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65 
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75 

85 
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I 

ti 
I 
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I ' ~ 
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1:-I 

I 
I i I ' 'I I 

I 

I 
I 

.. 

TIME DRt .VN CURVE 

10 ' O 100 150 200 
II " " '" LLl l....L LLlLl H.1.1 Wl " ' ,I 

I 
~ I'. !' l!,' !1 !11!1111111 ll! ll lilllll:~1! 

~ACOB METHOD PUMP TEST 
464 

- , 
.71 gpm WELL : Q = 

TESTED =6-11-80 ; - 6S_ILog cycle , 

I 74.2 56.1 = 18.10 -
I T - 264( Q) 

· - 6S/Log cycle 

' = 264 ( _._llJ 

' 18.10 

I ; , 10. 36 gpd /ft 

: i -
- I' . = 1. 4 ft 2 day I' I ~ - >--

I . I 11 . \ _,_ 
• I Oo- .. .. ., .. 

I 0 - ... 1 I ~ I I ; I I 

I - ! I If I I I i: I I 

~t--.. I I 
I I I! ;! 

• I I:, I ,, . 
~ ~l : fi: I ll~HHI ':--. -f I 11 I i :-,..1-. I I •. 

I I: I: 
I 

I : I ~ I 

. I ' I: I I 
I 

11 j 
, , 

I 
! - ~ ,-

l , ' 1 
! I . ' I i I 

• I 

i -- I I " I • ~,.., • I I ~,.. 
j_ I ~" 
I 

~ 11 1111 11 

11 1111111M 
~ -~ - 0 Hftll/HI 

I , MINUTES 

DEQ Ex. 3-1558



0 
() ..... 
0 
0-
('1) 
'"1 

tv 
0 ...... 
CX) 

-
-Oo 

• 0. 
0. 
(1) 

~ 
0. 
c s 
0 
0\ 

I 
...... _.,, 
I ...... 

0\ 

' 

TIME RECOVL. . CURVE 

MJCR~ 
ill-MED <;[P ) 1 '84 

5 10 0 100 150 200 
-_~~~·-mrmTTTTrnnmrnTTllrrtnrnnfITTllmm[!l!!!'f:::::r:::o:::m,"T1Lrr.nrnm1L .. rn:. ,rr.[IL, .. m,rr:.a:.,n,tmmrrrnrnUJITTmr,_ rrTilTTrh: 1,-TlT .rnpTJi 1n11rr I- ,m, 1rn 11 11ir11n11n_ 11n1 1n1 !ln11m1 11TI11111rrr11m~IT1,: nm 

JACOB METHOD PUMP TEST 

15 

WELL , 464 ~. 1-tttltttttttltt-ttllrl-lttll-+'-+-+++++++Hll 

TESTED : 6-11-80 
25 ~~++~~+m+mu+•~+1+1-Um.mt1arni=R=r-1++itl+~n•r+W-1Wna ++-1~+W+~ 

11~111~ 

35 1- 1--+-_+-+++-H--H+H+rH+~-Hl-ll!H+H+f++-I.Jf-H++HH+l-ll+ 
w _ 
w 
LL 

z 1-1-4-+-+-i---l-+-U 1-++l+l+++H-Hi-HmH+-l+Hl+++~~l-a 

(/") 

,_ 

I ! 
I 

l i 
I I 

11 4 5 z-._.___,___.__,_._ 4-1++-l+tt++H+t+I-Hffij+t--H+tf+t-H-t+t+lfl++l+H+!lf!Hl-+-+-Hf-H-++H+++H~ll+++~IH+++H-+++-l-t+t+l411-HHIHH-!ll-1---1-+++-Hµ+H 

= .71 gpm 

C:.S/Log cycle= 

71 - 55 = 16 
T, 264 ( 0) 

6S/Log cycle 

= 264( ILJ. 
16 

' 11. 7 gpd/ft 

=1.6 ft 2/day 
3 - I - --11 
g ,_ 1-- - _- ·-t . 
~ I--~- 11111111 - - j"i . . 
g;; t-,_+._--t.._-++-tt-r+iltt-t+ttH-ttJH-ttttttttt+tt't-l-l:l, 1-ttt1rttt+ftttltlltlttttllH -t-t+H---l+HH+ftttttttH-tttttffi--l-H-ltttlt#jl+f-H!+HfH~f-+++++,+++1 ++++4-1K+-Hf+-l-++HH+1+tl14++t+-HI-I--HHI-Hfj-l+ffi+t-lH!11H!li 

• .. _J 1-. I I 
,;._,. <r lj ,• 

..a 5 5 6 
f--- H-t-t-t+-I-Hlttt+tt-H-ttlfttltltttH++t+H1H-tt,rtm,ft/tttttlffitik!-

1

t-+-t+H-++l++t+Httl+-ff1H-H-H#+l+++H-++H-H+H+l+lll!Hlllll--H-++-++++r++++Hil--lf+ll+Htmltjf++!++f--!+Hlff+HIH+!1cHlllm 

65_ 

75 

85 

~ - r+;~ I ! 
l=rT r-"'.r-

I l 
t 
1 

h 

-l- -

~ -1 
,! / I 

-

I ~ 

,) I l 
•-

t-

•- ·-

RATIO 1/t' 

11./ '0 · l)."4 ..... - -. 

't I I 
j/: Ii 
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RAMACO Brook Mine 

1\(lll l f lll 1($ . I 'd A 

r,s GEOL OGY i\;l(l EXPLORATION 

I 

i 

State Wyoming Coun ty_-=.S.:..:.he:::..;r'-i:...::d=a.:..:.n __ T -2 . _ ~:. R. JB_~:, St'c . 24 WE LL NO._B_H_6c.c8~8 __ _ 
Personnel Collier Test Type : (D Single well rlr awdown © Sing le 1,e l l recover) 

J . Drawdown wi th obs. wel l 4. Reco very with obs . well 
11 Ql;ncr_:....PK:.;..:S:___ ____________ ___ 5. Other (S pec i fy) _____________ _ 

.dress __ S.ubu.sec.J.r .... i.,.d...._an......._, __.w..,y ..... a:wro~iou.;Q __________ Dr ill er D, Fudge 
Method dril led: A. Air- rotary 0. Dug P. Air-percussion V. [)r iven MICRO SEP 2.1 'Bti 

G. Go red or augered ® Hyd -rotary g_ Rev -rotary W. Drive-wash fJI.MED. · 
C. Cable- tool J . Jetted T. Trenching z. Other 

Total well dep th 280 Ft . Well Diameter 7 718 in. Casing diame ter_....__in . Cas ing type PVC 
Type of screen or perforation saw slots Interval of sc reen or perforation 245 ' - 265' 
Pump hp & type ½ red jacket Pump depth ~ ft. Aquifer _ _,D:..;ic.=ec.::t=-z-'l:..:B:__ ______________ _ 
Aqu ifer 1 i thol ogy_.,,_c,...oa..._].,__ __________ -y,-_ ___ _ 

How de-t, ermined surveyed MP Above LSD - Below -----
WL from MP 119.59 How measured galvanometer 

Alt itude of l and surface _ __,.3_._7.._19..._' ___ _ 

Alti t ude MP 3720.3' 

-· .. 

DEPTH TO TH1E SI NCE TIME SI NCE s' FT . 
I t ;t ' DATE TI ME WATER LEVEL PUMP ON t, MIN . PUMP OFF t , MIN. RES IDUAL 

DRAWDOWN 

1 11-11-Al 
! PUMP 
I nN nq2O 119.59 0 0 

' no21 126 . 95 1 
, , 

' 7.36 
I 

I : 

I 0924 139.51 4 19 . 92 
I 

0926 145.82 6 26.23 

I 
0930 150.01 10 30.42 

I 

i 0933 152 .74 13 33.15 

0941 154.30 21 34.71 

0950 156.48 30 36.89 

I 1000 158.17 40 38.58 
I 
' ·o 
I 1015 159.00 55 8 . 

39 . 41 

I 
-· ~ -1031 161. 40 71 - . • •• .., ,...,, Al I rv n1vIs1 ~" 41.81 •... - , -

I 1050 162.23 90 C · C- 2 8 1~82 42.64 
I nr-f'r"l\/t:ll ,, __ ..... 

' ,. 1115 163.21 115 TC:11.1 I 5 /2 C 3 p£RM 11 
- 43 . 62 -L - ·-

I 1145 164.25 145 · no. 'l t<:t ' T3 44.66 

I PUMP .J 

OFT 1230 165 . 33 190 0 !' •1~•·• ... -,1 45.74 

1 ?11 158 . 20 191 1 191 38.61 
I 

12~? 153_02 192 2 96 33 . 43 

I 1?33 148 . 77 193 3 64 ._33 29 -18 

1234 145 . 55 194 4 48.50 25 . 96 

-__ ..12_3.5_ . ·---· __ 143_. 00. _ J. 95 __ _ . _ _!)6- _3_~8 5 39.00 23.41 . . -- . . 

TFl 2/ '> 5 
October 2018 RE CD 1 -25-18 Addendum D6- 14-17 DEQ Ex. 3-1560



I 

! 

RAMACO Brook Mine 

lll)UIH.R J ES , Wd /1 

rKS GEOLOGY l\tlD EXPLORAl I ON 

State _ __,_,_µJ.J.U..U.J..::j...----Co unty _ ___,S,..,_h,.,,e..._r_.i.,.dwa~o-- T._51 _ _ ~: . R . .fil_~:, Sec. 24 WELL NO. BH 688 
Personnel Test Type: 0 Single we l l drawdow n ® Single wel l recove1 

3. Orawdo1vn with obs. well 4. Recovery wi th obs. well 
Well Owner_~PK'""S::;,._ _______________ _ 5. Othe r (Specify ) _ _____________ _ 

s s _ _ ~S"-'-h-=-e.:....r,.;...· d=a::.:n-=--''---'-W;..,.y...;:o:.:..:m;...;;i..:..;n__.g __________ Drill er D. Fudge 
.od dr ill ed: A. Ai r-rotary D. Dug P. Ai r- percuss ion V. Driven 

!l. Bored or augered @ Hyd - ro tary R. Rev - rotary w. Ori ve-wash fMJLICMREOD SEP 21 ·s4-
c. Cable-tool J . Jetted T. Trenching z. Othe r 

Total well depth 280 Ft. Well Diameter 7 7/8 i n. Casing diameter 5 in. Casing type PVC 
Type of screen or perforation saw slots Interval of screen or perforation. _ _,,2....,4..,.5:_'_--=-26,,,.;5.,_

1 
_ 

Pump hp & type ½ red jacket Pump depth -1.filL_ft. Aquifer_~D_e_;ie~t!:..!z=---:l~B:,._ _______________ _ 

Aquifer l i thology __ C:....;o_a_l ___________ ~-----

How de te rmi ned. __ ___;S:..:u::.:.r....:v..=e:.<y--=ec::d'--------- MP Above LSD - - Below ------

Altitude of land surface __ 3'--7_1_9_1 ___ _ 

Altitude MP 3720.3 1 

\oil from MP ___ ___;l:..:1:..:9:...::.--=5;.:::9___ How measured ___ g...ca:..l.:....v:..:a::.:.n.:..:o"'m.:.:e:..:t:.:::e..:...r ________________ _ 

~ . ' . - -
DEPTH TO TIME S INCE TIME SINCE 

\ 
S, FT. 

DATE 
' t/t 1 

TIME \·/ATE R LEVEL PUMP OM t, MIN . PUMP OFF t, MIN. RESIDUAL 
DRAWDOWN 

j 11-B-,Cll l?Ll.n 1 ·v1 LLn ?nn , n ?n nn 1 LI. Q l 

I 1?45 131 _ ni:; ?ni:; 
I 
I 

I 1255 12A 11 215 

I 
i 1311) 126.50 210 
I 

1330 125.40 250 

: 
1453 123.87 

I 
333 

I 

! 

I 
I 

I 

I 

I 
I 

October 2018 

1 r:; 

, •r 

:;>r:; 

' 
LI.I) 

fiO 

143 

-- - -- --~- -.... ,., 
'I.I , 1~ 

~ \ 
~ ~ 

~., ~ ' 
-

T f ti 6 2 I 
R CD 1 .. ' 

813 

5 
-1 

r 

11 F.7 
, 

11 LI.Fi 

A Fin A r:;LL 

r:; 7r:; F. Ql 

LI. 17 i:; Al 

2 11 ~.28 

.. 

,,a -···· .. --.. .. -·- .. -~- - •• 'I"' ' " 
,,j ' 2 

; <, 3 r r: r t-,H'\'. ·• -~- T?_-

89-213 T3 

" . 
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RAMACO 

-·--·· 
Di\TE THlE 

TEST 
T/\KEN 

11-13-81 0921 
.. 0924 

0933 

0941 

0950 

1015 

1050 

1115 --
1145 

1230 

l= 
October 2018 

BH 688 

l'UMPJ.NG IZATC DAT,\ 

Brook Mine 

. -

r.r.1cr10 S~f' - 1 '84 
J-f;_J,1:_D t '-

..___.._ ... , .. _ ___,, __ . 
"9.....,..~....._ ....... '"'"'~0--·~~---·,--• ... ------ -- ...- .,_ .. .:_....._. __,._,,,-._.........-:- .. ,-.,-n ..,fa---~ 

TES T 
DUl~\TlON 

SEC. 

42 

44 · 

45 

46 

46 

45 

46.5 

46.5 

48 

48 

Average Q = 
l · 

SQecj fi ~ C~rnac 

I 

VOL\irlC OF Tl~iE l~El !~llTED 
GALS. PER DISCIIARGE, Ci\LS . l·JOCIITED AVl~iv\CE 

MINUTE DU l:i\Tl.O,l DI'.iCIL'\RCE Q 
.. 

7 .14 5 1 7.14 

6.82 5 3 20·. 46 
6.67 5 9 60.03 

6. 52 5 8 52.16 
6.52 5 9 58.68 
6.67 5 25 166.75 

-
6.45 5 35 225.75 

6.45 5 25 161. 25 
6. 25- 5 30 187. SO 
6.25 5 

I 
45 281.25 

TOTALS = I 190 1220.97 

1220.97 

190 = 6. 43 gpn 

i:t!l = 6.~3 ~Qm 
~5.H ft = . H gprnLft 

-·---
-----.,,,.,.,:i ._._ - ., . 

LAND QUAL ITV DIVIS 0111 

~ 
RECE IV ED [ [ C- 28 982 

.. .• 
IfN .1 5L2 ~3 EEBMI ' 

- -
- . ., 

J 89 -213.T 9 i 

\. i ·, (, 
~ ' ' ---·-

ni::: 

TFN 6 2/0?5 
RECD 10- 25 -1 8 Addendum D6-14- 19 

-----
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0 
(") 
r-+ 
0 
0-
(b 
'1 

Iv 
0 ...... 
(X) 

::a 
c-, 
c:::, 

-0 

' ...., 
c.,, 

I -~ 
> 
0. 
0. 
(b 

:::i 
0. 
C a 
C, 
(J\ 

I ...... 
~ 

I 

Iv 
0 

- o 
-rl' 

,J 

CD-

r..:t ...... 
0 ,..., 

:..) 

N 
~ 

.W . 
-4' 
WJ 

0 

5 

10 
I · ,, , 
Loi 

•• 

TIME DRAV, ~ CURVE 

., 1(,0 I )I ,'I·• 

l. :. :1 1:r 1111:1:irr111~ 1111 :1 ~I ~111 r
111

:-TTTTTT(ll l llll ll lllllll l1 . . I n ... :.~ ·11 1r. 'li1111rirTfl .' P:-'.l'lfl;r' J: l!W 
I •• I.:: ,!1· ::·:· II I I,.: ;. I :::1: JACOB METHOD PUMP T EST I 11 .. f :;' 

" ' I I . ' •' 11 'I' I . I J r·il , - ·'-'-+ftttt11-ttt+' • , . ,: ....... ,,.·,-! j · 1 , 11 . l'l· 1 WE LL BH 688 · · · ·1 6.43 gpm -· , • • ,.. ... , • · · · • I' I I • I ·11 • , , I .. 1 
'. ·;;jJ::)!;::I 1

\:::

1

:11~ •:;!: TESTE D 11-13-81 ;:;; 
. ' • . • ' . • • '•· I••· I I.• j , ' "" ·1'r,, --.--, .. Tr '' ' ' 1 !H'"'ttittttt~tttttilittt--t--t I \ ' '., .... ·>: :'.''. ::;:~~ ,. i:: 11:. ':t,tl l~::;i,1 !fi: ; i 111,·:·1 i!!. : 1ml ::,; 111': 11111 : .... I~ ·1 ~/;"~•v;;.'2 = 10.5 ·: 

• •• , ••••••••• i Ill' •.•. , , ••• I, ,,, ·1 l,lt • , 1 • • , •• , 1 1 ,,; , • , , • , 1 1 j .. , 
.. , , ",, , .... 1., ..... ,,. '!' .. ... . ,, . , • t • • • ,. 11 ..... , .,, , · I •" ! t ,4((,) • ··•· 
~- · ,. .. - ..-,-.1---.s•;- • 1 • 41 1 +1• -·tt,•7 · - · ·-- ··- ---tf- • •I .1 .,1 •·•+ r+ ,.,, 1 ·i r- i ~ /~'., l tt.<J y <.I<· l-11 
• I . ... ... .... ,.\ .••. ,. ......... . . ;., •. • .. .... 1 i" •• • l·•l1 ••••1 " •--1j1 • •• • •'•l 

: : : : : : ::: :. :: ii'1: ; ! : : ; : : :~ ·•:: :·:· :.i: i~:·', . : ; : . : : : : : 11. I ' 1: :::: Ii.: : ::1 ;:: :;-,: :·, I ! : : • :' .:! 
.......... J1"1·j· 111•·· · ·· ·:1• 1111 111 •i . ... 1~111 11:1~. Ii•• · · ·'_4 (6.43 l ·:': 

. ' • • •••• .,.. 1• • I fl . I' t J •I I .... ·•I I I • • H ·'-I rl t ·Jtti I r-H . . . . .. . 1 .~ 
•.••• : • " . ..• ·•I .• • •• I " .... '•I .... '. i .. :I I ,, . "'ii •· 1 ii'! ·11· . I I.. 0. 5 .... 

15 .· . · .. ::11j·.:.::rt:;:;' ::' 1tt•-- ·. :;:::: :·i; ::::1::1 I 1inl•:~;:·::;i:111:j!I !ii;;;· 161.67gpd/ft :::1: 
• -- · •t• •• -~-f-4r • 11 ~· . ..... ,....,_·H r~ r---r----- 1 ,.. . 4 h-·~ i • . ..... ................... ~ H ~ · t ,- . ·r 

• • • • • • " ...... , ... " 11 .. • .. .. . .,. ••· . • • • " • • I • , 1 " ... . , , • 1 I • "j • 11 • • • • ] • ··r 

.... " .. ,, .. , ,. "• 11•• I .... , •. ,, I ...... J , ... I 11••111 •.. "I' I' I 1·11 ) I ·•·I 

"' 
20 ' 

". . .. I 'I' ···· 1··· .... 1•·· ·~ . --1 ;•, I . • : ...•. 1 ·· 111 I . I ti ••• I ,1. I• 1 ·!I I ' I, .• · ··· · 1 ...... lL ...... .. ,:Ii 11 · 1 •·· ·' ·1 •· 11 ·"" 1·1· •!•· 11 ··' 1 ' 216lft2 /day .. :' 
" .. ••.• , .. I .,,. ' . I ... I .. ' . I ,: I I • • • I • I I . . I I II' ••. , • I I I J I I• II I • I • . •·I 

~+1....-..--t-1-,,rt• • · lf-:---t-11 • .,, I • rr- , , ·1-r 
• I • •1 •• , , . . .... . 1 ·•1i•••1l""I' 1 ••• I •I ,.,j I 111• 1·1• • ,·I jil• "I I! I I ~-- ·---· ,--· -- .. -·- ·~, c, 

• • " • • I. ". I "" I . I . : I J .... . .. ··1' . . . I •. I I I · I I 11· ,, .. I • • i.. I I I I . . . I .. ... ... . 11• •t! 
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TIME RECG . . . i CURVE 

') I() r 

MICRO srp 21 '84 
filMED · c., 

100 I',• 't .,ll 

711: 1mm11 l ,-tt -r +r-1 
• . '• I '' '!JI l• • I . I . I " .. I I. I I I i -~r,-~! p '.~11 ! JI 

~ -1 -rTTTTI 11 1 1, LI JJI IIIJJIJIJ~ l 1 '! 1 n1: ·rrT .,rrnrirrrrrnmrmmmrnr !~f 
I JACOB METHOD PUMP TEST ! I : ! ; : ( YF 

~ WELL; BH 688 -. I ' ' • 6 4 ,; 1 

I• • I ~ :, : : 1 ' • 3 9 pm I! 11 "I' TES TED : 11-13-81 II ' . , .• I I! 
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RAMACO 
Brook Mine 

<.S. GEOLOGY AND EXPLORATION AQUIFER TEST DAT A 

,le Wyomj ng 
-,onne! Bandar 

County --5.u.bu::;e.,_r_...i d .... a ... r::i.__-- T. -51._(p. R. -8.L@ Soc. __,.,2..,_4_ ,_W_ELL_NQ._-"4""'6..,_9 __ _ 

.1J C 
PKS 

Wo 8 Beed 
u.l wcU depth 253 ft. 

•~ di.uneter 
5 in. 

pe of screen slots or perforation 

1ui!u Dietz 28~ 
Utude of land 3614.9 surface 

Test ([)Sing!a we.11 drawdown 3. Dnwdown with oba. well 5. Other (specify) 
type: d)Single well recovery -4 . Recovery with obs. well 

Adduss __ ._B~o_x_3_0_4-'-9 __ S_h_e_r_i_d __ an~_W_Y ____________ ...,_ __ _ 
Method drillcd : @AiJ-xotary 

Well diameter L]j'r,.. B. Bored or augered 
PVC C. Cabl&-tool 

Cuing type 
Interval of screen 

orpcrforation ~2=27_-~2~4~4_' __ _ 

D. Dug 
H. Hyd.-rotuy 
J. Jetted 

Pump hp. & typo 

P. Aii-percunion V. Driven 
R. Rev.-roury W. Drivo-wash 
T. Trenchlnz Z. Other 

MIC RO rrn .., •:, ,1 FILMU) ,)J " 1 ;)• 
3/ 4 Teel Pump depth _fQQ_ ft. 

Aquifer lithology ---'-'1.tJoi...'--------------------------
How 

· determined __ S~u~r~v~e-ye~d~_ MP Above 
Below LSD AJtitudeMP ______ _ 

IL rom MP 33 . 78 How meas~~.==::::r,~;i~l v~;i~n~n~m~P~t=Pr=-=======,====::;======::...., 
I 

D,\TE TH!=: 
DE !'Tll TO . , TIME SINCE 

WATER LE\'EL PUMP ON t, Mm . 

-, • ..,.. rl' 'CE J -· ,.:. · ' y . 
PU:"!? OFF t , MI i,. 

S1 'C'"' ' I • J • 

I RESIDUAL 
DR,\ h' Do·.·.'!, 

I 
I 

- I 
. I 

7- 3-80 33.78 0 0 I .. . 
44.18 1 1 10.40 I 
54.65 3 20.87 

1 
i 

66.46 46 6 32 .68 
: 

I 

76.15 50 10 42.37 
; 

' 
81. 84 15 - - 48. 06 I 
84.35 20 50 .57 j 

86.76 -0 30 52.98 I 
87.58 40 53.80 
88 . 17 30 50 54.39 

89.13 65 55.35 l 
I 

89.74 80 55 . 96 I 
90.53 . 95 56 .-75 I 

30 110 91.23 
01.;)U, ,~·~ .) .. 57.45 

Pump Off 128 0 I 

79.25 129 1 129 45.47 

74.23 131 3 43.66 40 . 45 

68.32 135 6 22.50 34 . 54 

58.86 141 12 11. 75 25 . 08 

47.60 151 22 6.86 13 .82 
-

41.44 20 161 32 5.03 7.66 

0 171 42 4.07 4.41 38.19 ---i----_;;_--<l----------+----------i-----+-------
36. 55 0 181 52 3.48 2. 77 

35.56 

35.10 

- 1. 78 -
1. 32 

196 9 / 21~•-21,;;;67 _,,:, 2.92 
----1--------~ "7 ,.._ 1 I' t.l •'t. l ;) _, 

211 92 ·- 2.29 

34.90 

34.69 

34.55 

34.43 
·,n ·, r,; ~ 

I 25 226 2 . 11 

---~~ ----------2-46___ 1.93 266 ________ I 1. 80 

291 1.70 
l 1.59 

107 

127 

D6:J~4 
147r. 

172 

Tf- H 6 2/l"' ~ j 

1.12 .,. 
.91 ,, 
) . 
:77 , 

.65 
., 

.58 

-----+-------
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-·-- ·· 
DATE TH!E 

TEST 
TAKEN 

7-3-80 0800 
.. . 0843 

·• 50 

0900 

10 
20 

30 

45 
1000 

15 

1n 

October 2018 

Brook Mine 

\./ATER WELL ___ 4.:..::6:..::.9 ____ _ 

PUMPlNG RATE DATA 

MICRO Sl \' 2. 1 '84 
Ell.MED · 

~,,.-~--- --~---.. -~--,,,,_.,_.,_,. ...... , _ _,,,. .. ,...,.. ____ .,._., __ ... -----•-.-..~~--~~I'~-~ 
TEST VOLU~IE OF THIE I.JElGIITED 

D1Jl~\T10;-.l GALS, PER . DISCHARGE, GALS. l·JEIGl!TED AVERAGE 
SEC. MINUTE nu 1:1\ n OtJ DISCIIJ\RGC Q 

·--

30.00 6.00 3.00 3. 1&.00 
46.50 3. 90 3;00 7 27.30 

56.40 3: 20 3.00 10 32:00 

60.50 3. 00 3.00 10' 30.00 

61. 00 3. 00 3.00 10 30.00 
·• -

66.40 2.71 3. 00 10 27.10 

60.00 3.00 3.00 15 45.00 ., 
61.40 2.93 3.00 15 43.95 

65.00 2. 77 3.00 

I 
15 41. 55 

63.60 2.83 3,QQ 15 4? ,1~ 

TOTALS 110 337 . 55 

Total average Q ::;: 337 . 55 gals = 3.38 gem 
110 min. 

specific capac ty = 3.38 ~em= 0.0 :)9 gpm/ft 

57 .45ft 

I i 

. 

---- -

-
----· 

8 1 
,. "l • 

--- -9/ '/ 9'•213, , ~ 

LANO QUALITY ., v ;-'$'I tl·N 

RECEIVED rrr ::, . 1982 

~--- -
lEN I 5 L293 PE -n~ :ns -------------

f· 8 2/ ? j 
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TIME DRA'A .~ CURVE 1:CttC r[, ; 1 '84 
£1LMED ;:, I '-

10 0 100 150 200 
"' "'" . .LU " " " " ~J 1:f! l): ''l!ll!I 11 ITTTTI I lllilll!HUII I 

JACOB METHOD PUMP TEST 
469 3.03 WELL = = gpm 

' TESTED = 7-3-80 
- - L . 

6S/ Log cycle= 

49.0 - 8.5 = 40.5 
T - 264 (Q) 

- - · - 6S/Log cycle 
i 

·-- -- . I = 264 (3.1131 

--- - I 40.5 - ·-- I 
19.75 gpd/ft - - l = 

- . I-

' , __ ,_ 
T = 2.64 ft 2 /day I 

. 
' --<- '-'- !If. ' -
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l l -
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MICRO 

0 
() TIME RECO \ . , CURVE .flL.MEv SEP 2 1 '84 
,.... 
0 
O' 
('I) 

0 "1 

l'v 
0 ...... 
(X) 

5 10 ' 0 100 150 200 
~--· ,, ' :. uu " "'" " ' · ~J !J!I I!'. 1!11!111111 I Ul I IIUlllllHU. -- - ._ ~ACOB METHOD PUMP TEST 
I- -

469 ' · I 

= 3. 03 gpm WELL : 
'-- TESTED : 7-3-80 

10 -
6S/Log cycle= 

. -
- - - 60.0 - 20.0 = 40.0 

T _ 264(0) 
-- - 6S/Log cycle 
-1-

20 
- 1 i --- I I = 264(3,03 ) 

30 

::a 
m -. 

C, r-, ~ (1\ 
ii::, I 

- ~ 40 
r-~ 

' 
...._ 

r 0 
:, I~ 

' '-A - .... ::0 ,, 
~ :z 
rT1 .... < 
rri 

• 0, C, 
0. '-
0. N 

~ ('I) w 
::l (..,J 

(") 
0. 
c "O 

"' s rn 
::u CX) 

0 -~ 
0\ ,;;. 0 I 
...... 

f-- _ 
• I 40 lcJ _ -w I Ii ~ 

u.. 
I 

~ ~ 

I'\ Ii : =20.00 gpd/ft 
- 1-

I j i l - " I 

(/) , _ - l'I . 
I 11 

0 2.67 ft 2 /day -
,_ 

I\ I z I 

;;;,_ ~ 
JI i g._ . . \ - .,. 
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RAMACO 
Brook Mine 

1<.S. GEOLOGY AND EXPLORATION AQUIFER TEST DATA ____ _ ___ _ 

,1e Wyoming County_-"S.,_,,h,._er,.._i'-"d,_,.a.,_,,n __ _ 

DOnncJ Bondar, Halcolm 

T. 51..__@ R. _fil_(3' Sec. 14 ,_WELL,_1-!Q•~- __..5.._96....__ __ _ 
Tes! WSingl.a well dnwdown 3. Dnwdown wilh obs. well S. Other (,pccify) 
type: (i) Single wcll recovery -4. Recovery with ob,. well ____ _ 

:11, 

ilk 

PKS 

R, Beed 
,ta.I wdl depth 120 ft. 

-•~ diameter ----'5_ in. 
-pe o{ saecn s 1 ots or pcrlontion ___ _ 
iuifer Dietz 2BC 
tltudo of land 3590 1 

surface 
\IL from MP 23 91' I 

D,\TE TUE 

6-19-81 0935 

36 

38 . 

41 

45 

50 

1000 

15 
-

30 

45 

1100 

20 

40 

1200 

20 

40 

Pump Off 1300 

01 

03 

06 

10 

15 

20 

30 

45 --
I 1400 

~ 
October 2018 

Addrc11 __ B_ox_3_0_4_9 __ S_h_e_r_i d_a_n__,,,_W_Y ____________ _._ __ _ 

Method drilled:@ Air-iobry 
Well dwnclcr Ll..L'i/in. B. Bored or augered 

PVC 
C. Cabl&-tool 

Casing type -~~--
lnlerval of saeen 

or pcrlontion -=9c..::6'--.....:..:10..,9 ..... ' ____ _ 

D. Dug 
H . Hyd .-roury 
J. Jetted 

P. Air-percussion 
R. Rcv .-roury 
T. Trencruns 

MICRO 

V. Driven 
W. Drivo-wash 
Z. Other 

BLMED <;[p 2 l '8 4. __ 
Pump hp. & typo _3-/_4~T-e=e~l --- Pump depth~ ft. 

Aquifer lithology _ _._......_. _________________________ _ 

~w d . determined __ s_u_r_v_e,._y_e __ MP Above 
Below LSD --- Altitude MP ______ _ 

Howmcuwed f;;:ilv;:innmPtPr 
-~ ~ 

!)J:: !'Tll TO 
.. 

TIME SINCE - , ,..,,. Sl' 'CE S1 -.:--· l -- ,_ • )' 

titl 
• l . 

1-1/\TER LEVEL PUMP ON t, MIN. PUM? OFF t , MI~. RESIDUAL 
DR,\h'DO·.·.'":, ·- ·-

I 
I 

I 
I 
I 

I 
. ' , 

23.91 0 0 I .. . ... 
l 39.06 1 . · 15.15 

52.25 3 28.34 ' I 

56.67 6 
: 

32.76 I 

60.23 10 36.32 
; 

' 
64.21 15 . -40 . 30 I 
67.84 25 43.93 i 

. 70.60 40 . 46.69 I 
72.08 55 48.17 

74.55 70 50.64 

76 .43 85 52.52 ! 
77.80 105 53.89 I 
79.07 125 55.16 

I 

80.25 145 56.34 

81.68 165 57. 77 
·32_ 54 185 u ' 58.63 ---
83.39 205 0 59.48 

69.37 206 1 206 45 . 46 

53.85 208 3 69.33 29.94 

44.47 211 6 35.17 20.56 
-

39.80 215 10 21.50 15.89 

37. 00 220 15 14.67 13.09 

35.40 225 20 11.25 11. 49 

33.33 235 30 7.83 9 . 42 

31. 62 250 45 5.56 7. 71 

30.54 265 
. 

·•·•iif.'4 6~ -- 4.42 6.63 ft -~ , = -- ,,. J-~ ri I 5 . 72 ' 29.63 285 - ·- .. - 80 ....... - ·"1. bo \JU ,11 - I ' I 29.05 305 - 3.05 5.14 - .... ,. .... I 1 
' 2 .'71 28 i:;i:; - 3?1; 6~ '8 I '120 . 'J . - . 4.64 

- ·- ,., " ,., 1 '2 • T'I , 1'1'i! IT213-T2 . -Tr- 2 5 
RECD 1 -25-1 Addendum D6-14-27 DEQ Ex. 3-1570



RAMACO Brook Mine 

HATER WELL __ ___:_59;...c6'--___ _ 

PUMPlNG RATE DATA M!Cf• c '84 
fli..M W • EP 2 1 

,__._r••-- _,:,,-~--- ·---..,.--------r--~··-·--~•1-----,.--·,-• .. &--- ........ _,.,,o-:-...-~ .. --:-........ f~-~ 

DATE THIE TEST VOLliHE OF THiE WElGl!TED 
TEST DUl~\TION GALS·. PER DISCII/\RGE, GALS. \.JEIGllTED /\VER/\GE 
TAKEN SEC . MINUTE DUl,J\Tl01l DISC!l/\RGE Q 

. . 

·6-19-81 · 0936 16.10 · 19.75 - 5.30 1 19.75 
.. . 0938 .. 17.10 18.60 5.30 2 37.20 

·. 0941 19.70 16.14 5.30 3 . . 48.42 

0945 18.60 17.10 5.30 4 68.40 

0950 18.10 17.57 5.30 5 87.85 

1000 18.20 17.47 5.30 10 174~70 
·-

1015 18.60 17 .10. 5.30 15 256.50 

1030 20.10 15.82 5.30 15 237.30 

1045 19.60 16.22 - 5.30 15 243.30 

1100 18.60 17.17 . 5.30 

I 
15 . 257. 77 

1120 · 19 .48 16.32 5.30 20 326.40 

1140 20 .21 15.73 5.30 20 314.60 

1200 20.16 15.77 5.30 20 315.40 

1220 . 20.05 15.86 5.30 20 317.20 

124Q 20.85 15.25 5.30 20 305.00 

1300 20.24 15.71 5.30 20 314.20 

TOTALS 205 3323 .99 

Total Average Q = 3323.99 gal - l 6 2] gpm 
205 min 

----
Sge,ifj~ ~apa,it~ = 16.21 g~m = 0.27 ggmLft 

I 

__ .. ... 
59.48 ft il/2/94•2 , l;H --- -

~ . / 3 89 -2 ] 3 ·T9 .., .,, 
. 1 ... J I 

~ 
-

=< .J_ 
' I I a .. 

- - - - , ------ -----·----
I 1· il · -z-nrn 

October 2018 RACO 10- 25 -1 Addendum D6-14-28 DEQ Ex. 3-1571
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w O -< 

I ,. 

mzmZ/9Z/Zm 'peuue~s 

TIME 0RA'v ~ CURVE 

5 10 ! 0 100 150 200 

rmnmmmmnn1ITT~IJ!!!:Ir1TL.LlmLDL. LIIILLLU.l.JDlll[l]"IlII],ulIIIDI •IJ:(11hrnmrnllTilllrrr.nl!lTfTTTT:l rr:,,_rri1r.1: :TT IL I !If.I I. TTf 11 I 1TTTI 11 1!!1l I I I I I I I I Ill Will~II 
JACOB METHOD PUMP TEST 

' 

I 

! I 
N 

I ii 
'I 

I 

I 

I ;; 
I I I 

I' 
l 

,f 

WELL = 596 
TESTED = 6-19-81 

-

1 

r-- i 
" "-.. 

I ~ 

I 

I 

! 
I l 

" ""~ I 

l 
I 

' 
,... 

! 

~ ~ 

j 

. 

I , MINUTES 

I ll lllllnl 

I 
I 

I ~ I 

I .. 
' Ii ' 

., 
I 

1 I i- .... 
I I 

I I I 
I I I 

1 

o = 16. 21 gpm 

6S/Log cycle= 
53.7 - 36.8 = 16.9 

T. 264 ( Q) 
· · 6s7Log cycle 

. 264 l6. 21l 
- 16. 90 

= 253.2 gpd/ft 

= 33. 9 ft 2 /day 

I! 
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1 I 1 ~ 

; f 111 
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TIME RECL . _,<Y CURVE 

100 150 200 

10 :o ,_ ,·!:! 11 ,: ,r 111 11 111 11111 1u~11~lliH ~ ~-......._ t I ~· ~~ - • - -OL • • 

JACOB METHOD PUMP TEST, Htttttttttttttttllit1ttm-rTITnl l ll :_ = 16.21 gpm : 
WELL = 596 ' 

TESTE0 :6-19-81 ..I 6 S/ Logcycle= 

I 
I 

II 

i 
: I 

l 20.9 _ 3.6 = 17.30 

1 T _ 264( 0 ) 

I I 
I I 1 
I .J 

I l: ; 
i I : 

· - C;S/Log cycle 

_264 (16.2 ] 
- 17. 3 

I, 

: : ! . 
• I . 

= 247 .4 gpd/ft 

= 33.1 ft 2 /day 
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RAMACO 
Brook Mine 

GEOLO(.;T ANU t:.At"LUM~ I IUl't ""·"'··-· ... • - - - ·-- --· - -- -
Wyoming ,_Yt'_ELL_ NQ .. __ BH_6_4_7 __ _ 

5. Other (specify: md Bandar - Volk 

T. _5_7_~ R. _M_ €) Sec. 24 
Test 1. Singla wcll dnwdownQ) Drawdown with obs. well 

County _...;;;S.:..:h..::.e"""r"""i d::..;a::.:n.:_ __ _ 

type: 2. Single well recovery -4. Recovery with ob,. well 

,wner _P_K_S _______ _ Addnu __ B_o_x_3_0_4_9 __ S_h_e_r_i d_a_n_,,'--W_Y ______________ ~---

r _ Reed R. 
.1 341 ft. 

5 c diameter ___ in. 

of Jcrccn_ slots 
pcrfontlon ___ _ 

Dietz 2BC u _ _;:;...:...::;..;=-==--=----
,do of land 
rface 

rom MP 

>;,TE 

-2-81 

3673' 
77 ?n 

TUE 

1035 

1036 
38 

41 

45 
50 

55 

1100 

Method drilled:~ Air-l'o.tary 

Well dwnetd _]j_ an. B. Bored or augcred 
. PVC C. Cabl~tool 

C.umg type ....:.......:...::.--
lntcrvaJ of screen 

or perforation _....,3 .... 1...,4_-_.3,....3u.4_' __ _ 

D. Dug 
H. Hyd.-rowy 
J. Jencd 

P. Air-pcrcuuion Y. Driven 
R. Rcv.-rotary W. Driv&wash 
T. Tre~ , ~,;o Z. Other 

.:.., ,..:D Si:.1' 2 1 '84 
Pum P hp. & typo _,3~L....:4'--LT-"'e.,,._e ..... J __ _ Pump depth .l§Q_ ft. 

Aquifer lithology --=o....,aa...,l __________________________ _ 

How d 
determined __ ....;;s_u;_;_r-'-v~ey._e~_ MP Above 

Below LSD __ _ 

How measured r,,, l v;innmPtPr 
-~ ~ 

. 

DE!'Tll TO TIME SINCE Tl',.:- SP'CE -· ·- 1' 
\J/\TER LE\'EL PUMP O!~ t' Mm. PUM? OFF t , MIK. 

.. 

n :20 0 
, 

.. . .. . 

81.22 1 

Galv. 3 

Mal funct. 6 

10 
15 

95.00 20 

96.36 25 . 

Altitudt MP ______ _ 

S1 't:'"' 

t ) tl 
• J • 

RESIDU/>.L 
DR.:'.h'DO·.·.,, ·- . 

0 
·4.b2 

---
---
---
---·-. 

17. 8 

- 19.16 
-

05 96.90 30 19.70 

10 98.98 35 21. 78 

20 100. 56 45 23.36 

30 104.03 55 26.83 

45 105.56 70 28.36 

1200 105.90 85 28.70 

20 106.65 105 29.45 

40 106.74 125 29;54 

1300 105.37 145 28.17 

20 112 . 50 165 35.30 

40 112. 84 185 35.64 

1400 112. 30 205 35.10 

I . 
20 . 111. 38 225 34.18 

40 113. 95 245 36.75 

1500 115.55 265 8/3 ~- ~ ~-- """38. 35 
7 131 i:, ~ -~ l :, ·~ 38 . 57 20 115. 77 285 - . --30 115. 53 295 . ,., ., .• w., • .. ) 8.33 -

)Ump rat) I - - -:.:a9.93 45 117 .13 310 - D~Nl"'l"l!'"I IT' ' 
, 

0 1= ;· 

I~ 
...., 

;E~Mlt :, I2 • 

----" LVLI---W ._ 

-. JFN l 5/2193 D6-3'· " 21" .15 --I 1· l'l 6 -

October 2018 RECD 10- 2 5- 18 Addendum D6- 14-31 DEQ Ex. 3-1574



RAMACO 
Brook Mine 

GEOLOGY ANU l:.Xl-'LUKA I IUN 

Wyoming County _ _,S.uh.LJ;ei.J.r..Ji..l,ldua,a.u.n __ _ T._5L._~. R._..BL@ Sec. ___,_?.,.4 __ ,_WELL_ NO .. _ ____..8 .... H ..... 64 .... 7 __ _ 

nd _--1,,1.Bl,.l.an...,d..,.a....,r_..;:-'---"V ... a ...... )..,_k ___________ _ Test 1. Singla well dnwdown 3. Drawdown with obs. well 5. 0th~ (specify) 
type: 2. Si.ngle well recovay © Recovery with ob,. well 

PKS wner _________ _ Address Box 3049 
Method drilled : (A) Air-rowy 

Sheridan, WY 

Reed 
"cl. 341 fL 

diameter _...5.__ in. 
if screen 
pc:rlontion s] ats 
:r Dietz 2BC 
doofland 3673' 
face 

rom MP 77 20 
' 

/1TE TH!E 

-2-81 1545 
46 
48 · 

51 

55 

1600 

10 
20 

Well diameter L..]J'd.. B. Bored or augered 
C. Cable,-tool 

Cuing type -P..\J..G..---
lnterval of sacen 

or pc:rloration __ 3....,J_..4--= __ 3.,_3_,..4.._• __ _ 

D. Dug 
H. Hyd .-roury 
J. Jetted 

P. Air-pcrcusiion Y. Driven 
R. Rcv.-rou.ry W. Driv~wash r• , ...... 
T. Trcnchins · ' ,!,i th 

r/W· I )c. 1 4 

Pump hp. & typo __.3...,.l..::4t-J.T_,_e"'-e.L..l __ Pump depth ..J.5il.. !L 
Aquilcr lithology __ ......... .,._._ _________________________ _ 

How d 
determined --~su_r_v..::e.,_y...;;;.e~_ 

How mc.aswcd -~ 

MP Above 
Below 

(.;;ilv;:innmi>tPr 
~ 

LSD ---

!)E !'Tll TO TIME SINCE n:r::: SllxCE 
PUM? OFF c1 , Ml~. \-1/\TER LE\'EL PUMP Ol~ t ' Mm. 

-
117 .13 

, 
310 0 

,. .. . 
112. 29 311 1 
103. 58 313 3 
94.43 316 6 
87.62 320 10 

84.47 325 15 
82.39 335 25 
81. 72 345 - 35 

Altitude MP ______ _ 

S1 ,:-~ -
. ' 1 • l • 

t /t RESIDUAL 
DR.,\h1 D0".-.1, ·- . 

39 93 
311 35 . 09 
104.3 26.38 

52:7 17.23 
32 10.42 

21. 7 - - 7.27 
13.4 5.19 

9~ 9 4.52 -
30 81. 22 

1700 80.63 

1730 80.11 . ' 

1800 79.82 ' 

1830 79.59 

1900 79 . 42 

1930 79.25 

I 

-
-

I 

==l~ 
October 2018 

ViJ:i 

385 

415 

445 

475 

505 

535 

4i; 

75 

-105 
135 

165 

195 

225 

- '3 ' 

I 

I 

. 
--

-D6 J:3 
Tr 6 2/ 25 
RECD 10-25-18 

-

7 Q 11 ()? -
5.1 3. 43 
4 /) ? q1 

3 3 2.52 
2.9 2;32 

2.6 2.22 

2.4 2.05 

-

--
B~:11l!!: i--

" .... ........... . 

' llj -

I -
' 

~ 

-
' 
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DATE THIE 

TEST 
TAKEN 

1-2-81 1035 
.. 1055 

1100 

1105 

1110 

1120 

1130 

1145 ._ 
-

1200 

1220 

1240 

1300 
1320 

1340 
1400 
1420 

' 1440 

1450 

1500 
1520 

October 2018 

Brook Mine 

\~ATER WELL __ --=cB:..:..H6"-4:..:..7 ___ _ 

PUMPlNG Jv\TC DAT/I 

t,:; 1?; ('•• .., I 

fl'...:.'.[.) ~.:.I C. 1 84 

:.,•-~--- -ua-...,.-..-_,."""'"•~-- r-'"'-.- ••-.,--·•,---- -----·,--.-c•,--- r-._...•-r.-~•~-r--....... f._..__ ~ 

TEST VOLU~IE OF THIE \.JElGllTED 
DUJ~\TIOi'l GALS. PER . DISCIIMGE, GALS. \·Jr::J.GIITED J\VERJ\GE 

SEC. MINUTE DUI~1\ TI.Oil DI;,Cl!ARGE Q 

138,(ice in 1 ose - .cJo not use 10 35 data) 

65 2.70 2.92 5 .. 13.50 
63.5 2.76 2.92 5 . 13.8 
64 2.74 2.-92 5 13.7 
57 . 4 3.05 2.92 10 30.5 
57.7 3.04 2.92 10 30A 

-
49 3. 58 2. 92 15 53 . 7 
49.5 3.54 2.92 15 53.10 

51 . 3 3.42 2.92 20 68.4 
48.5 3.61 2.92 

I 
20 · 72.2 

54 3.24 2.92 20 64.8 
42 4.17 2. 92 20 83.4 
43 . 3 4.05 2.92 20 81.0 

44 3.98 2. 92 20 79.6 
45.5 3.85 2. 92 20 77.0 
46 3.81 2.92 20 76 .2. 

42 4.17 2.92 10 41. 7 
45 3.89 2.92 10 38.9 
42 . 5 4. 12 2.92 20 82.4 
42 4.17 2.92 25 104.25 -

-

TOTAL= 290 11078. 55 

r· 1078.55 = 3.72 gpm -~ 

290 .,.,. .... ,t.~ 
.11 

• ' 0 I gg .2 
an u 

I spec. cap . L~ hl -72, ,. = 0. 1 ~pm /f 
» . ss '~ RECE IVE i) DL•> £8 ' ·1982 

- ·----- -Tl ---lf. --l--: /.2.9..3-..P-E MIT . ..._. __ 
n·n f ' 5 
REC D 1 - - 18 Addendum D6- l 4-33 DEQ Ex. 3-1576
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RAMACO 
Brook Mine 

GEOLOGY ANU t.)1./-'LUM~' IUN "'-t""•· 6,.J ..... ·--- --- - --

··- --- · - ·-··· .. 
Wyoming County Sheridan T. -51_ q?, R. -S4- @ Sec. 24 ,_Y(~LL_NQpbs BH466 

nd _.,..J,l.Bl.l..onwd.ua.ur---=-:...J_V.UC.J..)A..k ___ --'--_______ _ Test 1. Si~ well dnwdown 3. Drawdown with ob1,. well G) Other (apccify) 
type: 2. Single well recovery •. Recovery with ob,. well 

vner_..:..P~K;::_S _______ _ Address __ ...;:Bc....:o..:..x~30~49=-----=S..:..h:..::e..:..r..:..i d..:..a::cn..:..,'----'-Wc..;.Y _______ --=o:.:cb...;:.s_-W;.;.e;::_l..:..1--=D'-"r...:;a..:..w...::d;::..ow:.:.;n:.;__ 
R. Reed 

ft. 320 
5 di.a.meter ___ in. 

,! sacen 
,crforation slots 

:r Dietz 2BC 
lo of land 3660. 5 1 

race 

rom MP 68 0 . 
-\TE TUE 

-2-81 1035 
". 

50 
1105 ' 

1120 

35 

1205 

1235 

1305 -
1335 

1405 

1505 

1535 

np off 1545 

I 

- -
- -

I 

==i~ 
October 2018 

M cthod drilled: @ Air-.10.tary 

Well diameter LlJfi B. Bored or augercd 

PVC 
C. Cablo-tool 

Casing type _...c....:...;:c..;.-
lnterval of scrun 289 _ 304 1 

or perforation ________ _ 

D. Dug 
H. Hyd.-roury 
J. Jened 

P. Air-percussion 
R. Rev .-rotary 
T. Trenchin& 

Pump hp. & typo ___ N_/_A __ _ 

V. Driven 
W. Driv .. wash 
Z. Other 

Aquifer lithology ~o.lL'I.J._ __________________________ _ 

How 
determined surveyed Above 

MP Below LSD___ AJtltudeMP -------

How mcasiued Steven's Recorder & Galvanometer 
-~ ~ 

!)[!'Tli TO TIME SINCE -,, ~ SP'CE S1 i:-~· 
J -· ,::. - )' • . .. 1 • l • 

\·/ATER LEVEL PUHP m: t. MIN. PU!'!? o;~F t , J-ll i,. t / t. RESIDUAL 
DR.\h'D0-.·.,~ 

, 

68.0 0 0 
.. . .. . 
.· 68.01 15 :oi 

68.08 30 .08 

68.17 45 .17 

68.28 60 .28 

hQ ',f; go - - .56 

68.82 120 .82 

69.06 150 - - 1.06 

69.27 180 1. 27 

69.49 210 1. 49 

69.85 270 1.85 

70.02 300 2.02 

70.04 310 2.04 

. 

-
3 .-..,. ---·•-,~ >''-' ., .;;J • ~ 

- ~ ·- -r--- - -. . - "". -.. :,p7~ .... ·- -
- -- ---· · ··-LAND QUA LllY UIV t >IVl'I 

I 

RECEIVED ['f.r,. 28 . 119s;i 
-

JFN l 5/ 293 PERM It -
- -l)J 16 2/025 

'~CD 10- 2 5- 18 Addendum D6-14-36 DEQ Ex. 3-1579



RAMACO 
Brook Mine 

GEOLOGY ANU t.Xl-'LUKA I IUN J"\\t:Vlrc.n. &~-.J• -•~••• 

Wyoming County__,S...,.h.Ll,e<..!..r..!..id~a.un.1--__ _ T.--5Z__~. R.-84_~. Sec. -2~4~ ,_W_ELL_ NQ,.,.. • ...... O .... b""'s---'B ... H .... 4w.6~61..-
nd_B!,!,:o,!.!n.l.!,d!jia.,L.,r_-_VL.>o<.J]u;k.._· ___________ _ Test 1. Singlis well dnwdown 3. Dtawdown with ob&. well~ Other (specify) 

type: 2. Single well recovery 4. Recovery with ob,. well _____ _ 

wner :..__P_;_;K;;;_S _______ _ Addren __ _,.Be><o.<,.x.....;3~0=-4!..=9:..__.....;S::.!h~e:.!.r...!i~d.,._a.L.L.n ..... _,.WuY _____ __,_O,.._bc.;i$_.wWe .... J .... )........,R=e .... cau.;v,u;A;:.i.r-:1-;,;.---
'leed 

ft. 320 
5 dwneter ___ in. 

>f screen slots perfontion ___ _ 

cz Dietz 2BC 
do of land 3660. 5' 
·face 

'romMP 68 0 

;,TE TI:!-!E 

-2-81 '1545 
·1550 

1558 · 

1612 
1620 

1635 

1705 

M ethod drilled ; @ Air-rawy 

Well diameter ]_]Jf/J. B. Bored or augercd 
PVC C. Cabl&-tool 

Casing type 
Interval of saun 

or pezfontion _2;;:.;8:;..:9'------"-3~04~' ___ _ 

D. Dug 
H. Hyd .-rowy 
J. Jetted 

P. Ail-percuuion 
R. Rev.-roury 
T. Trcnchin& 

Pump hp. & typo --~N~/~A~--

V. Driven 
W. Drivo-wash 

~,1~z., Other · 
I V f'fV rr ,

8 f!U,'U.) ..>~P 2 l 4 
Pump depth __ ft. 

Aquifer lithology__.......,......._ _________________________ _ 

How d detc:rmi.ncd __ s_u_r_ve_,y._e __ _ MP 

H ow mcasur -~ ,.. 
!)J: !'Tl1 TO 

.. 
TIME SINCE 

l·I/\TER LEVEL PUMP Ol~ t' MIN. 

' 70.04 310 
.. 70.09 315 
70.12 323 

70 1? 117 

70.10 345 
70.02 360 

69.83 390 

Above 
Below 

-

LSD 

Tl •r.:- Sl"'CE -· ,_ . y 
PU:-!? OFF t , HH:. 

.. 
, . 

0 ... 
5 

13 

?7 

35 

50 

80 -

AltitudeMP ______ _ 

S1 'C"""' " .. 1 • l • 

t / t. RESIDUP.L 
DR.:'.\~Do· .. ,, - . 

0 2.04 
·53 2.09 

24.85 2.12 

1? AQ ? 1? 

9 AFi 2. ,n 

7.20 - ·- 2. 02 

4.88 1.83 -
1805 69.50 4'10 14n '.l ?1 1 r;n 

1905 69.26 510 2nn 2 ss 1 ?Fi 

2005 69.10- 570 260 2 19 1. 10 

2105 68.98 630 320 1. 97 .98 
2205 68.87 690 380 1. 82 . 87 

' 2305 68.79 750 440 1. 70 .79 
l-3-81 2405 68.72 810 . 500 1. 62 . 72 

105 68.65 870 560 1.55 6S 
205 68.59 930 620 1.50 .59 
305 68.54 990 680 1. 46 .54 
405 68.50 1050 740 1. 42 .50 
505 68.46 1110 ' 800 1. 39 .46 -

I -
605 68.42 1170 860 1. 36 .42 

705 68.39 1230 920 1. 34 .39 
740 68.36 1290 955 1. 35 "r-

·--- ,~ "'" . ., ,~·T~ - ·• - --• 111••· I .... . 'PA -
I c;, . 

~ -- ••-3 .,. ___ . 
I•• a• •- - • - I,._.., 

I~ 
'-MJ• V ', 1vnL1t 1 u y I ~ -1• 

Ht:.CEIV! lJ Ut..t.,- ;tc l ~t,:l 

-
TFN 1 \5/2 93 PE RM 11 , 

11· ! Jo 0 I 25 
October 2018 ECD 1 - -18 Addendum D6-14-37 DEQ Ex. 3-1580
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JACOB METHOD PUM~ TEST 
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I 

Brook Mine 
RAMACO 

Wyoming county Sheridan T.~ -~- R.~. sec. 22 WELL NO . obs. 655 
nel Bondar & Gentry lest Type: 1. Singl e well drawdown 2. Sin9lc 1<el1 recovery 

c.J) OrawdOl<n wi lh obs. well CY Recovery Wl t h o bs . wcl l 
Jw ner PKS 5. Other (Spec i fy ) _____________ _ 

ss Box 3049 S.._.h.L>eL.!.r...,_i..,.d""anL.U-, ...:cW:..,.Y ________ Driller R. Reed 
rs=,nod drilled : A. Air-ro ta ry D. Dug P. Air-percussion V. Driven 

0. Bored or augered ® Hyd - rota ry R. Rev-rotary \.I . Drive-wash Ml-~;;o 
C. Cable-tool J. Jetted T. Trenching Z. Other FILMED SiP 21 '84 

Total well depth 220 Ft. Well Diameter 7 7/8 in . Casing diameter ___ in . Casing type PVC 
Type of screen or perfo rat ion saw slots Interval of screen or perforation 172' - 212' 
Pump hp & type. ______ Pump depth · __ ft. Aquifer __ S_,pc...;o:_i_l...;:.s _______________ _ 
Aquifer 1 itho logy reel aimed spoils 
How dete rmi ned __ --"'s=u'-rv~e=--y--=e=d ______ _ 

WL from MP ___ __,_)...,83......,., 8.Ll,Q.__ __ 

Altitude of land surface __ 3_7_4_0_. 6_. __ 
MP :~~~= LSD_____ A1titude MP _____ _ 

How -measured _ __._..G,.._a.Llvu.a .... owo,.,,.m.._et .... e ... r_..;;;-_.-,.S...,te-'v ..... e ..... o .... s_.J.l,JBe=c ..... o .... r_..d ..... e ..... r ________ _ 

- -~.: ---= -· = =- , 
0EPTH TO TI ME SINCE TIME SIN CE s' FT. 

I t;t' I DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. RE SIDUAL 
DRAWOOWN 

7/21/81 0800 183.80 0 / 0 

0815 184 . 09 15 0.29 

0830 184 .20 30 0. 40 

0845 184.26 45 0.46 

0900 184 .30 60 0.50 

0915 184.32 75 0.52 

0930 184.35 90 0.55 

0945 184 .38 105 0.58 

1000 184.40 120 0.60 

1015 184 . 42 135 0.62 

1030 184.45 150 0.65 

1045 184 . 47 165 0.67 

1100 184 . 49 180 0. 69 

1115 184 . 50 195 0. 70 

1130 184.52 210 0.72 

1145 184.53 225 ): II l 0 73 
. 

1200 184 .54 240 7 n. L 89 -213 ' T o.~ 
-

1215 184 .55 255 - -..--- 0.75'-

-r • 11!1/H•Ul_i 1

i ON 1230 184.56 270 IANO OUA" trr- tVi! -0.76 

1245 184.57 285 RECEIVED t)FC . 28, 1982 0. 77 . 
1300 S'l JFN l 5/, 1 93 PERM l'( # 

0. 7_8_ 
- ___ 184. 58 _ -·-- -- _ ---300 --· ---.rui:- - ---------- - -·· -- ····· --· . 
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I 

RAMACO Brook Mine 

PKS Gf:.Ul vl ,1 ,,:[, lXl'LJR,\11,,;; 

State Wyoming County Sheridan T .__§]_~. R.~ . Sec. 22 WELL NO. obs . 655 
Personnel Bandar and Gentry _J._C'st l yp C': 1. S inql c well drawdown ~- $ 1r19lc 1;cll l'CCOvery 

(}) f\r,11Vd01Vn wi Lh obs . wcl 1 CD Recovery wi lh obs. wel 1 
'· • 1 O\,rn er___,P--'K.,,.S'--_______________ 5. Other ( Specify) _____________ _ 

ss Box 3049 Sheridan, WY Driller R. Reed 
'"' 'nod drill ed : A. Ai r-rota ry 0 . Dug P. Air-percuss ion 

£l. Bo red or augered (JD Hyd-rotary R. Rev-rotary 
C. Cable-tool J. Jetted T. Trench ing 

Total wel 1 depth 220 Ft . We l l Diameter 7 7 /8 in. 

V. Driven 
w. Dr ive-wash 1•,,c, ;u 4 
Z. Other w:.:::i S~P 2.1 '8 

Casi ng di ameter---'5'---_i n. Cas ing type PVC 

Type of screen or perforation saw slots lnterva 1 of screen or perforation 172' - 212 ' 
Pump hp & type _ ____ Pump depth __ · ft. Aquifer _ __:::S..c:..=..o.:__il.:..:s~---------------

Aquifer lithology recla imed spoils 
How de termined surveyed 

WL from MP 183. 80 

Altitude ·of land surface_..,_3L..;Z4:u0,.,,_,JJ.6_;__ __ 
MP Abo ve LSD Altitude MP Below ----- -

How meas ured_..,;;gi.:::a:..:.l .!.v~anc!.:o::::m::::e:..:::t~e.:...r_---=S:..::t~e.!.ve::.:n.:__'-=s'....-'..:R:::.ec.:::.;o~r~d""e:..:...r _ ____ ___ _ 

.. : .=;.:·=-

DEPTH TO TIME SINCE TIME SINCE s, FT. 
I t ;t' 

DATE TI ME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN . RESIDUAL 
DRAWDOWN 

1315 184. 59 315 0. 79 

1330 184 . 60 330 0 . 80 

1345 184. 61 345 0. 81 

1P11mn nff 1400 184 . 62 360 0 0. 82 

1415 184.28 375 15 25.00 0. 48 

I 
1430 184 . 20 390 30 13.00 0.40 

1445 184.16 405 45 9.00 0 . 36 

1500 184 .1 3 420 60 7.00 0 . 33 

1515 184 . 11 435 75 5 . 80 0. 31 

1 c;1n lAll.. no 450 90 5.00 0. 29 

1 t;ll.r::; 184.07 465 105 4.43 0.27 

1finn 184. 05 480 120 4 . 00 0.25 

1 fi 1 t; 184 . 04 495 135 3.67 0.24 

1630 184 . 02 510 150 3.40 0.22 

Hide; 184 . 01 525 165 3. 18 0 . 21 

1700 183 . 99 540 180 3.00 0 . 19 

i nn 183 . 97 570 210 ...2....1.l -~7 

I •Iii ....... , .. .. 
,~nn 183 . 95 600 240 ~ - __ • ·2 . 50 -- 0. 15 

7 63 1/89 -2 13 ·~ min 183 . 94 630 27 2 . 33 0.14 - LAND QUALITY OIVISlUM. 
1900 183 . 93 660 - 300 2 2n 0 11 

- RECEtVEO ore . 28· 1~0, 

-- .l930 _____ l83 .. 92 . ... - - - . . J12Q . --· ----06-t54 -- ~ JJJL __ --- --· __ . __ 2-.P.9 12 ... _ 
. 

TF I 6 2 / 2 5 Ts;N 

October 2018 RECD 10-25-1 Addendum D6- 14-4 3 
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RAMACO Brook Mine 

r);S r,lllll,,,, ,,.;,, 1 ~1·L~1 ,u11 ,Litl 

StAtc Wyoming County Sheridan 
Perso nnel Bondar and Gentry 

T._5l_ _cr. R.~. Sec. 22 WELL NO. obs. 655 
Test Tyre: Q Single ,-·ell drawdown@ Sinole 1<cll recovery 

(i) 0r awdm<n wilh obs. well © Recovery with obs . well 
Well Owner_..L..J:>~S ________________ 'r. Othe r (Spec ify ) ______________ _ 

~s s __ _i.8t.1,0!.,6X_,;_3O!.J,;4~92.__,S!,!!his;e.Lr.1.i ~daw•1.u-, ...zWuY ________ Dri 11 er R. Reed 
Jd drilled: A. :Sir - rota ry 0. Dug P. Air-percussion V. Dri ven 

B. Bored or augered !ITT Hyd-rotary R. Rev-rotary W. Drive-wash 

r,. '. 
)J, ~ !' 2 1 '84 

C. Cable-tool Y Jet t ed T. Trenching Z. Other 
Total well depth 220 Ft. Well Diameter 7 7/8 in. Casing diameter 5 i n. Casing type_P_VC __ _ 

Type of screen or perforation saw slots Interval of screen or perforation._~1..,z .... 2~'--....,,2 .... 1 .... 2_1 
_ 

Pump hp & type. ______ Pump depth ___ ft. Aquifer_...:S~oc.:.i..:..l.:::.s ________________ _ 

Aquifer lithology reclaimed spoils Altitude of land surface 3740 . 6 
MP Above LSD Altitude MP 

How determined su rveyed 

WL from MP 183 . 80 
Below -------

How measured_..,g.:;:.a.;..l v.:....a:::..;n.;..:o:..;_m;..;;;ec...:t...:ce_r_-_s;_tc...:e;_v_e_n_' _s _R_e_c_o_r_d_e_r ___ ______ _ 

DEPTH TO 

DATE TIME WATER LEVEL 

2000 183 . 91 

2030 183.90 

2100 183 .89 

2200 183.88 

2300 183. 87 

:2/81- 2400 183.86 

0100 183 . 85 

0200 183 . 85 

0300 183 . 84 

0400 183 . 84 

0500 183.83 

(l/;()O 183 .83 

07/'lfl 183.82 

0800 183 . 82 

0900 183 . 82 

1000 183.82 

- ------------·-- -- -· -

October 2018 

--,: . 

TIME SINCE 

PUMP ON t, MIN. 

720 

750 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

-·---- ---- ------
( ' 

- -

r ~ 

RECD 

TIME SINCE I s, FT. 

' t;t' PUMP OFF t, IN. RESIDUAL 
DRAWDOWN 

360 2.00 0.11 

390 1. 92 0. 10 

420 1. 86 0. 09 

480 1. 75 0. 08 

540 1. 67 0. 07 

600 1. 60 0. 06 

660 1. 55 0. 05 

720 1. 50 0. 05 

780 1.46 0. 04 

840 1.43 0. 04 

900 1. 40 0. 03 

960 1. 38 0.03 

1020 1. 35 0.03 

1080 1. 33 0.02 

1140 1. 32 0. 02 

1200 1. 30 0.02 -
- - • -rat 

7/ 31/0'":. .... -
111•1••·• ~ -~- -
- ' )h. 

tf\N L ). • .• 

r . I ) ",,.. - , .. 
'·-

,, 
.. \. ' r .. ,, C ' .. 

I - ------~-
.! • I .., .' , .)~-

~ r r. •· 213-T,2 

2/ 5 
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1 
I 

I 

I 

DEQ Ex. 3-1587



RAMACO 

----•-- ••T 
,, __ 

DATE TIME 
· · Tf.ST 

TAKEN 
-

7/21/81 0801 

0803 

Q8Qfi 

0810 

OR1S 

0820 
0830 

0845 
-
0900 

0920 

0240 

1000 
1030 

] ]QQ 

ll~Q 

1200 

1230 

1300 

1330 

1400 

October 2018 

Brook Mine 

\JJ\TER WELL 654 

PUMPlNG 10\l E DJ\ TA r .:., -: , 1 ? 2 1 '84 
J-1L.,. , 

3/4 h.p. Gould set 
at 220' . Could not 
measure drawdown 
with galvanometer 

_ .. ,:.-~---· ... ~~ ........ ·-•---,.-~-·-·--·~1----..,..._-,_ ..... -- --~,·~---=-... ... -,,. .. ,a-._ 
TEST VOL\ i~ IE OF TI~ffi IJElGllTED 

IJUl0\ TI ON GAL S. PER DISCll/\ RGE, GALS . \·ICIGl!TED J\VE RJ\GE 
SEC. MI NUTE DUl,J\TIOtl DI'..Cl lJ\ RGE Q 

9.6 33. 13 
.. 5.3 1 33 . 13 ,. 

9. 9 32.12 5.3 3 .. 96.36 

2,(2 33.13 · 5. 3 3 99 . 39 

9. 0 35.33 5.3 4 141. 32 

q fi 33. 13 5. 3 5 165 . 65 
Q R 32.45 5.3 5 162.25 

-
9.0 35.33 5. 3 10 353.30 

9.2 34.57 5. 3 15 518. 55 

9.0 35 . 33 5.3 15 529 . 95 

9.0 35 . 33 5. 3 

I 
20 . 706.£6 

9.0 35. 33 5.3 20 706.66 

8.8 36. 14 5. 3 20 722.80 

8.8 36.14 5. 3 30 1084.20 

a.~ 37 86 5.3 30 1135. 80 

8. 3 38.31 5.3 30 1149.30 

8.3 38. 31 5. 3 30 1149. 30 

8. 4 37. 86 5. 3 30 1135.80 

8. 2 38 . 78 5.3 30 1163 . 40 

8. 3 38.31 5. 3 30 1149 . 30 

8.3 38 . 31 5.3 30 1149. 30 

TOTALS 361 13352.42 

Total Avg . Q : 13,352. 42 ~al. -

361 min - 36. 99 ga 17mm 7/ 31/89-21 ·n 
--- - ..._..._,. 

fl.L2t.U• lla<.t• 
Specific Cape city , unknown 

RECl.:.IVt.lJ L f Q. 28 982 

I 

I 
I 

I 

: 
·t 

I 

I 
I 

-
c, j t l\N8 QUAL H - 0·1Ii'Sr 11 

·- -- -- ----·--- II-- - ----T N 1 5 /2 grp1:m " 1. • ,. ' 

rr-~ s 21 __ s 
ft EC D 10- 2 5- 18 Addendum D6- 14-45 DEQ Ex. 3-1588



0 
() ..... 
0 
o" 
(1) 
'1 
I',.) 

0 ..... 
(X) 

:::a ..... 
m ~ 
M::::: 
ic::, 

a, 

~ ~' N 
Ut 
I~ -00 

0 

°' I 
I.,.) 
\:II • 
"-.J 

, I l I 

·-1 ::u . 
'Tl '"" z C") 

!Ti 

/ 
t 

0 
= 5.4 min. 

' 
TIME DRAWi.JuWN 

. 2 5 10 

I 
"'""' LLA IJ LI.JJJJJ J I " ' " ' "" ' ,,. 

JACOB METHOD PUMP TEST 

' ' 
WELL = obs. BH 655 
TESTED = 7/21/81 

. 3 

CURVE 

•o 100 

I • 
I , 

150 ?00 

I 

I 
r 
I 'I ' , . 
I 'I 

1
~ 1) 11i -'!l' !l!I I I IJ IIIII IWllillUIIJ, 

o = 37 gpm 
r= 58 ft. 
6S/Log cycle : 

.84-. 39 = . 45 
T . 264 ( Q ) 

6S/Log cycle 

t = 5.4 = .00375 
.4 :...._~ o 1440 

t
u! 
w 

. l I 
I I I 
I I; 
I 'I 

= ~6~1Ll = 9768 

u. I I I I I 
7 

i I: 1 • I 

.45 ~ 

' 21,706.7 gpd/ft 
''I 

11 
!II 

-_ l ' 11 I .5: 1 , ; I I 
I I 

; '. I 

'' I 2,902 ft 2 /day 

003: t, I,' I, Ii,,; tlttltlll 
~ , 1 , , { H1mm r jj if' f i , 

~ H-i------ttt-ttH-ttttttttt1rttttttttt+tttitt-tttffiITTi

1

+tt; ttttlttttttt-+++++++++++++ttti-+tt+++t+t+tfH '+++!-++H+l+++fl+-HIAAIAA--+-++++-t--,.-.+-;-f+-+-1-+H-H-HW lrtH!H1..+H++tL~f+f-K!!-1++l+lllrn 

, 11 
I I 

I• 
'I 

, I' I ~---
• 1' 

'.: ;j 
,, 
11 

-~-.---~,.,..-1 ·· 

· 6 ~ ~ ...._UJ-t++Hl+H+++l'+ttt+++H-Httl-H+lf-!tt<H·lttft#+-ff+H -+-r-1 _I ++-t-+++t++ttt+ttittffiltttttH-ri+t+lt+tt-H+Httttt!II 

I I,,. I 1 II ;1 

1\. 'T :I ' , I 
It, I ·: 

,n 1 t • , I ' I . \ '. 'j ', . r'·' . : '., I , ,1 , , ~ : : : :;I . , · 1i,!,: lj 
1 t 1 ' i i\ t t I I , I· , .. t 1 • •I · r 

l I'. I I Ni_ j!:: i!: 
s = 0.3T to 

~ 

.7 ili 1l iH!++!-l+++-H+l+Hll4++. 1 ; ::, ,; 

,- 1 I : 1· ll I ] I j l :f ~I I U1, 
> ... , • i ·1 1-i 1 · , I t - ~ z 

r 2 

I I 
= 0.3 {21,706.7).00~ I ': i 

582 i ' 11 I 
' I' --'-

' ' 
' = 7.3 X 10-3 

1-! i ' ' 
I r 

0 H I j • 1 I 71 1 , l, 1'I r:J,, 
-- ~ ,.. Q J I Ill·:• •· 11 ,., ,._, LJ : :i 11! 

I 
I . I I 

I 

I 
I 

j I 
.-4 ; t , MINUTES 

I• ()0 0 , 
N 

~ -r> 
7 ) 
r,l :-• 
,t:: ..I 

u:; ,..,, 
""\:) 

:v 
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() ,.... 
0 
Cj 
(1) 
""! 

Iv 
0 ..... 
CX) 

::a 

M 
c::, 

-00 

• 0. 
0. 
(1) 
;:l 
0. 
C 
:3 
C, 
O'I 
I ..... 
~ 
I 

~ 
-..J 

..... 

c..,, 

"' 
w 
~ 
N 

\! 
\JI 
00 

-• "T1 
:z () 

rr, •' .... < 
rr, 

(J1 0 ·' 
I'-) 

0 
1.0 ..., 
w n . 
-0 
rri 

"-) 

;:o 00 

s;: -.... 1.0 • • 

g) . 
N 

· 1 . 
- · .· . 

I 

.. ; ' I . 
I 
I 

l 1•l ( ~ ..-.I •• ~~ 

1114 1~ 1 37 X 10 
i.68 . 

• 25,239 . 3 gpd/ft. 

3 ,374 . 2 ft 2/day 

' 25g239. Jx . 10xl8 
2 93 X {58)2 

. ~56~~0 . 7 . • :n-2 . 0 

. 5.0 X co 
8 j l i . 0 

I'. :,:;-
.L'. L. 

~ ·- ' . . . . .. 2 . . . , .. ' 
A~ s-, "' cr:;i. '""'H 

vB, 'i. c Q)':l - . , 
(1) 
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0 
(") ,.... 
0 
0-
(b 
"'1 

Iv 
0 ,_. 
00 

::a --t 
rn-;-, 
n:::: 

(X) - .1 -
' 

<,.., 

t ;Jl 

.1 

D 
(7\ 

TIME RECOVERY CURVE 

5 10 0 100 150 200 
~ LJJ 11 U UJ U l ' " '" "' " 

JACOB METHOD PUMP TEST 
~ l1 '.~fi .'111]:fTTTTlTITTllIIlI!]J . 

1 
. WELL = obs. BH 655 

I I ,' TESTED : 7 /21/81 
~~t+t+ttttttHrtttttttttttttH+~ittttttffittttttttt~+++H+H+++ttttttitttitttttttt++++t++tttttttt#Hfl!IH!lffiH-H-H-i+-h-H 

I I,, 
I I 

: 37 gpm 

I r = 58 ft. 

I 
6S/Log cycle : 

I .45-(-.04) = .49 
I T - 264 ( ) 

I I I 
6S/Logcycle 

1 l I - 264 ( 37 ) - 9768 

: ! : ! 
- -- -;-4-9 - -

~ 
i ' 19,934.7 gpd/ft 

2,665.1 ft 2 /day 

j , , I l ' ' 
I i'I' 

.. 

·I 

I 
r. 
I', 

C, 

0 :1 
I ..... 

I ~ ' ' .,2 I "' '° 
1,1 

11 il 1,,, 

I li I I I 
: 

11' 

I 

'", I ' •_ jl li • I 

,,,1 ' 

'!1 

I 

,.I 
,,., 

I 
,,, 

i , .. ii N 
(..-, 

I 

• 0. 
0. 
(b 

::i 
0. 
C 
3 
0 
0\ 

I ,_. 
~ 
I 

~ 
00 

Iii 
!! 

,, .. .. ,,,! .. .,l:1 ' ~ •:11, ' ' 'l I ,111 .... ,.; 1itl '1i 1,!I .. -,,,., 
' · • • • · · • 11 • '; i · • I · • 1 I , I I I , I I , .. "•, , , 'I , l , , , -ti 'l : 

.... ::0 ''" "" 1·1·. I tq 'I I. I I ' ! I l I ' I . 1, I,,,, Ii' -I"' l ' ' 
"T'1 ITI ~ l . I I · · 11 ''II 111, I . ' I I I •II : ' I• · ' II I , I j. ·1 ,,,, I 1 ''1! > 1 •t I ,· '· 

:z g ~ . ·,;:; :1 !l!!::!:1,:1,1 1•: 11~ 1, I 1,,1' I '11'!1: 11.·, ::":hlml:j:.j::- Wt:lf-"-!,1',-.;l-,-!_++->-:l+.-l--'. : ...,..:: f+-l!'.+:.,' lf-11,iiftt-:l ltl!++,-4-i+j,+jl ..;..m+1HH++1-H414111; 11 
I .... < I ' I ' . I I "I I I,, I,. • I! Ii ; l ,, I ' ' .. I I I ,: ! I I 

~~ ~ I i :;: :! :1·:!t I !1,11! I II ' 1,i:'i'';; l:1 :'.::;!;ii.:!;, ( I ' ' 
' -~ 
I ' 

r-v r::J !.:;4 . , . , , :1i !' i111, , ·
1 Ir, : ,1, ii, ;::; ::;j .,,: .. 

I l+l :. , I 

I I 
l(i lid I I ll" ,,. ,,, ·ii 
I , I l 

I 

I 
: 11 
I i:, 

~ ~ ~ : !/: · I! I I I 11!1 I 1:
11 

I I :1 Ii 1':l:::! 
rr, "' C:, • ~ •+-.--; ·++: -H-4-++l+H-4++H+++HHHH·+++-l+l++t!-l+#-fifHH-liHIIHlll-+-~+JJi4-I--H+-1 H++++HIH-mlmll-++J-.l++H+m<l+HH-IIHH11AA--++++-+-4,.'' -rl. +11+' -l-+Hl+H+-ltH,l,ll++-l+WH-++-lll+H-l!tH-ll-!l1'HII 

;;o 0, < ,i - h ! I I\ I II I I 
.: ~ en s lL1

LL!l :(!l!:CL.LJC.W...LllJCLLLl

1
~ .. ~~ ... ~~ .. LU..l....LJ..ll.ll.U.WUJ.illUJ=L.L\ .l.l~"1-'-.l....U..LU.l..J..l..!..liJ..ill.llllWJL1U.1.lll.JL!.!..U.J..IJ.!.LWJ.l!lil.lWL..L..L.L.LLL!...l.LLLL!..llUWLil.Wllilll.LllJU.W..!..WcC!...l'.l.'..lli 11=1111rn1 •""1~ 10 
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RAMACO Brook Mine 

MICRO , 
EJLMrn SEP 2 1 84 AQUlFER TEST llA rA 

PKS GEOLOGY AtlD EXPLOR ATION 

s tate Wyoming county _ __:S_;_h;.;::e.;...r--'-id.::.ca::.cn-'--_ r._J]__~, R.~ Sec. 22 WELL NO. obs. BH-655 
Personnel Bondar and Gentry Test Type:--u:) Si ngle wel 1 drawdown (D Single well reco very 

(J) Drawd01vn with obs . we 11 (3) Recovery with obs. we 11 
,ner PKS '"5'. Other {Specify) --------------

A~ • s __ .:...P.:... . ....:O~-:.__::B:..:::O:.::.X_3::..:O~4.!...:9~--=-Sh~ea:..:.r-'i..::d-=-a'--'-n ..,_, ..:.W!..!Y_.,:.8:::.:28~O::...:l~ Ori 11 er_'--'-R!... . ..:.R.:.,:e:..:::e..::d _____________ _ 
f~thod drilled: A. Air-rotary 0. Dug P. Ai r- percuss ion V. Driven 

B. Bored or augered ® Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cahle-tool J. Jetted T. Trenching z. Other 

To tal well depth 220 Ft. Well Diameter 7 7 /8 in . Casing diameter 5 in . Casing type._P_V_C;__ __ 
Type of screen or perforation saw slots Interval of screen or perforation 172' - 212' 
Pump hp & type ______ Pump depth · __ ft. Aquifer _ ___,sp'"""o'"""i_l_s _______________ _ 

Aquifer l ithology mixed shales Altitude of land surface 3740.6 
How determi ned_-=-su::.;r-'v-=e:.<.y~e.;:;;..d _________ MP Above LSD Altitude MP - Below ------

WL from MP How measured..-il.9-=.a.:...l v:..::a:.:..n:..::om:.:.:.:.::.e.;.te::..:r~---=-S-=-te-=-v:....:e::..:.n:....'-=-s_:..:.;Re::..:c::..:o:..:.r...::d-=.e:....r _________ _ 

.. - - -
s, FT. s', FT. - TIME SINCE S - SI ' FT. 

i EXTENDED RESIDUAL I CALCULATED · 
DATE TIME DRAWDO\>/N DRAWDO\-JN 

PUMP OFF t, MIN. RECOVERY 

I 
I I 7-21-81 1400 .820 .82 0 

I 1415 .830 .48 15 .35 
I 
I 
I 

' 1430 .835 .40 30 .44 
I 

! 
I 

1445 .842 .36 45 .48 

I 1500 .850 
I 

.33 60 .52 

! 1515 .850 ,. .31 75 .55 

1530 .863 .29 90 .57 

1545 .870 .27 105 .60 

I 1600 .878 .25 120 .63 

' : 1615 .882 .24 135 .64 

I 

I 
1630 .890 .22 150 . 67 

1645 . 896 .21 165 .69 

I 
' 1700 .901 .19 180 .71 
I 
I ,_ 1730 .910 .17 210 .74 
I 

I 1800 .918 . 15 240 . 77 

I 

I 
1830 .925 .14 270 .!l C. _.zg ---= 

B9-2 13'TI ! 1900 .932 - .13 300 • 13 .80 

' I --. ~ -I 1930 .938 .12 330 1,/i/U•lll: .. .82 
I - . . -~ 

2000 .941 . 11 
LAN 6 U: ~ • i l , . ..J ,u , . 83 . 

. RECE1¥if D DEC- 1£ 8 . 19aa 
2030 .945 . 10 - .85 

:'" 

6-36bFN 4
1

0
5 / 293 FER M IT 

2100 .949 . 09 - · D . 86 • I I 
-

_....,_,____ ___ ________ .... -
- · 

TH! 6 2/ C 2 5 -
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RAMACO Brook Mine 

AQUIFER TEST nArA 
PKS GEOLOGY MIO EXPLORATION 

s tate Wyoming coun ty Sheridan T 57 @. R ~ Sec. 22 \JELL rm.obs. BH-655 
Personnel Bandar and Gentry ·--·. i-;st.~(D Sing-le-we_l_l_d_r-aw-down © Singl-e well recovery 

Q) Drawdown with obs. we 11 © Recovery with obs . we 11 
ner PKS 5. Other (Specify ) _____________ _ 

A, . s __ P_. _O_. _B_o_x_ 3_O_4_9_-_S_h_e_r_i_d_a_n _, _W_Y __ 8_2_8_O_1 __ Dr il 1 er R. Reed 
Method drilled : A. Air-rotary D. Dug P. Air-percussion V. Driven MICRO 

8. Bored or augered rm Hyd-rotary R. Rev- rotary w. Drive-wash flLM[D S:::P 21 '84 
C. Cable-tool J. Jetted T. Trenching Z. Other 

Total well depth 220 Ft . Well Diameter 7 7/8 in. Casing diameter 5 in. Casing type--'P....:V-=C'---
Type of screen or perforat ion saw slot Interval of screen or perforation 172' - 212' 
Pump hp & type ______ Pump depth · ___ ft. Aquifer_S::;.i:;...;O=--i'--'l...:;s'------------------
Aquifer lithology mixed shales Altitude of land surface _ _,,_3CL.Z.:.:40......_..6,__.;,.._ __ 
How determined.~.;;..su_r_v_e'-"y_e_d_-_________ MP Above LSD Altitude MP - - Below _____ _ 

WL from MP How measured--"g-"'-a-'-l -'-'va:.:n.:..:om=ec..::t:.::e.,_r_:......:S=--t::..::e:..;v_,,ec.:..:n_' "'"s--'R"'e=-'c::..::oc.:.r-=d"'-e-'-r _________ _ 

• · -
s FT. s' n. - TIME SINCE s - s; FT. 
' 

j 

DATE TIME 
EXTENDED RESIDUAL I CALCULATED · 

DRAHDOWN DRAWDNN 
PUMP OFF t, MIN. - RE COVERY 

?200 .953 ()A ,rnn P,7 

2300 .956 .07 540 .89 

7-22-81 2400 .962 .06 600 .90 

0100 .965 .05 660 .92 

0200 . 970 .05 720 .92 

0300 . 972 .04 780 .93 

0400 .973 .04 840 .93 

0500 .975 . 03 900 . 95 

--
.... f":) I -~ g -213 ' TS ----_, 

.. . . ,. __ 
·- ,__ 

, _ ,,,., ... 111'.'k -- . -. .. ~ <,_ V, ,_ • 

-.- r- r- .,,.. ,... nr(' rp 1 0 Q,, 
- '":" - -· 

- TJ:N I i:; I? a PER M IT 213- T,? .J 

- - ' 
C ~-361 --- TFH 6 2/075 

RE CD 10- 25 -1 8 

·- - -- - -----

October 2018 Addendum 06-14-50 DEQ Ex. 3-1593
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TIME RECOVERY CURVE 

10 '0 100 151 /l,l) 

;,-=---t--J LI 1 1111 11 1.llUIIUULULIULl..l!, I !11 'l:r ~ P.rrrrr'11!1: 1:"111PwL IT!fi 
JACOB METHOD PUMP TEST 

WELL : obs. BH 655-81 

TESTED : 7 -21-81 

I I! , .. . 
H-ttlttttttttttttttttlltt!-++++-H

1
-,+ 1+H : 3 7 g pm j 'f 
1 ' I r : 58 ft. 11! 

! I 
I 

' ; I 65/Lo,i cyc le= .4 2 ,:, 
1 I lt1 1 

. Ii I 
'.j: T. 264( ) 

I I ! I I: :: II : I: I !, I,:; 
i I I 11, ', , •,,•, 1 ! ,' 'I 1'.. 3 f-H- = ~62(_l__) 

1 1 :r1 ::: !:! ,'; ,I ~ ri ,I:,,, filttl-+-+++t+t+H1'., 1+++'1 H+H11-ttttt, II.Y!: ,fll-Hl++H-H+nfHtlfHfllll-llH!l--++11 t-H-+1.,...,::-:H .425 ''.1 

I . 6'>/Loy c ycle 

, I 11 ·1 11
•' / I; 1 ' 1 

I I 11· 11 ,, . . 22 984 d/ft ' 1 ",f , gp · ~t . I , 1 I I ; 1· t , 1 = 
1

1 
'n. i , : i:, ~i . i ! 1 1 , i · · · 1,11 

1111 II .. qi! II ,. ii nl I ' I 1 ''. i;;: 3,073 ft. 2/day ·~.:,' 
2 · 1 I I · :. ,, I " I: •I · , I·-+-+-~.......-+-< ~ 

I I I I I I :1 ,1,, ·• , I I' i:1 11, 11, 1, ~I,", 111 ,, l I '. ,, ,\ ,.... .!·,.,: 
, · . ''•

1 '·•1•'11:1 ',•; II ' 1!1 1 1 '.; j; .. :~1·1,f.··:;-~--:--·-,lli l!I 
>- J lL~ ~~J.11.JLiil~iJ L~ ~ ,l!i I ; I r- r-N-!. ,I 1: 1 • I .. ,. , In' I I 'I Iii :a ~~! ' ··• t =4=2.78xl · · df! 1:1 !:: :jr1I ~,ll!ll ' JJ1,·: J. !i;: :>: .. ,i:_,:11'11 ,JI ::; I :.1/!t'· ' :_q, 

n, ...., . i I O 1440 ;.1 Jil I ~ -· I ' I I ' ~- ' I I I I I I I : ' ••. I II 
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I I ', . I . I I " ' "' , •• I ,. - ~ I ti ', '· j I . I . I" !I I I I I I I . ,. ' I 

C, Cl _::;. i:: Ji: :1 ;!l'1!!l!!1' 'I ::1 1 I 1', :j II! •" j:::'1 rtt;1 1111 ~j!I 71,1,.1 ·1, 11 j ::; ":;,·1 :;;l' ;i:j,:,:·:1:1t ~: 
Lu .... " ' ,, I' .:1 •11 •1 I ,., ' "I, I II'··' • 11-,.! !I ii :1 ,!, 11· 1 I.,,,:.,,,. '·1 

~ c.., ~ ~ :0 
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~I ;; I I :;:1 ::.1 :!\ il!il :·!i 11,1 .::. 'i :, i, _: I, :, I I, '1111 ',, I,:_!_ ,111 :,I!_; ~rii.' .. 1_~1,.:_1,, ·,,;, ., f :_ j :_ :, ·. ·.· .. :: 

1
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1 
, 1[ I 1 11 
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0. 
(b 

::i 
0. 
s:: s 
tJ 

°' I ...... 
~ 
I 

CJl ...... 
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I 

RAMACO 

r~s GlLllh,t 1\:1.1 l. \l 'LJRAl itltl 

state Wyoming cou nty Sheridan 

Personnel Boodar aod Gentry 

Owner PKS 

Brook Mine 

T. fil_ __ ~. R.~, Sec. 22 \/ELL NO. 656 
Test Type: 0) Sing1e 1s·e 11 drawdown @ Sin9lc 1<el1 recovery 
3 . Drawdo><n with obs . we11 4. Recovery with obs. well 
5 . Other (Specify) _____________ _ 

ss __ ....,8,,_o~x---,.;30J,L:4L,9,_.,,_S,u.;hes..Jr._,,._,,· d.,.acuo .... ,_,wLL.Y.__ ______ Dril ler ___ _,R~....,B=e=ed...___~..---------,,i,I ,..) 

iJL,\ £;) SE:? 2 1 '84 Method drilled : A. Air-rotary D. Dug P. Air-percussion V. Driven 
B. Bored or augered {ITT Hyd -rotary R. Rev -rotary II . Drive-wash 
C. Cable-tool ':r. Jetted T. Trenching Z. Other 

Total wel l depth 110 Ft. Well Diameter 7 7/8 in, Casing diameter_---=..5_in. Casing type._--'-PV,._,,C:___ 
Type of screen or perforation saw slots Interval of screen or perforation 70' - 110' 
Pump hp & type 3/4 Gould Pump depth ·_lfilL_ft . Aquifer _ _..:e.S.t<:0~1l-·1._.s!.,._ _______ _______ _ 

Aquifer 1 ithol ogy reclaimed spo i) S 
How determined surveyed 
WL from MP 75 . 50 

MP Above LSD 
Below -----

How measured _ _.g""'a..:..l..:.v..:..an..:.o=-m...:e..:..t..:.e_r _________________ _ 

Altitude of land surface _ _.....36.,_.5..,.3c..,.._2 __ _ 
Altitude MP _____ _ 

.. , 

DEPTH TO TIME SINCE TIME SINCE S,F~ 
' t/t 1 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN . RESIDUAL 
DRAWOOWN 

7/111/Al no,n 7r:; r:;n () 0 

()Q 11 7~ ?'1 1 2.75 

()Q11 Al 10 3 5.60 

noH, Ar:; 1 i; 6 9.65 

()Q?() AR. 72 10 13 . 25 

I- - f'\O?r:; g1 63 15 16 . 13 

na,n 91 R? 20 16 . 32 

na1r:; 92.23 25 16 . 73 

og40 92.49 30 16 . 99 

nQSn -94.07 40 18 . 57 

1000 95.15 50 19 .65 

1010 96.31 60 20.81 

1020 97 . 06 70 21.56 

1030 99 . 00 80 - _ 23 . 50 

1040 101. 85 
I 7 '89-213 " 15 

90 26 . 35 

P11mn Of· 1041 101. 28 91 1/2/U -- -0 ·~,. 25'. 78 -----· - -
1043 100.15 · 93 2 46 . 50 24~65 

I 
1046 98.44 96 5 19.20 22 . 94 

' 

1050 97 . 00 100 - 9 11 . 11 21 . 50 
·--

1055 96 . 30 105 - ~14 7 . 50 , 20. 80 
I J 

1100 _ 95.27 - -·-· 110 
- . 19 ~.79 1 19 . 77 

-- -- - - ---------
- I -

fj-if=jt,y -TfN62/ ?5 
October 2018 RECD 10-25-18 Addendum D6- 14-52 DEQ Ex. 3-1595



I 

RAMACO Brook Mine 

I ' , ' \ ; l J ' \ I \ 

rKS GEOLOl,\ /,:1{) Ol 'LORAl ION 

state Wyoming county Sheridan r._E __ @., R.~. sec. 22 WELL N0 . __ 6_56 ___ _ 
Personnel Bondar and Gentry Test Type: 0 Sinq le we l 1 drawdown © Single 1,e l l r ecovery 

3. [) rawdo1m with obs. well 4 . Recovery with obs. well 
Well Owner.....!..P.!.>K""----------------- 5. Other (Specify) _____________ _ 

Ai Box 3049 Sheridan, WY Drille r R. Reed 
drilled: A. Air- rotary O. Oug P. Air-percussion V. Dri ven MICRO , 

ll. Bored or augered (H) Hyd - rotary R. Rev- rotary W. Dr i ve-wash FIUvirD SEP< 1 84 
C. Cab 1 e- too 1 J . Jetted T. Trenching Z. Other 

Total well depth 110 Ft. Well Diameter 7 7 /8 in . Casing diameter 5 in. Casing type __ P..:..V;...;C:__ 

Type of screen or perforation saw S 1 ots Interval of screen or perforat ion 70' - 110' 
Pump hp & type 3/4 Gould Pump dep th ~ft. Aquifer __ S_p:-0_1_·1_s _______________ _ 

Aquifer lithology reclaimed spoils 
How determined ___ ---=S:..::U:..,.r..!.v.,..e .... ve:::..d::....... ______ MP Above LSD - 6elow ------

WL from MP ____ ....:.7...::5..:.·..::.5..:;.0___ How measured _ __,_g.::.a..:.. lv..:..a;:.;n..:..o:.;.;m.;.::e:...:t..:::e..:..r _________________ _ 

Altitude of land surface __ 3:::.;6:c.;:5c.::3c.:•-=2'------
Altitude~------

-~ .. 

l I 
.. -

DEPTH TO TIME SINCE TIME SINCE 
I 

S, FT. 
I t;t' 

TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. RES I DUAL DATE 

1110 92.12 120 

1120 90.25 130 

1130 89.10 140 

1145 8,7 . 45 155 

1200 85.74 170 -
1220 84.35 190 

1240 83.50 210 

1300 82.22 230 

1320 81 . 40 250 

1340 80.27 270 

1400 79.67 290 

1420 79.40 310 

1440 79.23 330 

1500 79.16 350 

.. 
--

-

October 2018 

DRAWDO\m 

29 4.14 16.62 

39 3.33 14.75 

49 2.86 13.60 

64 2.42 11. 95 

79 2.15 10.24 

99 1. 92 8.85 

119 1. 76 8.00 

139 1. 65 6.72 

159 1. 57 5.90 

179 1.51 4. 77 

199 1. 46 4.17 

219 1. 42 3.90 

239 1.38 3. 73 

259 1. 35 3.66 

---
-

13 · T . ,., '89-2 -
l 

.... 
- . 

" ,-2, ·•- i u;l I . -
J -- i N D () l \, 1c I ~ - ALITY 

-- ::1r: 

- i Tf I 6 2/ ?5 
ECO 1 - 25 -1 

I 

' 

PF . ' Ef.:, 

r /~ ( ,. r r.i vi 213 -T2 

Addendum D6-14-53 

I 

DEQ Ex. 3-1596



RAMACO 

---~-··-
DATC THm 

Tr:ST 
TJ\KCN 

7-14-81 0913 
.. 0916 

0920 
0925 

0Q1n 

0935 
0940 

0950 -
' --
>- 1000 

1010 

1020 

1030 

1040 

~ 
-

' 

October 2018 

Brook Mine 

\~ATElt \~Cl.L 656 

l'UMl"'l.NG KATE D,\T,\ 

MIC:lO r ,
84 filM EI) $_P 2 1 

_,.--~---· ~-...,. ........... __._....__,_. ~-,..-,-.. •••· , _ _.. ,•r-r•--- - -"-- "f ~'111~• ·-M -,~,-~~ .. ·--"-;.••-,~-,_,__.. 
TEST 

DU l~\T [ON 

SL:C. 

45.00 

75.00 

107.00 

107.00 

4111 nn 
414 no 
414 . 00 

81. 00 

80 . 00 

81. 00 

81.00 

82.00 

83 .00 

I · 

TOTAL AVG. 

SPECIFIC CA 

\IOLWIE OF '1'1~iE h'El 1~11TE D 
GALS. PER DISCllt\l,GE, Ct\ LS. 1-/ET.C:IITED AVU:./\CE 

MINUTE IJUl\1\THW Dl :iCIL\RGE Q 

7. 07 5. 3 3 21. 21 

4. 24 5.3 3 12. 72 

2.97 5.3 4 11. 76 

2.97 5:3 5 14.85 

0. 77 5.3 5 3.85 

0. 77 5. 3 5 3.85 
-

0. 77 5.3 5 3. 85 

0.74 1.0 10 7.40 

0.75 1.0 10 7.50 -
0.74 1.0 

I 
10 7.40 

0.74 1.0 10 7.40 

0.73 1.0 l 10 7.30 

0. 72 1.0 10 7.20 

TOTALS 90 116.29 

~= 116 . 29~al . = 1 29 gpm I 
90 min. I 

bACITY = 1.2~ 9Em = 0.05 gpm/ft. I 

i 

----
25.78 ft +- -----· ~ 

. 189.213· ·s ·-• I?, 

.,. ·- -~ 

b· 1,A~D <ill. 

~,-- ,--;14 '" ... -- .... __ --
l • yv . ~ ,V,; 

r -:.1. _ 2 8 . 1982 _______ _ 8£.Cf.1-'LED. -- -

=;t==-----v·· ~ ~ 1:::o-:i Pi:R~ IT 
r 

I l -··-- ~ - .- -
.., 

1=l 62/ 25 
RE CD 10-25-18 Addendum D6-14-54 DEQ Ex. 3-1597
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TIME RECOVERY CURVE 

~~t,l\~I) 10 i o 100 

II II 
.J l l.LJ LlJ_J 111 

"' JACOB METHOD PUMP TEST 
l 

WELL : BH656 
..... 

~ 

TESTED : 7114 '81 
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RAMACO 

KS RESOURCE DEVELOPMENT 
AQUIFER TEST 
SLUG '.1ETHOD 

Brook Mine 

tate Wyoming County Sheridan T. 57 ~, R.4, Sec . 15 \✓ ell No . BH 657 -81 

ell Owner PKS Test Personnel Collier, Jones --------------
,dd · Sher i dan, WY Drille r R. Reed 

ot, .ell Depth 80 Ft. I-Jell Diameter? 7/8 in . Casing Diameter_5_in . Casing Type PVC 

ype of Screen Perforation saw slots Interval of Screen Perforation 40' - 80 ' -----------
'olume injected/removed_-=-l-"-0.;._:6'--""g=-al"--'. __ Pump hp & type 1 hp. Gou l d's Pump Depth __ 7~5 ___ Ft. 

\q uifer rec l aimed spoils Aquifer Lithology mixed shales ---------------
1 l tit u de of Land Surface 

;wL from MP 67. 40 

3627.8 How Determined surveyed 
----------,M....,IC,...,.R'"O---, ---

How Measured galvanometer FILMED SEP 21 84 

DEPTH TO TIME SI NCE TIME SINCE H 
DATE TIME WATER LEVEL PUMP OFF , PUMP OFF , H/Ho 

t' min . t ' sec . H=Sl✓ L j-Sv/Lt 

10-6-81 1351 77. 75 0 -.. 0 10.35 1.00 

1352 76 . 77 1 60 9.37 .91 

1353 76.38 2 120 8 .98 . 87 

1354 75 . 87 3 180 8 . 47 . 82 

1356 74.79 5 300 7.39 .71 -
1358 73 . 80 7 420 6.40 .62 .__ 

1400 72 . 96 9 540 5. 56 . 54 

1403 72.10 12 720 4 .70 .45 

1406 71. 39 15 900 3.99 .39 

1410 70.64 19 1140 3.24 .31 

1415 70.11 24 1440 2. 71 .26 

1425 69.45 34 2040 2.05 . 20 

1443 69. 12 52 3120 1. 72 . 17 

1503 68.93 72 5184 1. 53 . 15 

1526 68.68 95 5700 1. 28 . 12 

--
-, I :q ' 89-213'TS 

.,a,,,.~-_ ' 
_,.. 

a, Oc "'' ~ ~J. --, . ~ 

r-· .. ' .. 
RECEIV E· ' ~8 . l 98~ 

TFN l 5/293 PERM IT J _,.I~ 

-- -
1n IJ"l/U25 

October 2018 R CD 10- 25 -1 8 Addendum D6- l 4 -56 DEQ Ex. 3-1599
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RAMACO 
Brook Mine 

MICRO 
ElLMEO SEP 21 '6~ 

INSTANTANEOUS DISCHARGE OR REC~ARGE CU RVE 

' q_ 
-- ' -
---

/: 1 • 
1 

• . , , . · - · · 1 11 n :. • • . t. , ·, ii ,. l • • , . 1 i, , 11 t , , : ,. ,, , · I It . ". 111111 1: · ;: 
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RAMACO Brook Mine 

AQUIFER TEST PllfA 
:S GEOLOGY AtlO EXPLORATION 
:ate ~Jyoming county __ S_he_r_i_da_n __ T .~er, R.~. Sec. 15 WELL NO . BH 657-81 
irsonnel_C_o.....:l.....:l.....:i-=.e.....:r.:..., _B_o.....:w_l...;.,by,__ ___________ Test Type: (]) Single we l 1 drawdown Q) Single well recovery 

PKS 
3. Orawdown with obs. well 4. Recovery with obs. well 

i 11 n,.,.,er~-,---:-.,-----:-:----:------------ 5. Other (Specify ) _____________ _ 
ldr Sheridan, \~yoming Driller R. Reed 
ithc,- . ,illed: A. Ai r-rotary 0. Dug P. Air-percussion V. Driven MICRn 

B. Bored or augered (tr.'\ Hyd-rotary R. Rev-rotary W. Drive-wash S 
C. Cable-tool J. Jetted T. Trenching z. Other flLME.D [I, 2.1 '84 

Jtal well depth 80 Ft. Well Diameter 7 7 /8 in. Casing diameter 5 in. Casing type PVC 
ype of screen or perforation saw Slots Interval of screen or perforation_..;..4.=..0 _' _-.....:;..80.a-...' __ 
ump hp & type ½ Goulds Pump depth ·~ft. Aquifer_re.:..c_l_a_i_m-'-ed_s'-'-p_o_i_l_s ____________ _ 
quifer lithology_~s_h_a_le_s __________ ,.,--____ Altitude of land surface 3627.8 
ow detennined surveyed MP Above LSD Altitude MP ______ _ Below -----
loll from MP 70 . 05 How measured galvanometer 

DEPTH TO TIME SINCE 

DATE TIME WATER LEVEL PUMP ON t, MIN. 

--10-82 1230 70.05 0 

1232 71. 54 2 

1233 71. 71 3 

1234 71.85 4 

1235 72.03 5 -
1237 72.22 7 

1240 72.46 10 

1245 72. 90 15 

1250 72. 99 20 

1305 73.05 35 

1315 73.34 45 · 

1324 74.00 54 

1341 74.43 71 

1400 74. 71 90 

1430 75.02 120 

UMP OFF 1507 75.33 157 

1508 74.95 - 158 -
1512 73.25 162 -
1514 72.80 164 

1518 72.20 168 

October 2018 

-:::7 ·- TIME SINCE S, FT. . 
I t;t' PUMP OFF t, MIN .· RESIDUAL 

DRAWDOWN 

0 

1. 49 

1. 66 

1.80 

1. 98 

2.17 

2.41 

2.85 

2.94 

3.00 

3.29 

3.95 

4.38 

4.66 
8 ~ 1./1 -

- 4.97 -- - "' ... • 1'<il 
17 .:) l / ..., 

-··-- •'91 ____,.-
0 ~ £:~ 5.28~.:-. ,-, ..... - ------ . -, 
J. 

5 -
7 LAND QI 

ll RE CE IV E 

~- TFN 1 . 
~r:.-~ 
T·N62/ ?5 
RE CD 10- 25 -1 8 

158 4.M-

32 . 40 3.20 

IAL!~~4!,>I IS~~~ 
D DFC 'f 8 

15.2 ll~~ 
/293 PH MIT 'J ' . 
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RAMACO 

Well No. BH 657-81 

Test Da te 8-10- 82 
~ 

.. ,., 1· E TIME DEPTH TO 
WATER LEVEL 

1524 71.68 

1530 71. 27 

1537 70.92 

1545 70.57 

October 2018 

AQUIFER TEST DATA 
CONTINUATION SH EET 

TIME SINCE 
PUMP ON t, MIN . 

174 

180 

187 

195 

---
----

Brook Mine 

~:,:·~n 
nwm ~[P? I '84 

Page 2 of 2 ---
Tir1E SINCE ;i' S, FT . 

PUMP OFF t I' MIN . RESIDUAL 
DRAWDO\·IN 

17 10.24 1. 63 

23 7.83 1. 22 

30 6.23 0.87 

38 5.13 0. 52 

-
0 ~, ~',f '"'" " - --

I',\ B9-2 13 T3 "" - -• a. • . ,.,, ... ~~ .. q --
~ 

LAND QUALln lJ I 1'::> 11 m 

RECEIVED DE C. L' 8. 1 ! 82 

lFN l 5/2~j t"t. KMll t2 13 -12 
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RAMACO 

TI ME TEST 
TEST DU RATION 

DATE TAKEN SECONDS 

8-10-82 1240 454 

1245 46 

1305 566 

1324 42 

1341 46 

1400 46 
1430 46 

1507 46 

-

October 2018 

WATER WELL BH 657-81 MIC:,8 S'P? 
1

,84 fJLM.E.Q t ._ 

PUMPING RATE DATA 

VO LUME OF TI ME 
GALLONS PER DISCHARGE \·JEIGHTED 

MI NUTE GALLONS DURATION 

.70 5.3 10 

.65 0.5 5 

.53 5.3 20 

. 71 0.5 19 

.65 0.5 17 

.65 0.5 19 

.65 0.5 30 

.65 0.5 37 

TOTALS 157 

Average Q = 10 .35 - n c:i:: n -~ 
1 ) / .., 

Specific capac tv - 0.65 qom ,n 

Brook Mine 

\ff I GHTED 
AVERAGE 

DISCHARGE Q 

7.00 

3.23 

10.60 

13.57 

11.05 

12 . 35 

19.50 

24.05 

101. 35 

-
5.28 ft. • J. <. ::, t-'"'I I l. • 

tj/jl, 
L 3 ! • ---- ---- .. ~-.:a •TI 

i UJ - . ....... 
1-": ~ --- , .... ~ .. -_-,-...,, -

-
lANO QU ALi TY DIVI S I OII . 

- RECFIVED D ·C . ?8. 1 9A? -- T C !ll I t: /') ( 1'.l 01:' 0U IT - - 223- 7, 

: r 2/ 15 
RECD 10- 25 -1 8 Addendum D6-14-60 DEQ Ex. 3-1603
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TIME ORA N CURVE ~~~.~~ Sr l ?. 1 '84 

10 ( 0 100 1'0 200 
l lJ J 11..LU I JJ LI LIUI ' " ' I! 

i ! I 
. ~ l' ': 111

11J1!1 1l ll!l lll!l l[TI!J!lTilffil 
JACOB METHOD PUMP TEST I 

-. 11 
WELL : BH 657-81 , I 1, = 0. 65 gpm 
TESTED: 8-10-82 'I I I 

: I : 
CIS/Log c ycle = I 

: ! ! 1 
4.5 - 1. 9 = 2.60 

T - 264 (Q) 

I.' I 
· - 6S/Log cycle 

1 ·.' 
. I' = 264 ( 0. 65i 11 'I 

! I: I 2p0 ' '' ' .. 'I 
I~;, I 

I ' ! i : 66 gpd/f t. I 

• 1 l 
f'-1' I I ,, 

I I 1;1,c l,l ~~ i 
i ' - 8.82 ft 2 Jday 

'~ 
~ rr ri ' 

l's ~ 11 11 ,.., In I· 11 ~ - --- ··I, - ~. na-r I,' ·;i- :i ' . . . . ., 'I · I, ! ls~ , . l ,x ·11 ;f ... ' il·1' I ~ I f I I •Ii! . I I 
~ I I I ~I I ... (I I I ' I 'I I I 

I ! I:!: ,lil I I I 

! I 11'<, I '' .. ', II I . t ' I I ' :, 'f I 
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0 
0-
('1) 
'1 

tv 
0 ...... 
00 

TIME REC1. .<Y CURVE 

10 ' 0 100 150 zoo 

0 

. 5 

I ~,,,., :-rrj' )n-nJ q=1q=ipnnJjlj~l l.,,..ii .,.,., ! jrnj i lU1I~,-, 
: . ' . 

1-tffifttt-Httt\tjt!!-!-fif!ll--i-+-t-+++1! I+++ I = o . 6 5 g pm 

,,11n=11111,.---.-~~~~~~~~- t++H+-lfH-1-H,IIHll#l-l!Hil-l--H-+++jl H,-r-J' H 6S/Log cycle' 

1111111!1 4.8 - 1.4 = 3.4 

1~1 L J I I I LJ.U J_illillll 111 • ,I 
JACOB METHOD PUMP TEST 

WELL : BH 657-81 
TESTED : 8/10/82 

I l! 

! 

1 I ! I j :II 
i I I I I !, 

2 

•11!111111 I l1: 1 T_ 264(0) 

1m11m i ' I I -6S/Log cycle 
w11nn 1

, 
1 

: '. ' I _ 264 ( 0. 65) - - I:""il 

= 50. 5 gpd/ft 
I .. I . 

l.
5 iu I I II 

t::' I I! II I 
: H;-,-+-++t-

1 

-t---,iH+h-1 ° H-',, • h--1

1, ,-tttt+il I ltttH~f-++H!1H+#,. 

1 

lr-t+ttt-H+-1:: tttt 

I I 1 - i : '. I 6 . 7 5 ft 2 /day z , 1 1, j 

2.5 ; I ! ! l, !! 1li :! '111 ,,, I !I I I l ~~~I' · I I -U I :, .. ·:_111•1,;11.~:-;- ,i 1' ""' ''i. 
<I ' I I . . ' ' I I I ' I I I i I I I ' 

3 ~J-~-r- ;--:-". ~ 'Tqr' I' I 'j' I '1 i '1 ':, ! I I ·: ! I I -,- ' . I · 1 I I I. I 

~ ~: I : i : : ; i ; ii ; i I I I I ' ' ~ ~ l ! I i : I ': : i ti 

I I:! 
I .. I l 

I I I 
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3. 5 ~ ~ ! ·I, l I i :I '1· I !, I i I 11· i I ' I . i'I I; :, i,', ' I ;I ;, 1, ; ; : ! I 
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. u, -c - "" 00 2 

4 7 . I I • ! 1 111 j . I I I I i I' I-+,~, -I H--++-r-+++-1-+tt++Ht-tt+tl+t+tH-ll-t-tt'l<!-I -, ' H-t-ttttt<ft!ttt . • ' • 1 ' ' H ! • ,· I 
• I ' 'I ' 11 I I , , i . I I I i I I I I I It I 
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RAMACO 
Brook Mine 

AQUIFER TEST 
(S RESOURCE DEVELOPMENT SLUG ~TH OD 

tate Wyoming County Sheridan T. 57 S., R. 84 ®, Sec . 15 Well No . BH 658-81 
211 Owner PKS Test Personnel Col lier, Jones --------------
jd Sheridan, Wyoming Ori 11 er R. Reed ----'------------------
0 t. ,ell Depth 80 Ft. \.Jell Diameter? 7/8 in. Casing Diameter_.5._in . Casing Type PVC 

ype of Screen Pe rfo ra ti on saw slots Interval of Screen Perforation 40' - 80 ' 
---'-=---="----------

olume injected/removed 13 .1 gal Pump hp & type 1 hp Goulds Pump Depth 75 Ft. 

quifer reclaimed spoils 

lt itude of Land Surface 3622.5 
Aquifer Lithology mixed shales ------- ,.;-• . - _) ______ _ 
How Determined_.::..su=r-'v-=-e.,_ye::.:d;..__ _____ ,...:?_2'-irr-'&B4+----

WL from MP ____ 64_._1_7 __ How Measured galvanometer 

DEPTH TO TI 1E SINCE TIME SINCE H 
DATE TIME WATER LEVEL PUMP OFF , PUMP OFF , H/Ho 

t' min . t, sec . H=S\~L j - Sv/Lt 

10-6-81 1120 76.99 0 0 12 .82 1.00 -,~. 
., 

1121 76.64 1 60 12.47 . 97 

1122 75.87 2 120 11. 70 .91 

112 3 75.14 3 180 10.97 .86 

1124 74.33 4 240 10.16 .79 
-

1126 73.04 6 360 8.87 .69 
-

1128 72.20 8 480 8.03 . 63 

1130 71. 85 10 600 7.68 . 60 

1133 71. 10 13 780 6.93 .54 

1136 69.97 16 960 5.80 . 45 

1140 69.31 20 1200 5.14 . 40 

1145 68.68 25 1500 4.51 . 35 

1155 67 . 75 35 2100 3.58 .28 

1205 67 . 13 45 2700 2. 96 . 23 

1220 66.49 60 3600 2.32 .18 

1240 65. 77 80 4800 1. 60 .12 

1310 65.35 110 6600 1.18 .09 

131 5 65. 29 ll5 6900 - -r. 12 .09 

7/3 89-2 13 ' [3 <.,uA!-!a,1-.iii Ii ,; --•N • . 

' I "I 9c.;, 3 '5 I\ , .. ; f . ('• .. 
- TFr. l 5,' 'B ,, IT' 213-T2 -n , £. 7,7/.l 

October 2018 
Tf l 2/025 
RE CD 10-25-18 Addendum D6- l 4-63 DEQ Ex. 3-1606



RAMACO Brook Mine 

l,1!C'1:u S; D 21 '84 
J-ILMl:.D L, 

INSTANTANEOUS DISCHARGE OR RECHARGE CURVE 

: 11 l:· 
11 ,. ., 0 

I ,; i '11 1: I I ill• "':j 'I 

I I I'· ' I j , I I I I !ll 
' h,. I 11 1 

' I 

' I ' 'I ! ~ I I I ! 
! i I !SLUG METHOO PUMP TEST I 

I I i ; I ' I . I I l 
I' I I WELL · BH 658- 81 . I 

.. I I I ! ; I ;-,_ 
i' I I 

I 
TESTED 10-6-81 I · I 

I'\_ I I I - I I I J •· 

I I I I: \ 1 I I I I 
I 

i' ! II• i I I ;; 
; I \ I ' I I 

I ! I ! " ,[ · 

0 

I 

I I I\ 
: I ,. 

i : I j' l I : 
; 

. \ ' ! .. I 
i ·: ~ ' 

.. I I . I .. .. 
I I ·I\ i I ·1 
I ,. 

I I r I .. 
s i 

I .. ' I 

i ... I I I I ·1 I I . ... I 

0 

~ 0 

I 

I I, ... 
I I i 5 

I ! ma· j! , with tyl)I Cli,.V I! ~ I• 1w 2 · ·,' 

' K" I :, .. I I I I 

0 

I \. I 
' 

.. 
I 
C . 

\ I ... 

0 

0 

I \ I :• re= . 21 ft . 
3 f---

'\ 
.... .1 t • 1100sec. 

I 
'~ 

; I I -
I \ I I I 

O : .21 )2 
I I 1 ,-- ' 1100 I ! I 11 

I 
I ' \ I I I 

' 4 X lQ"S ft 2/ser I ; 
+--

I ~ 
1-: 

I\ 
I : I I I 

' I I I I i I ... 
I ! I i I i I = 3. 46 ftZ / day " I - N 

I "' 
11 

.. • 26 gpd/ft . i '"' u I I I 
i I I I ... i ~ ... I I 1 "I :;:;, I I' I 

' 

Ii I 11 I 
I I;'--... ii I I I i :i I I I 0 

J . I , S 10 • ,o 10 0 
t, saconos 

• 89 -2 13'T 

--
1\. I I C . --

,._l 

I - I 1 r 213-T~ 

2/ 2 5 
October 2018 
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RAMACO Brook Mine 

AQUIFER TEST n~rA 
S GEOLOGY Atl ~ EXPLORATION 

ate Wyoming county Sheridan T.~~. R.~. sec. 15 WELL No.BH 745-82 
rsonnel Collier , Andersen Test Type: l. Single well drawdown 2. Single well recovery 

Drawdown with obs. well (!) Rec overy with obs. we 11 
11 f> .,.,er_l-'_K_S _________________ 5. Other (Specify) _____________ _ 

d, Sheridan, Wyoming Drill er D. Fudge 
·thow ~rilled: A. Air- rotary D. Dug P. Air-percussion V. Driven 1•,~MO • ~ ,

84 B. Bored or augered CB) Hyd-rotary R. Rev-rotary W. ·Dr1ve-wash //1 '.1L;> ~' ,' 1 
C. Cable- tool J. Jetted T Trench ing z. Other 

ital well depth 84 Ft. Well Diameter 7 1 /8 in. Casing diameter 5 i n. Casing type_P_V_C __ _ 

,pe of screen or perforation Saw S 1 ots Interval of screen or perforation 64 -' - 84' 
imp hp & type 3/ 4 Gou 1 ds Pump depth · -1.§__ft. Aquifer_.;..r~e..;;.c..;..l a;;;..1.;._·m..;..;e:;_;d_.::;s.i:.p..;;.o_;_i _l SC-._ ____________ _ 

iuifer 1 ithology sha 1 es Altitude of land surface. _______ _ 

iw determined MP bove LSD Alt itude MP Below ------
iL from MP 58 . 50 How measured__.z9.::a.:..l .:..v a::..:n~o:.;.;m.:..:e:..:t:..::e.:..r __________________ _ 

- . 

DEPTH TO TIME SINCE ·· TIME SINCE s, FT. 

DATE TIME WATER LEVEL PUMP ON t, MIN. 
I 

PUMP OFF t, MIN. · t;t' RESIDUAL 
DRAWDOWN 

7- 9-82 0955 58.50 0 0 

0955:30 59 .55 0.5 1.05 

0956 59.78 1 1.28 

0957 . 59.85 2 1. 35 

0959 60.11 4 1. 61 -
1001 60.51 6 2.01 

1nn4 60.81 9 2.31 

1008 60.94 12 2.44 

1013 60.82 17 2.32 

1020 60.39 24 2.39 

1030 60.90 34 2.40 

1045 61.09 49 2.59 

1115 61.29 79 2.70 
( 

~ 3 ... 
1200 61. 22 124 2. 72 

.., 1:1 , 1s9.213•r a 
_,_ 

1300 61. 27 184 '"""'-2 . 77 
Pump -
Off 1400 61. 22 244 0 - 2. 72 

1400:30 60.29 - 244 . 5 0.5 489 1. 79 -
1401 59.66 245 1 245 . -1..l,6 -i-- 9/2/ 'H ...... ' 
1402 58.83 246 - 2 123 - o ... ~ # 

. -- Ltlt'I U \,/\ 'RLltl un l~•v n 

1403 58 . 55 247 - 3 " 6~.3..3o D ... O.S. ..,,.,.,.. ., .. , 
,. . __ ._ - - -

' '"' "l-.,- --Tf 6 2/r'l ?5 
October 2018 RECD '_,,,_.ll 

.; 
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RAMACO 

Well No . BH 745-82 

Test Date 7- 9- 82 --------
r ur1fE TIME DEPTH TO 

WATER LEVEL 

1405:30 58.55 

1406:30 58 .55 

1410 58. 54 

1420 58 . 53 

1440 58.52 

-

~ -

October 2018 

AQUIFER TEST DATA 
CONTINUATION SHEET 

TIME S1NCE 
PUMP ON t, MIN. 

249. 5 

250. 5 

254 

264 

284 

' ' 

Brook Mine 

r ... · ' , •. ., '84 
l:.JL,,, 'J r 2. 

Page 2 of 2 - -

TH1E SINCE J{ S, FT. 
PUMP OFF t' , MIN . RESIDUAL 

DRAW DOI-IN 

5. 5 45. 36 0.05 

6. 5 38 . 54 0. 05 

10 25 . 40 0. 04 

20 13 . 20 0.03 

40 7 . 10 0.02 

--
'> t '1' 1'~ ---'"'I, ~ I /CUll 

.J .. -- -. 
• ,., ... ,1 a;,. ~ .. 

·-·-- .. 
1..1-\ l'I r I .J 11 J'- 11 , . ' ·~ 

I 
' ' -

r J •~ I r , ,-1 P, , .ti'\( 
r •, 

Ti- 2/ ' '5 
RECD 10- 25-1 8 

Addendum D6- 14-66 DEQ Ex. 3-1609



RAMACO Brook Mine 

WATER WELL BH 745-81 
MICRC 

PUMPING RATE DATA fllli...:r, S,.: ,: 1 '84 

TIME TEST VOL UME OF TI ME \~EI GHTED 
TEST DURATION GALLONS PER DISCHARGE \·JEIGHTED AVERAGE 

DATE TAKEN SECONDS MI MUTE GALLONS DURATIOM DISCHARGE 0 
7- 9-82 0955 :30 23 1. 30 0.5 0.5 0.65 

0959 17 1. 76 0.5 3.5 6.16 

1004 16 1.88 0.5 5.0 9.40 

1008 19 1. 58 0.5 4.0 6.32 
1017 19 1. 58 0.5 9.0 14.22 

1030 18 1. 67 0.5 13.0 21. 71 

1045 18 1. 67 0.5 15 . 0 25 .05 

1115 18 1. 67 0.5 30 .0 50.10 
1200 18 1. 67 0.5 45.0 75.15 
1300 18 1. 67 0.5 60.0 100.20 
1400 18 1. 67 0.5 60.0 100.20 

TOTALS 245 409.16 -

Averaqe Q = 40~ .16 
~45 = 1.67 gpm 

Specific capacity= 1.67 gp~ 
2.77 ft = .60 gpm/ t. 

J , , Q n '> 1 ~ • T, ---I...,, --

t ll•••-• --------· - --· - - "----- -n & a, "' -• • a - - -

Kt:.CUVt:.U µ tC- 26 . 1982 

TFN l 5/; 93 PERM ll - ... - :;:._ _ -

, I .· tt L J 

October 2018 RECD 1 - 5-1 Addendum D6-14-67 DEQ Ex. 3-1610
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TIME RECL . <Y CURVE 
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JACOB METHOD PUMP TEST 

WELL : BH 745-82 
TESTED : 7-9-82 
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6S I Log cyc le , 
.05 - .02 = .03 

T = 264 (0) 
6S/Log cycle 
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RAMACO Brook Mine 

AQUIFER TEST llMA 

<S GEOLOGY AtlO EXPLORATION 
tate Wyoming county Sheridan T.~:P,, R.~. sec. 15 WELL No .obs. BH 746-81 
ersonnel Collier - Andersen Test Type : l. Single well drawdown 2. Single well recovery 

3. Orawdm•m wi th obs . we 11 4. Recovery wi th obs. we 11 
ell n-- rier_P_K;.::.S _________________ m Other (Specify) obs. well drawdown 
:id Sheridan, ~/yoming Driller D. Fudge 
eth~- ~rilled: A. Air-rotary D. ~ug P. Air-percussion V. Driven 

B. Bored or augered ® Hyd-rotary R. Rev- rotary W. Drive-wash 
C. Cable-tool J. Jetted T. Trenching Z. Other 

otal well depth 81 Ft. Well Diameter 7 7/8 in. Casing diameter_..::5 __ in . Casing type __ PV_C __ _ 
ype of screen or perforation saw slots Interval of screen or perforati on 63-' - 83' MICRO 
ump hp & type N/ A Pump depth ._-_-_ft. Aquifer reclaimed spoils fll.MED S~P 2. l o, 

quifer 1 ithology __ s_h_a_l_e_s __________ ~----- Altitude of land surface ____ __;_ __ _ 
ow determined ______________ MP bove LSD Altitude MP 

WL from MP 60. 32 

DATE 

7- 9-82 

t-'Ump 
off 

TIME 

0956 

0957 

1000 

1005 

1010 

1015 

1020 

1025 

1030 

1035 

1040 

1045 

1050 

1155 

1255 

1400 

October 2018 

Below ------
How measured Galvanometer and Stevens Recorder 

DEPTH TO TIME SINCE 

WATER LEVEL PUMP OM t, MIN. 

60.340 1 

60.348 2 

60.358 5 

60.369 10 

60. 372 15 

60.375 20 

60.376 25 

60.378 30 

60.379 35 

60.380 40 

60.380 45 

60.381 50 

60.381 60 

60.382 120 

60.383 180 

60.384 244 

-

- TIME SINCE 
I 

PUMP OFF t, MIN. 

R 0 ~ 

S, FT. 

RESIDUAL 
DRAWDOWN 

0 .020 

0.028 

0.038 

0.049 

0.052 

0.055 

0.056 

0.058 

0.059 

0.060 

0.060 

0.061 

0.061 

0.062 

0.063 

0.-064 

- ----
. l n"''' · ,1 I 

if-l6 2/ 25 
ECO 10- 25 -1 8 

l (') 

I .-. i\h'i l l 2 13 -1'2 
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TIME ORA, N CURVE 

5 10 'O 100 150 200 

I I 
- -- t- f-1 • + +-++++++-l-++++H+++IIHHH 

l I J I I U1J.J "' l 'I· I >I " li '" j'. 11' 1111! 1!1111![! n..i\ 
I I ' 

JACOB METHOD PUMP TEST 

WELL = obs. BH 746-81 
TESTED = 7-9-82 

ittttttttt++lfil+IIH-llllf----+-4---1-4-++.;+.,.l -1-1 , 1. 6 7 g pm ~- i 

I . 
i I ; r = 46. 7 ft. 
111 6S_I Log cycle, 

.046 - .020 = . 026 

I 
.. ~ • :_IL II "- ' I', 
, :·, t 0 = . 16min. :!;, 

'1 I I' 

T - 264 ( Q) 
· 6S/Log cycle 

~r:m ·:11 !! I t 0 = . 16 min. 1 i: 
7 

I I j i J I 1440 min.:.' day , 
: : : ,: ; 11 1

1
-~ , . .., =1. 11 x 10 

4 
1 l r 

~ " I l j ;,,1 C 2,267,65 ft 2/ ::,, 

- 264 (1. 67 ) 
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RAMACO Brook Mine 

AQUIFER TEST l!f\ TA 
KS GEOLOGY At!O EXP LORATION 
tate Wyoming county Sheridan r.2-?__~, R.~, sec. 15 WELL NO . obs. BH 746-31 
ersonne l Collier - Anderson Test Type: 1. Single we ll drawd own 2. Sing le we l l recovery 

3. OrawdO\vn wi th obs. wel l 4 . Recovery with obs. well 
ell /lvner_P_KS _________________ <S) Other (Specify) obs. well recovery 
dd Sheridan, WY Ori 11 er D. Fudge 
eth'- . "rilled : A. Ai r-rotary D. Dug P. Air-percussion V. Driven MICPo 

B. Bored or augered ® Hyd-rotary R. Rev-rotary W. Drive-wash Fil r.1• 0 sr-• 1 1 '84 
C. Cable-tool J. Jetted T. Trenching Z. Other 

otal wel l depth 83 Ft . Well Diameter 7 7/8 in. Casing diameter 5 in. Casing type __ P_V--'-C __ 
saw S 1 ots Interval of screen or perforation....,..;.6;;;_;,3_' _-.......:.8;;;_;,3_' __ 

Pump depth • __ ft . Aqui fer __ re_c_l_a_i_me_d_s..,;..p_o_i _ls ____________ _ 
ype of screen or perforation 
ump hp & type N/ A ------,qui fer 1 ithol ogy __ s_h..::.a...,_l e,..s,.__ _________ ......-r-:------ Altitude of land surface ____ __:., __ _ 
low determined MP Above LSD Altitude MP Below ------
WL from MP How meas ured_.:::.Ga=-1.:..v:....:a=--n:..:::o.:.:.:me.::..t;;;_;,e=--r_· -=a..;..;.n..::.d_S:..t:;.;;e:..;.v....::e..;..;.n_' s::......;.R,;_;;e:..;;c..::.o,;_rd_e=r ________ _ 

- . 

DEPTH TO TIME SINCE · TIME SIN CE s, FT. 
I t;t ' 

DATE TI ME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. · RESIDUAL 
DRAWDOWN 

'-9-82 1400 60.384 244 0 - 0.064 

1405 60.355 249 5 49.80 0.035 

1410 60.347 254 10 25.40 0.027 

1415 60.344 259 15 17.27 0.024 

1420 60.342 264 20 13.20 0.022 -
1425 60.340 269 25 10. 76 0.020 

1430 60.339 274 30 9.13 0.019 

1435 60.339 279 35 7.97 0.019 

1440 60.338 284 40 7.10 0.018 

1445 60.337 289 45 6.42 0.017 

1450 60.337 294 50 S.88 0.017 

1455 60.336 299 55 5.44 0 .016 

1500 60.336 304 60 5.07 0.016 

1530 60.335 334 90 3. 71 0.015 

1600 60.334 364 120 3.03 0.014 

1800 60.332 484 240 2.02 0.012 

- - --Q .~ • ... •-- ·-- ----·. .. . -- I ~ ND I it ; t \: .. , ~ ltl 'fi. -
7,'3 1 '89-21: 'T 

- RECE IV _e n·-. :,. B • 1982 " ' . 

TFN l 5/293 PE RM IT 
213- 1'~ 

~I ' ' ' 
Tr- ! I 21 a 15 

October 2018 CD 10-25-1 Addendum D6-14-73 
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~ - l~..l.Ll 1 111 '"WlW.IJ.L..I...!. I '1" '11 11 ·;,.-~ :::·1t! j: ll 'I I I IJ I IIII IIWJll l~ ll ~! -

I JACOB METHOD PUMP TEST , 

~ WE LL : obs • B H 7 4 6- 81 ~- 1+++-~H+IH-1111-t-1!00---l--l-~l-l-l--W--W' a = 1. 67 
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I I 

11. 
I'. ' 

TESTED = 7- 9-82 
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I 

I 
I 

II 

I I 
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I I 
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! I 
I I 

1 ·: 

1 I! 

r = 46 . 7 ft. 
6S/1 og cyCl.f: = 
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IJ_ 

I I (! ! I l: ! i I ~~ , ,.. 

''1 
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~ I 
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Ii I 
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. . . 02 
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RAMACO Brook Mine 

AQU I FER TES T ll/\fA 
KS GEOLOGY MIO EXPLORATION 

tate Wyoming county __ S_h_e_r_id_a_n __ T.~~ . R.~. sec._1_5 _ _ _ WE LL No.obs. BH 746-81 
ersonne l Colli er - Andersen- Test Type: l. Singl e wel l drawdown 2 . Singl e well recovery 

PKS 
3. Drawdown with obs . we 11 ~ Recove ry with obs. we 11 

ell "- •.,er ___________________ 5. Other (Specify) _____________ _ 

_ __:S:.:.h:..::ec.:..r..:..i .::.d=-an~, ...:.W:..i.y-=oc.:.m:...:.i.:..:.n.,_g _________ Drill er D. Fudge dd 
ietho .... ..i r illed: A. Air-rotary .Q_. Dug P Ai r-percussion V. Dri ven 

8 . Bored or augered ® Hyd- rotary R. Rev-rotary W. Drive-wash 
C. Cat!l e-tool J . Jetted T Trenc hi ng Z. Other 

otal we ll depth 83 Ft. Well Diameter 7 7/8 in. Casing diameter 5 in. Cas i ng type 
ype of screen or perfor_ation saw S 1 ots Interva l of screen or perforation 63' - 83' -----
·ump hp & type N/A Pump depth __ ft. Aquifer_.;...re=-c=-l:...:a::...;ic..:.cmc:e-=d--=-spr:..o=-1-'-·1:...:s'--___________ _ 

w~~ SEP 2 1 '84 

PVC 

,qu ifer lithology shales Altitude of land surface ____ _.;. __ _ 
low detenni ned MP bove LSD Altitude MP Below -------

How measured Ga 1 v•anometer · and Steven's Recorder WL from MP ________ _ 

·- · -, -
s, FT. s ', FT . - TIME SINCE s - .. s', FT . . 
EXTENDED RES! DUAL I CALCULATED · 

DAT E TIME DRft!✓ DOWN DRA~/OmJN PUMP OFF t, MI N. · RECOVERY 

7-9-82 1400 .064 .064 0 -

1405 .064 . 035 5 . 029 

1410 .064 . 027 10 . 037 

1415 .064 .024 15 .040 

1420 .064 . 022 20 .042 -

1425 .064 .020 25 .044 

1430 .064 .019 30 .045 

1435 .064 . 019 3-5 .045 

1440 .065 .018 40 .047 

1445 .065 .017 45 .048 

1450 .065 . 017 . 50 .048 

1455 .065 .01 6 55 .049 

1500 . 065 .016 60 . 049 

1515 .065 .015 75 .050 

1545 . 066 .014 105 .052 

1615 .066 .013 135 .053 

- 9 / , r, u.j;:!';:" --
LAND )UAUTV t 

- - - . ;,•..,.. 
,v,s 1011 -

d 30 gc.-, R£CE IV :o DEC. 2 B. 1982 
. HN l 5/2 93 PE RMIT - 21 3· ;!;~ - . .... 

· 1 '_:.), .!13 " -~ . - . - - . '..., 

TF 2 / 0 2 5 
October 2018 RECD 10-25-18 Addendum D6-14-75 DEQ Ex. 3-1618
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RAMACO Brook Mine 

'K.S. GEOLOGY AND EXPLORAT ION AQUIFER TEST DATA 
- ·- ·--· ·· · 

UIC WY County Sheridan T. _5 7 __ <@, R. _fil_ ® Sec. ~14 __ ,~_; LL_il!0._5~8~2 ____ _ 

enonncl Bondar & Araas 

el! · .. ner P. K. S . 
' ' . Reed 

Addres.s Sheridan, WY 

Test (D Si1,gli, well dnwdown 3. Drawdown with obs. well 5 . Other (specify) 
type: (D SingJe well recovery 4. Recovery with ob,. well 

---------- Method drilled : A. AiMOtary D. Dug P. Ai.J-percussion 
R. Rev.-rotary 

V. Driven 

Mlf r,, J?rivo-wash ,epth 200 ft. 

,sing diameter __ 5~ in. 

fP e of screen Sa W 
or pcr!ontion S 1 0 t S 

qulfer Dietz 3 

ltitudc of land 
wrfacc 

;J 7 /!;, B. Bored or augered 
Well di.ametc - . C. Cable-tool 
Casing type P . V . C . 
Interval of screen l 65 , _ 18 5 , or pcrfora llon 

@ Hyd .-roury 
J. Jetted T. Trenchini 

Pump hp . & type -'3...,_/_4---'-T e.;;....e;;_l;__ __ 

1.1( t '.: o~.tl\ .., . •o, 
• •. ' ' l :.Fl 

Pump depth JlQ_ ft. 

Aquifer lithology _ co_a_l ________________ --'-----------

LSD --- Altitude MP ______ _ 
How MP Above 

determined _______ Below 

,VL f1om MP 
81 . 20 

How meas~~-==Ga=l=v=o=n=~:-::m:;:e~:-::t e=r::: . . -;=.:-:: .. :::-.=========::;:::::==================-
D,\TE 

3/27/80 l l: 00 

11: 01 

11 : 03 

11 : 06 

11: l 0 

ll : 15 

11 : 20 

( _ 11 : 40 

11 : 50 

12:00 

12: 15 

12:30 

12:50 

13: 10 

13:30 

14:00 

14:30 

OFF 14 :45 

14 : 46 
-----, 

14 :48 

14: 51 

14: 55 ___ __, 

15:00 

=115:10 
I l 5 : 20 

~15: 30 

-115:45 

October 2018 

I 
l 

Dl: PT! i TO 

l·IIITE R LEVEL 

81 .20 

93 . 44 

106. 11 

123 .84 

135. 98 

140.89 

145.33 

149 .00 

149.47 

149 . 50 

149 .82 

150. 18 

150 . 38 

150.38 

150 . 46 

150 .46 

150 . 38 

150. 41 

150 . 38 

134 . 68 

117. 82 

107 . 20 

96. 96 

91. 01 

85.92 

84 . 24 

84 . 03 

83.67 

T P J.!:: SI!<C[ 

PUMP ON t , !-:T l~ . 
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?lJ:-'. ? OFF t , HI !~. R:: SIDUA. L 
DR..\ \,1Do· .. :~: 
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12 . 24 

24 . 91 

42.64 

54 . 78 

59.69 

64. 13 

67.80 
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68 . 30 

68 . 62 

68 .98 

69. 18 

69. 18 

8 , 30 99. 2) J 69 . 26 

-- _ 69. 26 

-: 69 . 18 

~.21 

0 
~ ... - ~- 0 ~.18 

226 53:48 

3 76 • 3~. 62 

6 38.5 26.00 

10 23.5 15.76 

15 16.0 9. 81 

25 . 10 .01 4. 72 
35 - ~ .. • 0 7.4' J •0 ~.04 

I 

- f-= 
--45 ...... R .... E~c~E- ,-v~E.~u· • · · · ~ 5 .ltd 1 9 ~?83 
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RAMACO 
Brook Mine 

BH - 582 

l'UMl' uc: ;:td 1: l) i\'l,\ 

MICHO 
fil.tl F..,; 5r:> ~ 1 '84 

-~•--- ••---- ---....-•• , ., .....,...,..,..~- - ,, .., _...,.._...._ .. -•11"'1 0 ,:.,..,u .. ...,-•-••,.r • •• ••-~ •; ...,..•--- r -.. ,, , ........ .,.:: .. ,- - •--:,,,, ,...,. . .,,,,,.._,_~ •,,...- , : • i•~- ,.•-=~-

D1\Tl: THIE TEST ·.1r.u,,;1•: iJF I n::.: '·:t-: i C:iiT1:o 

11?11~n 

n:s-r oui:,\T (ON GALS · PER DlSCil,\ 1'Gt:: , C,\LS . 1:i:Ti'.:1:·;: :) ,\l.'EIU,C I: 

Ti\KEN SEC . MINUTE I 1;~11:,\ ·t·:c,: 
1
iJ1:;c::;,\,:c1: Q --------------- ____ , ____ _ 

11 · 03 

)) . JO 

ll · 15 

-..k-2 ...... 5 ....... DLu.O __ ___ ----->,8._._,..._23"'---- __ __:::,3~ .,_,.4J_, ___ l __ 3::;__ -----

_ ....,2 ..... 3 ....,.. o..,.o __ , ___ 8"-".-"-9..::...5 ___ , __ ----=3c..:..·...:...43=---l- --7 

I 24 .69 
! 62.65 .I 

37.40 

33. 15 l
_ -22~-~50~---~7~. 4=8 ______ 3~--4.~3 ___ 1, 5 

)] : 20 --=-3-=-l :_;;• 0:...:::0__ 6. 63 3. 43 5 
-----• 11 : 30 I ------- ---3-. 4_3 ___ , __ 10_ , ____ _ 

~--- J 1 : 40 3. 43 10 

35.50 5. 80 

29 . 50 6.97 

58.00 

69 .7 0 ,------- ------·--· - - - --
_ __ 11 :50 3.43 10 30.50 6.74 67 . 40 

.__ ___ 12:00 3.43 10 

( ---•~!:!~ 1-----,-------•---¾::~---! !~ 144 40 

--~- --_-_-_-_-~:--13_:_l 0--, 3. 43 ,--2-0- ', 137. 20 

.__ __ _, 13 : 30 __________ 3_. _43 ___ 1 ~ l 13 7 . 20 

1 
____ ,_1_4_:o_o __ ,______ 3 .43 !~ 205.80 

_______ \ 180 -1~1264_. 5_9 __ 

_______ 1264.59/1 80 =7.03 I 

~------- -_-_-_ -_-_-_-_-_-_-_ TOTAL AVE. Q. • 7.~~:-1-----
------- Speci f i c capac ity 1 7.03 \-----

______ ---- __________ 1_69 . 21 =Jlo gpm/ ft. 

-------~J.. . _I _~!___ 

29.20 7.04 

28 . 50 7.22 

28.50 7. 22 

30.00 6 .86 

30.00 6.86 

30 . 00 6.86 

70.40 

216.60 

I=~~~ 3 

9~~~1---:::=~ 
_ ____ :======== - !i __ J 

--- -------- - i J(, 3 i 
----------- LAND vu~. l~~"-J~ __ "' ___ _ 

\ 

1

1 RECEIVED pre ~8 1198~ 

~---,---- - TFN l 5/~93 PERM~-T-2-13--T-2--

._____._____._ _________ . ----- ---------------·------·- ______ L ____ J ____________ _ 
nt._ ,qn 
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..... , .... _._>-+-+-+ -

1- - ..--i-+-11-H-++H -

' HIIHl -+-+-t- 1-+ ++-+- H - • 
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- 1 • 9 5 
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WELL : 8H582 . . '-- O= 7 . 03 gpm 
TESTED = 3-27-80 j ~ 

11111111 6S/Log cycle: 7 . 6 s- 3 . 5 

11 I 4 . l = 

l 0 

T = 264 ( 0) 
6S/Log cycle 

= 264 ( 7 . 0 3) 
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20 

1 4 . I 
11 

: 452 . 7 gpd/f t 
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I 
: 60 . 5 ft /day 
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RAMACO Brook Mine 

,\-..! U In:. X. I 1,:; l ._, : .. ; , . 

Lale WY 
. - . 

county __,S:..:..h=e-'-r....:.i ~d=-a '-'-n __ _ T. _5_7_ ~ R. J2i_ &_) Sec. 14 ,_WELL __ N0._....:.4..c..68-"----
:nonncl ~A.uRAAa.AS...1.-.<&.L....1.Bu.OwOcud.u.a,_r ___________ _ Tc,t (i) Singla well drawdown ). Drawdown wilh obi.. well 5. Othet (.sp ecify) 

type: Q) Single well recovery 4 . Recovery with ob,. well 

ell owner -----1.P .... K,.,.S _______ _ Address Sheridan WY 

/ R. Reed 

oplh 290 ft. 

uing 01.a.mcter ----'5_ in. 
rpc of scree n 

or perforat ion 
saw 
slots 

Method drilled: A- Air-rnury 

Well diameter Ll}i/i.. B. Bored or augcrcd 
C. Cable-tool 

Casing type _P_V_C __ _ 
lntervu of scree n 

or per foration ... 2..;,3Q.,.__' ~-'--'-2..,_7.._.Q_' ___ _ 

_R Dug 
QY Hyd .-rot.uy 

J. Jencd 

P. Air-percussion 
R. Rcv .-roury 
T. Trcr.chini 

V . Dr iven 
W. Drivo-wash 
Z. Other 

~r.!C"C ·p 21 '84 
11 LO ,r_ 

Pump hp. & typo 3/ 4 tee) Pump d epth 2.5J.L.. ft. 

quuer Dietz 
:1itudc of land 

3 Aquifer lithology__....,_......__ _________________________ _ 

How 
rurfacc detCTtnincd ______ _ MP Above 

Below LSD --- Altitude MP ______ _ 

.:l{L:...:.'..f ,~om.::.::M.:_P -==68=4=6===--,------....:H.:::o:.:w..:;m:::e.a:::sw::<: Ga l v a no ~e .! er-· _ _. --_ 

D,-,TE 
DC!'Tl i TO 

IJA TC1' LE V CL 
THLS sr:-:cc 

PUMP ON t, ~'. 11':. 

c: , - ' !' l . 

P.':: S TD Ui•. L 
D~\.'.·.' u O·.-.~: 

....:.2/_2__; ~2./_,8_0_1------i------r--------;-------~----,.-----

"N 10,30 OR.46 . I 0 0 

10· 33 88. 90 3 20 . 44 

6 I 32.64 

10 I 37.89 

l O: 50 ll O. 50 20 - 42 .04 

ll : 00 112. 3 7 30 43 . 91 

( _ 
11 : 30 • 113 . 06 

12:30 113 . 52 

60 

120 

44.60 

45.06 

13:00 113.97 150 45 . 51 

13:30 114.54 180 46.08 

14 :00 115.29 210 46.83 

14:30 116 . 35 240 47. 89 

OFF 15:00 . 116.50 270 0 48. 04 

15:01 - 271 271 l -
15:03 96.25 91 273 3 27.79 

15 : 06 85 : 53 46 276 6 l 7. 07 

15:10 78.90 28 280 10 10.44 
,----1----1--------,--------------------,---

l 5: l 5 75.20 19 285 15 6 . 74 

290 20 15 :20 73:41 14.50 4.95 

295 25 

300 30 

4.34 
-

3 .84 

15:25 72.80 ll .80 
!-----15-.-. 3_0 __ , __ 7_2_: 3-0---,---------l--------- --1-0--;-------

310 40 15:40 - 71.78 7.75 3 . 32 

320 50 
:----1----1------

15: 50 - 71.42 6.40 2.96 

330 60 

340 

I 
70 

I ---- -.,2,,, .• 
-~-~~ - ---- -

5 -

- · -=1 16:00 _7_1_._17 __ --i-------------~--1 5.50 I 2 . 71 
J 16: 10 71 . 00 l,., I 4 . 90 I 2. 54 ;---1=;1 ~:~rt;!l/~93 ~~·r-l~M,';sz 

! f' -~ _ '2 fa.¥g I « ;, 3 3 18~-213 Tl _ 

Tf 6 2 / 2 5 
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1111111111 

H<l<lll.._.,____.._, - 1-+-•4-+-HL 
~ I- l- ++-+---1 --1-+1 I 1-. 

'' I 
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I 
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}.1\CRO 1.,,;--. .... " 
£ll,.MU, -

IOO 150 200 

1-1 l IWllUl!ll!III illU UUJ11 LI!ITIII 
H----<f-t-+-4~~-+-+~~ • ~ 

111-+-l-+---++-~ I 

a= 7 . 7 5 gpm 

6S/Log cycle= 4 5 . 4 _ 
4 0 . 4 

T = 264 ( Q f S • O 
6S/tO<J cycle 

• 264 ( 7 . 7 5) 

s .o 

= 409 . 20 gpd/ ft 

54 . 71 
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ft /day 
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I 0 

20 

30 

4 0 
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6 0 
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1 l Ul l !llillll u11mIIU1UJUlI!lll LI --.. 

0 = 7 . 75 gpm 

6S/Log cycle= 9 . 5-4 . 0 I l 0 

= 5 . 5 

T: 264 (0) 
6S/Log cycl , 

= 264 (7 . 7 5 ) 20 

5 . 5 

~ : 372 . 0 gpd/ft . 
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: 49. 73ft /day ] 1 
~ I-
' ,I 

30 

~I I 

"' ' II 

I <10 
I 
' 

' I 
;I I 'I 

I I I 

~ . 
I 50 

1\09.2 + 372 .0 "' 
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RAMACO Brook Mine 

K.S. GEOLOGY AND EXPLORATION 
-- \·/YO-· - sheridan 

_.1t•----- Coun!Y-------

AQUIFER TCST DATA ·-- _ --1:slge . l o.,__f_..,,2e-__ 

T. _
5_7

_ ~. R. _a1._ @)- Sec. ] 4 ,_W~LL_~Q-c--'5"-'7-"6'-----
:noMcl ____ _.R ....... Q,..,N ...... Q.,.A..,..R ___________ Test G) Si~ well dnwdown 3. Dnwdown with ob1. w•II 5. Other (specify) 

type:f!) Sin&]c well recovery 4 . Recovery with obs. well 
Addreu ___ s_H_ER_I_D_A_N_,_w ___________________ _ ·er _________ _ PKS 

R REED Method diillcd : A. Air-10.t:uy D. Dug 

170 7 7 I Q B. Bored or augercd /,)\ Hyd .-rowy " "· ~ ell depth ___ ft. Well diameter W \.,!J,' 
, ~ - . C. Cable-tool J. Jet1ed 
11ing diameter _ __;,._ in. Casing type -+-Pl...,.(C---
,1>• of screen lnterv&! of SCJcen 

or pcrioration saw s l o ts or pcrion.tion __.J..;.4....,_Q-'--.....,16...,.0.,_' ___ _ 

P. Air-percussion V. Driven 
R. Rcv .-rou.ry W. Driv~wash 
T. Trench inz Z. Other 

;;;~~ SEP 2 1 '84 
Pump hp . &. typel _! _3 -I-e_e~J ___ Pump depth~ ft. 

quifer Z3 ._ Aquifer lithology -~co-"-a"--1 _________________________ _ 
:tltude of land 

surface 

VL f MP rom 

D:,TE 

5/8/80 

How MP Abo ve LSD 
detcrminod _______ Below ---

73 43 How measured Ga 1 vanometer ·- - - -· . -· ··- -
1)1: :'Tll TO T T:,:::- S I!<CE -·. , ,,.... S 1 1., r ..... 

l - ... _ -y vL 

TH!E I",\ TCR :...EVCL PUMP O!, C ' MI~~. PLl~E' O! =- r c , 1•:I ;~. 
.. 

1000 73.43 0 

1001 77 . 02 1 

1003 72.47 3 

1006 77 .60 6 

1010 85 . 0 10 

1015 93 .82 15 

1020 99.69 20 

1025 103 .83 25 

1030 106.46 30 

1040 103.24 40 

1050 101. 91 50 

l Juu I 08 . o5 OU 

l ll 0 122 . 62 70 

1120 110. 72 80 

1130 109. 33 90 

1140 112 . 70 100 

1150 114.65 110 

1200 116. 15 120 

1215 117 . 57 135 

1230 118. 33 150 

1250 119.13 170 
-· 

13 20 119. 36 200 .-- u.~:r 0,ur r. 11i -1350 119 . 61 230 -- ' 1430 120.43 270 -
15.00 120 .45 300 .. "' ~ ~ 

AJtitudeMP ______ _ 

S1 =--~·. 
C /c l R:::SIDU/·. L 

DR..:\h' DO'.:-:: 

0 

3 . '59 

0 .96 

4 .17 

l l . 57 

20.39 -
26 . 26 

30 .40 

33 .03 

29.81 

i:'. tJ .48 

35 . 22 

39. 19 

37 . 19 

35 . 90 

39 . 27 

41. 22 

42 . 72 

44. 14 

44.90 

-·-· ---... -.....J5. 70 
. 

! 
~,( 

¢5.90 

46 .18 -
•• ,J Ju: 47 .00 

2.J.. ~ 47 .02 

; 
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I 
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I 
' ' I 
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i 
I 
I 
I 
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-l 
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_I i,,.,, ... ,11 ~~ ---
OFF I 1530 120 .45 

~ 
1531 117./4 

1533 11 3. 00 

I 1536 107 .0 
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RAMACO Brook Mine 

K.S. GEOLOGY AND EXPLORATION AQU I FER TEST D AT A ·---~~- 2 Of 2 ·---
:. l e _____ _ County ________ _ T. ___ .r.-. R. ___ ~-. Sec. ___ ,_WELL NO. __ 5_7_6 ____ _ 
cnonnel _ _ __________________ _ 1 e,\ I. Singla well drawdown ) . Drawc! own with ob$. well 5. Oth er (spocify) 

type : 2. Single well recovery 4. Rocovery with obs. weU 

·er ________ __ _ Address ______________ _________________ _ 

Method drilled: A. Ah-rolarf 

) UJ wcll depth _ _ _ fl. Well diameter __ in. B. Bored or augered 
C. Cablo-tool 

,sing diam eter ___ ln. Casing type _____ _ 

' P• of screen Interval of screen 
or pcrfontion _ ___ or perforation _________ _ 

D. Dug 
H. Hyd .-rotuy 
J. Jetted 

P. Air-percussion 
R. Rev .-ro tuy 
T . Treru:hini 

Pump hp. & typ o ______ _ 

V. Driven 
W. Drivo-wash 
Z. Oth er 

Pump depth _ _ ft. 

~uifer _ _______ Aquifer lithology ------ ---------------------------

.tlt ud e of La nd How 
sur face de1cnnined 

MP Above 
Below LSD --- - Alti tude MP _______ _ 

VL Crom MP 
How mcasW:~.=-;::=:=-:=-:=;:::=:::_::-. :;:. _::_=_:::_ ========;:::::=====;========-~ 

DC~Tli 

c,;,TE TV!E \!/\ TE1' 

1:,40 

I :i4:i. 

1550 

1600 

1615 

. 

October 2018 

TO 1'!'·:..': 
LE\' EL PU!·IF 0" ·' 

.. 

100 . 00 340 

S ll,CE 
c, l '. I l,. 

c , l 
/ [ 

10 34 .00 

s 1 : ! . I 
I 

RESIDL'!-.L I 
I 

DR.·\'-·-' oo· .. ·:; ' I 
26.57 

92 . 78 345 
I 

19 ·.35 I 
...,.-..,..,,..-+--,_-:r.=------t------::1-=5:----'---f---2-3-_ 0-0-+----------' 

87.23 350 

78.95 360 

73 . 45 375 

-

ld 
RECD 

20 17.50 13.80 

30 12 .00 5 . 52 

45 8.33 0.02 

-

--
LAN O QU,~l lTY Dl'JISIO" 

gcrc 1vr:n O[ C- 28 1982 

21 15 
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RAMACO Brook Mine 

\~/\TEI, wn1,5 _7_6 _____ _ 

l'UMP J. NG 1::.i\I E Di\T,\ 

MICRO SEP 2 '84 
Ell.MED l 

- ··- ···--- ~ ~,.,.--....._......_- . ._.._...,.__.._,.4'"""~ ,..-,.-••'--•··••--·•.--•------·,--..:a~ r--,__,,1,cr---19'9Vl" • ~--r.-.fo-_,_.,,__ 

( 

Di\TC 

r; JP. JQ() 

THIE 
n:sr 
TJ\KE N 

10:06 

] Q; l 5 

10:20 

10:25 

10 :30 

10:40 

rn-r;n 

J J · 00 

11 · JO 

J J · 20 

l l · 30 
11 • ,rn 

]Q ; 5Q 

12 : 00 

12: l 5 
-

12:30 

12:50 

13 : 20 

13 : 50 

14:30 

15:00 

15:30 

-
-

TEST 
l)Ul";,\TlON 

SEC. 

70.30 

88 .80 

89 . 50 

94. l 0 

96 . 50 

150.00 

1 r;n nn 

93 JO 

95 00 

l ?4 nn 

]26 6Q 

JOO 09 
JQ2 .8Q 

103 . 00 

103.50 

106.50 

104.50 

105 .00 

104 . 20 

103.70 

106.00 

l 06. 30 

GALS. PER 
MINUTE 

2. 60 
.. 2.03 

2.01 

1. 91 

l.90 

1. 20 

] . 2Q 
l 0 1 

l 90 
l 11.r; 

l.12 
] . ~lQ 

l. 75 

l. 75 

l. 74 

l. 69 

l. 72 

l. 71 

l. 73 

1. 74 

l . 70 

1. 70 

VOLl ii'IE OF Tl ~iE l~EI G. ITED 
DISCllA l,GE , Gi\ LS . \·JO CIITED J\V Elt<\C E 

DUl(1\TT OU DI SC!li\RCE Q 

3. 00 6 15.60 

3.00 9 18 . 27 

3. 00 5 10 . 05 

3.00 5 9.55 

3.00 5 9.50 

3.00 l 0 12.00 
-

3.00 10 12.QQ 

3,QQ ]Q l9.3Q 
3,QQ ] Q ]2 ' {)_Q__ 

3.00 

I 
10 1' 4.50 

3.00 10 14.20 

3.00 I 10 18.00 

3.00 10 17 .50 

3.00 10 17 .50 

3.00 15 26. 10 

3. 00 15 25.30 

3.00 20 34 .40 

3. 00 30 51. 30 

3.00 30 51 . 90 

3. 00 40 69.60 
---

3. 00 30 51 .00 
----

I 
3.00 30 51 . 00 

330 567 .57 

*
67 .57/330 = Total ~ve . Q = 1 .72 

---1-------- - 1- - ------.J i /HJr f \1 • 1 1 , •
1!1.•.4~,a. -- •-

___ , _________ ------~ Spec. c~...: = ,1, ·7_2/ ~!7_.02 = .ot~B~/ft. 
~ :I IF!-. , • ,~~- ,,,,,,t 2li T~ ... t--- 8 3 ~'r 2! j :D -213 1\1 --

TF l 6 2 / ? S 
October 2018 RE CD 10- 25 - 18 Addendum D6- 14-87 DEQ Ex. 3-1630
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TIME DRAWuvWN CURVE 
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" ~ACOB METHOD PUMP TEST 
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6S/Log cycl e= 4 1 7-23.0 1 " 

- _! . . ' 1 10 
= 18 , 7 l' 

T = 264 ( 0) i 
6S/Log c ycle 15 
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= 264 ( l , 7 2) 

J 8 ,_70. ~ 20 
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=24 . 28 gpd/ft I 
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l tlili l :,:. 40 
I : 

1'1 1 

"- I '1 I Ill 
, .. I I I If 

I ., Hi ,, 45 ,, ., I 

·1 I 
~ I I ,. 

II ./1 1 
50 

i ' :J I 71'1 
Ii ,, 

I '" 
I/ , ' 

ct-, 
-

' 11 
I 

~:;:: 
r-
3:: Q 
l'Tl --oC 

j ''ti 
I ' I 

(/) 
rn 
-::, 

; ' 
" II 

r-l ;ll 
- -tt I I / I 

-tt I ,l , 
I ' ' 

"'J ..... tll 
co "1 

0 
A 0 

:,:;" 

s= 
::i" 
~ 

DEQ Ex. 3-1631



::11111 -
n -c:::, 

--: - [I-.> 
0 

I -
"., ,~ 

I (.rt -e:> 

• a. 
a. 
Cb 
::l 
a. 
s:: 
8 
t, 
0\ 
I ..... 
~ 
I 

00 

'° 

"" 

0 
"' I 
.;:-
0 ..... 

'1"' 

-
~ ~ 

-I ',.) 

-
d_, 

1-
w 
w 
u.. 

~ 
-

V) 

...J 
<t 

is 
iii 
w 
er 

-
-

>-- I 
" I 

. 
. i 

~ 

TI ME RECOVERY CU RVE 

5 10 ' O IOO 
"' 

JACOB METHOD PUMP T EST 
- "-WE~L : 

• ·· I 

BH576 I 

- TES T ED : 5-8-80 

--

" 

-

- j 
- -

' 
~~ 

--

~-
- • I L---

, __ 
I • -- 1 '--

.tl~l - 1111111111 #Hi~ij~IIII~~ I - -

fflmiir - IH-IHH Imm,;-,_ 
RATIO 1/t' 

s; 
s;:: 
• 

150 200 
111 11~1 IIII IIIIUJ I ill u I ill UllUllll llll4Hll -.. 

0 () 
0 

5 ' 
0 = 1 . 72 qpm 

6S/Log cycle =t, 4 • 3- 3 • 6 1 0 

'. =,, 0 . 7 
--

T = 264 ( Q) 
6S/Log cycle 

I 5 

: 264 ( 1 • 72 l 
20 

40 , 7 

= I 1 • 16 gpd/ ft 25 

2 
= 1 . 5 5 ft I day -30 

"""' 
""" 
'"""' 
'''" '" 

I 
35 

40 

45 

I 50 

t 1 

AVG. T = 21\ . 28 + l l. 16 ; 

2 
~ 3: 
,;:R 

= 17.72 gpd/ft. 
,,, ~ 
':J 0 0:, 

ft 2;day = 2.37 
_,... "1 
=;J 0 

0 
°\J :,:;-

-~ s;:: 
a· 
Cb 
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C 

RAMACO Brook Mine 

BAILER TEST MICRO 
fJLMED StP ? 1 '84 

,te 3/ 26/80 Personnel Araas & Bandar S.\✓ .L. 132.26 \~ell # 575- 80 

~ailer Volume 2.68 qallons 

BAILER 
TIME VOLUME 

(GALS . ) 
Start 1100 2. 68 

2.68 

2.68 

2.68 

2.68 

2. 68 

2.68 

2.68 

2. 68 

2. 68 

2.68 

2:68 
2·:68 

2.68 

2.68 

0 

2.68 

O • 

Stop 1157 3/4 

1202 

1215 

1230 

1300 

1400 

1500 

1600 

October 2018 

TIME IN 

1100 

1104 ½ 

1107 

1110 

1113 
1116 

1119 

1122 

1125 

1128 

1131 ½ 

1134 3/ 4 

1138 

114 l ¼ 

1144 3/ 4 

1148 

1151 ¼ 

1154 2/3 

HME 
OUT (_ t) 
1104 

1106 3/ 4 

l l 09 ½ 
1112 ½ 

1115 ½ 

111 8 ½ 

1121 2/3 

1124 2/3 

1127 3/4 

ll 30 5/6 

l l 34 ¼ 

ll 37 ½ 

l l 40 5/6 

1144 l /6 

1147 2/3 

1151 

1154 l /3 

1157 3/4 

RESIDUAL 
DRAWDOWN 

Cs ,. ) 

172 . 67 

172.34 

172.22 

17 l . 78 

162.54 

149.88 

14 l . 57 

ELAPSED 
TIME TO 
S' (min ) 
296 . 00 

293.25 

290 .50 

287.50 

284. 50 

281 . 50 

278.34 

275 .34 

27 2.25 

269 . 17 

265. 75 

262.50 

259. 17 

255.84 

252.34 

249.00 

245 . 67 

242.25 

------

1 / t to S ' (Day) 

4. 87 
4. 91 

4. 96 

5 . 01 

5 .06 

5. 12 

5. 17 

5 .23 

5 .29 

5 .35 

5.42 

5 .49 

5 . 56 

5 .63 

5. 71 

5. 78 

5.86 

_Ll1_ 

96 .36 

.,., ... iii;"t; -.. - _,,_ .. . 
LAN O QUALITY D IVISION 

81 '1 qr .. - ! ~ 

RECEIVED DEC - 28, 19 82 . . 

TFN l 5/293 PERMIT 213 -T.2 
-~ ---

/31/89-213 '1 

Dg-:i2 2/ 2 5 

RECD 1 - - 18 Addendum D6- 14-90 DEQ Ex. 3-1633



RAMACO Brook Mine 

MICRO 
fll.Mr.o S~P t! i '84 

T = 1 / 5 7 ( S' I [,\ + ,1
2 

+ ,1
3 

+ . . in] 
Where : S' = 141.57' 132.26' = 9.31' at 300 mins . 

and [ 

l l l 

tl + t2 + t3 . . 96 . 36 

so , 
2. 68 

T = 12 . 57 (9.31) [ 96 . 36]= 2. 21 9pd/ft = .30 ft 2/day 

Ave . Q = 2. 68 gals x 16 = 42.88 gal . ____ = . 743 gpm . 
57 . 75 min . 57 . 75 min. 

Total Res i dual Drawdown = 172.67' - 132.26' = 40 .41 ' 

. ·.specific capacity= . 743 gpm/40.41' = . 02 gpm/ft. 

7/ L/89-·2l.3 'T.S 
»111••·~ 
- . ·- ... 

l\N • ')U I ' I yv u: \I: • 1 r 

8,Q,9S23I~ 
.. ,[ ...,,. ....... r. 12 

fl i. ::,,; ~._: ['~.!. .. , "- i l;. ., 

r. £ 'TI'fs21 015 
October 2018 RECD 10- 25 -1 0 AddendumD6- 14-91 DEQ Ex. 3-1634
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TIME RECOVERY CURVE 

5 10 ' 0 
"'"'" "' """ 

~ACOB METHOD PUMP TEST 
... '-WELL : BH575-80 

-
TESTED= -

3-26-80 

l 

ii 
i i 

I 
I 

-

I 

I I 

' 1 -
""""' -

I ' 
' 

I 

I 

I 111 

t 
' I 

I - <-- -1-1-

,_ _,_ -

r1 1111111~11~1-
- - 1-1-

-

RATIO t/1 ' 

IOO 150 200 
111lllll lllllllUI lllllllllllllllllll1 

I -

Q = • 74 3 gpm 
,_ - w, 

6S/Log cycle = 22 1- 7 . 5 
I 

2 1 3 . 5 ' = 
; 

T = 264 (Q) 
6S/L09 cycle 

:26~~ 
2 1 3 . 5 11 

t 
= l . 0 gpd/ ft. tl' ,,, 

tr, I 
2 Ir:, 

= • l 3 ft / day l 
' 
I 

';-
' .! ' 

'II, 

I I 
I 
; 

! 
; II 

' 
I 

I 

I 

I -1 +' 
I ' • I I I 

I 
I lll< i I 

AVG. T = 2.2 + l. 0 '"" ·'• 
' """"' 

2 ! I 

' 
I' 
I 

= l. 60 gpd/ft. 
2 I I 

' 11 1 = .22 ft. /day II 
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fTl h 
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I ,l rn +- 1--
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RAMACO Brook Mine 

=?K.S. GEOLOGY AND EXPLORATION AQUIFER TEST DATA 

, Late \4Y County · Sher ida n 
B d Hi 11 'cnoMel on a r, 

T 57 (w ·--- s.· 
Test 
type: 

R . ..M._ @ Sec. 27 ._~ _ELL_/'lO .. _B_H_ 4~6~2-'-'A __ 

l. Singlll well drawdowO Drawdown with obs. well 
2. Single woU recovery G) Recovery with obs. well 

5. Other (specify) 

l'c.'' ~ .... ner PKS Address Sheridan, WY ------------------------------
/' -, . Reed Method drilled : A. Air-10.tary D. Dug P. Air-percussion V. Driven 

314 7 7 IS., B. Bored or augercd ® Hyd .-roury 
·o.... ..1epth -~~-ft. Well dwneter:._u. · C. Cabl&-tool J. Jetted 

R. Rev.-roury W. Drivo-wash 

:uing di&mctcr __ .__ in. Casing type _.._D_..\/.._( __ _ 
T. Trenchrni MICRO Z, . .0 '84 

.Ell.MED ;i I' 
·ype of screen Interval of screen 

orpcrtora1ion s·aw slots orperforation 265 ' - 304' Pump hp. & typo _3_J~e-e-l ___ _ Pump dcplhZillL_ ft. 

1quife, Dietz 3 /Mn Aquifer lithology __ ....._ ____________________________ _ 

utitud e of land 
sw-face 

How 
determined MP 

~WL~f,::ro:::m::_:M::.:..:....P ..:;:::l:::fi::g:::=8:::1:=::,.-----,--.:;_H:.:o.::.w~m:::ea=s=~~ Gal Va no~t e ~-

o:,TE 

5-9-80 

• • 1)E :'Tl i TO 

TH !:: ili\TCR LEVEL 

10-nn HiQ ?l 

TH!E srncc 
PUMP ON t I ~'.I N . 

Above 
Below LSD ---

Tl ~~ s i ;:c L 
Pu:-::-i o,T t , ;-;r,; . 

Altitude MP _______ _ 

S1 FT. 
R::S IDU.A.L 
DR.:\ 1.-.'0 0".•."? : 

i 
---1----+------t--------1-----------·l 

,, 

October 2018 

'.; ;il v;rn omP tPr c;t11rk n ho c;p li nP no <i;it. from n11m1i nn ,.,.,11 

co ., 3 

I AN D nlllAI IT V n 1l/ 1~ 1n11 

TFH&2! 015 
RECD 10- 25-1 8 

Addendum D6-14-93 

-
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( 

RAMACO 

TIME TE ST 
TEST DURATION 

DATE TAKEN SECONDS 
5/9/80 l 003: 14.75 

1020 15 . 25 

1035 16.00 

1050 16. 00 

1100 10.60 

1115 10.70 

1135 11. 70 

1140 8.00 

1200 9.00 

1230 8 . 50 

1300 9. 00 

1330 8.50 

- 1400 ' 8 . 50 

1430 8 . 50 

1500 8 . 50 

1505 8 .00 

1530 8 .00 

1600 8 . 00 

OFF 1620 ' 8.00 

7393.9/3E 

Total Ave 

-
-

WATER \~ELL BH 462A 

PUMPING RATE DATA 

VO LUME OF 
GALL ONS PER DI SCHARGE 

MINUTE GALL ON S 
12 . 20 3 

11 . 80 3 

11. 25 3 

11 . 25 3 

16. 98 3 

16. 82 3 

15. 38 3 
22.50 3 

20 . 00 3 

21 . 18 3 

20.00 3 
21 . 18 3 

21 . 18 3 

21. 18 3 

21 . 18 3 

22 . 50 3 

22.50 3 

22. 50 3 

22.50 3 

0 = 19.46 

. 0 = 19.46 gpn 

-

8, Jl, . 

TIME 
\·IE I GHTED 
DURATI ON 

3 

17 

15 

15 

10 

15 

20 

5 

20 

30 

30 
30 

30 

30 

30 

5 

25 

30 

20 

380.00 

.,; 

11 Nn l.}Vf\11 

r 

Brook Mine 

MICRO r -1) -, 1 'S4 
fJLMf'.l • 

HE !GHTED 
AVERAGE 

DI SCHARGE 0 
36_60 

200 . 60 

168 .75 

168 .75 

169.80 

25 2.30 

307 .60 

11 2. 50 

400.00 

63 5. 40 

600.00 
63 5. 40 

63 5. 40 

63 5. 40 

63 5. 40 

11 2. 50 

562.50 

675 .00 

450.00 

7393 . 90 

I,••··•~ 
L' 1.,, 

,!:,l 

t , r, \I r ~ I 
-.H3"1 -~ P 6~ • n.r:; 

-

4 

A 

- ------·--- .. -------- ·- -·------------- D6~-406- -- -----·~-- -------------= -
October 2018 

TFN62/ 25 
R tD 10- 25 -1 8 
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RAMACO Brook Mine 

K.S. GEOLOGY AND EXPLORATION AQUIFER TEST DATA _obsery_~Jior:i wel 1 - --
.ate WY County Sheridan T. _57_ ~- R. _8_L @j Sec. 27 ,_WJLL,J!O. BH 462 
:nonnel -B .... o-• -da~r......-, -H~i~J-l ____________ _ lest 1. Singla well dnwdown6) Drawdown with obs. weU 5. Other (specify) 

type: 2. Single weU recovery © Recovery with obs. well 

ell ~..,ner _ P_K_S _______ _ Address Sheridan WY 
Reed Method drilled : A. Air-101:J.ry D. Dug P. Air-percussion V. Driven 

,....._ .epth 3) 3 ft. WeU dwneter L]Jft,._ B. Bored or augered @ Hyd.-roury R. Rev .-roury W. Drivo-wash 
C. Cable-tool J . Jetted T. Trenchini Z. Other 

uing diameter 5 in. Casing type _p._v .... c.._____ MICRO Sf P ") '"d 
l'Pe of screen Interval of screen 265, _ 305' Pumping we 11 74 • away N/A flJ.MED L l " 

or pcrfontion saw S] OtS or perforation Pump hp . & typ e --'-'L--'-'----- Pump depth __ ft. 

quifer Dietz 3/Mn - Aqulferlithology coal (pumping we l l # BH 462 A) 
ll itud e of land 

IW'hce 

;1/L from MP 

D:,TE 
.. 

~-2- 8Q 
On 

( -
. 

. 

--

·~ 

l 66. 12 

TIM'.E 

10:00 

10 : 15 

10:30 

10:45 

11: 00 

11: 15 

11 : 30 

11 : 45 

12:00 

12: 15 

12:30 

12:45 

13:00 

13: 15 

13:30 

13:45 

14:00 

14: l 5 

14:30 

14: 45 

15:00 

15: 15 

15:30 

15:45 

16 :00 

]Q; ]5 

16:20 

October 2018 

I 

How 
detcmuncd 

MP Above LSD 
Below --- Al titude MP ______ _ 

How measured Stevens F- 68 continuous recorder 

!)E!'Tli TO 
\·.'/\TER LEVEL 

]Fifi 12 

1 69 . 1 9 

170. 10 

170.57 

171 . 20 

172.51 

172 . 95 

173.44 

174.71 

175.21 

175.70 

176.15 

176.40 

176.64 

176 .88 

177 . 12 

177. 36 

177. 53 

177. 69 

177. 85 

178.01 

178 . 16 

178.32 

178 . 47 

178.58 

178.64 

178.65 

~ -·---
TIME srncc 71 ,r:- S1 , ·, ·97" : -· ... - ·1'-'L 

PUMP O!~ t . 

0 
15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

. 165 

180 

195 

210 

225 

240 

255 

270 

285 

300 

315 

330 

345 

360 

375 

380 

!-'. IN. PU:·!? Off t , l·ili;_ 

Rl"\r qo ?' 

. . - t.11 
' I· , ~ I 'I"\ . . 

-

=:-:-1~ L 

TF N 6 2 / 1 5 
RECD 10- 25 -1 

S1 FT . 
t /t 1 

RESIDU/>.L 
D1l:\'c,1D0" .. '": : 

3.07 

3. 98 

4 .45 
. 5. 08 

6.39 

6.83 

7. 32 

8.59 

9.09 

9.58 

10.03 

10.28 

10.52 

10.76 

11 . 00 

11 . 24 

11 . 41 

11 .57 

11 . 73 

11 . 89 
i----r2 .04 

3' l;J I' --l-2. 20 

~5 -.-. ,...~ , ... , .. ., .. ~ .. -1.2.46 

I 12 . 52 

I 
4 2. 53 

I . l .: .. .;. . 

Addendum 06- 14-95 

1 

i 

I 
' 
' I 

I 
I 
\ 
I 

; 

: 

... 
, 

•' 

<i 
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RAMACO Brook Mine 

P.K.S. GEOLOGY AND EXPLORATION AQU I FER TEST DATA ~erva~ion we 11 - ---
- WY - . . ·--- - Sher1dari ; 1.110 ______ County _______ _ T. _5_7_~ R. ~ © Sec. ___ ,_W.JLL_t-19, B H 462 

'c:noMel Bondar, Hill Tes l 1. Single well drawdownU) Drawdown with obi. well 5. Olhcr (specify) 
type : 2. Single well recovery Ci) Recovery with obs. well 

ir'ell o wner _ _._p_..,K""'S _______ _ Addreu __ Sr..h,....e"-'r'-1-'--'· d::..:a::..:n-'-'--, -'~-'-JY:...,_ _____________________ _ , 
Method drilled : A. Air•rnury D. Dug P. Ail-percussion Y . Driven 

B. Bored or augered @ Hyd .-roury R Rev roury W. Drive>wash 
i' <- . ,eplh ___ ft. Well diameter __ in. C. CablcHool J . Jened T.· Tre~hing Z. Other 

~uing diameter 5 in. Casing type PVC Pumping well 7 4 I a way MJCr.o 

- Reed 

L 1 rype of screen Interval of screen FJLMEu 
or perforation saw S l O ts or perfon.1 ion _________ Pump hp.&. type --~N.:.1/...:.A.:..___ Pump depth __ ft . 

\quifer Dietz 3/Mn . Aqulferlithology Coal (Pumping well # BH 462A) 

•J1itud e of land 
IUl'facc 

' WL f om MP I r 

I D;,TE 
i 

5-9-80 

r · 

' 

-

' 

' ' 

TH!E 

-

1620 

1630 

1637.5 

1645 

1652.5 

I 

I 
I 

October 2018 

-

-

How MP Above LSD 
detc:rmined ________ ' Below ___ Altitude MP _______ _ 

How measured Stevens F- 68 continuous reorder 
·~ - ~ .. ---- --

l)(P1'11 TO TP!E srncc .,.~ ,,r Sll·' C" S1 ?!'. ' -' ,.. - ·1 ,:. 
tit 1 \IIITER LEVEL PUMP ON t ' MIN . ?l' >'? 0 ff t , i·i Ii, . RES IDUP. L 

DR:\1.JDO· .. :-:: 

178.65 380 , 0FF 0 0 12.53 
' • 

177. 57 390 10 39 11 .45 

174.68 397.5 17 .5 22 .71 8 . 56 

173 . 10 405.0 25 16. 20 6. 98 

172 . 15 41 2.5 32 . 5 12. 69 6.03 

. 

~ -
9.21s·TI . 

. 

--- .~ ._ .. . !' ... i-,. - -,--... LAND OUA ltY"--0 1V 11 :lb" 
BECE l\l ED 

,.. ~,.. r('> It O O ') 

.\ 5/,93 - --
,THI l PERM lr ::1 2!-T2 -

- -
3v ~1 

1· l r. 2 / 1 5 
RECD 10-25-18 
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T IME ORAWvv YVN CURVE 

5 10 !O 
I ll lllllll llJH!I \I~ ,,, .... ' " 
I II 11 I I 111 1 
111 11111111 11! 11111, ~ACOB METHOD PUMP TEST 

~ '-... ... . = .005 day WELL = OBS. 462 '- 0 
TESTED: 5-9-80 / 

' " '" I'\ 
1- - ' 

-

µ l . 87 r 2s 

Tt 
l .87 (742) ( l .9x J0-4) = 

( 708 . 12) rag 
= .03 

I 
-

T 
, __ ._ 

I 

I , MINUT ES 

M!CR".: , .., '84 
f.ilJ,1:::,. ~- ~ l 

IOO 150 20 0 0 
1 ~!J III I III III IUIII I l l l lJII III II IIII II 

-
I 

Q = 1 9 . ? gpm 
r = 74 - ~ -

I 
6S/Log cyc le= a . 4 - 1 • l 3 2 

7 . 27 

T = 264 (0) 
6S/Logcycle 3 

_ 264 ( 1 9 . s, 
7 . 27 4 

708 . 1 2 gpd / ft 
= I 

5 

t: u= .05 
t' I 6 

" '" I 
1111 111 \1 1111 11111 111 11 1111 11 

0.3T to s • = 7 

r2 ' 

(. 3) (708 .12) ( .ooe) = 
' "> ' 

" (74) L 
10-11 

hi -4- = 1.06 = l. 9 
5476 

X 
'-

8 

9 

--,, Tl 
-~ I ' T1 

u = .02 I • II 
Iii. ' 

l 0 

,, - I Ill 1 1 
Il l 

" ' 
' ' I 

" ' 
l 2 

1 111111111 111 
1 3 0:, 
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Il l• 11 11 1 
JI ii 

"1 
0 
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;,;-

14 3:: s· 
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THEIS PUMP TE ST ObS l'IEL L # <62 
TESTED ~- 9-8~ 
PUM,~ING WEL L # <62 A 

19 . S9pm 

I • ., • • IO 2 a• • 
... ...... .. . r. 11C'TICO 1M ,u .D l"V.I UUJ

1C:: 

T :. II• 6 0 
5
W(\J,'/p) 

111• .6 I 19. S {I.D ) '--1-s-.s-
2 2 ,, 70 

15 . S 
I ". 17 gpd/ft 
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• a .a • 
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RAMACO Brook Mine 

~I\ .::>. 1.:>t.ULUI.:> I ~l';U t.Al"'LUKA I IUN A\,1Ultt.K 'I t.ST DATA 
· --- --- ·· --. --

late WYO County Sheridan T 
N. E. 

· -- S.• R. __ W: Sec. ___ -~Ll.,_"!Q-~ __ 2_3_1 __ 
crsonnel _____ G_e_t_l _ac_h_-_w_o_l_f ________ _ Test 1. Singfa well dnwdown 3. Orawdown with ob1. well 5. Other (specify) 

type: © Single well recovery 4. Recovery with obs. well 

,e1• ~wncr Big Horn Coal Address ___________________________ _ 
, 

Method drilled: A. Air-ro.tary 

o~ Jepth 85 ft. Weil di.a.m eter 7 7 /{;._ B. Bored or augered 
5 p~ C. Cablo-tool 

uing dia.meter ___ in. Casing type ____ _ 

'ype of screen Interval of screen 

D. Dug 
@ Hyd. -rotary 
l. Jetted 

P. Air-percussion 
R. Rev .-rotary 
T. Trenching 

V. Driven 
W. Drivo-wash 
Z. Other 

MICRO c·, ., .• 
Tee l l-::

2 
hp Bl D _,_, · ,.1 

Pump hp. & typo __________ ump depth _o_, ft . orpr§rfti9n Saw Slot orperforation 65-85 
~r Monarch ---------

,quifer r . Aquifer lithology -___,,...;;.C..;.o..;...ac...l _________________________ _ 
Jtltude of land How MP Above LSD 

surface ____ determined ------- Below --- Altitude MP ______ _ 

WL(romMP top casing Howmcasured qalvanometer (casinq l.78' above ground) 
-~ ... -

l)[!'Tli '!'O TL-lE SINCE --, ~ s11·c - 51 ~1· . 

Dt,IEI 
I.:. .. .. -1 t. 

c/t l TIME \·JJ\TER LE\' EL PUMP O!\ t' MIN . ?ll~1? O!:-F t , HI i~ . R::::SIDU A.L 
HOUR .. D~'.,}DO·. :~: 

4/21 /77 9 45 31. 95 - - - -
9 50 - - - -

9 52 0 - - -
9 55 3 - - -
9 57 Pump Dry-Off 5 0 0 0 

9 59 59.45 7 2 3 . 50 2_7 .50 

10 01 57 . 79 9 4 2.25 25 .84 

C 
10 02 56. 5-l 10 5 2.0 24.56 

10 ·03 55.52 ll 6 1 . 83 23 .57 
: 10 05 54 . 33 13 8 l. 63 22 .38 
' 10 08 52 . 54 16 ll l .45 20.59 

10 10 51. 24 18 13 1 . 38 19 .29 

10 15 48 .35 23 18 1. 28 16 .40 

10 20 46 . 38 28 23 1. 22 14.43 

10 c:i 44.40 33 28 l . 18 12 .45 
I 10 30 43.08 38 jj I . I!:> ll. 13 

I 

I 
' I 
I 

I 

! 
! 

" 
'· 

10 35 41. 33 43 Jo I . 13 9.38 :~ 

10 40 40.37 48 
I 10 45 39. 16 53 I 

I 10 50 38.33 58 
I 

10 55 37 . 52 63 

11 05 36.00 73 
-11 15 35. 00 83 

11 30 34.02 , 98 
-

11 48 33. 16 116 
' Q~ 6.8 gpm 

i==1cific Can; 
citv = 6.8qom1 27 .50 = .25 

-

October 2018 

43 
48 

53 

58 

68 

78 

93 
111 

gem/f,._I 
J /3 i /89 

1)6~J:i,_ 
Tr ,l 2 / 
RECD t -

2l3'II 

' ~ 

"5 
-18 

l . 1 2 8.42 

1. l 0 7. 21 

l .094 li.38 
. 

1. 086 5.57 

1 . 074 4.05 

l. 064 3.05 

- ~4 2.07 

1-.~ ·. 1. 21 ...... ·-.... ,. .. ~ ··.··••t• -- I 
I -1 -, ··r 213-t:C -I 
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00 

::a ...... 
m "":'II 
n 
c::,. 

-c::, Nt 

' 
c.-, -0:, 

• 0. 
0. 
(b 

::l 
0. 
C: 
3 
0 
°' I ...... 
-+> 
I ...... 

0 ...... 
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TIME RECOVERY CURVE 

0 5 10 ' O IOO 150 200 

JACOB METHOD PUMP TEST 
~i~-1-1--+--1-+-l+++H~!I IUWlW ll~IWJ..W.ljliWIUIII 

WELL: BH-,231 . ' '- l+tl+Ht-HtttiMr1lr11?lli'r111--J-~+1--+i-+i-+i-~w -1--1-+-WHl o = 6 . 8 

I 

5 ' 
TESTED: 4-21-77 

:; 
1' 
I 
i::-

,>J 

10 1-
"'""' 
'"""' 

w 
w 
LI.. 

z -
t-+--t-+-+-++-+--+-++-H-++++-t-+HI 

1-+·-+-+-+-++-+--+-++-H-+++++++ll+H-< 

::::! (l'Jl-+4-+-4-- l--++ • +l--l--l-+~~l++llHHIH++++• •l-+-l-l+i+H-1~~14l

W 1$ Z 1-+-t+-+-+++-H+1--1--1-+~~1+1+Hffil++-++++1-+-1-1+1+H-1~14l-
- ~1-+-t+-+-+++-H+~H+~#Hl+l+IIIHl++-+++• 1-+-l-l+l+H-1~14l-
(X) 
~ 

N ... 
w 
-120 w 

i 1-"'-+++-+-++-+--+-++-H-++H+ +«>>+-< • um~~t1r:!t:!:t1WttJt1:tttlH+ 
~ t-t--;.-+;f-+--t-+-<f--+--<++-i++++-t-+I• +H 

..J 
<l'. - - . -•>- I->-+-+--+-< is 1-+-i-<l>-+-++-+--+-++I + •·H 

~ 1 - - i- ............................. , ..... ... 

a:: t-+--+-+--+-1 

.. 

~ l~ -... --!Tl .... < 
rT! 

,r 

tn a 
' · I\:> do 
~ l'Tl 

r") 

-- I 
_,. I 
r --... 

"'O 
tn ~ 

i:tl co 
g 
'-

---, 
r-
-.,. 

~ ' -
{, 

.'-I ~5 
00 .,.. 

.. N 

'• 

- -
~ !J :a 

• 1 

RATIO 1/t' 

7 0 

6S/Log cycle= 1 og ,z--

T = 264 (0) 
6S/Log cycle 

= 264 ( 6 . 8 ) 2 
7 Q X 1 0g 

= 7 · 72 gpd /ft. 
2 

= 1 - 03 ft /day 

I ; 

I 

I 
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I I 

'I 
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11 11 111 1111111111111111 
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RAMACO Brook Mine 

K.S. GEOLOGY AND EXPLORAT ION AQUIFER TEST DATA 

ue WY c~unry Sher idan T. ___ r. R. __ £·, Sec. ___ ,,Yvj:_LL_ N0. _ __;;;_2,;:..32"-----

:nonnel _ G_e_r_l _a_c_h_-_W_o_l_f ___________ _ 

Big Horn Coal Co . 

T est ,~Si~ well dnwdown 3, Drawd own with obs. well 5. O ther (specify) 
type:(DSirlgle woll recovery 4. Recovery with obs. well 

e!J,-" •ner _________ _ Address ____________________________ _ 

)ta.. epth 98 ft. 

5 in. tsing diameter 
1pe of scieen 

or perlontionS aw slot 

Method drilled : A. Air-ro.tary 

Well dwneter L.2/.fi>. B. Bored or augered 
. p C C. Cable- tool 

Casn,g type ...!.....!V~-'----
lnterval of screen 

or perforation _.7 .... 8.._-...,.9""'8'-------

)l.,.Dug 
Qj,,IH yd .-rot.uy 
J. Je tted 

P. Ai.r- pezcussion 
R. Rev.-rotary 
T. Trenching 

V. Dr iven 
W. Drivo-wash 
Z. Other 

Pump hp. "' type Teel J /2 ho . 
MICRO i:r l 1 'JJ 

fJLMED ' ' 
Pump depth _JJ1_ ft . 

~uuer Low.. monarch Aqulfer lithology_,...,.""-'-----------------------------

llitudc of land How Above 
1Uiface ____ determined _______ MP Below LSD ___ Altitud e MP ______ _ 

\ILfromMPToQ [;ising HowmeasUied Gal vanometer (Casin g l . 95' above grd) 

D:',TE TIME 

!)[!'Tl i TO 
\·li\TER LEVEL 

THiE S I !< CE 
PUMP O'., t , n N . 

T l ,,:-- S lt•• r -
l -· , • .., l, ..... i.:. 

PU>E' 0:' r t , J'iri-:. 

~ 1 :=-1· . 
;u:S IDUP.L 
o r:.,\\J oo· .. "'.': 

4:..21 - 77 1 :34 36 . 53 - - - - I _ ,_-",_:...;:._:.__j _ __::..,:;_:_::;..=_ ___________ ~---------

0n l : : 40 0 - - - I --=--'---+---'-'----t--------+----------1-----------+----+-------i 
l 43 38.75 Q = 3.5 3 - - - ! ---~-----;--------'-+---------+----------j------J~------' 
I 46 46. 30 6 

l 48 49. 13 o = 4 . 6 8 

_ __ l-+-_5_1 --1--52_._8_1 ---+---'----::-cll::-----+-----------l--------1---- _-___ f 
l 53 56. l O 13 - - - j 

( 
2 03 60 . 80 23 - - - I 

-+----~-------+-----,,-~----+----'-------+-----+-- -----' 
2 08 61 . 71 L~ 

2 16 62 . 50 J6 

2 19 62 . 7.0 j':J 

2 20 Pumo ()ff 40 

2 21 58.76 41 

2 22 54.98 42 

2 23 51 . 85 43 

2 24 49 . 29 44 

2 26 45. 14 46 

2 28 42 . 77 48 

2 30 41 . 02 50 

2 32 39.79 52 

2 I J4 39 . 20 54 

L 38 38 . 16 58 

L 37 . 70 65 

0 

2 

3 

4 

6 

8 

10 

12 

14 

18 

25 

o l 
' ~--,....----+---~---

0 u I 
4 l. 0 22.23 I 

21.0 18 . 45 

14 . 33 15 . 32 

l l .0 12. 76 
7 .67 8 . 61 

6.00 6.24 

5.00 4 . 49 

4.33 3 . 26 

3 . 86 2.67 

3 . 22 1. G3 

2. 60 1 . 17 

- .. _ · - ~ -
---:Ss--p+[-c-,-if"""'1,-, c--=-c-a p+a-c-:i-,-ty-::---,4-. --=-5-g-p+n-,/=2 5-=-_~1~7,---=--.. l,-:7,---g p_m_/,.....,fc-l--_--_--_--_-_._ _ _____ .q7L.,,,.."~, -i• !•.~ ~".!• _ 

,V I I 1 1i -4Ni' tHI I ,, 

11:,_~ -----'------ ----/ 3 __ 8_9_·_2_13_11_' _ ___ ~_1-_(_; _=;_· _•: , •>c : • 1_· _ i_c._u_~ __ _ 
______ 1_r_r __ ~_ } r · '. ):- u·. 1•_1• _'_'.2_u_._1_~ __ _ 

I f"'lt. _ ll1 11.t , V 

October 2018 r · I 
RF. r. 
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(') 
rt 
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O" 
(1) 
"'1 

tv 
0 ..... 
00 

: 

r. = -c::, 
I 

• 0. 
0. 
(1) 

::i 
0. 
~ a 
tl 
(jl 

I ..... 
+" 

I ..... 
0 
w 

5 

H IIIM •Hf-1.-M-

TIME DRAW~vWN CURVE 

10 0 100 150 200 

l lll!UUlillTIIJIL1lU!!ll.llll llUIIII II 
/ "\ I 

JACOB METHOD PUMP TEST 
•·· ' 

H+t-Hl++l~fiHl»J1Hl1fiH-~~riur .... :++--IJ-J-f-+l-+++++l-+HH·+H-+ll 
1 

WELL : BH232 
TESTED : 4_') _77 

IHllll-+-1-...+-+-l--H-H ! 

0 , 4 . 6 gpm 

6S/ Log cycle= 2 7 . 2 -2: . 3 
• 21, . 9 

T = 264 ( Q) 
6S/Log cycle 

0 

: 264 ( 4 5 ) 

~ t:tj=.ttttt"t.+tt+Hl+H H·+IH-+-HIH-H I i-H+IHH-iHIH 4-+ +-H HH-41-H I++ Ht+ -Htt -H'ff-Ut+ fl1tHl,ttH Httl H+ltl< Hfflll 11-11--I•-- f-+-++ -++ -++ -++ -++ ++ +-H H--1--++ 41-H l++HH +-t,IIHl,lfh+ Hl1HfH+.ffiH-H-I-++ f-H l+I+ -HH 41-H f+i-1, H-1+\·HH -ft-II-H1-fiH~l'\1HHH~! 11-ll-....,1--++-++ -+4 --l-+--1-1-f-+-f-l-+++Hlll 24 . 9 
,._ l 0 
I 

~ +-+-+-...++++++tt+Het+-l·H-tt+Ht+Hl H+H-11+-H-1 H-~14H+HllllHt--+--1--+-+-+-+-+-4+l--H+t+HH-+++'j~H-+~f++<t++1-l+H1 H-IH-ffi!IH11111-1+-+-1-+-+--1+-H-f-ll 

z = 47 . 7 gpd/ft 
2 

= 6.3 8 ft /day 

I ,, 

oo ~t1jttttttttbt~ttb~~~~tt~t~~~ct:-i.iH-HHH!++Hl+H+Hl!l-+-1-++-++-++Hf+++H-H-l-11tH-ffH++~+Hf+-H+Hj-++H-ftl+H+HHla!l--+-f-+-+--l--l-+-++H 

: i......,. ............ ._._.._,_.,_,_~
4

...u.w..~+•~ffi~l++H-H+HH-!l-ffH+Hffiflllff-"- •P,-H-+-H-1H+~~l~-+4~~Hl+ll--~~~~~~~~~~~~l~\4~~~+~~~~~~~~~~~~~~~~~~~~~~~~~~~H:J:~•+~:~: 
W ~~1~=trrrrr~~r~1~~~~t!Hi1+.+H+tt+etti·Htti+!HltttHifft---+-,l1,+\++++H4+++-l+l++tH-H-tt++HHH~"H-t++.c+tH-IH-l~HIHl+--l--1-...+-+-l-++-1-1-4+HHHH -fi•~mHH+H++-i+-U=ll~~!•~1 

-f :J/. ~.&.....J"-'-.._,_.,_,_~.u 
<,a B l-'-Cf.,_l-11-'......._.........,......,~ ............. '' 

vi 
~ '-'--'-&-...-......._~._,4~-1-+++U.~IHU~-+-l 

I 

., ' 

'I 
•I 

I, 
11, 

15 

20 

+-+4=~...+++++-l+-l+H-ll++-1+1 H-11ll141H+H-H+I H+llf-lH+IIHHI 111--+--l--1-H- +-+--I- I- ! 1U 
1 

l--+~~'""-+-++++++,~H+HHH4-1·1H-H++++-+++++l+l+lr• rl~~#lrHf8~J""-4+--t--+1-+1-+~+l-+J-HH-: ~+H-H+~~~H~r~H~-ft~l+-HHl!(~+HH++HHHH_J'l;f~H-H~l:i~m~H~~J-f--!+-f~+~+~4.~-+++l_:l-+.jHH+4f-+l+HH~+411+~+fHH-IH-~H-!~HH4~~~ct+-H-H++rr+r:-+f~H-H~~~~•-m,~ 25 

..... ,..._ ......... , ..................... ~~+-+-<'-+-+->+-HI l+ttolHHH+Hl++H-1+.c+tl-HHHHH MIIH--+-+--l-+-H-H-+-++~H-H-H-++1-14H-!-Hl++H+H+++H-++f-R~Hl!I : . H 
,I 

' 
I, MINUTES 
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Iv 
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00 

::a 
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-00 

• 0. 
0. 
(I) 

::l 
0. 
~ s 
0 
0\ 

I 
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.p. 
I 

...... 
0 
.p. 

00 

T IME RECOVERY CURVE 

0 5 10 ' 0 100 150 200 
1..]_[_[..IJJJ..J..J.IJJJJJ.].JJT,[IiJ]J],ID,.TJJJ,IflITIJrnTITTmITTTil[J[!!!]l:::r:r:::r:r:rrmrr:anm!Iliamm"'II]~7TillTlITTrtl.1JuflJ11JlI" i-,--,-,-r-11-rr-rrrn-TTTrrn"TTTTffTTim"Trrrn-n"TnTTT"mn-TirnTnm · , _ I I l!Lll.111WILIJ1JlWlWI IIIIIIIIIII 

- ~ -t-+-+t-t-t-!H-1-H+ll+Httt.l 

Ii 

5 t-+-+-l--+-IH-+-++H+l+H-1-l 

-1--+-+-lf-+--H-,e--H+H+++-H-H+-H 

JACOB METHOD PUMP T EST 

WELL = BH232 
·-- ..... 

I\.. TESTED= 4 _21 _77 .I 

Curve displaced by lowering S while 
pumping con fined aquifer , or recharge 
from overlying alluvium . 

" 

' - ~t-+-+-lf-+--H-,e--H+H++++~+H,l!J+Hj+H--H--l-14~Hrn4l~e~ " w z 
..:.1s~t-+-+-lf-+--I-He--H+H+t+-H-H++H·+HH+l+H+HH+Hl-t!-tl1-H™llllllll!!--lf-l-+-l'~rl-+H-l-+++-U-l-~l-!IUUJW~W..U-U.IJ-ilUUUJlllll. 
W 81-+-+-lf-+--I-He--H-~+++-H-H++H+HllH+H+I.J-Hlt+~ft+HHtHIHHff-+-+-l-+-'I-H'<H-+-H~~~-!JH1,114-~H+Jl• +++Ull=~ 

,.., 
0 

~ 1--+-+-lf-+--H-le--H+H+++~; 

25 

I~ 

r:J f.L~~-+-1-HI-HH-I-H+l+H• H• ~llM 

r, -

-I+ Hl-1-1+',I-! 

30 1-·~+--+-1---;.;;H~-t-++H+ttt-t++++HM•u•-+-+-<-.WU~U-U.u..uJ~I 

"-:> ...,_~.!-+-+-lolHI-HH-1-H+l+H• H• +Hl!MH-+H++ 1-l-l • ++Hl~fl.lrnl!-IU.llll 
00 

l r 

AVG . T = 47 . 7 + 59.6 

2 

RATIO 1/1° 

o = 4 . 6 gpm 

6S/Log cycle '2 3.3 5 - 3.4 0 

19 . 95 

T = 264 { 0) 
6S/Log cycle 

= 264 (4 5 ) 

19. 9 5 

= 59 . 6 gpd/ft. 

2 
= 7 - 97 ft /day 

I' 

I 
I 
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RAMACO Brook Mine 

:>K .S. GEOLOGY AN D EXPLORATION AQU IFE R TES T DATA 

; u to WY c ~unty __ S""'"h"'"'e_r_i ~d~a _n ___ _ T. -22_ ~ R. §i_ &• Sec. 24 ,_y,'J:Ll., __ ~o. BH 467 
'cnoMcl Ara as & Bandar Test (D Si~ well dnwdown 3. Drawdown with obs. well 5. Other (,pccify) 

type:(D Single woll recovery 4 . Recovery with ob,. well 
P. K. S. 11, ·· "ner ______ _ __ _ dd 

Sheridan, WY A ress _ ____________________ _ _____ _ 

(leed 
:ou.. Jepth 380 ft. 

:uilll! diameter 5 in. 
, )1) e of lCICC n SaW 

or pcrfora tion SJ O t S 

·,quifer Monarch 
u titud e of land 

surface 

'WLf om MP r 

D;,TE 

2-2 6-80 

I 

i 
I 

c:-
I 

I 

I 

3619.09 
100 00 

TIHE 

10: 30 

10: 31 

l I) · 11 

10;36 

10;40 

10;45 

10; 50 

11 ; 0.0 

11 ; 20 

11 ; 40 

12:00 

12:20 
12;40 
13;QO. 

13 : 20 

13; 40. 

-

Method drilled: A. Air-rotary D. Dug V , Driven 

Well diameter l_lj fi.. B. Bored or augered 
C. Cable-tool 

® Hyd.-rowy 
J. Je tt ed 

P. All'percussion 
R. Rev .-rotary 
T. Trenching 

W. Drivo-wash 
Z. Other 

Casing type ~P~Y-C __ _ 
Interval of sczeen 

or perforation _3,._4...,3._-__.3'-"6'-'4 _ _ __ _ 

MICW. _ , 
FILMF.O L 1 v 1 

Pump hp . & typo3~/ _4 _ T_ e_ e_l____ Pump dC?th QQ_ ft. 
Aqu ifer lithology _......w...1. __________________________ _ 

How 
detcrmjned surveyed MP 

How m easured Gal vonometer 

1)1:!'Tli 'i'O TH!.E SINCE 
lU\TER LEVEL PUMP O!\ 

C ' 
nN. 

100 00 0 

108 . 37 1 

11 '1 q7 1 

121 . 30 6 

123.75 10 

125,23 15 

125.92 20 

126 .45 30 

126. 50 50 

127,60 70 

127 , 92 90 

127 , 72 110 
127.60 130 
127, 72 1,50 

127.82 170 

128.00 190 

Above 
Below 

-· - -----

LSD 

~, -~ s,,.·,·:-:-' -· .. , - -y" ~ 
?u:-1,., 0,'F C , i·iI,;. 

Altitude MP ______ _ 

S1 F,. 
tit 1 

R:::S IDU/..L 
DR.:\1-1D~·.:~: 

A 17 

15 . 97 

21 . 30 

23.75 

25.23 

2-5. 92 

26 . 45 

26.50 

27.60 

27 .92 

27.72 

27 . 60 

27 . 72 

27.82 

28.00 

I 
I 
I 
I 
I 
I 
i 
I 

I 
I 

14; 00. 128. l l 210 28 .11 ,··~ 
: 

14;20 128 . 16 230 28. 16 

14:40 128 . 43 250 s,1c Ge 
' j 28. 43_ . ' .. 

15;00 128 . 30 270 ' ,,,,. . . .., ~ ..... ,. -.... 28 . 30 -

Off 15: 01 271 0 ..G-. -
... ,, . t3'T3 272 

-
15;02 116 . 71 272 16 . 71 

15:04 106 . 19 274 3 91 . 33 6. 19 
-

15;07 l 04 . 73 277 6 46. 16 4.73 

' 15: 10 104 . 00 280 9 31. 11 4.00 

15; 15 103. 33 285 14 20.35 3.33 

~\15:25 
1 02. 7 6 295 - L.2.(;. I "'I 

I 
12.29 2.76 

j 15; 35 305 - Rr3dr 1\'. , 8 , Q.7 L ,- 2 • 43 102 . 43 . -

i 1s:1;s °102. 15 315 ~ I 11r. ,J li ,l ~ ,_.l_ :\ c.:.L -
- I' I J ~ l . 

l : ; , ()() I l !l l f11""; '::"'..1 n .::. 7, 1,.-7- ') (: I ., _ :"/; l ~(. 

., 'i 210 2 5 
October 2018 ·'D \ : . 10-2r.-1a Addendum D6- 14- 105 DEQ Ex. 3-1648



RAMACO 

WAT ER \~ EL L _ __.B ..... H~4 6,_,_7 __ _ 

I" PUMPING RATE DATA 

- TIME TEST VOLUME OF 
TEST DURATION GALLONS PER DISCHARGE 

DATE TAKEN SECONDS MINUTE GALLONS 

2/26/80 l 03.1 28.40 7. 24 3.43 

1033 24. 70 8 . 33 3 .43 

1036 28.00 7 . 35 3 .43 

1040 27 .50 7 .48 3 .43 

l 045 26 . l 0 7 .88 3 .43 

l 050 27 .00 7.62 3 .43 

1100 26. 10 7.88 3.43 

1120 27.00 7.62 3 .43 

1140 27.00 7.62 3. 43 

1200 26 .60 7 .73 3.43 

1220 26.80 7.67 3.43 

1240 26 .80 7.67 3. 43 

1300 27. l 0 7. 59 3.43 

132d 27 .20 7. 56 3.43 

1340 26.40 7.79 3.43 

1400 26.90 7. 65 3.43 

1420 26 . 50 7. 76 3 .43 

1440 25.80 7 .97 3.43 

1500 26 . 30 7.82 3.43 

2081 . 17 / 2. O = Total Q 0 

Specific apaci ty = 7. 71 

-
- - -- ---i.1 -

~ RE 
-- Tl -

- · - - - --- --- - - -- -----·---·--br--4 
I l : 

'I I 2/ 
October 2018 EC 

Brook Mine 

MICr.u ,,rr, , ·n 4 fll.MC:..i ,n 1 i,; 

TIME \·/EI GHTED 
\-IE I GHTED AVERAGE 
DURATIOM DIS CHARGE Q 

l 7.24 

2 16. 66 

3 22.05 

4 29 .92 

5 39.40 

5 38. l 0 

10 78.80 

20 152.40 

20 152 .40 

20 154 .60 

20 153. 40 

20 153.40 

20 151 .80 

20 151. 20 

20 155.80 

20 153 .00 

20 155.20 

20 159.40 

20 156 .04 

270 2081 .17 

7 .70 

/28 . 30 = . 27 gpm/ft . 

t,l • ,, ... ,~r~: .. 
I ,, -. 
-'' 1 ..... .... ·--r ;, r.::, 

- -, - -• a • -- - ·- ...... , , . .;, "'urn:,,, ---U7 -V 1-.J - ~ 

IC EfV t D D! .., · ~.-0 1::1 <>'-

N 1 5/293 P £RMll2 13-T2 

-- - -- - - ----

5 
- 1 Addendum D6- 14- 106 

~ 

. 
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(X) 

-
C, _ ... 

- ~ C) -I 
N 0 
c..,, 

I UI -00 

> 
0. 
0. 
(l) 

::l 
0. 
C: s 
0 
0\ 

I ..... 
+> 
I ..... 

0 
-..J 

0 

re . 
J ,.. 5 

w 

Tl 
--.J 

w 

10 
1-
w 
w 
LL 

Cl 

"' I 

""'" -\J) 

~ ..,., 
'2 

.... 
t}i 

' · l'v 
I.O 
w 

"'O 
I"') 

~ 

:!: 
-4 

II) ... 
':' 

... 
(X) 

1.0 . 
N 

--w 
-4 
'4 

~ 
-

__J 
<l: 

2 0 ~ 

~5 
(") 

rTI 

< 
r,i 

0 

0 
("') 

I'.) 

00 

..... 
1.0 
(X) 
N 

w 
a: 

--
~ ... , 
--
~ 

~ 

~ 

r, 

p --
~ 

~~ -- - --
;a 

' 
.,., ...... .. -•- ... -- .. 

( 

TIME DRAWu, .. dtN CURVE 

5 10 •o 100 150 200 
"'" " ' "' .it t WLj llll l llll l I l ll UUUlJll !III II 

I 
JACOB METHOD PUMP TEST 

. .. "-- Q:7 . 70 
-· WELL = BH467 gpm 

T ESTE D= 2-26-80 
-

6S/Log c ycle { 2 7 . 3 -
! 2 5 . 0) 2 . 30 = 

: T = 264 ( 0 ) 
6 S/Loq cy cle 

264 ( 
7 

· 
T= 2 . 30 

7 0} 

T = 883 . 8 3 gpd/ ft I 

- rr 2 
118 . 16 I 

T = f t /day 
I ,I 

I : 

I " II 

' -
-

-
I I 

I I 

' 

I 

I 

I 

~~ 
;;:o 
8~ 
u, 
~ o:J 

-- ,_ -
rv '"1 

0 ,_. 
0 

o:5 :,:;-
..i:,. 

~ 
I , MINUT ES 5· 

(l) 

• 
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0 
() ,... 
0 
CJ' 
(I) 
"1 

tv 
0 ..... 
00 

== 
M 
c::, 

-c:, 
I 

" I -(b 

• 0. 
0. 
(I) 

;:l 
0. 
c s 
C, 
(J\ 

I ..... 
-+> 

I ..... 
0 
00 

T 

..... 
"""I 
J' 

0 
...... 
N .... 

C, w 

"' I 

- -'=" 
·- Iv 

0 

I ' r..., 

,..., 

,_ 

0 

5 

10,_ 
w 
w 
LL. 

z 

(/) 

15z 
~ 

8 
~ 
~ 

(/) 

1 ,w 
er: 

,,, 
(") ,,, 
< ,,, 
C, 

JO 
P l 
0 

~ 

,_ 

-
~ 

~ .... 

--
~ 

,_ 

,t;; 
,__ 

TIME RECOVERY CURVE 

5 10 '0 

- """" '" 

JACOB METHOD PUMP TEST 
·-- '-

I WEL!. = BH46) 
TESTED = 2 26 80 

. 

I 

I 

I 

' I I 
I 
I 
I 
I 

-
' 

"l r• 

' ~ 
I 

I 

i ~ 

.... 
-

1 1 
,_ 
~~ -

-~ llli It '= llllll 
..... ._ I I] -r ,._,._ 

,._, 

RATIO 1/t' 

IOO 150 200 
I ll llllllllllllll I lllllllllllll111 ii 

I 

I 
O= 7 . 70 gpm 

~, 6$/Log cycle= 5 . 0-2 . 5 
! = 2 . 50 

- ; T: 264 ( 0) ' 
6S/LOQ cycle 

= 264 (7 . 7 0 ) 
2 . 50 

' 

= 81 3 . 12 gpd/ ft I 
: 

1 08 . 71 ft 2 /day 

,_ 

I 

~ 

·1 l I 

' -I 

AVG. T = 383 . 83 + 813.12 

2 

= G48.5 gpd/ft. 
2 

113. 4 = ft /day ?~ 
~ ~ 

I II 11 111 Ii I II ,:1 R II II 7 n 
II II I I I 

I I 

en 
"1 

CJ 0 
0 rv ;,;-' 

•-' 
~ c:5 .... . 

.,P ;:l 
(I) 
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RAMACO Brook Mine 

~K.::.. \Jt.ULU\.> l /.\NU t..X.1-'LUKA I IUN A(.lUIFcR TEST DATA 

La l e - . -- Coun~ -- Sheridan 
T. _5_7_(i), R. ~@ Sec. 14 ,J!~LLJ-!Q.~_4:...:9'-"6'-----

asonnel __,D:c.:o:..:..n;.;:dc:::a..:..r-=&....:A..:.:rc...,a:.,a,..,.s'--- --'--------- Test (D Singla well d.rawdown 3. Drawdown with obl. well 5. Other (.specify) 
type:@ Single well recovery 4 . Recovery with obs. well 

/ ell ... wncr P, K, S 
'TI Ke k i ch 

o ..... . epth 278 ft . 

uing diam eter _ __.__ in. 

·yp e of scree n Saw 
or pcrfont ion s 1 ots 

.q uifu Lower Monarcb
J 1i1ud e of l&nd 368 7 . 6 

wrface 

WL f MP , om 1 fi7 1n 

D,\TE TIME 

On 

4- 3-80 . 10: 15 

10:'16• 

10: 18 

10 : 21 

10:25 

10:30 

10:40 

(~ 
10:50 

11 : 00 

11: 15 

11 : 30 

11: 45 

12:00 
i 12: 15 
i 
I 12:30 I 

12:45 

14:00 

14:20 

Off 14:30 
. 

14: 31 
! 

l 
14:36 

14:40 
i 14:45 

I -
14:50 

1-
14: 55 --

! 15: 00 
I 

!==115,10 
I 15: 30 
I 16: oo 

October 2018 

Address Sheridan ' WY 
Method drilled: A. Air-rntary D. Dug 

Well diam eter l__ljih. B. Bored 01 augercd @ Hyd.-rou.ry 
C. Cable-tool J. Jetted 

Cuing type ..._p_..V...,.( __ _ 

Interval of screen 

P. Air-percussion V. Driven 
R. Rev.-rotary W. Driv&wash 
T. Trenchrni Z. Oth er 

MILflO (: I i • 
fJLMl'::) ' • ... , 

orperfo ra tion 245' - 270 ' Pump hp. & ty po 3/ 4 Tee 1 Pump depth ...2.S1l. ft. 
Aquifer lithology _.w..,..CLL. ________ _ ___ __________ ___ _ 

How 
determined Surveyed MP 

How measUied (.;;i l 11nnnmPtP 
·~ - ~ 

!)E PT!l TO TIME S1!,CE 
IJ/\ TER LEVEL PU MP O!, C ' !-'.IN . 

-

1 67. 1 0 0 

179:54 1 

187. 18 3 
193. 46 6 

199: 88 10 

201 .34 15 
201 . 35 25 

201 . 24 . 35 

202.82 45 
202.72 60 

202.94 75 

203 . 45 qn 

. 203 . so l.Q5 

204.76 120 
206.68 135 

206.75 150 
207 . 12 165 

i: 

Above 
Below 

·· -·- --

LSD - --

-:-!:::: sir:::: 
?LT>'. ? Oi'r t , 1·1Ii; . 

8 j l 

Altitud e MP _ _____ _ 

51 .. ' 

c/c l R:': S ID U!-. L 
DR,\ 1.-1 oo·. :-:, 

n 

12.44 

20 .08 

26 . 36 

32.78 

34 . 24 

34.25 

34 . 14 

35.72 

35.62 

1c; o n 

1/; 1c; 

1/; 11.n 

37. fi n 

39.58 

39.65 

--- rio .02 
207.24 185 ~ '89-213.l 3 40. 14 
207 . 24 195 
193. 63 196 

175.07 201 

172 . 65 205 

171. 08 210 

170 . 35 215 

170 . 00 220 

169 . 74 225 

169.49 235 

169 . 22 255 

169. 03 285 

. -- . 
8 ,, ...... "=" - . ..... -

~~ -

REC 
2/ 
1 -

0 

l 

6 

10 

15 

20 -
:w 

25 -
30 l.J~NL 

40 ~ r• 

60 Tt N 

0~ 

0 40 . 14 
196 26 . 53 

. 
33.50 7.97 

20 . 50 5.55 

14 . 00 3.98 

10.75 3.25 

I 8 .80 2.90 
(.l b ," 7. 50 I , ... ; I.! 

I 2. 64 
.. 

· 5 :87, ; ) ' . "I I;P. !M? 
l ! ~ 5 1T ~i 2. 1 .2. • , 

\ 3. 17 I l. 93 

Addendum D6- 14- 109 
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I 

I 
' ' I 

I 
j 

· I 

I 
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. 
,. 

; '!'!, 
·.· 

-
,# 
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RAMACO Brook Mine 

\..JATER \.JELL 496 - ----
PUMPING RATE DAT A 

r ' 8,J 

TIME TES T VO LUME OF TIME \·JEI GHT ED 
TEST DURATION GALL ONS PER DISCHARGE \-JE I GHTE D AVERAG E 

' DATE TAKEN SECONDS MINUTE GALLONS DURATION DISCHARGE Q 

4/3 / 80 1018 41 . 00 5.02 3.43 3 15 .06 

102i 42 . 20 4.88 3.43 3 14 .64 

1025 43. 00 4 .79 3 .43 4 19. 16 

1030 59.20 3.47 3.43 5 17 .3 5 

1040 59. 20 3.47 3.43 l 0 34 . 70 

1050 60.50 3.40 3. 43 l 0 34. 00 

1100 62.00 3.31 3.43 10 33 .10 

1115 60 . 00 3.43 3.43 15 51. 45 

ll 30 60.00 3 .43 3.43 15 51 . 45 

1145 59.00 3 .49 3.43 15 52. 35 

1200 63 . 50 3. 24 3.43 15 48.60 

1215 55 . 30 3. 72 3 .43 15 55 .80 

1230 53 .80 3.82 3 .43 15 57 .30 
-

( 1345 60.00 3.43 3.43 15 51 . 45 

1300 62.00 3.31 3.43 l 5- 49 . 65 

1315 57.30 3.59 3.43 15 53 .85 

1330 56 .00 3.68 3.43 15 55.20 

1345 55 .00 3.74 3 .43 15 56 . l 0 

1400 56 . 00 3. 68 3.43 15 55 . 20 

1420 57.00 3.61 3'.43 20 72.20 

OFF 1430 57. 00 3. 61 3.43 10 36. l 0 

250 91 4. 71 

914.71/25 n = 3. 66, Tota Ave. Q = 3 . 6 

Specific apaci ty = 3. 6 b/40.14 = .09 gpm/ft . 

·- -- nn '- • "'"T2 ' 
- t Jill I.a.•;:_. : -...... .. ..... .. ..,. 

-· 
.. AN D QUALIT 11 D IVI S!Olt 

-
F ECEIVEO C[( · 28. 19 8 2 

"fN l 5/293 PERM IT r , ., __ 

"' - -.r ·~~ 

D6-422 

October 2018 Addendum D6- 14- 110 DEQ Ex. 3-1653
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I-
w 
w 
IL 

~ -
(/) 

z 
3: 

I.O i 
c:, ~ ..... r .... 

::a w ...J 

m ~ .i:,- <l'. 

M N -4 6 
c::::, 

- 1.JJ , 
' vi 

en u J 
a:: - r-., - I ....., 

'-,., I,.,) 

L I '-,',! 4 ! -
• 6- '- lilt1 
0. 

. 
0. • 
(b • ::l "' -0. 
s::: a n 

C, 
.1 

',I I ~ -

°' ,.;; -
I ...... -
~ ~-I ~· ...... ... ,., 
...... -...... 

~) 

5 

-

~ 

~ 

TIME ORA½ .... vWN CURVE 

10 ' 0 100 150 200 
T 
I 

JACOB METHOD PUMP T EST I 

WELL : BH4 96 . . '-- l++t-~lttlttm!!tl!lli=i:t:~#m-\1 
TESTED = £ _3 _80 

mmI 11 1II1I1u1 UJJILlllllLIIIIIIII l 

Q= 3 . 66 gpm 

6S/Log cycle= 38 . 3-34 . , 

= 4 , 10 

I 

0 

10 

11 111--f-·H--H-++H+++f+t+H-l++Hl,H+llil++H+l+l++mlfHl~Hllll-Nllll-++4-+-il -H-+H- ' T: 26'1 ( 0) 
6S/Log cycle 

- ---, __ ,_.._ .._ 
- H+·+t+ t+++ 

I, MINUTE S 

- 264 ( 3 . 66; 
T - 4 . 10 

T = 235 . 7 gpd/ft 

2 
T = 3 l • 5 ft / day 

i 

I 

I'- 20 

.... 30 
I 

j I 

" 
t: 1H I 

I 

' 
40 

I 

' I I ~I 
II Ii 

I 

' 
I 

, . 50 

I 

" 11 
I, 

-, 
I 6(f 

" 
,, 
I 

"'--
I 

70 ::.0 
..:,. 

to 
'"1 
0 
0 
::,;--

~ a· 
(b 
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0 
(") ,.... 
0 
er 
(1) 
'"1 

tv 
0 .... 
00 

> 
0. 
0. 
(1) 

::l 
0. 
C s 
0 
0\ 

I .... 
-+:> 
' .... .... 
tv 

D 
"' l .,. 
N 

-I ..,, 
z 
,_ 

(Jl , _ 
N 
'-D 
w 

" rn 
::::J 
s: 
_. 

TIME RECOVERY CURVE 

s 10 •o 100 ,so 200 
0 7--+r +r -+..,. -t""-t::r fT 't-TT-+-nl-t T:1--rTITTTTTITTTTTITITTTTTTTl"TTTlrTTTTmm,,_:rr, _ ... rrt_.-~r~T_"""L_"""L.""1....7:....T~r~l"l..T~TJ...Tl..T~rr...rr .. ~"1;."L..m,.IIT ".IJJ,flfJrr.r4, !l'.Ww!'"TTTmmnl--rr-r,-+--rrrr+-nl-lrr_n IITTTI Llllm lllTTTTllllllTTnTIIIITTr WJTI.1-nUrr.llmJIITIJTI ,,m:111"TT1TTTTl"T1T: 

JACOB METHOD PUMP TEST • , 

' 
' 1 

O= 3 . 66 gpm 

5 

WELL = BH496 
TEsTeo = L]_ 1 _ 1 

ttlHHtllH-+-t---+-t-H+ --t++l 6S/Log cycle =6 • 6 - 3 • I 

= 3 . 5 
IN ltt-----1-+-+--+---1·--++++-t j 

10 ~-+-t-+--t-t--+++++tt+H+t+ttttt+Hl-ltt+-t-++HH+t+l-ttH-IHHHtlllHlll-+----l-+-++-++H-+H-++l+H-H-l+Hl-l+Hl~l-l+l'-+++-~~llU!I

~ >-+---+-t-+-+-+-+-+-+++++t+t-+H-++HH •l+H+-H-i--+++++t--H-1-+i-++#HHIH IHll---+-t-+-+--t-t-t-++H-t-t++H-t,IH+H!H!IH~4-H#H· HH41H IIH!l-

~ 1 

- t-+--+--l--+-++++-H+ +H+HH4 HHIIIIIH--11--H-H -t-+--+--1--+-++++-H++H+HH-H+ 
en t-+-- t- 1--+-++++-H++H+Ht+ttHHll+l-l-+tt+H4#ft-l-4H·H441fHlll~IM--+--t-+-++++++-11++-l-l-l-H4-li-!-H~H4W-l-~+-14+1-1-l-l+H~llll-

1 5 ttt H HHl• H Ht- -+---+->--+-_,___.- t-+i1+++t-tt+,1-t1+t+tt4-tttf-t--H+t+-H+!IH44-Hltl Hllf 
~ t-+-+----l-t--~----H+H+t+++H-H-H-ttttl+t+H+t++++tt+H+H++t+l+ttlllil-1-+-++++++H-+-!4-1-~-H+l-l-ltl-fl.ll---l-l-l--lfl-i-l,H-H-i+Hlfflllllll 

8 ~t=t=~tttttt:1:ttn11:t:rnumwi1~'1t+-t ~1:l,t+rJ1-1-1Hit,11+ttitti\1H~tt~c:... t1-::+~~ttt~ttttttt+tttttttt,ftttt--t-H--+t-!-+++-ttt+,ttt1-Hlltt 
~ 1-t---+-t-+-+-+-+-+-+++++• l+-• H-HH-tt IHtl H ++<H+t+++i 
<I t-+--+--1--+-++++-H++H+Ht+ttH H ·fHH+H+H+Ht 

~ r::t=t=t=tttttt:1:tt~t1:t:ttttltttumtt-t-H+ttt-tt-1Httt-tittltittll1~1t111111H-r:.+,_1--++---++,+,+,+:_+--r+HH+---!++1-+1-++i\+'t11-+--l++-!Hif1+l¾*H++H-H1++-l++l+Hl+H-HH-H++ll~ll-

~ ~ - - - - lltlllllttt- ~----i-t-++-·t-+-~~~'.+--H-i++t--~+.~~itl++'tf+-H+H~ 

2 Q § t-t-t-t---t-t"1-t-t-1--t-+--H-ttttt11cttffilttt1Ttttirttt1-ttffilttttttttH 

T = 264 ( Q) 
65/Log cycle 

= 264 ( 3 . 66 ) 

3 . 5 

T: 2 76 . 1 gpd/ft 

: 2 
36 . 9 ft /day 

g 
'I 
I 

" I 

-+-·+-+-+-t-+-iH-+-t-H""i+~+H++HtHtt--H+H+t+++H-H+HHtt1 H , 

-+-+1-+-t-+-i-++-t-H""i+H--H+HHt-1-fHH+H+H-t,f++fH++IH-HH+ 1 

; 
1 

' IH--1_ --t-_ r+• _-t
1

-1-+-t-+-t-+-t- .++H~
1
-t-+++1f+++1-H+~'tl+Hl+H ~t+rH+t+l+·IHJl!t-#"•"•:st1~~=_+:t--+:+---+:+-=:=:=:=:=-tH:+-+:++:::++:Ht-t-:+--tt:,::i+J ... -+i:ttJ .. :tt•~• -• -,:~- • -+'::t~-++:+1+~::):1 ... _~"lt:l:)1:Jtw.;;i 

I 

I 

-
~5 .. , ' (') I 

I 

[Tl ct ~- I 

< 1--
-< IT ~ -

fTI 
0 ( i::: AVG. T = 276. l + 235 . 7 

la-I- ::J .., 
'.jQ r ~ I- .... 2 :: :==-~ Pl 
0 1-=1 .. 

I-I- • = 255.9 gpd /ft. 
"" (~ :=~.:. O:> 

~ :: , n 2 
/day 

-~~ ~ 
= 34. 2 

__ ,_ ,_,_, _ 
t;~ z •w - ~ ~-,-.... -~5 - I • -· .... 00 ;a 

N 
(Al 

I 

RATIO t/t' 

I 

'tt 
I 
I 

I 

~':?" r :.-! 
~ 

OJ 
'"1 
0 
0 -...; :,;--

~· ~ .... . ~- ::l 
~ (1) 
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RAMACO Brook Mine 

, I\.~. VL..VI...VV t , ....,, .. ._, ._,,1 ~-• 1r, I IVl'I ----· ----
County Sheridan T. 2_ ~. R. _..8.4_ © Soc. _...,l 4~- ,_WELL_N0,,,_,._.;.,..58'-'4-+-----

c:n<>Mel _B....,o..,.nJ.>,d.,.a..._r _______________ Test (i) Si~ well dnwdown 3. Drawdown with ob1. well 5. Other (specif: 

type : Q) S~c well recovery 4. Recovery w ith ob,. weU 

~ " · -.·ncr __ P_. _K_. S_. _____ _ Addrcn Sheridan WY 
~ Reed 

Ou. .epth 3 40 ft. 

uing diameter 5 in. 
ype of icrecn saw 

orpcrfont ion slots 
,quilcr Monarch 
Jutudc of land 

=face ----

WL f MP 10s qs ,om 

D,\TE TIHE 

4- 9-80 l 0: 30 

10:33 

10:36 

10:40 

l 0:45 
I 

10:50 
I 

11: 00 
v- 11: 15 

~ 11 : 30 
-

11 : 45 

12 :00 

12: 20 

13:00 

13 : 30 

14:00 

Off . 14: 35 

14:36 

14:38 

14:41 

14:45 

14:50 

14: 55 

15:00 

l 5: 10 -
15: 20 --I l 5: 30 

==1~ 15:50 

16:00 I 

October 2018 

Method drilled : A. Air-101.:1ry D. Dug P. Air- percussion V. Driven 

Well diametcJ_l.L.8n. B. Bored or augcred 
C. Cablc>·tool 

@ Hyd .-rowy 
J. Jetted 

R. R~ .-rot.ary W. Dnvo-wash 
T. Trenchina: Z. 0th ct 

Casing typ e ~P~Y-C ___ _ 
Interval of screen 

orpcrfontion 303' - 327' Pump hp. & type 

MICP.O 
· fJ £0 C:f 2 ,\ r ~ .' 3/4Tee) (s ub. ) u ~ pdepth.L.'.J.1Lft. 

Aquifer lithology......_......._. __________________________ _ 

How 
dctc:nninod MP Above 

Below LSD Altitude MP ______ _ 

How measured G ~ ii V~j: r ._ -~ 
!)E!'Tli TO TI ME srncc - , .~ S l '" .E S1 r ~· L.•::_ · }v , ,. • l , 

11/\TER LE\'EL PUMP Q?, t ' MIE . PU~1? O!· ~ t , h I,, . c / t 1 
R::SIDU/•.L 
D:t\\! oo·.:: : 

, 

105.95 0 0 .. 
124.23 3 18 . 28 

139 . l 9 6 33.24 

141. 27 ' l 0 35.32 

145.51 15 39 . 56 

147.80 20 41.85 
149. 36 30 43 . 41 

150. 43 45 44.48 

150.74 60 44.79 

151 . 04 75 45 .09 

151.10 90 45. 15 

151 .46 110 45.51 

. 151 . 77 l~O 45 . 82 

152.08 180 H ! <;i4 2 
V • 13 

- . 3· ,:I 152. l 0 21 0 -4-e,. 15 

l 52. 13 245 0 0 46. 18 

136. 45 246 l 246. 0 30 . 50 

120.32 248 3 82 . 7 14.37 

11 3. 81 251 6 41. 83 7.86 

110.31 255 10 25 .5 4.36 

108. 70 ?.60 15 17. 33 2.75 

l 08. 42 265 20 13 . 25 2. 47 

l 08. 15 270 25 10.80 2. 20 

107.80 280 e ,,,e~ia-.; ... 8°110 1 . 85 - - ......... -
l 07. 58 290 45 6. 4'0 I l. 63 

107.40 300. L ~ N r c r 5'-5! T" i . f h,5 . 45 l. 45 
- I 

3£ 4 .80 I l 07 . 27 3la- 1 1 l 65 - l . 32 
-

l 07. 18 320::. l ,7 p J.i p C. 1\l I J 
4.26 -1 ~-.~3---

2 13- T2 I 107 . 09 330 1-f B ) 3. 90. .4 
2/ 

RECD 1 - -1 Addendum D6- l 4- l l 3 DEQ Ex. 3-1656



RAMACO Brook Mine 

WATER WELL BH 584 ---

PUMPING RATE DATA 

- TIME TEST I VO LUM E OF Tl ME \·IE I GHTED 
TEST DURAT!Q:,j GALLONS PER DISCHARGE \·IE I GHTED AVERAGE 

DATE TAKEN SECO NDS MIMUTE GAL LONS DURATI ON DISCHARG E Q 

4-9-80 l OJ3 22 .50 9. 15 3 .43 3 27 . 45 

1040 23 .40 8 .80 3 .43 7 fi l . 60 

1045 24.50 8 .40 3.43 5 42.00 

1050 24.30 8.50 3 .43 5 42 . 50 

1100 25. 20 8. 16 3.43 10 81. 60 

l ll 5 25 .70 8.00 3.43 15 120 .00 

ll 30 24.00 8.58 3.43 15 128.70 

1145 25.50 8 . 07 3 .43 15 12 l . 05 

1200 26 . 30 7.83 3.43 15 117. 45 

1220 26 .00 7.92 3.43 20 158 .40 

1300 25.70 8. 00 3 .43 40 320 .00 

1330 25.50 8 .07 3.43 30 241'.'. . I U 
' 

( 
- 1400 25.50 8 .07 3.43 65 524 .55 

FF 1435 245 198/ .4 

1987.4/24 ' = 8. 11 Total Ave. 0=8 .ll 

Soecifi c C aoac i tv=8 . l /46.18 = .1 8 opm/ft. 

f"f " 

- 3 TS --=-

- -- · ~ -- -
~ ,., - ..... ~ 
- - - .. _ - . ---

l4 ,NO QUALITY OIVISJUN 

RE CF!VEf1 rrr ... . ... , :;s. 1983 

T N 1 5/293 PE RM 11' ~ ) :? .. 't; 
4 

-
- --- ----------- --------- :'.)~-- - ------- - --

October 2018 Addendum D6- 14- l 14 DEQ Ex. 3-1657



0 

10 

20 

30 

"' ::a -0 
r-, ~ .. f 
n - ~ c:;:, N 40 

'-J -
::, ,.., 
I U'I '1 - 50 
~ 

• 0.. : 
0.. 60 ('!) 

::s 
0.. 
i:: s 
t:J 

°' I .., i~ ....... ·,J 

~ • .J 
I 

....... 

....... 
(J1 

TIME DRAv.. --.1WN CURVE 

5 10 ' 0 100 150 200 
-r-r-"T""T.......,..T"T"rTrrTTirrmrTTTI"TTTTTTTT1rrrlTTTimn"'1'TI111T1u"l;,"ITT,_,nt_ .. . -~r_"T..""L""L""LLl:..r~'"L"L"!J..llt"[.TT_.rr,,.rrJJl .. ,_JT , .. JJT •.J...Q"TITTTTTTTTTilTTllmr t I I II 11 UIJ 111 11111 WJ1 I~ LI Jlilllll II L 

1---
w 
w 
LL. 

z -... 
C/l 

z 
3: 
8 
3: 
<t 

~ 
...J 
<t 
:::> 
0 
C/l 
w 
a: .. 

-

f 

I • 
•- I 

~!-d--
. 

.m1rn1 --;-i-- j - ~ 

• I 11111111 

I I j I 

JACOB METHOD PUMP T ~_sr..__ lt~~w~~mllllluu~t:~111:i+-+Ht=l++Hdi 
WELL= BH584 
TESTED = 4- 9-80 - t-t- 1- - -

... 

-
-

.. 

' 

•-
' -

I 

-- 7 -
. -

I 
I 

t, MINUT ES 

o = 8 . 11 ~pm 

6 S/Log cycle = 4 5 • 2 - l t 2 • L 

= 2 . 00 

T: 264 (0) 
6S/Log cycle 

: 264 ( 8 l l ) 

2 . 80 

= 76 4 . 7 gpd/ft 

2 
= 102 . 2 ft /day 

' 
I 

I 

I 
I 
J I 

T , 
-It ., 

I I 
I 

I 
I I 
I 

! 
! ! 

I 

I 

I 
':!l ;_,:: r~ ~o 
~ ;.-J 
co to ,,, 

'1 re, 0 J 
0 

!', ;,;-' 

C:; s: ~- s· 
('!) 
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• 0. 
0. 
(b 

::l 
0. 
C 
3 
0 
°' I ...... 
+> 

I ...... 
...... 

°' 

0-
\G' . 

-1 
"Tl 
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--".:> 
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fTl 
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#tJ .. 
ea, . ... 
~ 

" 

::0 
l'T'I 
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l'T'I 

<" .,., 
v 
0 
rr; 
0 

"~ 
o:i 

,-
1.0 
Q:) 
N 

0 

lO 

2Q_: 
w 
w 
LL 

~ . 
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8 
~ 
<( 

2s 
_J 
<( 

,.. l 

~ 
0 

0 
C: 
> r 

0 
< 
(fl 

I 

' 

I 
I>-

TIME RECOVERY CURVE 

5 10 !O 
"''" """ 

J.i!COB•ME~HOD P~MP TEST -

WELL : BH584 •·· ..... 
-

- TESTED: • - 4-9 -80 
"' ""' 
"""" 

"' ""' 
""""' 

I 

. 
I 
i 
I 

I . 

H 
"" "" I 

I ' I 

' I 
'. 

I 

-
I 
I 

: 

' l I 
I I 

-I 'I - -
,_ 

t I 
I 

I lf 

1 I 11 
'. . i l I 

• ..i.,_ 
19 

,_ •- •- ~ -
; Hi· ._14 -

II 

RATIO 1/ i° 

100 150 200 

111 111~UlllllllUIII l l lllllll llllUl l !!~!!!!! 
,i' 

I I 

Q: 8 . 11 gpm 

i 
I 6S/ Log cycle ,4 . 80-2 . l C 

= 2 . 70 

T: 264 (0) 
6S/Log cycle 

: 264 ( 8 . 11) -~ 
2 . 70 H I 

' 
: 792 . 98 gpd/ ft. ... 

' tl ' 
ft

2 
/day : 

I 

l 0 6 . 0 l ' 
lti: • 

If 'I: 

lli 
II . ' 

'I 
I, 

'I 
I 

I 

I 

I IP ,, , 
I I 

Ill ' ,, I 
1, I I I. : 

/WG. T = 792.98 + 764 .7 ~ 
I~ 

2 ,n 
I 

77 8.8 gpd/ft I = I:~ 

'' 
ft 2 /day 

1: 
= 104.0 ,. 

i ' r.1 I 
I I I I i ll! l IT l1l .,_ C 

I I I I Il l I 11 11, Ill ' I I I I Ill I 11 111 Il l I~,: I I I I Ill I II Ill ..: 
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RAMACO 

8 

October 2018 

ADDENDUM D6- 5 

AQUIFER TEST DAT A AND CALCULATIONS 

PIT 4 

Brook Mine 

r.,,cr.J r~· ') ' 
illMED ~,j '- 1 84 

!'!''•·•ii:,. - ~-
LAND QUALITY DIVISION 

REC EIVED DEC- 28. 1982 

JFN l 5/293 P£RMIJ2 J;ci . r2 

D6-4i 9 
ff il 21 ? 5 
RECD 1 - r. -10 Addendum D6- 14-117 DEQ Ex. 3-1660



( 

RAMACO 

BAILER TEST 

\✓ell # W\✓ 390-79 

Date: ll /l 4/79 

S . \✓.: 61.32' 

Personnel: Gerlach , Araas 

Bailer Volume: 2.68 ga l . 

TIME 
IN 

TIME 
OUT 

BA ILER ELAPSED TIME I t, TO REGI ONAL 
VOLUt'E t, TO S' (Mltl) S'(DAY) . ORA\-100\✓ N 
( GAL s) s I ( FT ) 

13:28 13:29 2. 68 
1 3 : 30 l 3 : 31 l . 34 
13:32 13:33 0 
13:34 13 :35 0. 67 
13:35 13:36 2. 68 
13:36 13:38 2.68 
13:38 13 :39 2.68 
13:39 13:41 2.68 
13 :41 13:42½ 2.68 
13:42½ 13:43 314 2. 68 
13 :44 13:45¼ 2. 68 
13 :45½ 13:46 314 2.68 
13:47 13:48¼ 2. 68 
13 :48½ 13:49 314 2.68 
13: 50 13 :57 ¼ 2. 68 
13:51½ 13:53 3;4 2. 68 
13 :53 13:54¼ 2. 68 
13:54½ 13:56 2.68 
13:56~ 13 :57 2.68 
13:573;/i 13:59¼ 1.34 
13:59½ 14: 01 2.68 
14 :0l¼ 14:02 3;4 2. 68 
14:03 14:04½ 2.68 
14:04314 14:06¼ 2. 68 
14:06½ 14:08 2.68 
14:08!,; 14:09 3,4 0.67 

R.ECOV Ef Y 
14: 15 
14:32!.2 
14:50½ 
15: 11 
15:23 

114. 00 
112 . 00 
ll O. 00 
108 .00 
107 . 00 
105 .00 
104.00 
l 02 . 00 
100.50 

99 . 25 
97. 75 
96. 25 
94 . 75 
93.25 
91. 75 
90 .25 
88 . 75 
87.00 
85 . 50 
83 . 75 
82 .00 
80 . 25 
78. 50 
76.75 
75.00 
73.25 

68.00 
50.50 
27 .50 
1?.. 00 

0 

.079 

.078 

.076 

.075 

. 07 4 

.073 

.072 

.077 

.070 

.069 

.068 

.067 

.066 

.065 

. 064 

.063 

.062 

.060 

.059 

.058 

. 057 

.056 

.055 

.053 

.052 

.051 

98.65 
97.81 
97. 32 
95.62 

SO LUT ION TO WvJ 90 BAILEF TEST Lt\ 

v2 = v3 vn 
t t+ '"t} 

2 3 n T 

Brook Mine 

,.:1c.•, ') 
fie M~ !, '.·:·r ~ I '84 

VOL ( GAi..) 
t (DAY) COMM ENTS 

33 .85 
17.23 
0 
8 . 93 

36.07 
36.74 
36 .12 
37.84 
38.40 
38 .89 
39 .48 
40 .09 
40.74 
4i . 38 
42 .05 
42. 77 
43.50 
44 . 35 
45 .13 
23 .03 
47 .06 
48.08 
49. 15 
50 .28 
51 . 46 
13 . 17 

;:: =94S.79 

1L, <, • l i 

, ,a,1 •· 1 r,.,4 -... _ 

r 

Whe r e 5'=95 . 28' -6. l .32'=13 . 96 ' at 115 ~inutes, s< T = (l 2. :~)( 33 _96 ,7 ~946/9 gal/day } 
= 2. 22 gpd/ft = Q __ ft /day 

06-430 83-21 3 ' T 

October 2018 Addendum 06-14-118 DEQ Ex. 3-1661



00 
0 

~ 
;:I 
ID 
0. 

121 
N 

" N 
en 

" N 
121 
N 
121 

(--

RAMACO 

Date: ll/14/79 

S. W.: 61. 32 I 

PAGE 2 

TIME TIME BAILER 
I N OUT VOLUME 

( GALS ) 

A 

T 

ve. Q = 60.30 als = 1 41. 75 hi n. · 

ota l Res i dual br awdown 

Spe1 ifi c Cap city= l 

BA ILER TEST 

\~ell JI 
rr 

\./H39 0-79 

Personnel : Gerlach, Araas 

Bailer Volume: 2.68 gal. 

ELAPSED TIME t, TO REGIONAL 
t, TO S'(M I 1) s I (DAY) DRA\.JDOWN 

s I ( FT) 

4 gpm 

98 . 65'-61 .32' = 37.33' 

44 qpm 
3 . 33 I 

= 0.04 gpm/ft 

-

-

- - LAN D C 

RECEIVE 

TFN l 

D6-431 

Ti- I 2/ 02 5 
October 2018 R'CD 10- 25 -18 

Brook Mine 

MICRO - · 
fJl.MED SEP 2 1 (n 

VOL ( GAi.. ) 
t ( DAY ) COt·MENTS 

I ,.. q, 
I• 2! 3 

9/ ~,u-iiw, - ... _ ._ ., 

UALITV [., i\i jlU!--. 

D r,r;:::. 2B .I 19s2 

5/293 PERt'T 213-T2 

I 3 l 89 213 •J3 

Addend um D6- 14- 119 DEQ Ex. 3-1662



RAMACO 

Date: l l / 15/79 

S.\✓.: 47.47 ' 

TIME 
IN 

TIME 
OUT 

BAILER TEST 

1.✓ ell # WW39l-79 

Personnel: Gerlach, Araas 

Bai ler Volume: 2.68 gal. 

BA ILE R ELAPSED TIME t, TO REGIONAL 
VOLUME t, TO S' (Mlfl) S' (OAY) ORA\✓ OQ,/N 

Brook Mine 

MiC (C, 
01 

_ • 

lliMED S.:., ::. l 

VOL ( GAl..) 
TTMYJ COMMENTS 

( GAL s) s I FT) =========l=====l===== 
12:97 12:08 2. 68 
12:08 12:09 2.68 
12:09 12 : 10 2 .68 
l 2 : l O l 2 . ll 2 . 68 
l 2 : l l1 l 2 : l 2 2. 68 
12:121 12:13 2.68 
12:13 12:14 2.68 
12:1 4 12 :16 2.68 
12:16 12: 17 2. 68 
l 2 : 17 l 2 : l 8 2 . 68 
12 :18 12:19 2.68 
12:19 3/412: 20 3/4 2. 68 
12:21 12:22 2.68 
12:22 12:23 2.68 
12:23 12:24 2.68 
12:25 3/412:27 2.68 
12:27 3/412:29 2.68 
12:30 l2:3l1 2.68 
12:31 3/412:32 3/4 2.68 
12:33 12:34 2.68 
1 2: 34 -l 2: 35 2. 68 
12:35 12:36 3/4 2. 68 
12:37 12: 38 2.68 
l 2 : 381 l 2 : 3 9 2 . 68 
12 :391 12: 40 3/4 2.68 
12:42 3/412:44 2.68 
12:441 12:45 3/4 2.68 
12:46 12:47 2.68 

RECOV RY 
12:49 
13 : 13 
13:45 
14: 50 

162. 00 
161. 00 
160.00 
159. 00 
157. 75 
156.75 
155.75 
154.00 
153. 00 
l 51 . 75 
150.50 
149.25 
148 . 00 
146. 75 
145.50 
142.50 
14 l . 00 
138.50 
137 .25 
136. 00 
134 . 75 
133.25 
131 . 75 
130. 50 
129.25 
12 5. 75 
124.25 
12 2. 75 

121 . 00 
97.00 
65 .00 

0 

. l l 3 

. 11 l 

. l ll 

. 110 

. 109 

. l 09 

.108 

. l 07 

. l 06 

. l 05 

. 705 

. l 04 

. l 03 

. l 02 

. l 01 

.099 

.098 

. 096 

. 095 

. 094 

.094 

. 093 

.092 

.091 

.090 

.087 

.086 

. 085 I 

79.26 
79.06 
78 . 88 
78.64 

SOLUTION TOW 391 - BAILE TE f 

T = 4 S' 

Where S' = 

[ -1; + :: + t: + ~: , -

- l 78. 4'-47 .47' = 31.17', so - { 12.57 31. 17' 

D6l 4¾ g d/ ft = . ?. 

. ~ 

October 2018 

23 .82 
23 . 97 
24 . 12 
24 . 27 
24.46 
24.62 
24.78 
25 .06 
25.22 
25 .43 
25.64 
25 .86 
26.08 
26 .30 
26 .52 
27.08 
27. 37 
27.86 
28. 12 
28.38 
28 .64 
28 . 96 
29 . 29 
29.57 
29.86 
30 . 69 
31 . 06 
31 . 4Ll 

[ =754. 47 

Addendum D6-14- 120 DEQ Ex. 3-1663



RAMACO 

Date: 11/15/79 

s.w.: 47 .47 ' 

PAGE 2 

TI 1E THE 
IN OUT 

A 

T 

ve . Q = 75.04 
40 .25 

ota 1 Residual 

.. Spe 1--ific Cap 

-

-
-

October 2018 

BAI LER 
VOLUME 
(GALS ) 

~al = l. 'ni n . 

Drawdo1-m 

ll.city = l 

BAILER TEST 

~/ell # l-/W391 - 79 

Personnel: Gerlach , Araas 

Bailer Vol ume: 2.68 gal 

ELAPSED TIME t, TO REGIONAL 

t' TO s I (M IU ) s I (DAY) DRAWDO ·IN 
s I ( FT) 

% gpm. 

~ 79.26' - 47 .4 17, = 31. n · 
86 qpm .06 gp n/ft. 31 • 79 I 

- - -- LAI\ ·u t 
~ 

RECEIV 

TFN 1 

D6-433 

Brook Mine 

VOL (GAL . ) 
t (DAY) COMMENTS 

I 
' 

I 9c "I .. II, 
;) 

-----,,., ... 11,·.;4 --- --
f---- --I.,,"' •• I 

; ,..,... 
. . - ' -.. 

. D ricr.~a . 1982 
I 

5/293 PER¥rr: . i;;i ... 
3. la9.213 ·rs 

TFN62/ ?5 
ECD 1 -25-1 Addend um D6- l 4 - l 2 1 DEQ Ex. 3-1664



RAMACO Brook Mine 

__ J_ ~-- - - ---

l.llC WY c-ounry Sheridan T. _ 5_7_ r.-. R . ...a4._ t Soc. __ 9~ ,_WELL__N0 .. 1,•/1-/ 392 -79 

cnonnel _iR:l.lOJ.10.LJ.duaur_.,_..cAl.l...rJ;l.aJ;l.a.,iS.._. _Vl.Je;...se2n.!..isL!te..!.r~aL,.,__i..C:.,.0.L.) .!.) ,_,i ec;...rL._ __ _ Test I. Si,~a weU drawdownd) Dnwdown with ob ,._ we U 5. Other ( ,pocif) 
type : 2. Singl e wcU recovery (9 Rocovery with ob,. weU 

/eU owner Peter Kiewit Sons ' Address P. 0. Box 3049 , Sheri da o , \,/Y 828Ql 
R. Reed ( PKS) Method drilled : @ Ai:r-10.u.ry D. Dug P. Air-percussion V . Dr iven 

(, 
.ep th 50. 0 ft. Well diAme ter 7 7 /6\. B. Bored or augercd H. Hyd .-rou.ry R . Rc:v.-rou.ry W. Drivo-wash 

'PV'(" C. Cab lo-tool J. Jetted T. Trenchini Z. Oth er 
uing diam eter saw in. Casing type_____ i. .. .;., 

ype of screen Interval of screen .fll.Mf.[J ':j i.. 1 O'l 
or perforation slots or perforation 27-50' Pum php.&typc 1.5 hp Barnes Pump depth -1,L ft. 

q uJcr Ft. Union Fm . Aquiferlithology Sandy clay and fine gra ined sandstone 

J tlt ud c of 1.tnd 
,wface 

WL rem MP 

o:,TE 

2/26/79 
on 

3698 5 
20 .40 

1600 

01 

02 

03 

04 

05 

10 

20 

30 

1700 

30 
1300 

How 
determined su rveyed 

MP Above 
Below LSD Altitude MP _.,_l ....,. 8...,5.__ ___ _ 

Gal vanometer 
How mc.asw~-====-=;:::-~=:::-:::=========:;=:============-· ·1 - --T~::-::: s 1 ~:cc l)J::'Tli TO TI:·E: SHICE 

ii/\ TCR L!:\'EL PUMP Q!, t ' UN. 

I 

20 . 40 0.0 

39 . 78 l. 0 

39 . 70 2. 0 

39. 78 3.0 

39. 77 4.0 

39.80 5.0 

39 . 73 l 0.0 

39 .80 20 .0 

39.74 30 .0 

39.83 60 . 0 

39.80 90 .0 

39 . 75 120 .0 

PU:!~ O!:-F t , Hil~. 
s 1 .?'i . 

R::: S IOU!•. L 
o:l--._ i_.,, DC"-.".: 

0. 0 

19 . 38 

19. 30 

19. 38 

-19. 37 

19. 40 

19.. 33 
19 .40 

19. 34 

19. 43 

19.40 

19. 35 

1900 39 . 62 

2000 39.80 

180 . 0 

240 . 0 

19.22 
i---+----=-----:--+---:--:--:-::---t---::-:--::--::-------1·-------+----1---l-9-. 4~0--

2100 39.75 300 .0 l 9. 35 

2200 39 . 47 36 0.0 19.07 

2300 39. 51 420 .0 19. l l 

1 19.00 
1----,-----t-------t----------t----------t-----1--.......,..._,,...,,r---2400 39 .40 480 .0 

l 'l'7 /79 I ____ , ______ --------~--------____ 4 __ ;_9 8 ._· ~_: __ 
19 .03 

0100 39. 39 

0200 39.50 

0300 39 . 43 

540.0 

600.0 

660.0 
-

Pump off 

-----+-------j--------~-+-~----~--1-----r- -----
LANO QUAL TY D IVIS 1011 -

I -I 

\~---
- --------+----------

RE c E , v E o nlc r, 2 8 . 1 g a 2 ----------l-----.:.....;__ __ _ 
TEN I 5/2f PERMiT: 

21 3
•
1

~ 

\ ·3 89-2 f3 TS 

I 8,1 \.-l '", 3 .. . 

i ·J,. T"\£ 
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RAMACO Brook Mine 

~I'. .;:;_ 1..>C.VL.VI.> I ---•~u C.At'LV/"1,-1, I ,u,~ 
u,:WY - -Sher·; dan T . _5_7_ H. R 84 E. 9 ,_WELL No_v/W 392-7 9 County________ .5 ., . __ W.• Sec. __ _ 

cnonnel Bon da r, Araa.s >- Veenstra ' Co 11 i er 1 esl l. Sing.l.o well druwdown6? Drawdown with ob1. weU 5 . Other (specif 

f)' pe: 2. Single well 1ecovery (y Recovery with ob,. well 

'.'eUowner Pe ter Kiewi t Sons' Add re ss --'-p-'_--=-o-'--. _B:;.co::....:x..:...-=3:...::0...:.4..::.9...,___S:;.chc.:..:e::....:r....;i_;;d;_;:;a-'n..,__v-'-/Y'-----=8=2-=-8-=-0-'-l -----------
R. Reed ( PKS ) 

o. ,cpth 50 0 ft. 

·uirrg diameter S~W in. 

·rpe of .crecn l t 
c.rfoption S O S 

or P rt . Union Fm. 
.quifer ------~ 

Jtltud e ofland 3698 . 5 
WJface 

IVL from MP 

[J;, TE 

2/2 7/79 

r· , ... 

off 

::i n an 

THE: 

0302:00 

0302:35 

0303:44 

0305:13 

0307:00 

0312 :00 

03?.8:00 

0477: 00 

0449:00 

r--
Method drillcd :(!i} Aa-10.t:iry 

WeU di.a.me ter L.J.J &,. B. Bored or augcred 
. PVC C. Cab lr>-tool 

Crnnglype ____ _ 

D. Dug 
H. Hyd .-rot.ary 
J. Jetted 

P. Air-p ercuss ion 
R. Rev .-rotary 

V. Driven 
W. Drivo-wuh 

T. Trenchini M-,~,,
0

z. Othe:r 
/y,\ rrp -, '8A 

flc.M C:J J~ "· 1 ., Interval of screen 
or pc.rfontion 27 - 50 I Pump hp. & lypo l . 5 hp Ba mes 

Sandy clay and fine grained sandstone 
Pumpdepth ~ ft. 

Aqu!Icr litho logy _________________ _ 

How 
detennined su rveyed MP Above 

Below UD --- Altitude MP _ l_._8_5 ____ _ 

How mea•~~-==~G~;i:::l~_v::'il~n:::'.o~m_-::-P~~-:::P:'::r~-========;:===================== 
1)E!'Tl i TO 

l!/1TH LE\'CL 

39.43 

26. 10 

21. 07 

20.68 

20 .57 

20.55 

20 . 53 

20 . 48 

20 .43 

TIMI sn:cc 
PU!-!P 0:-: t, ~:rn . 

662.0 

662.58 

663.73 

665. 22 

667 . 00 

672 . 00 

688.00 

731 . 00 

769.00 

E : '.': q, ., •:-

pl1":> o··- . 1''"' " .. 1 . . 
:! : ! ' f t > 1·. I\ 

.. 
0.0 

0. 58 

1. 73 

3 .22 

5.no 

10.00 

26. 00 

69. 00 

l 07 . 00 

7742.38 

383 . 66 

206. 59 

133. 40 

67.20 

26.46 

1 o. 59 

7. 19 

s l C J • 

R:::SID L'!-.L 
D:-Z..'._\! DO.:: : 

19 .03 

5.70 

0 .67 

0. 28 

_O. l 7 

0 . 15 

0 . 13 

0 .08 

0 . 03 
!----+------i--------t----------i----------r-----+------

1----+------+-------t----------t---------~----+-------

!----~ ----+-------t------------'l----------1-----t------
i 
1----t-----1-------t---------t---------t-----+-------
I 

~-----t--i-------t-------f-_ 

'----•----~--------+---------t-----------1-----'f-------

•11,11~•aia.r4 
-I - ; t'' U#-it 'lf" r, ~, 
-----1----j----c----;-----i-----i-----

l R . ~ ,, ' ~ " . 1 t 2 

ll~-

----l------- ...----'-.:....f·l_.,_/ __.1c,./.,_;>_<....,1 i ,_.,...,E~R~·',u..·{J ,._j _cl. _:_l_':!_ T ___ • 

a,1r. ·-'1 ,lj j ~--~\---------! I _ 3 s9r2n ·i:3 
n, h~c I 

0

! I• ~! 8 2 / ? 5 
October 2018 .t;D 1 - 25 -1 Addendum D6-14-123 DEQ Ex. 3-1666



{ 

RAMACO 

WW392 - 79 

!'UMl' l. NC l:i\T[; l),\Ti\ 

Brook Mine 

3 of 3 

r. :.::, ) '. 
Fl' 11,1 ... -' • -

~ '24 

- ·--··--- - -, >-~-- ·---......,.._._.._ .. .a.£. ....... •:..o..ar- ...- -r-•----- ··•••-- •,· ...- •----- -- -.~ ,. ., ... .--- - ....... , ......,.~,.~~-• ... -~.-·• 1,;,...-r.lllC.,-_ 

Di\ T[ THU~ T[S T 1.10:.li/l[ OF ·· ·- •.•1 · ; L. J., \s!E1 GllTl~D 
If.S T l)Ul~\T [O;-,i GALS. PER DISC ll/\ 1'C E , G1\ LS . '.•ir: Tc: IT'.: IJ /\Vl~lv\GJ: 
T1\K CN si:c . MINUTE 1;u 1::\T10:: IJI:i CIIA 1'GE Q 

----
2/ 26/79 1601 79.2 41 . 67 

I 
55 l 41 . 67 

1606 81. 8 40 . 34 55 5 20.l . 70 

1621 83.6 39.47 55 15 592.05 

1630 84.0 39 . 29 55 I 9 353.61 

1700 84 . 7 38. 96 55 30 1168.80 

1730 85 . 0 38.82 55 30 1164 . 60 
-

1800 84.5 39.05 55 30 1171 . 50 

1900 85.4 38.64 55 60 2318 .40 

2000 84 . 4 39. l 0 55 60 2346.00 
-

2100 84 . 4 39 . l 0 55 
I 

60 2346.00 

2200 88.5 37.29 55 60 2237. 40 
I 

2300 85.3 38 . 69 55 I 60 2321 . 40 

2400 86 .8 38 .02 55 I 60 2281 . 20 

2/ 27 /79 0100. 86 .4 38. 19 55 

I 
60 2291.40 

0200 85.9 38 .42 55 60 2305. 20 

0300 87.5 37. 71 55 60 2262.60 

TOTALS 

I 
660 I 25 ,403.53 

' I 

···---

---- I 

~,~,·~ -
- .. . 

I' ,·•. 
-

I .J r-
I ) 

i 
' 

,. - . - -· .. ..... 
ii'' 

I I . I 
- - • 1 I 

25,403.5i 660 = 38 . 41 ~"-'" ' , ,µ,City - ~15 yom a2.02 
- - . - . ' , .. 

Tota'1 Av . l{ - JU . "T-:J 4 µ 11 1 .,;,, )0 T ft ;!K'' 

---- --------
~9-213 ' T3 <.: :~ 

--- -----·---- ------. - ·---- ---
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RAMACO Brook Mine 

Results of Aquifer Test Conducted 2/26/79 

Pumping Well WW 392-78 
Obs . wells \✓W 393 -78 & \·IW 394 - 78 

Q = 38.5 gpm 
r 393 = 96 . 7 ft, r 394 = 174.2 ft . 

l . Attempted modified Jacob method Drawdown and Recovery Curve analyses on 
pumping well 392. For both attempts, the point scatter was very great 
and the results are inconclusive. May need more data points or there 
was turbulent flow. 

2. Attempted Jacob Time/Orawdown analysis for observation well 393. Plot 
of points shows great scat ter and the results inconclusive. 

3. Attempted Theis Time/Drawdown analyses for both observation wells. _4 Well 393 yielded a leaky curve with T = 16,958 god/ft. and S = 4.4xl0 
Well 394 yielded a late non - leaky tyoe curve with T = 55,150 gpd/ft. 
and S = 0.013 . Well efficiency calcu lation s for well 393, using the 
Theis 1nethod, calculated to 25% for well 393 and 8% for well 394. The 
25% efficiency is very reasonable. Data for well 394 shows insufficient 
drawdown for any type of test calculation. Therefore, the hydraulic 
coefficients calculated for well 393 are taken as representative for the 
aquifer in this area. 

-
---g,a,u.211.,• -- . 

LA.ND QUALITY D !VIS iON 

R£C£1v i::o 11r~ .-8. 1982 

TFN 1 5/293 PERMIT 213-12 ---
,.., .. o~•.l13'.f3 

October 2018 

1~·~14
~
7 2 /" 1 5 
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RAMACO Brook Mine 

Pumped Well Efficiency Calculations Using Da ta From 
Obs . Wells 393 and 394 

Theis Test Pumpin g Well 392; Obs. Wells 393 and 394: Tested 2/26/79 

\~W 394 r. · .. .., '_ _ 1 '34 

u = 

r = 
s = 
T = 
t = 

u = 

1.87 12 S 
Tt 

. 21 ft. 

.013 
555150 gpd/ ft. 
.46 day (use max . length of test ) 

(1. 137)( .21)2( .013) - 4 75 159 
( 55, l 50 )( . 46) . - . x ' w( u) = 18 . 58 

S(after 660 min= ( l~~~~~638 · 5) (18 .58 ) = 1.49 ft, but 1.49 
19.03 

. 08 = 8% well 

efficiency, therefore, T value probabl y too high. 

Obs . \-le 11 393 

r = 
s = 
T = 
t = 

u = 

.21 ft. - 4 
4.4 xlO 
16958 gpd/ft 
use .46 day (l ength of 

(l .87) ( .21 )2(4 .4xl 0-4) 
( 16 , 9 58) ( . 46) 

test ) 

-9 = 4.65xl0 , w(u) - 18.61 

_. . S = l l i6Q w( u) = ( ll 4 . 6 ) ( 38 . 5 ) ( l 8 . 61 ) = 
16 ,958 4.84 ft, but 4.84 = 25 % well 

19.03 
efficiency - reasonable 

[)6-4 38 

8 3 

LAND QUALITY 01v1sl~fil 

RECEIV!:D D:: c. 28. 1982 

·-
TFN l 5/293 PERMIT i.-, "'"" 

7/31/89-21 3'1 
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0 
(') ,... 
0 
o' 
Cb .., 
tv 
0 ..... 
00 

:::a 

c-, 
C, 

-~ 
I 

c.n 
I -

I ID 2' 25 ~ ~ ., 7 . ~ I 

: 'i~I!:~s :::ryT-~~r7: ~-~ ~: #~:~rr• 

--t c:j;'. 
-:''1 0\_ . 

; ~ 
r, !5 

:0 
[ ..,) ., 
~ 

r 

-t J 
W I 

TESTED 2/ 26/79 
PU~'IPING WELL # 392 

, .. I • ,. • • IO 

'84 

i 
1$ 2 2 • > 

ON, MIN.
0

S 

m z m Z/SZ/Z m 

1 
~ 11• 6 o 

1
wcu.'/e) 

_ 111461138 49)(1. 73 -
. .45 
' 16 ,958 gpd/ft 
, 2,2fi7 tt•/day 

r-., 
S J 2'G93 ,, 

( 16 , 958 )(. 11 )( 6) 
(2 ,693) (96 . 7)1 

4.4~10~ 

'PeUU'e.OS 
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0 
(') ,.... 
0 
O" 
(1) ..., 
tv 
0 ...... 
(X) 

• 0. 
0. 
(1) 

::l 
0. 
c 
:3 
tJ 
0\ 

I 
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~ 
I ...... 
tv 
(X) 

-1 ,, 
:z 
..... 
U1 

' I\,) 

'° LU 

-u 
r,; 
:::0 
s! 
..... 

'° i,, 
w 
w 
N 

• • -, • :. 2a .s 
'~~~~~-~:= 

D 

TIME AFTER PUMP 

MICRO 5tp 2 1 '84 
f)LMED ~ 

l : 11-4 6 0 t'" •'/p) 
(114 .61 (38 . 5) (l .O) 

0.08 
55.iS0gpd/ft 
7 . 373ft' / day 
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RAMACO Brook Mine 

· -1,,ff--~ ~-- ---- -- - ·: · -=-she.r·icla·n 57 
·-·- ---

84 15 W\~ 395.:r9--N. R E. i..tc _____ County _______ _ T. S., . -- W, Soc. ___ ._WELL_NQ .. ______ _ 

c:nonnel __._Bu.OwOwdcua ... r .... , -0.A~rawaCL.Si+-., ·------------ Test (.1) Singla weU dnwdown 3. Drawdown with obs.. weU 
type : 2. Si.ngJe weU recovery 4. Rocovery with ob,. weU 

5 . Other (sp ecif 

✓ ell owner Peter Kiewit Sons I Add re ss __ P...;."__;;_o_;__. _B::_co::_cx__c.3...:.0_4..:_9.,__, _S::_ch.c..:e::..:.r_:i...:.d..::.a.:..:.n .L-;v.C../Y'---=8-=-2..::.8..::.0..:..l -----------
' R. Reed (PKS) 

.epth 60 . 0 ft. 
5 uing diam eter ___ in. 

'ype of ,cr~n saw 
or pcrlontion slots 

All uvium .quifer ______ _ 

Jtitude of Ltnd 
w.rface 

Wl. f MP r om 

o;,TE 

4/20/79 
on 

C 

-
' 

I' 

I 

I 

3666.4 
8. ?.5 

TH-IT: 

1240 

41 

42 

43 

44 

45 

47 

50 

55 

1300 

l 0 

20 

30 

40 

50 

1400 

15 

40 

50 

1500 

10 

45 

55 

-

. =3 
~I 

October 2018 

Met hod drilled : ();J_ Ai:r-ro.tary 

Well di.a.mete,? 7 / ~- B. Bored or augered 
. W( C. Cable-tool 

Casing type ____ _ 

D. Dug 
H. Hyd .-rowy 
J . Jened 

V. Driven P. A ir-percu,.ion 
R. Rcv.-rotary W. Drivo-was.h 

Z. Otha 
MIC:lO ~EP ) '84 

Ell.MED J L 1 
T. Trenching 

Interval of =~n 
or perforation 42-60' Pump hp. & type 1. 5 hp Ba mes Pump depth 58 - ft. 

unconsolidated de posits of local origin. 
Aquifer lithology-------------------------------

How 
determined 

!)J: !'Tli TO 

surveyed 
How me.a d >UIC 

TI:-!:E 

MP Above 
Below LSD --- Altitude MP _ 3_fi_6_6_. _4 ___ _ 

galvanometer 
- r -· - - -

5 I :,CE ,, -~ s1• ·, --,- S1 !:" l . 
\1/\TER LEVEL PU1·iF O:, t. MW . 

. -· ... - r--L 
?U>::1 o;;p t , i-i I;; . CIC 1 

R:':S I DL'/·.L 

'• 

8. 25 

17. 92 

28 .33 

33 . 70 

36 . 83 

38 . 87 

41 . l l 

42 . 03 

42 . 05 

42 .09 

41. 78 

44.65 

51. 30 

52 .97 

.52 . 12 

53.67 

J3.9L 

55.46 

55.88 

56.38 

56.04 

56.08 

56.78 

'"J 

0 
l 

2 

3 

4 

5 

7 

10 

15 

20 

30 

40 

50 

60 

70 

80 

~J 

120 

130 

140 

150 

185 

195 

• i j " 
D6-·4L 

· i G 2 / 
~co 1 -

,~ .. 

l 

(t 

I 

25 
- 1 

Dl...\\ .'DC\ -:: 

0.0 

9.67 

20.08 

25 . 45 

28. 58 

30 . 62 

32.86 

33.78 

3.1.80 

33.84 

33.53 

36. 40 

43.05 

44. / c. 

4j,t:,/ 

'!J. '! t 

4J.0/ 

47.21 

47.63 

48. 13 

47 . 79 

... ' r'!!I - 47 .86 
~ ... - - 4.8.53 

51 '2.tU• ... ----- :. '"' 
N l td •. , ,·rv I~ , l)i'I 

I ')., f ,]£.2 ' .. 
\ \.' I• \J. • > - -

,[: 11,, .. I "; -I I - cJ:, ~ .. ,-..:..~ 

I 
I 

I 
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RAMACO Brook Mine 

I \ . ..J, V,._....,.__.._,...,, • •••- -~ •• .._...,,, , ,, ,...,, , 

... ,. WY County _____:S::..:h..:.:e::..;rc...1.:....:' d::..:a::.:,n;_ __ _ T. _ 57_ N. 
.5.' R. _B_4___ !-.. Sec. --~l 5~ ,_WE LL_NQ. W\✓ 395-79 

::n0nnel _.!B~0,1..1.0.1..1d.ua.ur--',1..-.-LAl!r_.a!.!,a~sw;~------------ Test (j2 Singu weU dnwdown 3. Drawdown w1lh ob"- weU 5 . Other (specif) 
tl'.9.C : 2, Suwe weU rc:GOV'::}' 4, Recovery w1lh ob,. wc U 

Peter Kiewit Sons' P. 0. Box 3u49 , Sherida n, WY 82801 ell - wncr Address _____________________________ _ 

R. Reed (PKS) Me!hoddrillcd : WAa -rntary 

eplh 60 Q ft. Well diameter ~f!J- '{ Bo red or augered 

5 ' . . PVC C. Cabl~tool 
uing dlllm eter ___ in. Casing type ____ _ 

D. Dug 
H. Hyd .-rot.uy 

J . Jetted 

ype of SCIC(:n saw !; lots Intern! of screen 42-60 , 
or pcrlonuon ____ or perfora11on Pump hp. & typ e 

P. Air- pcrcumon Y . Driv en 
R. Rev .-roury W. Driv o-wash 

T. Trenchrrg Z. O th er 
MICRCJ - 1 l '84 

f.ll.M" "'' 
1. 5 hp Barnes Pu mp depth~ ft. 

qui! er Al l u Vi um Aqui!er lithology _ _.U:.cOuC'-'<o"-n,_.s'""o'-'l__,_i...,d.,.a..,.t~e .... d--"'d.,._e.,._p,,_o"-s .... i -"-t,,_s _o"-f'--l-'--'o"'-'c,._,a.,_).__,o..,r_i:...;a"'-'i"'-n"-'.------------
ltitud o of land 

SUI face 

#1. rom MP 

o.:,TE 

4/20'79 
n f'f' 

-( 
' 

I 

i 
i 

-

3666.4 

8 25 

TI>C 

1600 

01 

02 

03 

04 

05 

06 

07 

08 

09 

~ 

' 

~ 
I 

I I I 

\~~ 
October 2018 

How d 
determined __ S_U_r_v_e--'-y_e __ _ MP Above 

Below 

How musured aalvanometer 
-· · - -· ·-

LSD Altitude MP __ 3_6_6_6_·_4 ___ _ 

i)J:!'Tli TO TIME sn:cr:: T: ~::.: S 11,c r: 51 ; ! . 

l·J!,TE~ LE\'EL PUt·IF w 1-:rn. ru:-:::i o·· - HI i~. c le l R:::SIDL'.!..L t, ( 

' 
'):t-..\.1 oo· .. -:: 

" 

56 . 78 200 0 0.0 48.'53 

40 . 55 201 l 201 32 . 30 

27.38 202 2 101 19. 13 

17. 98 203 3 67.70 9.73 

12 . 65 204 4 51. 00 _4 . 40 

10.48 205 5 41. 00 2.23 

10 .00 206 6 34.33 l. 75 

8.64 207 7 29.58 .39 

8 .29 208 8 2n .oo .04 

8 . 23 209 9 23 . 22 0.0 

~ 

... -- -·:i=a 'I :,.1. 1 u ;;,•~~~ 

~ 9/2/9'• - --
II - -- - --· LAND QUA l.lTV DIVI , ION 

BECEl~EQ DEC 28. 1982 
I 

:t· eEaMl11 JFN 1 

D6--]~ ,I . -. 
0 l - .. I - ' 

- ·---
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RAMACO Brook Mine 

WW 395- 79 
3 of 3 

\.Ji\ TE I~ \.JC LL 

!'U MP) tlG !Zi\l[ Di\T,\ 

MICRO 
filMED vtP 2 1 '84 

·.·I 

j 

- ··-···- r----..,;.'l';o-~ - - ..... -""""l'........,,...u,n._.,_.__,._,_..,. .. - , _ _.. .. ,.T"·--- ~ ---,-.. ,c•,,,__- ....,. .~, .a----..-:-• •- - ~:r·• r,__ ,.,.,__ 

Di\TE THm TEST IJOLlillE OF T1>LE \,ClC. IITED 
TEST lJUl~\T [ON GALS. PER lJISClli\1'GE, C. 1\LS . \·H'.IC:ITCIJ AVEiv\CI: 
Ti\KCN sec . MINUTE DU 1; /1 TJ O,J DI;,Cllll~GE Q 

4/20/79 1245 214. 60 15 . 38 55 -s-- 76.90 

1300 214.60 15.38 55 15 230 .70 

1320 208.50 15. 83 55 20 Jlb.bO 

1325 178 . 8 18.46 55 -s 92 .30 

1350 201 . 00 16.42 :,:, 25 410. :J0 

1430 20 7.20 15.93 :,:, 4() 637.20 

1500 215.80 15.29 '.:>::> 30 . 458.70 
. . 

1515 Zl 2 .4U 15 . 51+ ;;;; J::J ~33 . ,e 

1530 210 . 30 15. 69 55 15 235.35 
-- -

1550 218.30 15. 12 55 
I 

20 302 .40 

TOTALS I 190 2993.75 

I 

---

-- I 1 31 ~89-213 f l 

lA 
!'!'~•· ~ ·t- '•. . - -

:t l s - ~~lH, c rca6a 2993 . 75 a - 1 C "IC ~~ n - _it~= 15 .176 Q[21TI 
J. V ::H"' 48.153 ft. 190 min I 

~ R :, ( = 
I ; , ~ 

- T f, ] 
0.32 gpm/ft . 

- f. l ... r, 

213-Ta ... 
·--- ----- - - - ·--- ----- ·-------u1?if l.. (. 

October 2018 
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TIME ORA\. .IN CURVE 

' 0 
..Ll.li LJ _JJlllU IJ 111111 I 

20 30 40 50 
I , MINUTES 

100 l'.i0 200 

100 200 

I 
1 

25 

f 30 

35 
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RAMACO 

October 2018 

ADDENDUM D6-6 

Brook Mine 

MICRO SEP 2. 1 '84 
£ll,.Mc.0 

AQUIFER TEST DAT A AND CALCULATIONS 

PIT 5 

D6-445 

lAND QUALITY D,V1S ION 

RE CE IVED[![:. ~8 . 1982 

JFN l 5/2 93 PERM IT 

7 /3 l 89-213 ' .JS 

rr- i 2-1 2 s 
RECD 1 - 25 -1 Addendum D6-14- 133 DEQ Ex. 3-1676
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.,, 

Date 12-19-79 
Baller Volume 

Time Time 
In Out 

1126:00 1129: 20 
1129: 45 1133:20 
1133: 35 1137:20 
1137:45 1141:25 
1142:45 1146: 30 
1146: 45 1150: 25 
1150:50 1154:40 
1154:55 1158:30 
1159:10 1203:10 
1203 : 25 1207:15 
1207 :40 1211:25 
1211:55 1215:35 
1216:05 1219:50 

Recovery 
1230:00 
1330:00 
1430 . 00 
1530:00 

i Cl .... ' , .. .... 
' -, .. • 
· ;~ 

BAILER TEST 
WELL# WW408-79 

'MICR_ 
EliM C • 21 '84 

Personnel Bondar,Araas,Volk S.W.L. 213 .08' 
2 .68 gals. 

Bailer Elapsed t, To Residual Vol.(Gal.) 
Volume Time,t,To S'(Day) Drawdown t(Day) Comments 

{Gals.) S ' {Min. ) S' {Ft . ) 
0 . 67 241 0.167 4.01 
2.68 237 0.165 16.24 

0 233 0 . 162 Bailer valve 
0 229 0.159 sticking 

2. 01 224 0.156 12.89 
0 220 0.153 II 

2.68 216 0.150 17.87 II 

0 212 0.147 II 

0.67 207 0.144 4.65 II 

0 203 0.141 II 

2.68 199 0.138 19.42 
0 195 0 . 135 II 

0 191 0 .133 II 

75.08 

180 219.05 
120 218.82 

60 218.65 
0 218.59 

0:, .., 
0 
0 
:,;-

~ a· 
('I) 
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( 

RAMACO Brook Mine 

Solution to WW4 08 Bai l er Test 

T = 1 Vl + v2 + v3 + 
4"il(S') tl t2 t3 

Wher e S' = 218.5 9' 213 .08' = 5.51' at 

so , T = 

= 

Ave. Q = 

1 
(12. 57)(5 . 51') 

1 . 08 gpd/ ft. 

11. 39 gals. 
53.83 rnins. 

[75. 08 Gal. ] 
Day 

= 0 . 14 ft. 2/ day 

= 0. 21 gprn 

244 

Total Residual Drawdown = 219.05' - 213 . 08' 
= 5.97' 

V n 
tn 

rnins . 

specifi c capacity = 0 .2 1 gprn/ 5.97' = 0 . 04 gprn/ ft . 

8 1 
,, 

I J 

D6 G 2/ ? ? /3 1/89-21 3 '13 

RECD 1 - 25 -1 

l > 

. ... --
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BA I LER TEST 
WELL U WW55 5-80 

MICR(J 
fJlMEu ~/ n 2 1 '8,1 

Date 3-4-80 Personnel Vol k, Bandar S.W . L. 36.10 ' 
BaITer Volume 2.68 gals. 

Time 
In 

1110 : 00 
1112:30 
1114:45 

1 
1117:15 
11 20: 00 
1122:30 
1124: 55 
1127 : 20 

s; I 1129 : 50 
1132:25 z , 

0 
0 
C: i 
~ : Recovery 
-t 1 1134:45 
-< ! 1150:00 
o 1210:00 
~ l 1230:00 
~ 1,Ji,3 00 :00 
0 '-;; 
ai ll: 

• . .. .. , 
I ~·•t 

Bailer 
Time Volume 

Out {Gals.) 

1112:05 2.68 
1114 : 30 2.68 
1116:55 2.68 
1119:15 2 .68 
112 2: 05 2.68 
1124:35 2.68 
1127: 05 2.68 
11 29:35 2.68 
1132:10 2 .6 8 
1134:45 2 . 68 

Elapsed 
Time,t,To 

s ' (Min . ) 

10 7 .92 
105.50 
103.08 
100.75 

97.92 
95.42 
92.92 
90.42 
87.83 
82.25 

85.25 
70.00 
50.00 
30.00 

0 

t, To 
S ' (Day ) 

0 . 075 
0.073 
0.072 
0 . 070 
0 . 068 
0.066 
0.065 
0 . 063 
0.061 
0.059 

Residual 
Drawd own 
S ' (Ft. ) 

44.45 
43 . 05 
41 .4 0 
40.19 
38.63 

Vol. (Gal . ) 
t(Day) Comments 

35.73 
36.71 
37.22 
38.29 
39.41 
40.61 
41 . 23 
42.54 
43.93 
45 . 42 

401.09 

DEQ Ex. 3-1679



RAMACO 

Solution To WW555 Bailer Test 

T = l [ Vl 
4 ')j ( $ I ) tl 

Where S' = 38 _63 ' 36 - 10' 

So, T = l 
(12.57)(2 . 53 1

) 

v2 
+ 

v3 
+ 

t2 t3 

- 2.53' at llO 

[ 401. 09 Gal.] 
Day 

= 12.61 gpd/ft _ = 1-69 ft2/day 

Brook Mine 

~• .. _.,,a 
J/lMff; ',rP ?. 1 '84 

+-

mins. 

V 
n 

tn 

Ave_ Q = 2.68 gals. x 10 
24 - 75 mins. 

= 26.8 gals- = l.08 gpm 
24.75 mins. 

Total Residual Drawdown = 44.45' - 36 . 10' 
= 8 . 35' 

Spe cific capacity = 1.08 gpm/8 .35' = 0 . 13 gprn/ ft. 

Time sin ce bailing 
began , t , (Min. l 

24 . 75 
40 
60 
80 

llO 

Jacob Time Recovery 

Time since bailing Residual 
e n ded, t' / (Min. l t i t' Drawdown,S 

0 8.35 
15 . 25 2 .62 6.95 
35.25 l. 70 5.30 
55.25 1. 45 4 . 09 
85.25 1. 29 2.53 

-
U,N' )I ' : 'T' "· 'l( l 

D6-449 

. 
rt II, I 

I·, t 

V· 

Tf-N 6 21 ri1 5 

( '3 z 
i-r, :z13.r2 

/ ..J 89 -213"1'3 
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• 0. 
0. 
(1) 

:l 
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T IME RECO'vt. ~Y CURVE 

1'.>C' :?Ol1 ~~,...,.,..~~= 0 
n,rrj nm1r. ~mJnf-A,C•.~•~-•~•• ~T7T'T~T1~>,~ TT 1 ~TT~ TT~TTTup1'TT 1. ~m, 1 ~TTT11: rr,•T~,n-,-,-hn1nn11TI1l'1rmj mr; rn,i!Tl,t -,-,-TT-+,-!" II 1• jj f -

1
7 I lj 1 '. 

1 
I j I I !I 1 11 11 I j 11 j I! UlTiilllIT]l: j 

IU ICQ 

~I 
.

1 

WELL : WW 555-80 " 11 · ' · l · - -!-~f. · c - 1.08 g.p . m. ~,::] : i I ! I I ,., '. I 

. ft ,111 'I !T ESTED 3::.~-, 8101 ·• jJ l'I II I: 111 I . .. ' : "!: 1 
~---l\, r~~~ . .....,... ........ ........, H--+J+++l+HHH++H+t-H• +H+w'+'+i-llH+ --" , . tt""~+ttt''tttt!lltttt!ttt-;-HH-,l-.-'-

1

-·--j. i~S/ i OCJ Cyclt·' 2 5. 2- ( - 0 '.! - 1 
:\. ·: :i II 1: . I .,.: 1 JI. i ::.. =2 5.4 r 

t--~ t' Tl --t-t--H--t-t-H+-11-+tttttttt-l H'lf 1 ttttH--t-H-' 1-ttt 1' 11, tt-ttti' I I ' : '. ! I . ; i ; : T ' 2 6 4 ( Q ) I { t \ ,_ ./ \ i'1ttttttt tttit-t--r-~tti-_.,..._ t-,- . tttt 1 -tttti1ttttHtH-t-Hti!1tt11ttttttttt ll ttttlltttt--t-t-HH-,rr.-; tt-1 I 6 s/Log cycle 

___ , 
1 

: ; . • i i j I I l \ : ; 264 ( 1 · 08) 

~~J_ !, II 'i111! I '1 25 4 
I ! 1 J ~- _!,. ·i - I ;1 !!!, 1 1rll Ill II 11 I, G) _ 0 11. 2; gpd/ft. ,· , .. 

2 

s~~-_j' : :
1
,i, 1:;i :: i , 1,

1

:.: ,· : ;1 .!:!' ii , 1 
1 

:· . :. : 

1

:· 
1

,
11

11
11: 1 

;I:,, ,i:!i,,'1:l\ii '. I , 2 

.; ' • I . : . .,, ,I I I· ! ' Ii ,. I I ' I ' ' 4 ' ' I ii,: I I II I I !11 1" ,i I .:.l. _:......: 3 ' 1 1
'···· 1 1· 

1 
·· · I I, · 1· · 1 

1- ,, l'!'l''"i'I 11, - l.50ft. /day 
?: i I' ,. I' ·-· i ·+-·r, --,-. -W-- 1 ·,p , . I - .,....~ .. .. .... ' .... I ,, .. . " II ... . ;, •• , ., ..... , .. I """ ',,!,1·l!lllll. I , , . .. ... 

I ,c>· .. ·. •.· ···•I::,' . ,1 ... !j, , .. 1..d,., ' I., .. :, ... ,: 1 .. ,!1,!'1 111 .. IJ , ! .. !. :. ,·,,., .. , .. --:.:-:-:-:- .:::-: -:--:-:--:-:--::-;:::1::,.,.1•;' 
'!' 1 1 11 I I : : :: : ::: :~: : ;:'.[ ; ;; j 

1
;'.; ;!:: :( \;; ,':J } - LI , "::: : :,::~)_;il~--:.·,i___.·:'. ~;~j::~~!\-~ .. :._~ '..: • : '. '·::;'.;::: i,=~.!~i:~_:_ :: ---•r-4 + ___ .,_..,.......,,...._.......,~,-r-~-J 

1--- • : :::::.:.•::::::: :.:.:.::::;::;•1:~::•:::::::::: l, •,:r:;:: :,•,1:• .. :,·, .. ::_ '._:,:1•••:;1•-~:, •,. '.',••,,:. :,:,•, .. ::. :f/0 :,:,1,:,,:,, .. :,:,,_ 
2. . 1 ... .. ... ,1 1 ........... · ·.· . . _.1,•i :. . .. , •• 1.: .. _, I : ... , .............. ,·.. . . 

' .. ' ,I •·1; ]J" . ·:: :::;;::, . . . ' .. , ...... ,,. .. j , , , .. , ... ,:.,, . , ... Ii' :•!·it" .... ~~~;·J: 4 
:~ . 1 .. ,. , . .. . : , , .! 1: . - ---, -~:-~- ... , , .. , . , ·--:: ;:.~•,,· 1 ..... .. .. ,, ..... ,., ·... • .. "' ;, ,, : · , , • ' ... .. .. .. '"i[l 
:~:1 ~ •· •, •, • • , •· , .. , , ,,l ,j .. • • • ···• , 1 , , •·· ;1·

1 JJ11 I •, •· 'I'' r• • • 1·1 ,, 1 , , ll ''I'"'',.. : !'. ::·.: :·i:•, : '.:: : ::- :'.: : ·.•.·:· .• ·.·• .. :::· 
-:;:,.-: .. ' .. "'! '11 ,:I ., ... ,,., .. .... ,1,,11 ..... ,.;•I':', ... l1, i"' " '' " '' 'I ' ' 

r----- ··· ····· 1•: .. 1i,- ., ... . ·' ~i··• .. i1i·, ··11••···1· '·· :~~ ~ ~~~ 1~·'.~'- -.~: :~:~- - -,11; · 1•• 4· .. ...,·· ··· ·r~---
------ - - · .. - - - - . - ·-· · 'I .... : · : 1i l1 1q1, I ' . 
,,, ,, . . ·: ; ;:: : ::::· '"'i T"lj'l 1' I;,·;,:: :: ;:;:;:;:::::;::;:::::.::: ;:!;;~;~~l;~ >;: ~;::;::.::;::: :· .:: 

- . ' . .. • , . . 1::r • •. '':' '"1' ,., .q :11 j : :, _ _ : : ---~· _• .• ,'.•' j 1 •,· 1' .' •::'I.'' I ', ·,,' _· .··_· •, :,,•_:: .••~·•·1• •. •.•,•.•,• ·,. •.•. •••~ 1••· ·• · 

--+--t··-·-:+-:-~: :'1-'-::i.:..:... : ~:.:.:.~'..:..:.~~:~: . , --;-:~ ~ .... :. I• --- • , Avg. T = 12. 612+11. 23 r_:_~.·.·.:_::::_

1

-,:·.: •• :. -~-.:~. 
5 

,E),. :·: :::: :J . ,. : :i:: ·: .. :::;:j:' :: :::: ::: :: .. 
I '"1 ........ __.... ___ t-_ -· - -~: ~ :..!~. '. 

. . .... '.I. ~,;-.----,. I- .. I ...... '. . 1-- t---+---t-lt----t•- = 1 1. 9 2 g pd/ ft. :~: ~~- . 

.
1 

... , <; ;:!::::: :i: .:;: :: :i : ... , ...... : :: : ·:: :. ::::: :: : :: , .. , ... .. ,,., ... = 1. 59 ft 2/ day ::><: 
6 •...,-f-• •-- 1-1----;----,;----,. , ··t--1 ··, n i---- ,-- - . 1---- -r----+, ~-r--t----+--+---+--t-+---- 1--t-Lr--

-, . • [r __ :;: 1,:;1:Ji Y: :: · ;: •· · ,:,~::r.: :,.j~ ·••. . ... 
1

, :,r 
: j i 1:\1~. ~ rn1::1:1; :i ; )i Jj ~IL : LI i;; J :Lll 1 iiilllliLlli Hi~ b_,ij -Jd, t Iii:~ : i;; w;Li: :, :i~fd 7 "' 

.__ • l R/\TIO t/ 1' 
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BAILER TEST 
WELL# WW562-80 

Date 3-5-80 Personnel Volk, Bandar 

Bailer Volume 2 . 68 gals . 

Time 
In 

1112: 00 
1116:25 
1120: 50 
1124: 15 
1127:25 

1uo = 30 
134:00 

1138 : 10 

,- ' ,. , 
z 'Recovery 
0 

0 1200: 00 
C: I 

> /1230: 00 
r- t 1330: 00 
~ !1430:00 

1
1500:00 

0 -, < , en : , 4D 

ol ...... ' .. 
~~ ' 1: . ... . 

fl ., 

Bailer 
Time Volume 
Out {Gals . ) 

1115: 50 2 . 68 
1120:1 0 0 
1124: 00 0 
1127: 10 2 .68 
1130:15 0 
1133: 25 2.68 
1137:40 2.68 
1141: 20 2.01 

Elapsed 
Time,t,To 

S ' (Min.) 

224.17 
219.83 
216.00 
212 . 83 
209.75 
206.58 
202.33 
198.67 

180 
150 

90 
30 

0 

t, To 
S 1 ( Day ) 

0.156 
0.153 
0.150 
0.148 
0.146 
0 . 144 
0.141 
0 . 138 

S.W.L. 97.67' 

Resi dual 
Drawdown 
S' ( Ft . ) 

106 . 30 
106.17 
106.04 
105.90 
105.85 

Vol.(Gal .) 
t ( Day) 

17.18 

18 .11 

18.61 
19.01 
14.57 
87 . 48 

Comments 

:s: 
~ 2 s 

tJj 
-; 

-" 0 
0 

J :,;-

a5 ~ 
~ s· 

(b 
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Solution 

T = 

Where 

So, T = 

= 

Ave. Q = 

to WW562 Bailer Test 
.. 

l Vl + v2 + v3 

4 1i ( s I ) tl t2 t3 

S ' = 105.85 ' 97.67' = 8.18 ' 

1 [ 87.48 Gal.] 
~(-1~2-.~5~7-) ~( 8-.18 ') Day 

0.85 gpd/ft 

1 2 . 73 gals. 

29.33 min. 

= 
2 0.11 ft / day 

= 0 .43 gpm 

Total residual drawdown = 106 . 30 ' - 97.67' 
8.63' = 

+ 
V n 
t 

n 

at 228 mins . 

Specific Cdpacity = 0 .43 gpm/ 8 .6 3 1 = 0.05 gpm/ ft. 

• ,0 -I,_. ..... 
I .. , . . ... , 
?\ ... 
• 
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RAMACO 

ADDENDUM Dll-C 

ALLUVIAL .AQUIFER PUMP TEST 

CURVES AND DATA 

Ii. AND OUALI -r, I\! i •' 

R ECEFYE C' r 

TF 1 E,7 J 
-~ 

Dl 1-232 
T ,-: ~, 21 ? S 

RECD 1 - ;; - 1 

Brook Mine 

· 2 a T 

---. .... .............. . ____ 
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RAMACO 
Brook Mine 

, . ,... J , A .. 1.v 1 ,.;,u L' ' _L;/iM!/()/1, AQUll·l'. R · EST llATA 

~t,tc __ W_Y_O __ ·_ t'<'llt1tr SHERID~-- tl. I' , 
1'. -- ~-• I, . -- W: :;,.,. • WI IL Nil, OBS. 398 ---

Bondar, Collier, Harris rcuonncl _ ___;c...c...c, _ _..; ____ "----------- Int l. Si11fl11 v.·c ll dnwduwn~ . J)r ;,\,·Jtiwn \\H t, t 1 l1 , \\di 5. Othc, {,p('cify) 
l)'p r: 2. Sinrlr. wr\l rrco vcry )4 . llrrn'<'T)' wilh oh,. wd\ ____ _ 

Wd\ ownrr __ _ -----------------
_________ __ _ Method ,!rillrd : ,\ . ,\ir ·rc ,: .111 I) , 1'11,: r . All · !'l'h"ll<'h' ll 

It . ltrv .-1,,t.tr)' 
\, 1 'I I\ ~• t \ 

,1I well rlrl'lh ___ fl. 

1-n1l11g <lLln>Clrf __ 5_ in. 

l'yrc or ,crccn_ saw slots 
or rerfora t1on ___ _ 

,\qutrcr ______ _ 

/lltlt11cl e of lnnd 
ru1f1rr 

SWL from ~tr 9 22 I 

I DATE TIME 

4-30-80 1315 
ON 30 

45 

1400 
30 

1500 

30 
I 1600 I 

I 

1700 

1800 
1900 

2000 

2100 

2200 

2300 

2400 

5-1 - 80 0100 

0200 

0300 

0400 
0500 

)600 

0700 
)800 

OFF )830 

45 

D900 

I 30 

1000 

October 2018 

\\'ell di.nnc-tt·r wa. l1 . lh, rn.1 <II .1 11~ncJ 

PVC C. c~uk-tuol 

I( . ll)d ,-10 l lt )' 

J, Jr 11 ,~1 T . l'rrnchmi; 

\\", l'ri,·r-wn\h _ 

l . Other 
fVlll[llj t';Hinr, l~pc 

Jn1r1, •:1l of '-'.:tC'c n 

or perfor~ t i<' n rump hp , & type ______ _ rump dcptJ1 __ ft. 

Aquifer lith o lo&Y -----------------------------

llow 
dctrr111i11cd 

Mr /\l•ovc l.S 11 
lldow --.-'--

I low mrnur..:c1 
Stevens F-68 Recorder .. - -nErr1rro TI ME SINCE THIE S I~CE 

W/\TER LEVEL PUMP ON t, MIN. PUMP OFF t I MIN. 

-

~ 220 0 --
-~ 222 15 

9-:222 30 
- 9: 222 45 

9.225 75 

9.226 105 
g-_ 226 135 

9.230 165 
9.230 225 

9.238 285 
9.249 345 

9.249 405 

9.249 465 
9.250 525 -
9.250 585 - - - 01-11 s10 M 

n &Nil QUAll 1'"1 

9.257 645 
·-,,--.,. v~n ~-- .... •'I Q8? 

" - . 
9.257 705 . ,\IC . 

ftl~ .. -, -
9 260 765 -
9.2fiA A?5 

9.270 885 
9.280 945 

9.280 1005 

9.280 1065 

9. 280 1125 

9.280 1155 0 
9.280 1170 15 
9.280 1185 30 

9.270 1215 60 

9.264 1245 90 
ul I- ':.,., 

/lllit111l c ~II' 

S l FT. 
t/tl RE~TD LI/\L 

DRAIJ oc--.m 

0 
.002 

.002 

.002 

.002 

.005 

.006 

. 01 

.01 

.01 8 

.029 

.029 

.029 

.03 

.03 --
:q]} -~- -_ " 

.. -
f'\17 

(\Ll. 

(ll'.l.A 

ni; 

(\/:; 

(lfi 
- (l/; -. . 

.. 
(\/; 

00 .06 
70.00 .06 

39.50 .06 
2()1. 25 .05 

.J..l:c..8_3_ .. .044 
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C2I 
N 

" N 
OJ 

" N 
C2I 
N 
C2I 

RAMACO Brook Mine 

•I, .._, AQUll ·l·. ll , l~S r ll ,\l',\ 

WYO ___ <."<,,11,1r _i_HERIDAN __ _ 1'. _ _ ~i_.. " · ___ r . 
' W.' 

S1·r . _ __ , Wl ' l.L Ntl. _ OBS.398 

rmonnc1 Bandar, Collier, Harris Int 1, Si 11rl11 well dra""- 1lo,1i,•n J. D1 .1,,t10w n ,,it lt ,,1,, ,, d t 5 . Other (,prcify) 
l )'l> r : 2 . Si 11i;le well n· covcry •I. ll r <"nHr)' with oh~. wd l 

Wrll ownrr _ ______ _ __ _ Ad d rn, 

Method drilled : A. A i1-rc,t'! y 11. ll110 \' . I >ri vr n 

.. ,I well cl"rplh ___ rt. Well rl i,nictcr 7 7 /{;i_ n. ll o rrd o r augcrcd 
PVC C. C,blc-tool 

IX. ll )'d .·ro tary 
J , Jc 1t c,.I 

r. A 1r• pc rcu:~ion 
R . l(cv .-1o tor )' 

T. Trcnch11,i; 

\\' . P1 i \'C'- wa\J\ _ 

l . <il.J! { 0 1n1l1,g d l1mctrr __ 5_ in. Ca i inr, t ype ______ _ 

Type of "'t een l t lntc,nl or ..: rrc n 
or rerfrir:,tion saw s O s 01 pc,forat i<' n rump h p. & type ______ _ 

IIUvlEO 1.;rp 1 l ''84 
Pump dcpl.h __ ft . 

,\qulfcr ______ _ 
A<Julfer litholn&Y -------------------------------

Altlt11tlc of land 
iurfacc 

llow 
dctrrmincd MP /\t,ovc 

Udow 1.sn 
---'--

Alt itutlcMI' ______ _ 

s11,L from Mr 9 22 llow ir 11 .nuu· d Stevens F-68 Recorder -m:: rnrn 
DATE TIME WATER LEVEL 

30, , 9~ 
; 

1100 9-:-ZU-

30 9.Z39 

1200 9.Z30 

I=== 
30 9.222 

1300 9.218 

30 9.210 

' 1400 9.203 I 

I 
30 9.198 

1500 9. 190 

t== 
October 2018 

--
TIME SINCE 

PUMP ON t, MIN. 
TI ME SI~CE 

PUMP OFF t , MI N. 

1275 
1305 
1335 
1365 
1395 

1425 
1455 
1485 
1515 
1545 

-

~11-2 

T f- l 
RE CD 

:34--. 

2/ 
1 -

_ 120 

150 
180 
210 
240 
270 

300 
330 

360 
390 

LAtllD QlJ.!1 1, l l 

e "• ,•Ee ~ 

$ 1 

St FT. 
t/tl RES IDUAL 

DRAWO~·/N 

10.63 .036 
8.70 .027 
7.42 .019 
6.50 .01 
5.81 0 

5.28 0 
4.85 0 
4.50 0 
4.20 0 
3.96 0 

3 13 

.:' ... 1-

y D l'I IS iO I 

- r . ~ ' ~ 

2l3-T2 
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TIME DRAWOOWN CURVE 

5 10 ! Q IOO 
""" 

~ACOB METHOD PUMP TEST .... 
WELL : BH398 
TESTED: 4/30/80 

I • "'""' 

'"'"' 
" ""' '. 
1111 • -
"'"' - "'" ., 

I 
Ir 

i . 

~1+111111111111111 ••111• 1111111111 111111111111"'"' 
111 II Ill IIII I IIUI 1111111111 Ill 1111""" 

lllllllllllll111111llln• 11 11111111 1111 

I I MINUTES 

150 200 
IU II II 111 11 11111nllIIIllIJ111111111111u • u,• 

-

I a =l(l.55 9Pm 

r = 100 .7 ft. 
6S/ Log cycle = . '()92 

T : 264(0) 
: 6S/LOQ cycle 

= 264 ( l 0.5 5 ) 
092 

: 3 027 4 gpd/ft 
2 

= 40lf 7.3 ft /day 
s = T to = 

4790/ 
30271.f _( 2 50 ) 

, 1 5 58 
4790 (1 0 0 . 7 2 ) 

\ 111111111111 
llllllll11u 
Ill 1111 

.099 

" 

,-
;XI J, ,,, 'Z ,, rJ 

"' 
"-.., -0 :;, 

... 

,,.. 

-<. 

"J v 
CP "'--·, 
:0 c 
"' -z_ 
"' 

,) 

- J 

,-J, 
'p· I 
.c;. \ \ 

I ~ \ \ 

\ ' 1 \ 
' I 

\ _\. \ 
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RAMACO Brook Mine 

,i•.IJ - ,,.. 

• ! . ,. , ') \· p ) J tJ.: A CJ U I I I'. ll , I~ S f ll A I A 

~t•te WYO. <.'<111nt>· SHE""'R"'"'I'-'D'-'-A-"-N'----- ti . r . OBS. 399 T. __ ~-• R. __ IV.' Sec . ___ ,W fl. L N() _______ _ 

reuonnc1 Bandar, Coll i..e.r._._, ..,,H~a~r..,,r_.i~s~------- f"nt 1. Si1 1rl u u:c ll tln'-'"down ) . lh :,v.down \\ ilh Pt, , . \\C' II 5. Other (,pccify) 

l)'IH' : 2. S111f.,lr well re covery 4. ll r rn\'<'r)' wilh oh <. wdl 

u•,11 ownrr __ _ 

Method drilled : A. Air -rr,t :n y 11 . ll 11 ;: \' . lJ,n·rn 

, ,.,,.1 , ... 11 <lrpth --- ft , \\'di cli,n,ctrr in . n. Ht,rnl tlt ,lUJ:,ncJ 

C. Clhk·tu,,t 
11. llr ,1. -rotJTy 
J, Jrtt<'I 

r. A1r-pcrcu ~.,1u n 
ll . Ile" . ,,,101)' 

T. lrrn1.h11i.r: 

W. Prl\'r-,,·a,h _ 

l . Olhrr 
CI\Jl1~ Ji.rn1 rf rr ___ in . l "."inr, t,·pr _ __ __ _ 

Tyre nr <crren Interval nr «rccn 
Of pcrrt)ration Or per[tH>lirn rnmp hp. & type ______ _ ru mp depth __ Ct, 

Aqul.rcr ACJulrer litholosy ----------------- -------------

Altltuclc or land llow 
,urhcc determined Allitude Ml' 

MP Above I.Sn 
Udow __ _ 

SWL h om ~tr 9 54 . I low mt ><urcd Stevens F-68 Recorder -- ---DErT!TTO TIME SINCE TIME SI~CE S1 FT . 
DATE TIME WJ\TER LEVEL PUMP ON t, MIN. PUMP OFF t , MIN. t/t l RESIDUi\L 

- DRJ\WDO\·JN 

4-30-80 1315 --g:-s-40 0 -- 0 

ON 20 - -. ----g-:-s-40 5 - 0 

25 ~ -543 10 .003 

30 9 _-550 15 . 01 

45 9.560 30 .oz 

1400 9.563 45 . 02 

15 9.570 60 .03 
I 30 9.576 75 .04 ' ' 

45 9.581 90 .04 

I 1500 9.583 105 .04 
I 30 9.587 135 .05 

1600 9.593 165 .05 

30 9.601 195 .06 

1700 9.607 225 .07 

30 9.611 255 .07 

1800 9.620 285 .08 

1900 9.629 345 .09 

2000 9.635 405 .10 

2100 9.642 465 . l 0 

2200 9.652 525 .11 

2300 9.660 585 . 12 

2400 9.670 645 . 13 

5-1-80 0100 9.679 705 . 14 

0200 9.685 765 . 15 

0300 9.694 825 l ' w 1 T j .15 
. , . 

0400 9.699 885 .•· T . 16 

0500 9.701 945 . 16 

0600 9.708 1005 AN CJ QUAL i TY "'V rl . 17 

0700 9.708 1065 
_ _IR FCFl }'.'.E ~ 

.17 
- - -- -

Dl 1-236 ' 2 

1 f ~Fi ~ 
October 2018 CD 1 - 25 -1 8 Addendum D6-14-145 DEQ Ex. 3-1688



RAMACO Brook Mine 

'- - · L- JI ., . • L • L .' ~\,.. : \ .'-4.1 i1..,I I .,. ldl U 11 I·. ll t S I' ll A 1 ,\ 

~t,tc WYO Cciun l)' SHE __ R_I_D_A_N ___ _ ri . r . 
T . __ c., ll . __ W.' 

r,, .. ,. ),') o~s 399 
Src. ___ . w1\<. 1:fl _· ___ _ 

rmonnd Bondar Collier, Harris J r,t I . Si11fl11 \lo' cll tlrJ\lodown ) . Dra,\J0wn with c1 l1 , . ,,rll 5. Othct (,pccify) 
l)'pl' : 2. Sinr,lr. well re cove ry 4. ll c,·ovnr with oh,. wdl 

\\'tit ownrr __________ _ 

Method drilled : .\. A ir ·rc,t :uy n. 1>11r. P. A tr · 1'1.'J fll!\10 11 

R. llcv .- r<'I.H)' 
\' I 11 I\ ('I\ 

\\'di cl i>melrr .,I well rlc rlh ___ fl. in. n. Hr1ft•tl Ot ;11isncll 
C. Clblc-tool 

II. ll r ,l. ·TOIJr y 
J. Jc11 ,-J T. T rcnch 11,i; 

\\' . Prn' ('-\\'(l\h _ 

Z. Other 
••1l11g dc, metr r ___ in . C><inr. type 
Type o( ,crern I 11tcrvol of ,crccn 

or rcrfriution ____ or rcrfornlion ________ _ rump hp. & type _ _____ _ l'ump d cptl1 __ ft . 

Aqulf<r ______ _ 

Altlt11rle of lnnd 
~urfecr 

SWL from Mr 9 54 

I 
DATE TIME 

Ci-1-An nAnn 
ni=r=- -:in 

35 
40 

I== 
45 

5Q 
0900 

I 
10 I 

I 

20 

40 

1000 

30 

1100 

30 

1200 

30 

1300 

30 
1400 

30 

1500 

20 

~ 

October 2018 

Aquifer litholocy _____________________________ _ 

llow 
dcll·rtnincd 

-r.s!'TTr,o 
I low mr:uurcd .. 

TIME 

Mr l\l>ovc I.SO 
Udow _ __,___ 

Stevens F-68 Recorder 
wa 

SINCE 
WATER LEVEL PUMP ON t, MIN. 

TIME SI):CE 
PUMP OFF t , MIN. 

- ---
9.708 1125 -- -

Q.7O8- 1155 0 
-

2,ZQ1 1160 5 

9.70 1165 10 

9.695 1170 15 

9.69 1175 20 

9.68 1185 30 

9.675 1195 40 

9.668 1205 50 

9.66 1225 70 

9.65 1245 90 

9.636 1275 120 

9.625 1305 150 

9.615 1335 180 

9.605 1365 210 

9. 598 1395 240 

9.59 1425 270 

9.584 1455 300 

9.58 1485 330 

9.572 1515 360 

9.568 1545 390 

9.565 1565 410 

LAND QO AL.I TY 
-~ 

Dll-231' ECEI VED n• -

~r ... " 

S l FT. 
t;cl RESIDUAL 

DRJ\\~DC't\-/N 

. 17 
00 .17 

232 .16 

116. 5 . 16 

78 . 16 

58.75 . 15 

39 .50 . 14 

29.88 . 14 

21.10 . 13 

17.50 . 12 

13.83 .11 

10.63 . l 0 

8.70 .09 

7.42 .08 

6.50 .07 

5.81 .06 

5.28 .05 

4.85 .04 

4.50 .04 

4. 21 .03 

3.96 .03 
3.82 .03 

.. ~ 
L 

,.., 
.. 

- . :· Tl\ 
·-

0 ✓ j [7JN 

·-- - ·-
<. ' 

2 1 3 · 12 
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M --C, 
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00 
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0 

.04 

-
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-
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i 
21 

~ . 16 In 

.20 

.24 

._.,. 

L,J 
a:: 

TIME ORA\,-.1NN CURVE 

50 100 !0 0 
"' "''"" 

JACOB METk PUMP TEST 
'-

WELL: BH3~\ 
TESTED=4;30/8 

-

• 
...... 

I 

"""~ 

--
I I I I II I II 111 

, .AN .J UALI 1 
I, MINUTES 

R ECE VE ' 

JFN 1 li/2.Sl h. ,.,;,1 

KOO 1500 2 )()0 
I Ill lllTI111111111TTTTTT11111111111g 

: Q: 10.ss gpm 

r = 99 ft 
llS/LOQ cycle: • 21 8 

T= 26i(Q) 
6S LoQcycle 

= 264 (1 o.s s l 
.218 

= 12 77 6 gpd/ft 

= 1708 ft2 /day 
s = T to = 

479or2 

12776 (164) = 0 446 
479 0 (99

2
) 

... , I I 

" 

1--" 
to 
'1 

c:i 0 
..:,. 0 

:,;-

3::: s-
(1) 
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RAMACO 
Brook Mine 

r\ --' \. ,_ ,L'_ u I ,.; , L.: : ... ' ' L,.i. '1, ,~ i ll ,i , 

~,.,e WYO _____ c,,, .. .i, SHERI DAN _ _ _ 

,\ (J ll l I· 1· I( rs r I) A I,\ 

r; . r . 
T . __ , . , I, . __ W.' S,·c. ___ . \\'I l. L 11 

" •
0

' OBS. 400 

rmonncl Bondar. Collier, Harris Int 1. SiPflu\A.·clldr1\l.d11 ,'-n J. Dr.1,,J 0,,·11"1tl1 C1 11 , ,1,cll 5. Othc, (~rccify) 
l )'pl· : 2. Si11r.lr well n·covcry •1. Hrrovrr~· wilh OIi\ . writ 

Wdlownrr · - -------- · ·-·- --·-- AddtrH 

Method drill ed : A. A ir -rc.t ar; ll. ll 11;; r . Air • rcrcU~\IOll 

R. Rcv .-10!,,ry 

\' U1tvcn 

.,1 well clrrth ___ ft. Well d i,mc lcr in. n. ll o rrtl Of ,IU~1· rcd 
C. C,blc-100I 

1,:. ll rd .• rOl>ry 
J . Je ll ed T . Trenchini; 

w. Pri,·r- WD\h -

Z. Olhcr 
r n~ lng dbm cl rr ___ in. C' :Hinr. t~pc ______ _ 

lyre c,f <crcc n l111 c1v,I l'f <n ccn 
or pcrff)rntion ____ or pcdorat10n rump hp. & type ______ _ l'u mp drptlt __ ft. 

Aqulftr ______ _ 
A ']11l fcr lilhf'l t> ~y --------------------------------

Altltu,le o r land 
,urf,ce 

SWL r, om Mr q 34 

FlTl~ 
4-30-80 1315 

16 

18 

21 

25 

30 
35 

I 40 I 

I 

50 

1400 

15 

30 
45 

1500 

30 

1600 

30 

1700 

1800 

1900 

2000 

2100 

2200 

2300 

2400 
~ 1-80 0100 

0200 

0300 

0400 ----- .. 

October 2018 

11 ('\Y 

tlc trrm ined 

·-
l)El'1ff1'll 

Wi\TER LEVEL 

9.34 

9.~ 

9.3T 

9.38 
9. 39 

9.405 
9.41 

9.415 

9.425 

9.43 
9.44 

9.45 
9.46 

9.467 

9.478 
9.49 

9.50 

9. 51 

9.525 

9.54 

9.55 

9.565 

9.575 

9.583 

9.594 

9.602 
9.61 

9.617 

9.620 
. - . -----· 

\ 

-.-•-
TIME 

PUMP ON 

-

Mr 
At,ov c 
llrlo w ! .Sil 

Stevens F-68 Recorder . ---- -SINCE THI!, S [':CE 

t' MIN. PUMP Off ti, MIN. 

0 

1 

3 

6 

10 

15 
20 

25 

35 

45 

60 

75 
90 

105 

135 

165 

195 

225 

285 

345 

405 

465 

525 

585 

645 

705 
765 

825 LA/lu <:.i - AL, I I 

Allt1 utle Ml' 

.. 

S l FT. 
t/tl ll l·: S T llll,\ L 

[) I\J\\·! l)(~·/N 

0 

.01 

.03 

.04 

.05 

.065 

.07 

.075 

.085 

.09 

. 10 
-

. 11 

. 12 

. 127 

.138 

. 15 

. 16 

. 17 

. 185 

.20 

. 21 

.225 

. 235 

.243 
,_ 

. 254 

.262 

.27 

,JIYJj \ N .277 
.28 885 -- _ ___ R..£ .lLE..D.. - ~- '-h- - 1-~ ~ ·-------- -

D11-239 ?13-T.2 

TfN 1 5/2 . PfkM'., 
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RAMACO Brook Mine 

. . - - ~'-': , .. vu t.." Ll,II J..1 11(.IIIJ i\lJUll · l·. I\ l: S r ll,\ I A 

~lftle WYO c,""'t)' --~ERIDAN _ _ T 
fJ. 
~-' 

r . 
ll. -- W.' 

OBS. 400 Sec. ___ , WU.L NI). _____ _ 

reuonnd Bondar Collier, Harris Tr ,1 l. S i111, lu well ,l n"-d uwn ) . llrav.·Jc,wn with 01•1. "Cl! 5. Othrr (,pecify) 
trpr : 2. Sinr.lc wrll recovery 4. H«·ovcrr v.·il11 oh,. well 

W<II ownrr ____ ______ _ 

,r ____________ Method drilled : A. Air-rc,l"Y ll. llu .; r . A ir-pcrcu~~1on 

R . Rcv .- 101.iry 
V . Drive n 

,I well drpth ___ fl. 

(n1l11g ,fomctrr ___ in. 

ryre nr screen 
or perforation ___ _ 

Aqulfcr ______ _ 

Altlt urlc o f land 
,urf1rr 

SWL h orn ~Ir 9 34 

DATE TIME 

5-1-80 0500 

0600 

0700 

0800 

I~ 
0830 

33 

36 
I 45 I 

I 
0900 

15 

30 

1000 

30 
1100 

30 

1200 

30 

1300 

30 

. 1400 

30 

1500 

20 

c= 
October 2018 

\\'ell dia meter in. n. Bo red ur ougcred 
C. Cable-tool 

C'a<ir,;. type _____ _ 

I 11tc rval nf ...:rcc n 
or perforot ic,n ________ _ 

M. II rd .-ro tar y 
J. Jelled T. Trenchir-.i; 

rump hp . & l)'pe ______ _ 

\\'. ll rivc-wo,h _ 
l . Ot her 

I I_IJ 

Pump dcplh __ ft. 

A<1ulfcr Jitholoi;y ----------------- ------------
llow 

tlctt•rm incd 

-
DErTirTO 

11 

WATER Lt::VEL 

9-:0Z 
g:o-z 
9.62 
g-_52 

9.63 

9.615 

9.595 

9.58 

9.563 

9.55 
9.535 

9.515 

9.50 
9.48 

9.47 

9.46 
9.448 

9.44 

9.428 

9.42 

9.414 

9.41 

9.405 

Mr i\l•ove IS n 
lldow ·· -,.......:...- All1t11 ,lc ~tt• 

OW 11\ C,l'-U f CC 
Stevens F-68 Recorder 

TIME SINCE THIE SI~CE 
PUMP ON t, 

945 

1005 

1065 

1125 

1155 

1158 

1161 

1170 

1185 

1200 
1215 

1245 

1275 
1305 

1335 

1365 

1395 

1425 

1455 

1485 

1515 

1545 

1565 

··-

MIN. PUMP OFF t , MIN. 

---

0 

3 

6 

15 

30 

45 
60 

90 

120 
150 

180 

210 
240 

270 

300 

330 

360 

390 

420 

7 / 

LA~l b> QII I\ I I I ~ 

-'--· i;::. IC: 

D11-240 

T r- i 6 T 2 ~ ') 5rj 29
-
3

. -

RECD 10- 25 -1 8 

. 

S t FT. 
t/tl RESilJUAL 

nr,Al,OCl,·/N 

, .280 

.280 

.280 

.280 

00 .290 

386.00 .273 

193.50 .255 

78.00 .240 

39.50 .223 

26.70 .210 

20.25 . l ~!:> 

13.83 . 175 

10.63 . 160 

8.70 .140 

7.42 .130 

6.50 .120 

5.81 .108 

5.30 .100 

4.85 .088 

4.50 .080 

4.21 .074 

3. 96 .070 

3.73 .065 

9-21 3 
tr: , .. ,· T ~ 

'V \ ; I lj 

' - -

P E R M \"' 
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• 1 

.2 

CJ --~3 
~ -
.4 
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• 0.. .5 
0.. 
(b 

:::i 
0.. 
C s , 

0 
°' 
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I ...... 
~ 
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(Jl 

0 
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(/) 
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I 
2i 
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<t 
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ii'i 
LU 
a: 

r· 
' ' . ..... 

I~ 
I 

' w 
- l 
ob 

TIME DRA'ti.-.1WN CURVE 

5 10 0 
'" .... 

JACOB METHOD PUMP TEST 
WELL: BH400 "-
TESTED: 4/30/80 

" .... , ... 
1111 lllllf 

IUUll 

....,.. 

I 
LAND QuALI TY DIVISION 

R r:CF. >/F.D DE'.: 28 1382 

TFN l 5 /293 PERMIT 

I I MINUTES 

If 
I 
"'" 
II Ill 

IOO 150 21 )0 

11111n1111111111111111111111mm111 

Q. 1o . 55 gpm 
I r = 49.5 ft. 

AS/LoQ cycle : , ? 1 O 
~ IUI 

T= 26j(O) 
AS LoQcycle 

= 264 ( 1 0.5 5 ) 
. 210 . 

: 13 26 3 gpcl/ft 

~73 

2 , ... 
ft I day 

"" 
110 

I S = T to = 
4790r2 

1326 3(3 8 .5) ':' 04 3 5 
4790(49,52 ) 

': 

' 

'' 

I I l 

"5 0::, 
I ~ '1 r 0 

r 0 
' :,;--

r ) ~ ,_. s· 
( :; (b .,,,, 
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RAMACO Brook Mine 

t1K ::.,_ \Jl:.UL\.Ju Y ANO l.:,,1-' LOHA I IO N A QUI I' E ll I 1~5 f I) A'l ,\ t.11Cf:D r , --, 1 '84 
~t~tc WYO countr SHERIDAN JJ. I" . T . _____ ~-. R. __ W.' 

I''· '· 401 
Sec. ___ , WU.L NO. _____ _ 

renonncl __________________ _ Trst I. Sin,, lo well dr,wtluwn ~ - l)r,wJ ow n with o f,, . \\CII 5 . Othc:-r (,rccif> 
t)'p r : 2. Single wrll recovery )(I . Hrrovr r)' with oh1. well 

Well owner __________ _ 
A,ldre<s ______ ·----------------------- -

illcr _ ___________ Method drilled: A . Air-rc,t ary n. 1>11~ r . Ai r· pcrcus~ion 

R. Rcv.-rotar )" 
\' . l ~r1v C" n 

• otnl well drrth ___ ft. 

(nslr,s dLimetrr 5 in. 
Tyre of <ercen saw 

or rerforition s Jots 
Aquifer Al] 11vi a] 
Altlt11rle of land 

rurf•rr 

SWL from ~tr g 22 . 
DATE TIME 

4-30-80 1315 

ON 30 

1400 

30 

1500 

30 

1600 
I 1700 I 

I 
1800 

1900 

2000 

2100 

2200 
2300 

2400 

5-1-80 0100 

0200 

0300 
0400 

0500 

0600 

0700 

0800 

October 2018 

Well oi,metcrLZL 8,, n. llored or auge rcd 
PVC C. Cable-tool 

C.1< i11r, type ______ _ 

I ntcrval nf <erecn 
or perforatio n 

H- llrd .- rot,ry 
J. JcttO<! T. Trenchrni; 

rump hp. & type ______ _ 

W. 11m·<"'wa\h _ 
Z. Other 

rump depth _ _ ft. 

Ariulfer litholnsy _ __,,,a...:.1...:.1.:.U..:..V..:...i U::;m.:.;.._ _______________________ _ 

!tow 
llctmnincll 

- I low measured .. .,,..._ 
Ahove 

MP lldow I.SO---'- Allrl U<k ~II' 

Stevens F-68 Recorder ---
DE PTT! TO TIME SINCE THIE SI~CE St FT . 

WATER LEVEL PUMP ON t. MIN . PUMP OFF t , MIN. t/tl RESIDUAL 
DRAlm~•/N 

9.220 0 - - 0 

9.221 15 - .001 

9:-272 45 .002 

9 :-2-23 75 .003 

9.229 105 .009 

9.232 135 .012 

9.239 165 .019 

9.249 225 .029 

9.259 285 .039 

9.267 345 .047 

9.278 405 .058 

9.287 465 .067 

9.293 525 .073 

9.297 585 .077 

9.307 645 .087 

9.316 705 .096 

9.320 765 .100 

9.329 825 .1 09 

9.333 885 .11 3 

9.338 945 .11 8 

9.347 l 005 . 127 

9.350 1065 . 130 

9.356 1125 . 136 

~·" 
J 

. ---., • 
lANo QUM17 r 'r. , -

R E:CE:I llE:0 -
011..:24. I .., , 

T f H srffh/ 
? 13-12 

ECO 1 - ... ~- ~" 
Addendum D6-14-151 

I 

I 
I 

I 
i 
I 

I 
I 
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RAMACO Brook Mine 

f:'K:,. vl'JLUG, i.l.iJlJ L Al·'LO Fl i.l. i ION AQUll'F.ll 1csr llAT,\ 

~IAIC WVQ Counly __ S-H_ER~l_D~A~N~-- tJ . , r 
T. ___ , . , R. __ Iv°.' Src. 

401 ___ ,WU.l NO. ______ _ 

rcnonncl --------------------- I C'j l 1. Si111·.lu w ell <lr~"-ttuwn ){ Dr ~l \\'J(\WU w ith C' t1 , . \\ttl 5. Othc-r c,rcci(~ 
!)'pr: 2. Sinr,lr wdl rrcuvc ry ,Q( llrrovnr with oh,. well 

Welt ownrr ___________ _ 
AJ<irc<1 ---------------------------------

illcz 

, OtAI well drpth ___ fl. 

(A sing di.,mclrr ---5- in. 
Type of <crecn 

or perforation 

Aqulftr A 11 uvi al 
Altltmlc of lllnd 

mrface 

SV,L from Mr 9 · 22 

I DATE TIME 

5-1-80 
OFF 30 

45 
0900 

1000 

1100 

1200 

I 1300 
I 

1400 

1500 

October 2018 

Method drilled: A.. Air ·rcd'!Y 

\\'ell d iam eler ]_J_ f,'P. 
(a~ir\(. t)·pe _.p__,V ..... ( ___ _ 

Interval of <creen 
or perforation 

n. llored 01 augncd 
C. C3blc·tool 

ll. ll 11;; 
Xl . ll)'d .·tOt,ry 
J. JClloll 

P. Air-pcrcu~!r-1011 

R. Rcv .-1ota1)' 
T . Ttcnching 

rump hp. & t)' J'C ______ _ 

V . l >rnc-n 
\\', ll111·r-wa!.h _ 

Z. Olhc r 

l'umpdrpll1 __ ft. 
all u.vi um 

AfJulfcr lithology -------------------------------- -
I low 

llctrrmincd 
Al>ovc 
Orlow I.Sn 

!low 111 c,su1cd Stevens F-68 Recorder -- ... ---nr(rTllTO TIME SINCE TIMF. SI~CE 
WATER LI::VEL PUMP ON t, MIN. PUMP OFF t , MIN. 

--

"9.363 1155 0 

"9":'"363 1170 15 
9'.365 1185 30 

9.370 1245 90 

9.368 1305 150 

9.365 1365 210 

9. 360 1425 270 

9.350 1485 330 

9.344 1545 390 

Allilutlc ~II' _______ _ 

-

St FT. 
t/tl RESIDUAL 

Dlv\lJDC'MN 

00 . 143 

78.00 . 143 
39.50 .145 

13.83 . 150 

8.70 .148 

6.50 . 145 
5.30 .140 

4.50 . 130 
3.96 .124 

' T~ 
, . ~ ·•. ·1 I 

I !I ~I t:I J'CI! • It' -- , 

h LC e l 'i fl ' L'' 1 •8 2 

-D 11 243 - JfN l 5 29 I a p . 

Addendum D6-14-152 
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I 
l 
I 

I 
l 

l 

I 
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0 
() ..... 
0 
o' 
Cb 
'1 

tv 
0 ...... 
(X) 

Cl ..... ,_ 
::::D .... I 

N m ..,, ., 
c-, :z ., 
~ a, -
C. 

I 

.l) 

-w 
.... 
.w 

0 

.01 

.02 

.03 

.04 

-
Ill -

.06~ 

i .07 ~ 

...J 
<t 

.08~ 

.09 

. 10 

.11 

. 12 

. 13 

' . 14 

I --·'. -

rn 
w 
a: 

5 

IHtH 

l.\"ID ;JALl T D I ION 

RECE1 ✓ CO 11 E:C ?8 1982 

l F, l S/2 3 PERMIT 

TIME DRA\'f..,vNN CURVE 

10 0 IOO l!O 200 
"' """" 

~ACOB METHOD PiUMP TEST 
\ '--v/tLL: • BH401 

TESTED: 4/30/80 

" 

' 11111111111111 II 111111 
'"""" 11111111111111 ., 1111 

\ 

I I MINUTES o. 198 

-----

1111111111111 ..... I I lllWJllllllllU 

Q: 10.s sgpm 

r = 99 ft 
6S/Lo11 cycle= • 0 9 8 

r- 2Gj(o) 
6S LO',jcycle 

= 264 ( l 0.5 5) 
.098 

: 204 2 0 gpd/ft 

2 
: 38 0 0 ft/ day 

s = T to = 

4790/ 
2842 0( 220 ) = .1 332 
4 7 90 ( 99 2 \. 

,.-• 

CJ.) -

DEQ Ex. 3-1696



RAMACO Brook Mine 

1-'K 3. v LULUGY Af~D l M 'LORArlON AQUll'E lt I EST llAli\ 

~t~tc WYQ County SHERIDAN ri. r . 403 T. ____ ~., R. __ W.' Sec. ___ , WE LL NO. _____ _ 

renonnel -~B....,o.,,.n""'d.,..a...,r__,,......,C..,.o-'-l-'-l-'-i-"e-'-r ..... _H"'-a"'-r'-r"-1_· s ______ _ Tc,t l . Slnflo well dnwdown ;4 . Dr;,wJown with 0\1s. \\ ell 5 . 0 1her (,pecif> 

l)'pc: 2. Sinr,lc well recovery Jt . l(ccov<r)' wi1h oh,. well 

Well ownrr _________ _ Audress ____________________________ _ 

'lier ___________ _ 

, otAI well dcrth ___ fl. \\' ell diamcler 

(n1l11g dbmetrr ___ in. C" >• inr. type 

Method drilled : I\. Air •rc,t,ry 

in. n. llorc<i or , ug,· rcd 
C. Cable-tool 

Tyreo( <e rccn I ntcr,,sl of <c rccn 

ll . ll11~ 

r,,( . l l)'d .- rotuy 
J. Jcuou 

r. Alf·pcrcu~~JO n 
R. Rcv .-rot,ry 
T . Trcnclttt,& 

V . 1)1 1\'C'n 

11·. llr i,·r-wash _ 

7. . Other 

or perfontion ____ o r pcrfor,t,on rull\p hp. & type ______ _ rump depth __ fl . 

Aquifer ______ _ 

Altlttulc of I.And 
rurface 

ACJulfcr litholosy -----------------------------
llow 

dcll·1111incd 
Mr At•ovc 1.S 11 Udow ---'-- Alttltalc ~II' 

SWL from Mr 8 60 I low 11\ClSUrcd .. -Gal vonometer -
DE'PtlITO T IME SINCE TIHE SI~CE St fT . 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t , MIN . t/ tl RESIDUAL 
DM\JDO\·lN -

·- -
4-30- 80 '. - -

on 1315 -·--s:oo 0 0 

16 7!J:S-3 1 l. 93 

18 12 . 52 3 3.92 

21 13.45 6 4.85 

25 13.45 10 4.85 

30 13.45 15 4 .85 
I 35 13.45 20 4.85 I 

I 
40 13.45 25 4.85 

50 13.45 35 4.85 

1400 13.46 45 4.86 

15 13.46 60 4.86 

30 13.46 75 4.86 

45 13.46 90 4.86 

1500 13.47 105 4. 87 

30 13.47 135 4.87 

1600 13.48 165 4.88 

30 13.48 195 4.88 

1700 13.48 225 4.88 

1800 13.48 285 4.88 

1900 13.49 345 4.89 

2000 13.50 405 4.90 

2100 13. 50 465 4.90 

2200 13. 50 525 4.90 

2300 13. 50 585 4.90 

2400 13. 50 645 
I 

4.90 
'::. I , s..u ~ 1':I T~ 

~ 
0100 13. 50 705 ·" ,~ £ .. • -!<i. T'l 4.90 

0200 13. 50 765 LAN r, r 4.90 
0300 13 . 50 825 

' '-"L I I J JIV' 1S1uN 4.90 
"' Ul f-Z'li) ~~c., v 1:.u D[" ---- -

TFN 1 
' 28 19112 :e, 1 3 -12 

October 2018 Addendum 06- 14-154 
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RAMACO Brook Mine 

PK S. ~LULUGY Ai~D f:.>-f·'LOfl~ I ION AQUll'Ell !EST ll,\T,\ 

~,.,o WYO C.:CIUIII)' ~..:.:I:..::D:.;.A.:,..N,....__ __ _ T. _ _ t, R. __ :~·_. Sec . ___ . WU.L NO. _1_4_6_3 ___ _ 
rcuonnel __ _.,_B,...onu.d,,_,a""r!.....1.... _,C"-"o'--'l_,l_,i..:::ec.!.r__.,_..:..:.H:::,ar!...r!...1~· S::__ ____ _ Tes! l. Si Pi lo wel l dr,w,l ow n ~- DrawJo\\'n with e> I••· "ell 5. Olhet (,recif) 

l )·pr : 2. Sinr, lc wrll recove ry X' Rernvcrr wi th oh , . well 

Wdl ownrr ------ ·---- /\1hlrr<1 _____ ________ --:-----------------

llcr ___ _________ Method drilled : A . Air·rnt,ry n. lluc P, /\1r- pcr CUBIOn 

R. Rev .- rol ary 
\' . lh ivc-n 

• ot•I well depth ___ ft. \\'ell diameter in. n. llorcd or auscred 
C. C3blc-tool 

IX ll )'J.• rotary 
J. Jelled T. T renchi ng 

\\' . i)r,\'('WU!.h _ 

Z . Other 
Cuing d~1mc1 cr ___ in. 

Type of screen 
or rcrfora11on 

Aquifer ______ _ 

/\ltlt111le of land 
,urface 

S"l. from Mr ' 

DATE TIME 

5-1-An 0100 

0500 

0600 

0700 

0800 

OFF 0830 

31 
I 33 
I 

36 

40 

45 

50 

0900 
15 

30 
1000 

30 

1100 

1200 

1300 

1415 

45 

October 2018 

Caiinr. type ______ _ 

I ntcrval of <crecn 
or pcrfor,t io n rump hp.&. 1ypc ______ _ rump dcplh __ ft. 

Aquifer litholo&y -----------------------------
llc:>w 

determined 

!low mc:1.~urc d -DEf TH TO TIME 
WATER LEVEL PUMP ON 

--
13.50 

13. 50 
---

13.50 
--
13.50 

13.50 

13.50 

11 .33 

9.85 
9.-50 

9.40 

9.35 

9.29 

9.22 
9. 15 

9.10 
9.05 

9.00 

8.97 

8.93 

8.88 

8.83 

8.82 

SINCE 

Al•ovc 
Urlow I.SD 

a voaome er G l t 
---

t, MIN. 
TIME SI~CE 

PUMP OFF t , MIN. 

885 

945 -· -

1005 

1065 

1125 

1155 0 

1156 l 

1158 3 

1161 6 

1165 10 

1170 15 

1175 20 

1185 30 

1200 45 

1215 60 

1245 90 

1275 120 

1305 150 

B65 210 

1425 270 

1500 345 

1530 375 

LANO QUAL i Tt 

RfCEJVEO DEC 
Ull:..L'+'l 

.CO 1 - 2 - 1 

Allllud e MI' ______ _ 

S 1 FT. 
t/tl RESIDUAL 

DR/\HDO!·JN 

4.90 

4.90 

4.90 

4. 90 

4.90 

00 4.90 

1156.00 2.73 

386.00 1.25 

193.50 .90 

116. 50 .80 

78 .00 . 75 

58.75 .69 

39.50 .62 

26.67 .55 

20.25 .50 

13.83 .45 

10.63 .40 

8.70 .37 

6.50 .33 

5.28 .28 

4.35 .23 

4.08 .22 

I - I~ ·y3 
1-- I I ·".; 

~ 

;:i:!4 

' 1 l! I l> I Cl !!I 

- -- • :,o,: 

Addendum D6- 14-155 
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RAMACO 

\-1/\TEll \•ELL ___ B-'-~-'--:4_0_3 __ _ 

PUMPJ.NG RATE DATA 

LANO QUALi TY DI VISION 

RECEIV ED DEC 28 19 8 2 

TFN l &/2513 PERMIT 213-T.2 

Brook Mine 

,___ •--~_. .. , .. --....----.,.--,,........._•_,'"•--,,-~~···••--· .. \·~•- - --.. .... .-,»""'li·•w:•--r--_.,r_,.~.., , .. .-ru-.1~- ~ ·•· 

DATE THIE 
TEST 
TAKEN 

TEST 
DUl~\TIO~ 

SEC. 
GALS. PER 

MINUTE 

VOLum: OF Tl~!E WEIG!ITED 
DISCII./\RGE, GALS. \·IE ICllTED AVERAGE 

DU l, ./\Tl0 1l DISCJ\J\!{GE Q 

4_1n-P.r1 1316 - 1o.oo 12.00 3 . 0o l 12 . 00 
_:..::....:...=.. __ , __ ...;,_:__;c..:....:..._-1,-------I-------- ---•-----

18 t4"".40 12.50 3. 00 2 25 .00 

21 l S-. 90 11 . 32 3 . 00 3 33 . 96 

30 11 . 70 15 . 38 3. 00 9 l 38. 42 
1-----1----

50 l 5. 00 12. 00 3. 00 l O 120. 00 

i------'--'-14..:..:0c..::cO__ 16. 70 l O. 80 3. 00 10 108. 00 
15 17.60 10 .23 3.00 15 153 . 45 

30 17. 00 l O. 60 3. 00 15 l 59. 00 
-45 l 5 . 80 11. 40 3 . 00 l 5 l 71. 00 ____ , ___ _ 

1500 17. 50 l O. 30 3. 00 I 15 154 . 50 1----1----1 ____ , _____ _ 
30 17. 80 10. 11 3. 00 30 303 . 30 -~ ,---•--

1600 18.10 9.94 3.00 30 298.20 

30 18 . 00 l O . 00 3 . 00 30 300 . 00 

1700 16.00 11.25 3.00 30 337.50 - _____ , _______ , _______ --------
1800 18 . 50 9.73 3.00 60 583.80 

1900 18.80 9.60 3. 00 60 576.00 

2000 16.10 11.20 3.00 60 672.00 

2100 18.80 9.60 3.00 60 576 .00 
----1 2200 18. 70 9.63 3.00 60 577 .80 
1-----

2 300 20. 00 9. 00 3. 00 60 540. 00 
____ ,____ ---c-·-=-=--··-- --- -....,,.,_.,..--.....---

2400 18.60 9.70 3.00 60 582.00 
l----- 1---------1-------- --------------- -
5-l-800 .::...1.:....co...::...0 ____ 16_ ._5_0 ____ 1_0_.9_1 ____ 

1 
_ __ 3_. _oo ______ 6_o __ , __ _ 65_4_._6o __ 

0200 16.00 11.25 3.00 60 675.00 1----
0300 16.00 11.25 3.00 60 675.00 

0400 16.00 11.25 3.00 60 675.00 1----
0500 16.00 11.25 3 . 00 60 675 . 00 

0600 

lo700 ,.__ ___ _ 
0800 

16.50 10.91 3 3. 00 60 654.60 

17 . 00 10. 60 3. 00 60 636. 60 

16.00 11.25 3.00 9Q , y 1012.50 
._ __ ___._ ___ _1._ ___ __ _ _ - ----- - ~ - ------------- ~--- - - - ----

j 

October 2018 
Addendum 06- 14- 156 DEQ Ex. 3-1699
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CJ" 
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(X) 
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(1) 

::l 
0. 
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8 
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°' I ..... 
~ 
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• 1 

.2 

. 3 

. 4 

. 5 

.6 

0 - . 7 -I 
N ..,,. 

.8 00 

. 9 

1.0 

1. 1 

I I 

1. 2 

1.3 

r "' 
.' 1. 4 

-< ::,. 

,-,- ,-

,-,-,-,- . 
- - - -

r- r- r-

- -

-
en 

r ri-

TIME RECOVERY CURVE 

5 10 qo ~ )() ........ 
1~,1~ JACOB METHOD PUMP TEST 

WELL: BH403 
z... 

"'"" 
111l~H TESTED : 4/30/80 -

~ 

' 
~ 

n 
111111 
"'". 

I! 
' 

a 

I I 
11111'11111 1111111 11111.11 I 11 11111111 llll. 

111111 11111111 1111 

11111111 IHJIII 1111 • 1[81 

RATIO t/t I 

1!50 200 
l+I II ll llllllllllll I I llllll llllllllll11 ... 

Q= 10 . 55 gpm 

6S/Loo eye le: . 397 

T: 26i(O) 
6S Leo cycle 

: 264(10 .5 5) 
. 39 7 

= 7016 gp~ / ft . 

: 
ft2 /day 93 8 

111111 Jilli 
11 1 Ill IIUI 

'a4 
:Ill 

r 
"II .. 

II lllJIIIII 

111111 111 11111 
2 "' 2. n C ... !!! 

< 

.. 
0 "' C' ...... 

" .., 
II) 0 !: .. rr, 

n "' .,, 
I\) '-

I'll < .,, 
~ 
:. ... " 

a; :z N . 

"' 101111 
..... 1111 
... ,01111 

C to 
"1 

·;.:, 0 
0 ;-,J ;,:;--

d ~ = s· 
(1) 
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RAMACO 
Brook Mine 

\.. ,•, · l-V I \ ""' I IV I \I /\ IJ U 11 I'. I( le ~ I ll /\ I ,\ ,.A 
~ l•t~ _ _ W_Y_O __ _ ( CHIii()' 

SHERIDAN T. lZ__ ~ .. . IL~!_. Src . _2_2 __ . w t t. L No __ Obs. 404 

rcrsonnc1 _ ___..B...,o...,n...,d,..a...,r.__,&"-'C""'o,__l'--l'--i~e~r _________ _ I n l ) ' Sinrlu well dt:\\lotl o\\ n J. 1>1,\\A.'thl \\' fl \ \ 1t h (1 1, , . \\ ell ~ Otl!fr {,pcri ry ) 
!)' pc : 2. S,nr,lr well recovery 4. Hcr ovcr)" with ola. wr ll drawaown 

W(II c,wncr ~ - - -- ----- /\ d1 lr ('<- , Sherida~~ Wyomin~ - ----- w/ 3 obs. wells 

'er __ R_. _R_e _e _d _ _ ___ _ _ _ Method drilled : /\ . Air -rc,t ,ry 

well r\ rplh _.lfi_5__ fl. \\"ell d i,nictrr LJ_/f!J. 
rn1il'8 di.irnclrr _....5._ in . C" J< inr. !)p c _ _ _,__P.iV..,.C __ _ 

n. l\c,r n l Ill , ugc rcd 
C. Cable-tool 

l"yrc c,f ).Crecn l nteJ\"JI of «:r cc n 
or pcrforation5aW slots or perforat io n _4_'_-_1_6_._5_' ____ _ 

ll. ll11 G 
0( . ll)"d. -rolory 
J. Jello.I 

r . /\ ir· pcrcu ~~ IO!l 
R. !lcv .- ro l,ry 
T . Trcncl11 1,i; 

rump hp . & type ______ _ 

\' . l> n,·cn 
\\' . Pr ivr- wa,h _ 
l. . Oth er 

1'11111p depth __ fl . 

Aquifer A] 1 uvi 'IW 

Altlt 11<1c of l.llnd 3630 6 

/\qulferlitholo~y grave] matrix with floating sand and silt 

~,~re • 

SWL from Mr 12. 90' 

I DATE TINE 

5-8-79 1220 

1250 

1300 

1310 

1320 

1330 
1340 

1350 

1400 
1410 

1420 

1430 

1440 

1440 

1500 

1510 

1520 

)FF 1523 

!low 
tletrrmined surveyed 

l\l•ove 
-il•h•w 

I.SO l\1!1111ol c Ml' 2.25' 
llow mrnuml from Stevens F-68 Recorder --=-~===~;;:;:;.:.;:;:;:;~;;;;;;;;;===:;;:; ·-nErrrno 

WATER LEVEL 

12.90-

12.--go-
12. 90"l-

12. gos--
12.908 

12.909 
12. 911 
12.912-

12.914 

12.915 

12.916 

12.918 

12.919 

12.921 

12.922 

12.924 
12.926 

12.927 

TIME SINCE 
PUMP ON t, MIN. 

0 

30 
40 

50 

60 

70 
80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

183 

THIE S t~CE 
PUMP OFF t , MIN . t /tl 

St FT. 
RESIOlf,\L 
DRJ\IWO\·/N 

Q_ -

0 
.002 

.005 

.008 

.009 

.011 

.012 

. 014 

.015 

.016 

.018 

.019 

.021 

.022 

.024 

.026 

.027 

! 4 • 1 1 

LANO "'l,,-LL 

~ RECEIVED C: FC 28 1·,<J2 l__~ ____ , _______ ._ _______ u,..l r- ITT-·------- --- - - _______ _, 
JFN l 0 / 2H PERMIT 

October 2018 Addendum 06-14- 158 DEQ Ex. 3-1701
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m 

II 

~Z~Z/9Z/Z~ 'peuuaos 

TIME ORAWOOWN CURVE S;: 

~ 
10 0 IOO 150 2;x:J 

"' "'""' W ILWllUIIIIIU 11111111111111mm 

() 
0 

JACOB METHOD PUMP TES,-
BH404 4-.. 

WELL: Q = 5 . ~ gpm 
TESTED : 5/8/79 r = 58 ft 

6S/Log cycle = .• 0 56 

T = 264(0) 
6S/Log cycle 

~ 

= 264( 5, 6) 
. 056 

., : 264 00 gr-ii'/ ft 

2 
35 29 ft /day 

~ = 
s = T to 

= 
4790r 2 

264 0 0 ( 6 ,1,8 ) 
=, 101 3 

4790 ( SS L) 

... ,-

"" 'II ). 

z ,,, 
2 n l ... !!! 

111111 

'"" 

< 
0, "' ....... 0 
~ 
IQ 0 

"' rr, 
(") 

.,, 
"' "' ;o tr 

~ .. :. "' Ill) 

N 

I\!! ... 
w . 
-f 

11111111111111 
.If II 111111 • 0:, 
11111111111111 
1111111101111 
Ill II 1m1 1• 

"1 
0 
0 
:,;--

I I MINUTES Cr> ~ 
..1-.. S' 

('l) 
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RAMACO Brook Mine 

l.-\J I ;.iW L .', LUl iA 11ur-.. /\QUll'F. R , Es r llAT,\ I '"( 

~1.1e wva Cou11ty _SHERIDAN 1. 57 tJ . 84 )('. ___ 2_2_ ,u•1·. l .L NO. pump well #405 . __ X,, R. _ w: Sec . ., 

rcnonnc1 __ ____..B ..... acuo.,,.d ... a_._r_&_C""o.._J.._J.._1...,· e...,r ________ _ Ir\! X. Si11J'l11 \l,•c ll ,tr:11.1,,t\11 ,,n ) . 1>1.1wtlpw11 \\ilh <' \•, \\di 5. fllhr., (,f'C'C"ify) 

lypr : 2. S111r.lr w r ll n·c ovcry •1. llr ro,·1.:rr ''" 1th ohJ . "-rll 

w,11 ownrr --~P.KS. 
,rR. Reed 

,\d tl rrf. , Sheridan, \o{Y~O_. - - - -----,----------------
Method drilled: A. Ait ·ru:srt 

\\'ell rl,anictcr 11 · ll . llc,rc<I nr au gned 
-- in. C. Ciblc-tool 

••1l11g dc,mc1rr __ 8_ in. Ca<inr. type _ PVC 
. • ,n l well clcrth ~ ft. 

D. Du~ 
)0 . ll rd .•101,ry 
J. Jcttru 

r . Au -rcrcu s~1o n 
R. Rcv .-ro tar )' 
T . Tre11chi1,i; 

Type or screen l t lntc,val of <n ee n 2, -15, l½ Barnes 
or per(rir,tion SaW S Q S c,r per(oraliC'n _________ Puntp hp . &. t)·pc ______ _ 

\' . 1 ~riven 
11' . Pr"·" wa\h _ 
l.. Other 

20 
!'ump dtplh __ (t. 

Aquifer Al l uyj um Aquifer litholo~y __ Gr_a_v_e_l_m_a_t_r_i_x_w_i _t_h_f_l_o_a_t_i_n~g_s_a_n_d _____________ _ 
/\l\1111,lc of lnnd 3632 7 1·1~w 

,urf1rr • detc..· rmined 
surveyed MP Al•ovc 

.J.1':l<>w l.SD Alt,tuuc Ml' 2 87' 

DATE TIME 
nE r r 1r1·0 

Wi\TER LEVEL 
TIME SINCE 

PUMP ON t, MIN. 
THIE SI~CE 

PUMP OFF t , MIN. 
St FT. 

RESIDtT,\L 
DRAHOO\·IN 

5-8-79 1220 14 qn n n 

ON 1220. 5 15. 68 . 5 7R 

1221 15.98 1.0 1 n.R 
-

1221.5 16.24 1.5 1.34 

1222 16.42 2.0 1.52 

1222.5 16.61 2.5 l.71 

'-----i l223 16.75 3.0 1.85 

! ___ _._l _22_4_-i ___ l_6_. _92 ____ 4..,,.._0 ____ +---------t----r-~2~·~0=2---1 

1225 17.14 5.0 2 24 ---
, ____ 1227 17.36 7.0 2.46 

'---- 1230 17.51 10.0 2.61 
1234 17.62 14.0 2. 72 

____ ,1239 17.67 19.0 2.77 

1245 17.75 25.0 2.85 

1300 17.87 40.0 2.97 

t------
1315 18.00 55.0 3.10 

1330 18.10 70.0 3.20 

~ 350 18. 20 90.0 3 . 30 ----
410 18. 32 110.0 · 3.42 

1430 18.45 130.0 3.55 t----
1450 18.55 150.0 3.65 

520 18. 92 l 80. 0 4. 02 

I ... < 
- ,. .. ,"-t--------, 

' ,_ 

LAND QUA ITV c•1 11 1c1•, N 

ulr-,ITT 
RECEIVED nrr 2 '' --·-----~~--~ 

'!J'FN 1 5/293 PE f< '\\ ' 

October 2018 Addendum D6- l 4- l 60 DEQ Ex. 3-1703



RAMACO Brook Mine 

F\ _, • ~ JL'~v, . .. Jl.J L.•.r :.. Ii ~ I /Ut\, AQUll· l'. ll I ~ ~ r ll,\ I A 

~l•te WYO (-,, 11111 ,. _ _ SHERIDAN __ l . __ ~J_ .. ll. _ ___ ;;,_. 
BH405 

S,·,·. __ ,\\'Ill Ni l __ _____ __ _ 

rcuon n<I ___ _ 

Wrll ownrr __ _ 

.,I v.- cll <lrrlh ---ft. 

Cn1t11g dc1111e1rr ___ in. 
lyre c,( ,crccn 

or rerfn rat ion ___ _ 

Aquifer ______ _ 

Alllt urle o ( lilnd 
,urf1re 

SWL fro"' Mr 

I 
DATE TIME 

5-8-79 1523 

OFF 1523.5 

1524 
1524.5 

1525 

1525.5 
1526 

I 1526.5 I 

I 
1527 

1528 

1529 
1530 
1531 

1532 
1535 
1540 

1§45 

1600 
1610 

I 
October 2018 

- ------------- - ---- I nt I . S 11,,-lu\,1•ll d, .t"d11w11 J . J}1 ,1\\1h •w11 \, 1ll1 \•l•, "di~ . l ) thrr l,rrnf>·) 
f) ' lh' '. 2 . Si,11:lr w r ll u· nw cry •1. H ('l' O\'l' f Y with oh \ . wd l 

Meth od drill ed : /\ . Air -rc,t or f 

\\di il i, mclrr in. 

C' >•i nr, t yre _____ _ 

I ntrrv,1 c, ( ,crrcn 

n. lll'\ rfd Ot .,ugncll 
C. Clbl c-too l 

n. llu;; 
11. ll r,1. -rol,ry 
J . l ct1C\l 

r . Air• pc r cu~!-IOn 

R. Rcv .-1c,t, r)' 
T. Trcnch trll, 

\' , l>in·c n 

II'. 1'11.-c-wa,h _ 
Z. Other .. 

or pcrforali<'n ________ _ r11111p hp. & trpc ______ _ l'um p dcplh __ ft. 

A~11lfcr litholo~y -----------------------------
llow 

dc 11·1111inctl 

11 ow 111 r,surcd .. - •w 
or-:rrtr-To TIME S INCE 

WATER LEVEL PUMP ON t, MIN. 

Recovery 

lB:-75 183 

1 s -:-cr2 183. 5 

17 :-55 184 

16.63 184.5 

16 .02 185 

15.83 185.5 

15.66 186 

15. 50 186.5 

15. 38 187 

15.23 188 

15. 17 189 

15. 13 190 

15. 10 191 

15.08 192 

15.07 195 

15.04 200 

15.02 205 

15.00 220 

15.00 230 · 

Aliovc 
Udow 

-
l .Sl1 _ ___;__ 

THIE S [~CE 
i'UNP OFF t , MIN . 

-- 0 
0.5 

- 1 
1.5 

2 
2.5 

3 
3.5 
4 

5 
6 

7 

8 
9 

12 
17 

22 
37 
47 

Altit11uc Ml' 

S t FT . 
t/tl HE~TIJll,\L 

Dl,/\1.!DOI-JN 

- 3.85 
367 3. 12 
184 2.65 
123 1. 73 
92.5 1. 12 
74 .2 0.93 
62 0.76 
53.29 0.60 
46.75 0.48 

37.60 0.33 
31.5 0.27 
27. 14 0.23 
23 .88 0.20 
21 . 33 0 .18 

16.25 0 .17 
11 . 76 0.14 

9. 32 0 .12 
5.95 0. l 0 

4.89 0. 10 

- •· J 7 l I • J ., 

1 _1.; 2 1 .. , .. 

-

LAN (JlJA\. I l '{ Ot" t .,11 
,,. 

RECEIVED D EC 28 19 82 
---~ ------ ~A ~• •-

Di 1-252 PERMIT 

li- l ~ 2 
ECO 1 - ~-1B Addendum D6-14-161 

- ------ ------- -
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Brook Mine 
RAMACO 

\J t\TI:: I~ \.JELL . _ _ #.._4_,._,.0...,.5 ____ _ 

l'UMl' J.!'I L: l!ATE D,\T,\ 1,1,1'\ 

II 1 I) ~t· 

Pump Test 
Started at 1220 MST, 5-8- 79 

&.A N O Qu , 'If Ol 't/lSIOM 

RECEI VED OE~ 2 ~ l .; '3 2 

H~ l l>/2U PEF< MIT ' J ? - T:.i 

,_,_ .. • - - · •--•-- --•-' ·•--....ii--•.,.. ·••-~.._._,..,., . .,..,,...,.,,_,.'"'-- . ·••-- •,·.-•- - - ·"~-, . _ _. •• ._. --•- ·-r-~ -- ~ ... - ~r w 1u--- -

DATE THIE TEST \101 ,li~II•: OF TT~ll: l·l[lGIITED 
TEST IJUl:,\T LON GALS. PER DlSCllt\l!GE, GALS . \·IET.CIITEIJ t\VERACE 
TJ\KEN SEC. MINUTE DUl(,\Tl O,l IJ l!;CI\A"CE Q 

5-8-79 1221 4c 5.71 4 l 5. 71 
--

· -

1223 41 . 6 5. 78 4 2 11 . 56 
- -

1227 42 5.71 4 4 22 .84 

1234 43 5.58 4 7 39. 06 

1300 43 5.58 4 26 145.08 -

I l 330 43 5.58 ..A.. .. 30 l 61 40 

]430 42 ,8 5,61 4 60 336 60 

- -
l52Q 43 5.58 4 50 279 .00 

T = 180 T=l007.25 --
1007 .25 180 • Q = 5. 6( 

------ -··----
---- .. ------ - - -------- .. 

-----

I 
I r -----·- ·· - -----··----------~·- ·· ·- ---- - - ··- -- -- -- -----··· - -

L 

-- - ------------ D1-1-253 

October 2018 
Addendum D6- 14- 162 

DEQ Ex. 3-1705
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TIME RECOVERY CURVE 

5 10 '0 I()() 150 21)0 
~- "' 

~ACOB METtfOO PUMP TEST 
'----- WELL: BH405 

TESTED: 5/8/79 --- - _,_ __ ._ 

-
-

,_ -- ---- -__ ,_ 
-

D V 

' 

" 

,_._ _ 

II 11 11 1111 11111 

rnff!ijl! 1111111 n 
RATIO t/t' 

l;lliYilllllilIIllI llllIIll I lllll 11111 

Q: 5. Gg pm 

CiS/Log c ycle = O. 15 

T = 26i(Q) 
eis l.09 cycle 

= 264( 5. 6 ) 
0. 15 

= 9856 gpd/ft. 

= 1318 ft 7 day 

... r-
"" ::0 > z "' z 

0 0 ... !:! 
< 

111 "' c; - 0 > N 
IC a. ~ 
c.i ,,, 

(') ,c 

.,, 
N C, 

. Pl (E) <. ::0 
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~ "' ..., 

O,> z 
r,., N 
,_. 
w 
.:.. 
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;= f ... --, 
~::, 
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- '.) a:, 

11111111 
lln1111 
"'"'" 

..r. '1 ,.,.., 0 

--- 0 
;,;-,_ 
~ 

i fi s· 
i (1) 

I 
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0 

I 
N 
V, 
V, 

0 

3 

4 

' r 

5 

IFl t-t----t-1H-t-HH-t++t++t+HI-H lf-'IIHH--H+t+H-H-1-114## -z - 1-- 1--- - - t-HH-t+H++tH-1 1 HHlllll++h~HH-H 

~ H-+-,1-+-t--Hf+t+tt++tttH++H• IIHH+l+l-1-1-H+H HI 

i - ----H---i-H-t~rttt+ttttH+ll~H-tt-it-tt++l~HHIII-II 
~~t-t-+-H4-+t++1f+++-H-m#+H+IIH--H-H-H+l#+H~ 

if t:t=tjttl:jtJljt!:tt:tH+l• H•• WI 
6 t-t-+-11-!-I-HH-t++t+ H++H-H-H-Ht+l+H--l-

~ ~I-+:t::~-+ ----,=1~1-t--:=:::H H:::1~H-+t!:::+ Ht1:::+ 1-t:::~4~ +l::::~:!:::!'.!:+'t++HH+-ttflttl-t+t ~ 

Tl ME DRAWDOWN CURVE 

10 10 IOO 150 200 

JACOB METHOD PUMP TEST 
WELL= BH405 

TESTED= 5/8/79 

I I MINUTES 

.ll II IIIIUJIIIIULUllll1UIII It 1111111 

a= 5 . 6 gpm 

6S/Loc,i cycle= . 4 9 

T = 264(0) 
6S/Log cycle 

. 264 ( s. 6) 
- 49 

= 3011 gpd/ft 

2 
403 . 4 ft /day 

\ \ 
, I l 

:u 

"' 0 
~ 
< 
"' 0 

0 
!'Tl 
0 

r 
• -z 
\.., 

-
l 
:z 
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121 
N 

" N 
OJ 

" N 
121 
N 
121 

RAMACO 

I\.,) \.•LU L\.,\.J I 1-1iJU L.• I L.U fl A f IUI~ 

~1.1n_W_Y_0~-- C 
SHERIDAN 

01111ty 

A(l Ull · l: R , i: sr l>AI,\ 

1'. _57 tJ . 5' . 84 :t 22 R. __ W.' . Sec. __ _ 

Brook Mine 

.. A 
OBS. 406 

, Wl'l.L NO. _ _ ~-- -

rcuonncl _ __.8 ..... 0 ... n_..,.d,...a._.r__..&,_,.C""o...1..J ..,_l ..,_i ::=.er,__ _____ _ _ _ _ rr\t 1. SiPf,111 \l,.•cl l clr:\\l,,{1ow n ) . J)r.t\\J(H\' 11 wi th (' \I, . \, ell >6 . Olhtt ( .11pcciry) 

w,11 o wnrr _ _,_P,.,K""S _____ _ _ Atld re<1 

1r pe: 2. Single well recov er y 4 . Hcrovcr)' •-it h Ohl . well drawdown 
Sheridan, Wyo. w/ 3 obs. wel l 

J ...R...Reed Method drill ed : A. Air •H,t'!y n. 1>11 ~ r. Ai r-r crr u~~1on \' . 1>rin: n 

, ~,nl we ll rtrpth _ _ 1_9_ ft . \\'e ll d ia meter ..2._!. /,,? n. llNr<I n r au gn eil 

PVC C. Clu te-tool 
It . ll r,1. -ro tJry 
J. Jclll'\I 

R. Rcv .,ro laq ' I \ ', 1'111·0-1,•Hh _ 

T. Trc 11rh111,r; l . Other 
• • 1i11g il i.imcrrr 5 in. C.1tinr. t~pc _____ _ 
Type c,( «rec n Interval o f sc ree n 8 5 , _ 19, 

or perforat ion saw slots or perforot if' n • r ump hp . &. ()' PC - - --- -- r ump <lcplh __ ft . 

Aquifer Alluvi1nv Artu lfcrlitholo~y Gravel matrix with floating sand 
Altlt11<1 e o r !ftnd 3631 l , 

rur~ r r • 

SWLfrc:, m ~lr 15 ??' 

DATE TIME 

5-8- 79 1220 
ON 1245 

1250 

1300 

1310 
1320 
1330 

I 1340 ' I 
1350 

1400 
1410 

1420 
1430 
1440 
1450 
1500 
1510 
1520 

OFF 1523 

October 2018 

llow 
detrrmincil 

-
DEl'l'tr'tO 

surveyed 

llow on nwr ·,I ' 
TIME 

Mr A l•o ve l.S I) 
8~~~ ---'-- Altitude ~11' 2.64' 

Stevens F-68 Recorder . -
SINCE St FT. 

WATE R LEVEL PUMP ON t, MIN . 
TH!F. SI~CE 

PUMP OFF t , MI N. t;c l RESIDlli\L 
DRJ\h' D~·lN 

15:-ZZO- 0 0 

1s-;-zzo- 25 0 

15.222 30 .uu.:: 

15. 226- 40 .uuo 

15.229 50 .009 

15.231 60 .011 

15. 235 70 .015 

15. 238 80 .078 

15.240 90 .020 

15.243 100 .023 

15.245 110 .u.::~ 

15.247 120 .027 

15.249 130 .029 

15.250 140 .030 

15. 252 150 .032 

15.254 160 .034 

15.255 170 .035 

15.257 180 .037 

15.258 183 .038 

p ~ T3 

,: u '~ 

l;"Ne Ql;IA - I , .., . w 

RECEIVED :OEC ·2H . :to, 

-. - -"--- -- ------- . . 
D11-256 J FN l 5/2Sl3 PERMIT 

co 1 - -1 8 Addendum D6- 14-165 

- - - - ---- - - - ----- - - - ------ -

DEQ Ex. 3-1708
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I ...... 
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-< 
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.01 1-
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u.. 

.02 

.03 

.04 

.05 

.06 

~ -
-

..J 
<( 
:::> 
D 
en 
w 
0:: 

TIME ORAWDOWN CURVE 

5 10 10 
k '° I! ,p 200 

r-r-t - - """ , . 
r- r-t-

~ACOB METHOD PUMP TE'.ST -
r- r- r-

BH406 ' r- r- ,- WELL: 
I 

- TESTED: 5/8179 I 

.. 

--

- - ,-

i-r-,-

r ·r-,- - -
r- r-t-

,-,-- IIUIII• 

-

,-,-. -

\ 
,-,-,- -

ffil 
I I MINUTES 

1--1 LILLI u11111uw WilHI 1111111111111111111111 

Q: 5 .6 gpm 
r = 51 . 5 ft 
6S/Log cycle= '• 0 5 38 

T: 264(0) 
6S/Loo cycle 

5 .6 ) = 264( 
o 538 

= 27480 g~/ft 

2 
3674 ft /day = 

s = T to = 
4790r2 ' 

2 7480 ( 38 ) 
.0822 

479 0 ( 5 J.5 L) 

~ r-.,, ::0 
2 rrr lo 

0 ~ ... !!! 
-, 

,-;: 
(1t l'1 ,0 

--... 0 C: 
I\) > 
IO r-
"' I'; 

(') 
-c 

"D I\) 
IT1 5-: ;c, 0.. 

s:: <.. ... ~ ..; ID 
;, -: 
~ 2 

I\) ... 

II "' 1111111 
[Jl,uu 

"'"" 
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~ 
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to 
"1 
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s-
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121 
N 

" N 
OJ 

" N 
121 
N 
121 

RAMACO 

, ~ t\ ..J 11,~u L.'. i Ll;1 i C1 I luf~ 

WYO Cn1111t)' 
SHERIDAN 

rcnonnc1 Col Ji er & Bonda r 

Wdl ownrr ___ P_K_S __ , ____ _ 

R.Reed Method drilled : 

t well clrpth __19_ fl. Well di,mctr rL.ZJ6.. 

( n11t,g dL,me lrr 5 in . C'J<inr, typ e _ __ P_V_C __ _ 
Type of sc reen 

Brook Mine 

A(J Ult-1-. ll , Esr ll ,\l',\ 

T. 
tJ. r . 
~- • R . - - IV.' 

OBS.407 ~cc. ___ , WF l.L N<1. ______ _ 

lnt I. Si11r lu ""'e ll dnv.-1lo ,\n 3. Dr ~I \\JCn\'n \\Il l, ,, 1,, ,,c1 1 X. Olhcr (,rccify) 
drawdown 

SH 
. d l)'p~ :. 2 . S111r.le well rcco-cry •I. Rcrovery wi1h ohs. v.·rll 

er, an, wyo . w/3 obs. wel i 
/t_ Air ·r<, lary 

n, llo rrd Ill ,ugncd 
C . Clulc•tuo l 

ll. ll11c 
C( . ll r,t.- ,ol,ry 
J. Jc 11oJ 

r . /\ir-pc rcu5~1on 
R . 1lcv .-1C'IJ1)' 

T . Trcnchrni; 

V. l >riv('n 
\\', f'fl\'('•\\'Q\) \ -

Z. Other 

or rcrfontio nSaW S 1 OtS 
lnten•al or «:r~c n g 1 _ 1

9 1 

or perfout,~ n .,..---------- rump hp .&. trpe -----,,-=----
A11ulfcr litholo&Y . gravel matrix w/floating sand and silt 

rump drplh __ ft . 

Aqul!er Alluvium 
Altl:~•:~~r~flnnd 3631 _ 2 
SWL fr o111 ~tr -

DATE THlE 

l;-i'.l- 79 1220 

ON 1230 

1240 

1250 

1300 

1310 

1320 
I 1330 I 

l 
1340 

1350 

1400 

1410 

1420 

1430 

1440 

1450 

1500 

1510 

1520 

1523· 

t== 

-

October 2018 

II c,w 
dct,·1111incd Surveyed Mr Ab ov e 

tlnmv I .Sil - -- Al111111l c Ml' 2. 1 O' 

.. 11ow mr :uuu:c\ F-68 Recorder -nr-: r·nno TIME SINC E THIE SI~CE SI FT. 
\JflTER LEVEL PUMP ON t , MIN. t 1 PUMP OFF t , MIN . /t RESTIJ tl,\L 

111,A h' fl('l\ ·J N 

is.rm 1 --- 0 

15--:-ljfl 10 -
u 

15.TID 20 0 

15 . 130 30 0 

15. 130 40 0 

15. 130 . 50 0 

15. 130 60 0 

15. 1 31 70 .001 

15.lJZ 80 .002 

15. 132 90 .002 

15. 133 100 .003 

15. 136 110 .006 

15. 136 120 .006 

15. 136 130 .006 

15. 137 140 .UU/ 

15. 138 150 .uuts 

15. 138 160 .UU8 

15 .139 170 .009 

15. 140 180 .010 

15. 140 183 .010 

. .., - t ':1 • ',;;, ' 

LANO QI -All TY UI' ISJO N 

RECEIV E ~ oe:c 28 19fl2 

Dl 1-='2 - - - - --
TFN 1 .5/293 PERM 17 

1· i "' I · ' r. 

ECD 1 - 5- 18 Addendum D6-14-167 DEQ Ex. 3-1710
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TIME DRAWDOWN CURVE 

5 10 !O IOO 150 · 
""' -JACOB METHOD PUMP TEST 

. 

WELL = BH407 z... 

TESTED: 5/8/79 

I --
\ 

' 
\ 

,. !IIIIII 11111111111111 11111111 11111 
Ill !I 1111111111111 llllllllTI11111 

111 11111 . 1111111111111 1111111 111111 

I I MINUTES 

200 
IIHllllllllll11111 I I 1111111_11111m11 

a= 5 . 6 gpm 
r = 102 ft 

_6S/Loo cycle = .• o 2 5 l+ 
-

T: 264(0) 
6S/L011 cycle 

= 264(5. 6 l 
. • 0254 

: 583 20 gpcJl/ ft 

: 7797 ft
2

/ day 
~ 

" ,,. 
s = T to 

2 = 
4790r 

; 

.... 
01 " 58320 (7 5 ) 

"""""47 9 ll (10 2t) 
=- 0878 ' C 

"-
c.. 

I' , 
- ..... 111 1 

11 11111 .. " " .. .. 
,, 

I\) rr, 
~ w 
1': 
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... 
10 
a, 

l\l ~ "le 
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w 
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au 

. 0261 I I 
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C2I 
N 

" N 
OJ 

" N 
C2I 
N 
C2I 

RAMACO Brook Mine 

,\f /·. '! I I \ : .· I I l ,\ I .\ 
'I , . r 

~\Rte______ (,,1111()' ________ _ I . 
ll . __ W.' ' BH507 Sec. ___ , \\' U.L Nl1. ______ _ 

rcrsonncl ------------------- I nl 1. Si11rl11 well drJ ,,:duwn ) . Dra,\dP\\'fl with C'\I , . \\ ell 5. 0 th CT (,fH'cify) 

l)'pr : 2 . Sinr,lr wrll n·covcry •I . Hrrovr,r with oh,. well 

Well ownr r __________ _ Atldre<S 
er ___ ________ _ 

Met hod drilled : II. . Air-re.tart n. Du;; r . A11 -pc rcu~~1o n 
R . R ev.- rol ,,r y 

V . l>r1\· C"n 

.•I well clrrlh ___ fl. 

r n1l11g dL1mctrr ___ in. 
lypc <>f ,crcen 

or rcrfontion ___ _ 

Aqulfrr ______ _ 

l\ltlt111lc o r 14nd 
rurf•ce 

SWL fr om Mr 

DATE TIME 

t>-29- 80 0900 

ON 0905 

0915 

0945 

1n.n 

1100 

1200 
I 1230 ' 
I 

1330 

1400 

1500 

1600 
1700 
1730 

1800 
1900 

2000 
2100 

2200 

OFF 2230 

2300 

2315 
2330 

5-30-80 2400 

0030 

0100 

0130 

t= 0200 

0300 

October 2018 

\\'e\l rli>mcter in. 

\Hint, type _____ _ 

) nlCf''Oi <> f sc reen 
or perforo l ion 

0 . ll or«I or aug,· rcd 
C. C,blc•tool 

II. llpl. -rot,ry 
J . Jeuo<l T. Trench,"t 

\\'. l)fr,r-wotJ, _ 
l . Oth er 

rumr hp. & l )•pc _______ , 1· r ump dcpLh __ Ct . 

l\riu lfet litholosy ------------------------------

llow 
determined 

Mr l\t,ovc 
Dl'low I.Sn 

llow 11\C'J\Ufcd ·-DEl'TIIT O TIME SINCE TIME SI~CE 
WATER LEVEL PUMP ON t, MIN. PUMP OFF t , MIN. 

-z-.-25 0 --
- -z:25 5 

--Z:-25 15 
-z.26 45 

? ?7 Qn 

2.28 120 

2." 30 180 

2.32 210 - . ~ .. -.... ,~.., ...-- - -
2.33 270 

RECEIVE D i.H.C .,,CO 

2.335 300 

2.340 360 TFN 1 5/293 t'E.f<~ 

2.350 420 

2.365 480 
2.375 510 

2.385 540 

2.400 600 

2.405 660 

2.410 720 

2.412 780 . 

2.412 810 6 

2.410 840 36 

2.405 855 51 

2.400 870 66 

2.380 900 96 

2.365 930 126 

2.350 960 156 

2.340 990 186 

2.330 l 020 216 

2.310 1080 276 
. . .. - ·-- ---

D11-260 

'!r~ r, 2IG'5 
ECO 1 - -1 

- -- - - -- -----

l\lt1t11de Ml' 

. 

St FT . 
t/tl RE~ IIJU,\ L 

DRJ\WOOHN 

0 

0 

0 

. 01 

n? 

.03 

.05 

· ll'II .07 

.08 
., ., " 

.085 
If -- J. _;j .... ,... 

.090 

.100 

. 115 

. 125 

.135 

.150 

.155 

.160 

. 162 

135.00 . 162 

23.33 . 160 

16.76 . 155 
13. 18 . 150 
9.38 . 130 

7.38 .115 

6. 15 . l 00 
5.32 .090 

4. 72 .080 
3.91 .060 

·~-· .. ·-- - ·--
r •f. 
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RAMACO Brook Mine 

,,·)' .. . \.1 \ 

~tAtC _____ _ l'oun l)' 
ri. r . T. ___ ~- . It. _ _ _ W.' S,·c. ___ _ • WU.L NI) BH507 -------

rcnonnd _____________________ _ rnt 1. Siur.lu well cl rJWll U\\' n ) . I>r :iwJ{'WF\ With 0 \i, . \ldl 5. Other c,rccify) 
lypr: l . Sinr,lr well rcrn•cry •t . l\crnv ,·rr with oh 1. well 

Well ownn ____________ _ 
Addr," --------- -------------------------

• 1 1cr _______ ______ _ Method drilled : /1. . Air ·r~t" t D. Dur; r . Air•pcrcu s~1on 
R. Rc, .-,o tary 

V. l>li·•cn 

I -.·ell rlrrth ___ ft . 

1 n<l 11g dL1melrr ___ in. 
Tyre of ...: rcen 

o, rcrfor3tion 
Aquifer _______ _ 

Altiturlc of lnnd 
,u,rare 

S\1.1. fr orn Mr 

DATE TIME 

5- 30-80 0400 
0500 
0600 

I 
' I 

t== 

\ \'ell clbme1er in. 

C~•inr, type ______ _ 

I ntcr--•1 or screen 
or pc,ro,at il' n 

n. ll or«I or au gcred 
C. C,blc•tool 

II . 11 )'ll. -rorary 
J. Jetlod T. Trc11ci1 11~ 

I\' , f1IIV('- WG\h _ 

l.. Other 

Pu111 p hp . & l)'pc ________ 1· P11111 p d rptlt __ ft . 

Aquifer litholoGY ------------ --- - ------------------

l!ow 
determined 

llow JHC':l"iUf ·ti ' -
DEl'Tl'TTO TIME SINCE 

W/\ TER LEVEL PUMP ON t' MIN . 

2,zgs- 1140 

2 . 280 1200 
2 ;-25(; 1260 
--

- -

At•ose 
Udow 

---
l.S fl 

-
TIME SI~CE 

PUMP OFF t , MIN. 

336 -

396 
456 

Alt1t11dc ~11• 

S1 FT. 
t/tl RESI DUAL 

DRJ\WDOl·IN 

3.39 .045 

3.03 .030 
2.76 .000 

r? 

'• Tt 

LANL QUAI.. ' ) ' , 

__ .._ REC!;;I VEQ ( .E...2...._2_~ .fl ? 

D11-261 ---------------------~· -- - -- .JF!L.1.- 6/2~3 PERM,T 213-12 
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-..J ...... 
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• 0 50 

, 07 5 
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tv 
CT\ 
tv 

• l 0 0 

• 12 5 
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er 
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• l 75 
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f
w 
w 
u. 
z 
-

(/) 

z -

I 
~ 
J 
<l 

~ 
(/) 
w 
cc 

r 

So 

~~ ~ 

Htttft 

II 

TIME DRAWDOWN CURVE 

0 10 ! 0 0 
'" '"""" 

~ACOB METHOD PUMP TEST 

WELl:SH507 
'-. 

• ~STED= 5/29/80 

'\ 

' 

II 

wtll 

mmm 

lllllllllll • • tu.a lllll111u ""' HH·H lllll111UIUI 1111111111 1111 '"" 
11111111 • 11 11 1 11111 11111 II 111111 

11111111111 IUI 11111111 JI 1111111 

I, MINUTES 

IOCO 1500 200 0 

Lil I ill UIL LI II llll lli!illU 111-11 IIU 11 .. ~ . 

Q: ~1. 91+ gpm 
r= 226 ft H-

6S/Loo cycle= .1 70 

T: 264{0) 
6S/Lo0 cycle 

= 264 (~,l.91+ .) 

• 170 

: 1+9601 9fH;l/ft. 
2 : 6632 ft /day 

'"'4 ,.. .... :ID J> z ,., 
7 n 

II<'" /!! 
S = T to = < 

OI "' 
4790r2 

...._ ..., 
'° 0 :_ 
411 ri, 

0 

1+9601 80 X ':'.0162 
1+790 X 226 2 • 

.,, 
l',l 

'" ::0 
~ ... 
-4 '.0 

(ll 
::, N 

"' ... ·~ 
' ~ 

~ 
l \ I 

, 186 
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RAMACO 
Brook Mine 

1 \ --- 1 11 1 • ..)f -.. i\ \ j tJ ; 11- I( I: !i I I l ,\1 ,I 

<:t ~te ____ _ Co11111y tJ. r . , .. ,. l.L NO. BH508 T. ___ ~., R , __ IV.' Sec. ___ " _____ _ 

rcnonncl ____________________ _ Int 1. Sinrlu well dn14c\u,\·n 3. 1>, :,,Ht ,1 \\'f\ \\'Ith 01, , \\ ell 5. Othe1 (,rccif)') 
tn•.-: 2, Sinr,lc well n·cuvcry •I. llr rov ,·r)· "ilh oh,. wdl 

\\.'ell ownrr __________ _ 

~------------ Met hod drilled : /\. Air -rc.l ar / D. ll ui: r . Air· pcrcu!; ~1on 
R. Rcv .-rolat)' 

V . 1,11n·n 

.d ,.-ell depth ___ ft. 

(ft<lr,g dc,mcrr r ___ in. 

l'yr,c of ~rcc n 
or rcrfontion ___ _ 

Aquifer ______ _ 

Altlln<le o f lnnd 
rurfacc 

SWL from Mr 

I DATE TIME 

t;/?Q/Rrl 2224 
OFF 2225 

2226 

2227 

2228 

2230 

2232 
I 2233 I 

I 
2235 

2237 

2239 

2242 

2244 

2246 

2250 
2255 

2300 
2305 

2315 

2324 

2334 

~ 

October 2018 

\\'ell rl ia niclrr in. !1 . ll oret! or ., ug,· red 
C. C~blc -1ool 

C.11i11;. l~pe ______ _ 

lnltr,:i\ l or \CT('C n 

o r prr[or,li<'n 

II. II r<I .· I 0\Jry 
J . Jcnoo T . Trcnr:hrr~ 

rump hp. & trpc ______ _ 

I\" , 1111\'(-WD\h _ 

l . Othe r 
tr pc < r "

1

1B': 
,[ ~ 

I' 

l'urn pdcprJ1 -12._ fl . 

Aquifer litholosy -------------------------------

!low 
det erm ined 

I low IIIC':-t,u rcd - --.-,- WW 

nErrrrr-o TIME SINCE 
WATER LEVEL PUMP ON t , MIN. 

LlO 804 
-

-5.10 805 

4.55 806 
·4 ;-45 807 

4.45 808 

4.41 810 

4:37 812 

4.35 813 

4.35 815 

4.34 817 

4.30 819 

4.26 822 

4.24 824 

4.23 826 

4.21 830 

4.16 835 

4. 11 840 

4.10 845 

4.04 855. 

3.99 864 

3.98 874 

Al•ove 
Dl'iow 

~ 

I.SD 

THm SI~CE 
PUMP OFF t , MIN. 

0 -

l 

2 

3 

4 

6 

8 

9 

11 

13 

15 

18 

20 

22 

26 

31 
36 

41 

51 

60 

70 

\,ANO ,J 1..l 

Altitude Ml' ______ _ 

-

St FT. 
t/ tl RESIDUAL 

DRJ\1.JOa.•IN 

00 2.50 

805 1.50 

403 .95 

269 .85 

202 .85 

135 .81 

101 . 5( . 77 

90.3' .75 
74.0C .75 
62.8~ .74 

54. 6( .70 

45.67 .66 

41.20 .64 

37.55 .63 

31 . 92 .61 
26. 9~ .56 
23. 3_ . 51 

20.61 .50 

16.76 .44 
14.40 .39 

12.49 .38 

,, 

. 

RECEIVED DCC 2ij -rg-o.: 

- - - -- --
DI 1-263 PE.fOII I r 

1, f -.Y.f 
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RAMACO Brook Mine 

,' , , • • I ; .\ I , 

~l~te ______ (\•l lllt) T. __ t. I' . 
R . __ W.' BH508 Src. ___ , WI l. L Nil. _ __;c..c:...;~;__ __ 

reuonncl __________________ _ l n l ) . S i11rl u ,1, cllclrJwd o,1o·n J. l>r ;, \,J ownwil l,c,b, \\ell 5. O lhet ( ,pccify) 
trpr : 2. Sini;lc well re covery 4. l\ crovcry -..·j1h ola. v.·ell 

Well owner------·---- Aull re-, _ _ ____ ____ __ _______ _ _________ _ 

"------------ Meth od drilled: A. Air -rc,to rt D. llu ;, r . Air-pcrcu Bion 
R . Rcv .,rolary 

V . lJtiv('n 

.al " 'ell <lrplh ___ ft. 

1 n1 l11g dLimclr r ___ in. 
Type Clf \Creen 

or pcrfo ral lon ___ _ 

Aqulfcr ______ _ 

Allltmle or land 
rurf1re 

SWL fro m Mr 

DATE TIME 

5-29-80 0900 

0901 

0902 
0903 

0904 

0905 

0906 
I 0907 I 

I 
0910 

0913 

0920 

0930 

0945 

1000 

1030 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

October 2018 

\\'ell rlbmc1er in. 

(' ,sin;. type _____ _ 

Interval of «:rrcn 

B. llc,rr.l nr :iugned 
C , Ciblc-luol 

or perforation ________ _ 

II . ll r,1. -rol,ry 
J. Jc t1c<.I T. Trcnchrn&_ 

\\', llr iv <'-WBVI _ 
l . Other 

rump hp . & type _______ , 1· I' \\! ;d p'tli __ 1_5 rt , 

Aquifer lilholoi;y -----------------------------
llow 

Lletcrmincd ______ _ 

I tow mcHu r..:d .. -
nEr'ffTto TIME SINCE 

MP Al•ovc 
lldow I.SO 

Altllllllc Ml' 

. 

S1 FT . 
WATE R LEVEL PUMP ON t, MIN. 

TIME SI~CE 
PUMP OFF t , MIN, t/tl RESIDUi\L 

··-r.oo 
----s:o3 

-~4 

4.08 

4". 10 

5.55 

5:- 65 

5.68 

5 :-71 

5.80 

5.90 

5.97 

6.06 
6. 15 

6. 18 

6.28 

6.38 

6.52 

6.58 

6.64 

6.80 

6.70 

6.70 
6. 71 

6.76 

6.79 

6.80 

0 

l 

2 

3 

4 

5 

6 

7 

10 

13 

20 

30 
45 

60 

90 

120 

180 

240 

300 

360 
420 

480 

540 

600 

660 

720 

780 

--
Dl 1-264 

Tr ! 
:CD 

2/ 
1 -

DRJ\WDCl\.lN 

0 

2.03 

.84 

. 48 

.50 

1.95 
2.05 

2.08 

2.11 

2.20 

2.30 

2.37 

2.46 
2.55 

2.58 

2.68 

2.78 
2.92 

2.98 

3.04 

3.20 

3.10 

3.10 

3. 11 
3. 16 

3.19 -
~ 3.20 

LI.NO QIIAI I ':f. 01'{1;;: u ~ 
.; ~ . ,' < 

" 

REOEl\'EB 0 E': '.::~ ·~c;; 

FN 1 
?5 

6/293 PERMIT 

- 1 Addendum D6- l 4- l 73 

' 
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RAMACO 

-·--··- ·--
DAI £ nm: 

TEST 
T/\ Kl:N 

!1-?Q-80 0910 

0920 
0945 

1000 

1030 

1100 
1200 

1300 

1500 

1600 

1700 
1800 

1900 

2000 

2100 

2200 

I 
I 

October 2018 

1,/\Tl~t: \JELL BH-508 

l'UMl' J Nl; i-1\TE IJ,\T,\ 

LANO IJ 'JALI I t v 

RECEIVED 0£C 28 19132 

!ffN l ~/Zii PiRMIT 

Brook Mine 

__ .,., __ , ,,....,..,..._... ... _ ., . __ ..., __ .._.'""''""•-.. -~-,--,.,,. . ···-- ·,·.-•-- - ,...,,_ .......... ,. ... .._._ . .--,-~, •---:- ~, ....... ,,, .• ,u-_,,._~ 

TEST \101.\ i~iE OF T1:iE l·IE l GIITED 
OUl!,\T I ON GALS . PER lHSCll/\l{Gt:: , Gi\LS . \·IET CIITEll /\V1·:1u,cE 

Sl:C . MINUTE DU l,i\T IOiJ DJ!;C llJ\l,Gt:: Q 
----

S:-5 32.73 3 10 327.3 --
--S:-8 31 .03 3 10 310.3 

5-:6 32 .14 3 25 803.57 

5.3 33.96 3 15 509.43 

6.5 27.69 3 30 830. 77 

5.8 31 .03 3 30 931 .03 

5.4 33 . 33 3 60 2000.00 

5.5 32 . 73 3 60 1963.64 
-

6. 1 29.51 3 120 3540.98 
-

5.6 32. 14 3 

I 
60 1928.57 

6.0 30.00 3 60 1800.00 

5.4 33 . 33 3 60 2000.00 

5.3 33.96 3 60 2037.74 

5.4 33.33 3 60 2000.00 

5.5 32. 73 -- 3 60 - -r9o3 _ oil 

5.5 32.73 3 60 1963.64 

-
ET=780 EQ=24910.61 

Avg. Q = 24910.61 
Hm ~_3l..~Lgprn. _ _ _ . 

----- ---- . --- · ··· --- -- --· - -- - --· 

- 1-----
I 

7 11 19 l) ,,d ci ;J 

~ ... • . , 4 

--------·- ----··· ------- -- --- - ------ ·----- · - ·-··· -
· ----·•------ - Dl·b--265------- · ·-- --

Addendum D6-14-174 
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0 ..... ..... 
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TIME DRAWDOWN CURVE 

5 10 io 
'" '"'"" 

" - JACOB METHOD PUMP TEST --1-- '-- -

' WELL:BHs oa 
TESTED : 5/ 29 / 80 

'--- ~ -

--•-- - -
~ -,_ 

.. 
.. 

-

I 
I 

........ ._ -~-._ -

--~-

I 
"""' "' ... 
"""'" 

I, MINUTES 

IOO l~O 200 

--
-

I 

- - - C-
. . 

~~~ 

3 4 5 6 7 8 9 

IJill lillll Hll!IIJ fllllilJJllWIUI~ 

a= 31.94 gpm 

6S/Log cycle = 0 . 5 6 

T = 264 ( Q) 
6S/LO(_l cycle 

: 264 (31. 9lf 

0. 56 

: 150 5·7 • 4 3gpd/ft. 

: 2 0_12 ; fl9 ft 2
/day 

: 
: ,_ 
-

• ., ' -

"" """' 
'"" '""' 

I Ill 
1111 
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:0 ,., 
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~ 
< 
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' l ' 

I \ . l I 
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TIME RECOVERY CURVE 

5 10 20 30 40 o 6 7 
"' 

~ACOB METHOD PlA1P TEST 
508 '--WELL: BH 

TESTED5/29/80 

I -

,-

-

II 
"""'" ..... 

""" 

"'""" 

.. 

'"~oomm -ttfl I 11111"'"' 1111 11111111 
111 11 llll1111u11111 Ill IIIU 

1111 II 11111 IIIJll11••rn• 11111111 

RATIO t/t' 

8 9 IOO 150 21 )() 3 4 5 6 7 8 9 10 00 
HIIHI U.UUUJll11111111 I ll111111111111111 .. 

IHIIHII 
a= 31. 94 

100111-
gpm 

6S/Lo~ cycle = 0 .39 

T = 264(0) 
6S/Log cycle 

= 264(3 1.94 ) 
. 39 

= 2 1621 grd/ft 
2 

= 2891 ft /day 
H 
"Tl 
:z 

r-
;a > 
"' :z 
0 0 ... ~ 
<: ,:_ 

"' C -:, 
J,> 

r:. 
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llftfft 
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RAMACO Brook Mine 

t~I\ ;:,, vt.ULU v Y i-li~u l.A~'LOHA I IOI~ A QUI FE I\ I E. ST 1) AT A 

~l•la ____ _ Cc,u111y _______ _ tJ . I' . . "' L'l.L NO. BH509 T. _ _ <:., R. __ W.' Sec. ___ n c. --"'-'-"-'-c.,;c_--

reno Mel __________________ _ T«l I . Si,~'.ln w ell clr,wd uwn ) . Dra" J0"'n w ith 0l•s. "ell 5 . Other (,peci[> 
trrr : 2. Sin!:lc wrll recovery 4 . Rerovcrr w ilh oh1. well 

Well ownrr __________ _ AJdre,s ____________ -,-______ ________ _ 

illcr ____________ Method dlillcd: A. Air-rc,l ary !), llu,; r . Ai r-pctCU!.5ion 

R. Rcv .-rotary 
\' , Uri\'C'l'l 

Jl•l " ·cll drpth ___ rt. Well diam eter in. n. llorcd '" augcrcd 
C. Cable-too l 

II. llrd .-rot,ry 
J. JClloo T. Trenching 

11' . ll ri\'C-WOY\ _ 

Z ,\:(111c1 
(nslng dbmclrr ___ in. 

Type of screen 
or perforat ion ___ _ 

Aquifer ______ _ 

Altitude of land 
1urr1ce 

SWL from Mr 

DATE 

5-29-80 

Ori 

I 
I 

TIME 

0900 

0905 -

0910 

0915 

0920 

0925 

0930 
0935 

0945 

1000 

1015 

1030 

1045 
1100 

1130 

1200 

1230 

1300 

1330 

1400 

1430 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

:i200 

------~----
October 2018 

Ca,ir\f. type ____ _ 

I nlcrval or «:rrcn 
or perfornlion rump hp. & lypc ______ _ Pump depth __ ft . 

A~ulfer lithology-----------------------------

I l ow 
dctr1111i11cd 

ll ow mt Hurcd 

DEPfif1 ·0 TIME SINCE 

At,ovc 
Dl'low 

~ 

I.SD 

WATER LEVEL PUMP ON t, MIN. 
Tnm SI~CE 

PUMP OFF t , MIN. 

·4.17 0 

- 1+.Zo 5 ---

"'4--:21 10 

4.26 15 

4.27 20 

4.29 25 

4.30 30 

4. 31 35 

4.34 45 

4.37 60 

4. 41 75 

4.43 90 

4.45 105 

4.46 120 

4.49 150 

4. 51 180 

4.54 210 

4.55 240 

4.57 .270 

4.59 300 

4.60 330 

4.62 360 

4.64 420 

4.66 480 

4.67 540 
~ 

- ~ -4. 68 600 

4.69 660 

4.695 720 LANO QUA 

4.70 780 D-"'C' IVC'r\ .. 
D11-268 

------- ---- rr- ~~ / 52 3 

RECD 10-25-18 

Al titude MI' ______ _ 

S1 FT. 
t/tl RESIDUAL 

DRJ\IWC'MN 

0 

.03 

.04 

.09 

. 10 

. 12 

. 13 

. 14 

.17 

. 20 

.24 

. 26 

. 28 

.29 

. 32 

.34 

. 37 

.38 

.40 

.42 

.43 

.45 

.47 

.49 

.50 

- .51 
. .'52- J. 'T 

I r, .52 

.53 
-

13 -T , 
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RAMACO Brook Mine 

f1 KS. ~,L\.;LUGl ;.1im LrY LOfl AI IUflJ AQUll ' l'. I\ I ES I" llAI,\ 

~t•te ____ _ County _______ _ tJ. r . BH-509 T. __ ~-, R. __ W.' Sec . ___ , WEL L NO, --"------'-.;..;._--

Peno Mel __________________ _ Tes t J. Si,~:lo well dn"-<low n J . Dra"'-·<l ow n wnh c,I, , . "ell 5. Othct (,pccif) 
t)'pr : 2. S ingle well recovery 4 , Rcrovcri· with ohs. well 

Well ownrr __________ _ 
A<l drc"-------------,-----------------

lier ___________ _ Method Milled: A. Air-rc. tary ll. JJ u;; r . Au-pcrcuss.,on 
R , Rcv .-rotary 

\' , lJfl\'('0 

. o tol well drpth ___ ft . 

Cosing di., metrr ___ in. 

Tyre o( ~• ce n 
or perforation ___ _ 

Aquifer ______ _ 

Altlt11clc o( !Jlnd 
,urface 

SWL from Mr 

DATE 

5-29-80 
OFF 

I 
' I 

5-30-80 

TIME 

2224 
2230 
2235 

2240 

2245 

2250 
2255 

2300 
2315 

2330 

2345 

2400 

2415 

2430 

2445 

0100 

0130 
0200 

0230 

0300 

October 2018 

\\'e ll dbmetcr in. n. Bored or augered 
C. Cable-tool 

(Hinr. type _____ _ 

J ntc rn l o f «:rce n 
or perfora tio n 

II . l lrct .-rot,ry 

J. Jett <>..! T. T rcnch,ni; 

rump hp . & type ______ _ 

\\' , IJril·c-,vas.h _ 
Z. Other 

rump dcptl1 _ _ ft . 
Aqu!rcr litholosy _____________________________ _ 

llow 
llct crmincd 

llow m enurcd -DEPTllTO TIME SINCE 
WATER LEVEL PUMP ON t, MIN. 

4.70 804 
·us 810 

4. 61 815 

4. 58 820 

4.56 825 

4. 54 830 

4.52 835 

4.50 840 

4. 46 855 

4.43 870 

4.38 885 

4.35 900 

4.33 915 

4. 31 930 

4.29 945 

4.27 960 

4.24 990 

4.22 l 020 

4.20 1050-

4.18 1080 

Al•ovc 
Ul'low i.sn 

. THIE SI~CE 
PUMP OFF t , MIN. 

-

- .0 
_ _6 

11 

16 

21 

26 

31 

36 

51 

66 

81 

96 

11 l 

126 

141 

156 

186 
216 

246 

276 

LANO QU AL i TY 

RECEIV ED DEC 

Altllu<le ~JI• ______ _ 

St FT. 
t/ tl RESIDUAL 

DRJ\WDO\·/N 

a, .53 
135. 00 .48 

74.09 .44 

51 .25 .41 
39.29 .39 

31.92 .37 

26 .94 .35 

23.33 .33 
16.76 .29 

13. 19 .26 
10.93 . 21 

9.38 . 18 

8.24 . 16 

7.38 . 14 

6.70 . 12 
6. 15 .10 

5.32 .07 

4.72 . 05 

4.27 .03 
3.91 .01 

-- . .. ' 

DIV ISI ON 

28 1982 
-

lJli°-ib 'j 
TFN 1 6/29L PE RMIT 

-l T 
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HIIIIIIII 
Ill 

TIME DRAWDOWN CURVE 

10 !O 

i 
150 200 

" "' " " 

tACOB METHOD PUMP TE'.ST 
ELL: BH 509 ' ·•srrn, 5/29 180 "-. 

" 

,. 
I 

1111 
111111111111111 

I , MINUTES 

j UUI 1111 1111 1111111 Ill1111111 \lllJ IIIIIII 

Q =. 31.94 gpm 
r = 50 ft 

6S/Loo cycle= • 3 3 7 

T = 264 {Q) 
6S/Log cycle 

= 264(3L91+ ) 

. 3 37 

25021~/ft : 

3 34·5 ft 2 /day = 

S =·T t o = 

4790r2 

25021 X 16.5 
t= ,o 34 5 

't 790_ X 50
2 

, 

.,, 
:z 
~ 
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~ 
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~ 
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RAMACO 
Brook Mine 

l'K;:i, \..>L'-.1LU\.Ji' i\;JU LJ.l 'LUHill lUN AQVll · l·. R ' r:s r llATI\ 

~l•to ____ _ Ct1u111y _______ _ T. __ t·, I' . , '"l·.· l.L NO. R. __ IV .' Sec. ___ " 
BH510 

rcrsonncl ------------------- Trq I. SiPflu ":ell tlr:1""1111,1,·n ). l)r;i,,,lcnvn ,,,th t,b\ ,,di 5. OthC'T ( ,pccify) 

lypt": 2. ~lllf.lr we-II u· covcry 4. Hrrm,'l'JY wilh oh~ wdl 

Well ownn __ _ 

"---------- Method <lrillrd : .\ . Air ·rc,1.1,y ll. l>u;; P. J\ir · rcr C\J S\100 

R. Rev -10!>1)' 

\' . I~, n r n 

. . nl well clrplh ___ ft. 

<n1l11g dc,mclrr ___ in. 

I Yr• of ,-crccn 
01 rerforalion 

-\qulfrr ______ _ 

Altllllllc or lnnd 
,urfarr 

SWL from Mr 

DATE 

5-29-80 

I 
I 

I 

OFF 

\ 5-30- 80 

TIME 

0900 

0905 
0915 

0930 

0945 

1000 

1015 

1030 
1045 

1100 
1130 

]2QQ 
1300 

1400 

1500 

1600 
1700 

1800 

1900 

2000 

2100 

2200 

2224 

2230 

2245 

2300 
2330 

2400 

0030 

October 2018 

Well cl i., mctrr in . 

Ca<inr. type _____ _ 

Jntc rv:\ I of '-C TC'cn 

or pt.·rfl,r:tliPn 

n. llNr<I "' :iu gncd 
C . Clblc-tool 

II. lly ,1. -rol,ry 

J. Jelled T . Trt11ch111i; 

Pump hi' , & l)'pC ______ _ 

W. Pnvt'-\\.'ll\l\ _ 

l . Other 

l'11111p drplh __ fl . 

A']ulfcr li1h,, lni;y -----------------------------

llow 
dctrrmrncd 

Mr 

I low 111 C- :\"iur·d ' -
DE !'TH 1'0 TIME SINCE 

WATER LEVEL PUMP ON t, MIN. 

4.4S-- 0 

4.4S-- 5 
4.48 - · 15 

4. s-1- 30 

4.53 465 

4.54 60 

4.56 75 

4.58 90 

4.59 105 

4.61 120 
4.62 150 

4. 64 180 

4.66 240 

4. 69 300 

4.71 360 

4.73 420 

4.74 480 

4.74 540 

4.75 600 

4.76 660 

4.76 720 

4.76 780 

4.76 804 

4.75 810 

4. 70 825 

4.67 840 

4.62 870 

4.56 900 

4.53 930 

I.SD ---=--

~- -
THIE S f\CE 

PUMP OFF t , MIN. 

-

-

Q u Al.\ I'{ 
D \ <J (.J(U 

LI ND 

i. l~CEl'JED L} E C 28 1~ 

- l>I 1 oL293 PERJA\1 

0 
6 

21 

36 

66 

96 

126 

All11111lc ~tt• ______ _ 

S1 FT . 
t/tl RESIDUA L 

ORAi~ 00\·JN 

0 

.01 

.03 

.06 

.08 

.09 

. 11 

. 13 

. 14 

. 16 

. I/ 

. 19 

. 21 

., .24 

.26 
:fZ 

.28 
:,:: 1::.- l~ .29 

-· 
.29 

.30 

. 31 

.31 
• _I - . 31 

a, . 31 
135 .30 

39. 29 . 25 

23.33 . 22 
13. 18 . 17 

9.38 .11 
7.38 .08 

D11-271 7 ,- - -9 ·u -T;:+ ;.:;l/t, 

Addendum D6- 14-180 DEQ Ex. 3-1723



C2I 
N 

" N 
OJ 

" N 
C2I 
N 
C2I 

RAMACO Brook Mine 

l'I\ -.J. 1. :... •.J L.V \J 1 , .. u,l) '--' ~ UJHA I 1ur~ AQUll' El : I ES r llAT i\ 

~lftlc______ County ________ _ T. 

rcuonnel _____________________ _ 

N. F. 
~- • R. --- IV.' Sec. ____ ,WELL NO. ______ _ BH510 

Tut I . Si11f.lO well d13w<low n 3. ll l> \l"UO\\'O wi t!,"'' ' · \\CII 5. O ther c,recif) 
trpc : 2. SinEl c well recovery 4, Rernvcr )' wi1h oh,, wel l 

Well owner ___________ _ 
Audre"------------- -------- -------------

mer _____________ _ Method dr illed : A. Air-rc, lary 

, 1•1 well drp th ___ ft. \\'ell d ia meter in. 

D. !Ju;; r . Air·pcrcuHion 
R. Rcv.-,olory 

V, l >11v rn 
\\' , ll11vc-wai.h _ 

<ft!lng dL,metcr ___ in. Ca~inr, l)'J'IC ______ _ 

n, ll orctl Il l ouscrcd 
C. Ciblc·tool 

II. ll )'d .-rot,ry 
J. Jet10l! T. lrcnchin& Z. Other 

I" "() r \ I 

rump dcptl1 __ ft .. 

•.1. fl 
lyre or ~reen 

or perforat io n 

Aquifer _______ _ 

Altlt111lc or lllnd 
,urfacc 

lntcr,,,l of «:rcen 
or pcrfor,tion rump hp. & type _______ _ 

A(Julfcr litholo&Y ---------------------------------- 
!low 

determined ~Ir Above 
Dd ow I.SO All itudc Ml' _______ _ 

;:.SV.,;.;1-.::.,;f,;.:ro;,;.m~M;,;,r..=;.=::;;==::...-~------1;,;,l:,o';;..'' mc,rnrcd -;;;;;;;=;;;:;;;=;;:;;:::;:;;;;:;::::;:::;::;:;:;;;;;;;::;;;;;;;;;:;;;;:;:;=:;:;;;;,;;;;:;;;::;:::;=;:;;;;;:;;; ---.--
DATE TIME 

5-30-80 0100 
0200 

I 
I 

DEPT! TO 
WATER LEVEL 

TIME SINCE 
PUMP ON t, MIN. 

960 
1020 

THIE SI~CE 
PUMP OFF t , MIN. 

186 

246 

5. 16 

4.15 

S1 FT. 
RESIDUA L 
DRIIWDOI-JN 

.05 
0 

1----1-----1------+---------+---------11----1-------

i 

I 
1-------1-----~--------1-----------1,------------t-------1--------1 

I 
1-------1- -----1----------1-----------1-----------1-------------1 

I 

,' I} ( . ... , 14 
IL • 

LAND QU;..LI rv ol'JISIO~ 

L__!~----1-------1---------·-+----~----r---::-:s:---;-1 q;;-;,1i ~:z.--------
L__ RECEIVF. D .C 

'------~-------'--------;:::D~l,.-1-272 ___ T_F_N __ l _ S_/._2_9_3, __ P_E_R_M_I_T - ~-T , 

October 2018 
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TIME DRAWDOWN CURVE 

5 10 10 IOO l!O 200 

..... ~~ ~ACOB METHOD PUMP TEST 
WELL: BH 510 '--
TESTED : 5/29/80 

-

-
--- -
-

' 

-~ 

I, MINUTES 

1.\..IWll.111111 11111 11111111111111_111111111111,1 

Q= 31,94 gpm 
r = 74 ft ' 

6S/Log cycle= , 22 

T: 264(0) 
6S/L09 cycle 

= 264 (31.9 4 ) 
. 22 

: 38328 gpd/ft 

5 124 
= 

ft 2/day 

s = T to = 
4790r2 

38328 X 24.5 
= .o 358 -4i9-0X 742 

' 
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RAMACO Brook Mine 

K.S. GEOLOGY AND EXPLORATION AQUJPER TEST DATA 
- wy -- - · · - Sheridan ----

u.to _____ County _______ _ T. _57_~, R . .Jl.L & Sec. 14 • ~S:.LL_l-~Q~. __,.2-0.,_7....,A __ _ 

enoMel __..B..,.own.,..d.,,.a..._r.._. _.A~r ..... a...,a..,s....._ _ _ _________ lest (i) Si~ well dnwdown 3. Drawdown with ob.s. well 5. Other (specify) 

type: G) Single well recovery 4 . Recovery with obs. well 
.. ~er _P_K_S ________ _ Add~ u Sheridan, WY 

9. Fudge Method drilled: A. Air-Io.tart D. Dug 

JIAJ ,.;ell depth _2_7_ft. Well diametCI L.1Ji, B. Bored or augered @ Hyd .-rot.ary 
C. Cable-tool J. Jetted 

P. Air-percussion 
R. Rev.-rotuy 

V. Driven 

aing diameter _...,5.__ in. Casi111 type _P._V~C._ __ _ T. Trenchinl 
W. Drive- wash 
Z. Oth~/CRO 

I r l '.) 51:P ? 1 'l; 
;po of ICJ'een l t Interval of screen 5 1 _ 25 , 

or pcrlontion saw S O S or perforation _________ Pump hp. & typo 3/4 Teel Pump depth Q_ ft. 

~ulfer Al ]11vfom - Aqulfer litholoir mixed sand and gravel 
ltitud e of land 

surface 
How 

determined MP Above 
Below LSD AltitudeMP ____ __ _ 

VI. from MP 11 9 5 . How measured Galvanomf'ter -~ - ~ - . -
DEPTII TO Tl ~1£ s rncc Tl~:::: s1);c c: S1 i:-~ ' I 

t/tl 
• l . 

1 D/,TE THIE \JJ\TER LE\'EL PUMP ON t, MIN . PU~!P OFF t , l·iii;. RESIDUAL 
I .. DR.f\h'DO·.·.'N I 
I 

1-2~-BQ 10 :nn 11 Qc; n n i 
10· 0l n 11 l 1 1/; I 
10·03 13 17 3 ' 1 A? I 

10:06 13.38 6 1. 43 ; 

: 
10: 10 1.3. 48 10 l. 53 
10: 15 13.50 15 - l . 55 ! 
10 : 20 13.50 20 l. 55 i 

10:30 13 c;? 1/1 
i 

1 r::.7 I 
I 

10:40 13 c;? An 1 r::.7 I 

,n -r;n 13 'i3 r;n " . n 01J A I l TV ot\/lSIO t-1 l c;A I - i 
ll·OO 13 q 60 2'3 19B l. c;R 

~- , .. 
__ ... ..- n ~ r 

" ....... 2 J..:>· • • . ...... ,. 
l l · A"i n ,:;a lO"i OC:C!JMIT 

l . c;__q __ I -TF ~ .I. ..11--

12·00 13 . 56 .120 l. 61 

12: 15 13.56 135 l. 61 

12:30 13.56 150 l. 61 

12:45 13.56 165 l. 61 

13;00 13.56 180 
. ) .J l. 61 

Off 13:06 13.56 186 0 0 l. 61 

13;08 12. l l 188 2 94 . 16 

13: l 0 12 , Q9 190 4 47 .5 . 14 
-

13: 12 12. OB 192 6 32.0 . 13 

13: 15 12, 07 195 9 21. 70 . 12 
I 

13:20 12.06 200 14 14.30 . 11 
i 

13;30 12.04 210 24 8. 75 .09 I 
- I 

13:40 12.02 220 34 6.50 . 07 

I 13;50 12. 01 230 44 5.23 .06 

I 
' 

14:00 12.00 240 54 4.44 .05 ' 

14: 15 l l . 99 255 

Dld 274 
69 I 3.70 I .04 I 

. I I 
14:30 11. 97 270 84 I 3. 21 

~ 
.02 ! 

TF H 6 2 / 0 ., 5 

October 2018 
RECD 10- 25 -10 
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RAMACO 

TIME TEST 
TEST DURATION 

DATE TAKEN SECONDS 
-

4/24/80 1003 14.50 

l 006 13.00 

1010 12 .90 

1015 12.50 

1020 12.50 

1030 1 2. 50 

1040 12.50 

1050 12.70 

1100 13.00 
1145 12.80 

1200 12.70 

1215 12.90 

1230 12.70 

1245 13.00 

1300 12.80 

-

-

-

·-- ---

October 2018 

Brook Mine 

WATER \4ELL 207A 
-----

PUMPING RATE DATA 

VOLUME OF TIME \~UGHTED 
GALLONS PER DISCHARGE \,JE I GHTED AVERAGE 

MINUTE GALLONS DURATION DISCHARGE Q 

12 .41 3.00 3 37 .23 

13.85 3.00 3 41 . 55 

14.00 3.00 4 56.00 

14.40 3.00 5 72.00 

14.40 3.00 5 72.00 

14.40 3.00 10 144.00 

14.40 3.00 10 144.00 

14.20 3.00 10 142.00 

13.85 3.00 10 138. 50 

14. 10 3.00 45 634. 50 

14.20 3.00 15 213.00 

14 .00 3 .00 15 21 0.00 

14.20 3.00 15 213.00 

13.85 3.00 15 207 .75 

14. 10 3.00 15 211 . 50 

180.0 2537 .03 

Q = 2537. ( 3 I 18_0 . o = 1 4 . 0 gpm 

Spec. Cap = 14. 10 

l. 61 

= 8.67 gpm/ t. 

! ,'f 4 .... ~ 1 ... . 
- ~ c:., 

1-""' u .,,u ..... 
I ECEIVED 

., ,_ 

. 
_ D_l_l _-2_7_5 ___ '1f'f~ _l_ 5f2,.-

9-213 13 
·f C 2/025 
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TIME DRAWDOWN CURVE 
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> n 

10 ' 0 IOO 150 200 0 0 
II "' "" 11111111111111111111 11 11111111111111111 

" JACOB METHOD PUMP TEST 
... ....... 

WELL = 207A a = 14.10 9pm 
. 25 

TESTED = 4-~4-
I 6S/Log cycle :l. . 60 - 1 . 54 
ill = . OG I 

• 50 

T : 264 ( 0) µ i 
6S/Logcy Cle 

• 7 5 

' 
_ 264 fl I+•\ 1~ ,1: . 0 0 

• 0 6 ,,, 
I T : 62 , 040 gpd/ft. I . 2 5 

I 

""""" 

• 2 f T = 82 94 , 12 ft /day 
I 
I 

1 . 5 0 
I I 

I 

I•' I 1 , 7 5 
I I , ,, 

I' 

II- I 2 . 00 
I 

I 
I I 

I I 

I 

I 

I 
I I 
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' I 
I :: 

! 
I ' I 
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I I 

- - . ·- I 
I, MINUTES 
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JACOB ~ ETHOD t> UMP-r EST • l 

, __ 
'-

WELL = BH207A 0: 14 . l 0 gpm 

1 TESTED = 4-24-80 
l 6S/Log cycle=· 1 &- • 09 

I - ! , 0 5 = 

I 

2 . 5 

5 . 0 

' T: 264(0) 
I ' 

I 
6S!LOQ cycle 

7. 5 

: 264 ( 1-4 • 1 9 1. 00 

I 
.os 

' ' I ' ' I 
I 

" l ' 74 448 . 0 gpd/f t 11 

1 ' II 

tlttlti, ' 2 
' 9952 . 9 ft /day 

' 

1 . 2 5 

1. 50 
' 

' ' 
'I' 

' 
,,, ,, J, I, I I ., 

,· I I ,, 

ri 
I' jl I • I 

· ! I 

!! I I 
I ,-, 

-++ I I I 
i-j I 

I 1 I 

' I I 
I I 

I 
' I : I 

l ' I 
II 

' ' I I 

' 
,,, 

I I ' ' 
I 

11 1, I II I I II 

' 1 ' ,; I I ·1 
I I AVG . T 62,01\0 + 74,443 = 

f-! , µ 
I ' i 

1; 2 T 1 I -----------• i I I •s.,~eft ' I· I } 

i I .; ' n I = 
I - --

~~ t 
,, 

- - - ~ - 1-- - - I _, 

I = 9 , l 2 3 ay----__. 
I - -·--

RATI O t/1' 

..,_, 
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RAMACO Brook Mine 

·K.S. GEOLOGY ANO EXPLORATION AQUIFER TEST DAT A 
- w o-

t.tle y - - c · ·IY·-.-sneridan 
oun T N. E. 230 

. -- s. . R. -- w.· Sec. --- •~_ELL_~o.'-'". ------
cnoMel ______ ·G_e_r_l_a_c_h_-_w_o_l_f _______ Test 1. Singl4 well dnwdown 3. Drawdown with obs. well 5. Other {specify) 

type : (DSintJc well recovery 4. Recovery with obs. well 

, . .. .... .,er Big Horn Coal Addreu ___________________________ _ 

Method drilled : .A.. Aino.taiy $.Dug 
ou.. ,.,eiJ depth ~ft. _ Well dwnetcr ]_]_/&, _ B. Bored or augercd ·- H. Hyd .-r_ot.ary 

5 PVC C. Cablo-tool . Jetted 
uif"4! diameter ___ in. Casing type ____ _ 

yp e of ,crcen l Interval of screen 20_ 58 
or pcrfontlon Saw S O t or pufontion _________ Pump hp. & typo 

P. Ail-percussion 
R. Rev.-rowy 
T. Trcnchins 

Teel- l ½ hp 

V. Driven 
W. Drivo-wash 

Z. Op,c:r:-;r"\ , 
1 

i , '", ~ 
I 1: ,f I' 

Pump depth ~ ft . ,,. 

qulfer A 11 UV i um . Aqulfcr litholo1Y _____ Sa_n_d_&--'-G_r_av_e_l __________________ _ 

ltltude of land How MP Above LSD 
surface ---- dcte:mtlned ------- Below ___ AJtltudeMP ______ _ 

WL(romMP top casing Howmeaswed galvanometer (Casing 2 31' above ground) 

D,\TE I TH!E 

HOUR 

4/22/77 11 10 

11 15 

11 20 

11 24 

11 32 

12 05 

12 34 

12 35 

12 35 ¼ 

12 35 ½ 
12 36 

1, 36 ½ 
12 37 

1, JI ½ 
Ii:'. J8 

Ii:'. jt5 ½ 

12 39 

12 39 ½ 
12 40 ½ 

Q = 15 gpm 

Spe :::ific Capa 

- -
- -

i==i 
October 2018 

- r -· -· - ·--
D[ !"Tll TO TH!£ su;ct 51 ~~-. 

i·J,'ITER LEVEL PUMP ON t. MIN. 
Tl '. 2 Sl ~C E 

?U~? OFF t , MI K . t/ cl RESIDUP.L 

18.20 

18.80 

18.8 

18.8 

18. 8 

18.8 

Pump Off 

18.39 

18.36 

18. 31 

18. 31 

18.28 

18. 2!:l 

18. 2::J 

115.i:'.Z 

18.22 

18.22 

18.22 

city = 15 gpm/ .60 = 

D RA h' D o·.·.'N 

- - -
0 - -
5 - -
9 - -

17 - -
50 - -. 

79 - -
80 0 0 -
80 ¼ 0 .25 321.0 0. 19 

80 ½ 0.5 161 . 0 0. 16 

81 1.0 81.0 0. 11 

81 ½ 1.5 54.33 0 .11 

82 2.0 41 . 00 0.08 

82 ½ '. !:) J ::J.00 0 .O!:l 

t5j j.U 0 .bl U.Uj 

t5j ½ j. !) ,::J.00 u.u, 

84 4.0 21 .00 0.02 

84 ½ 4.5 18 . 78 0 .02 

85 ½ 5.5 15.55 0.02 

. 

25.0 gpm/ft. 

. I- . ' 'J 't1 

"" OI" '" 
~\.l o..1.I 1 '< 

c#\11,,) 
~ 

28 \ -
1E D [t:<: 

DJ278 
l'! scf:1 1 ~ pE.f< ~'f I. I·. \ 

r,12 3 
I , I - I tFl'l 

r' T· i 6 2/ 0? 5 
RECD 10- 25 - 1J 

1 '.:, l / ~~-~lj I~ 
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0 ...... 
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N 
....... 
'&I 

-1 r .... ;a " z "' 2. 
C) G ... ~ 
< 
rr, 0 

lT C. --... 0 :, 
"' "' .., 

'O 
(Tl 
;{' 

s 
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,.., ... 
w 
.'..i 
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w 
w 
LL 

z 
-

Cf) 

z 
~ 

8 
~ 
<t 

l5 
...J 
<t l 
i3 
vi 
w ~ ex: 
~ 

~ 

~ ._ 
._ 
~ 

-
~ ._ 
~ 

~ ._ ._ 
._ -._ -._ -._ I 
._ ----

5 

TIME RECOVERY CURVE 

10 0 IOO 150 200 

JACOB METHOD PUMP T EST ~~itti:mtl1~mJtt'~r:::tt:t:t:t:t:l:°tt:l=fl 
WELL : B H- 2 30 ,. ' t+t-+-H-H-mw..-Hll!l1-+-+4-+4-~++4l 

T ESTED = 4-22-77 , 

Incomplete recovery 
recorded due to 
margin of error 
in readi nos. 

n11111 rmrnn;m,., 
---1 11111 rnrrnmR1111 

11111111111111111 
TTTTITT 11111111111 1 

J 

Bai l er ~let hod 
V T = 4 TT 6St 

V 

ti s 

t 

T 

= 

= 

= 
= 

(80 min)(l5gpm)=l60 . 5 ft 3 

(13.30 - 18 . 22) = .58 ft . 

.004 days 

160. 4ft3 

( ~- ) (TT) ( • 58) ( . 004) 

= 5503 ft 2 /day 

= 41 , 160 gpd/ ft. 
._ 

l 1-r--.-~~~~~~--~~-.,~-.. ~~11 ~ ........ ~--~w1H, ... 11-.. 111H""'"•111• ·•u..u..uu!r~~nlll~lllt+H-HHl,it1~mt~=~tttt~ 11 1111111111 rJTTllll1TI1lllllrr11 1111 I I I I I I I I I !T l 11 '""" - " ' 

RATIO 1/t' 

.... 

I I II II f!Wl!Wil 111111111111111111 , ......... 

a= 15 cipm 

6S/Log cycle : • 2 7 8- • 1 2 

= • 1 51 

T: 264 ( Q) 
6S/LOQ cyclt 

= 264 (15 ) 

• l 51 

= 26 ,230 gpd/ft. 
2 

= 3506 ft/day 
• 

AVG T -- 2 4505 ft /day 

= 33,700 gpd/ ft. 

0 

0. l 

0.2 

0.3 

0.4 

i-' 
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RAMACO Brook Mine 

?K.S. GEOLOGY AND EXPLORATION AQUIFER TEST DATA 

I 
I 

l 
i 

1..1,-e --wr-- --- -County- -Sherida"n T. _57_~. R . ..§.1_ ~. Sec. 14 ,_WELL_ NQ. 8H 397WW 
cnonneJ Collier, Volk, gondar, Araa.s Tesl 1. Si~ weU d.nwdown(J) Duwdown with obs. weU 5. Other (specify 

type : 2. Sina]e well reGOvcry -4 . Recovery with obi. weU 

· ••nwner Peter Kiewit Sans' Addn:u __.S_.._..h ... er,_1 ...... · d..,.aw•j.,_Wu.Y.__..1.P ..... , .,._O.,_, _.B..,,ouix~3;,;04i.9,._ _____________ _ 
q, Reed (PKS) 

o..... . di depth 3Q Q ft. 

ui~ diamelcr __ 5;;... in. 

yp• of ,accn 
or pcrforalionSdW slots 

qui!er A 11 uvi um 
ltJtude of land 

IW'hCt 

WLC MP 12 22 rom ,· 

o;,TE TIME 

2-1 9-79 10:45 
10:46 
10:47 

10:48 

10:49 

10:50 
10:55 

l l : 00 

li: l 0 .. 
l l: 25 

11 : 50 

12. l 0 

12:30 

13:00 

13:30 

14:00 

14:30 

15:00 

15 :30 

16:00 

16:30 

17:00 

17:30 

18:00 

Method drilled : A. AiJ-rat.ary D. Dug P. Aiz-percuuion V. Driven 
Well diameter~£ B. Bored or augered @ Hyd .-rot.ary R. Rev.-rot.ary W. Drivc.wash 

. PVC C. Cablo-tool J. Jetted T. Trenchin& z
1
,: ,q~c:r 

Casmglype ....;....'-'----- 211 
ln1erval of screen I " '' • 

or perfora1ion -=-8_' -----=-2-'-4_' ____ Pump hp . &. type 2 hp• Red Jae ket Pump dcpu-.2~ ft . 

Aqul!erlithologyPebble gravel mat ri x w/floating coarse sand 
How 

· detcnninod ------
MP Above 

Below 
UD __ _ AltitudeMP ______ _ 

How mcaswc d Galvanometer -~ ~ - ·-
DE !'Tll TO 

.. 
TIME srncr:: -, •--::- Sl''CE S1 r~· J -· , __ • 1 • l • 

\-1/ITER LEVEL PUMP ON t. }:IN. PU~? OFF c , HI~. [/t 1 · 
P.:::S IDUAL 
DR.c\h1Do·.-.1; 

12.22 
, 

0.0 .. . ... 
16. 37 l.O ., 4: 15 

16.40 2.0 4.18 

16. 40 3.0 4 .18 

16.62 4.0 4.40 

16.62 5.0 - 4.40 

16. 76 10.0 4.54 

16. 93 15.0 4.71 

17. 05 25.0 4.83 

17.97 40.0 5.75 

18.07 65.0 5.85 

18. 08 85 .0 5 .86 

18. 19 
; )05.0 5.97 

18.28 135.0 6.06 

17.72 165.0 5.50 

17 :73 195. 0 5.51 

17. 91 . 225.0 5.69 

17.94 255 .0 5. 72 

17.95 285.0 5.73 

17.98 315.0 5.76 

345.0 \ MH• 5.72 -17.94 ,isl ? 13 r , .. .._ ')? 
~ 

17.95 375.0 -r.f.'" it' pf.~., 11.'\ 5.73 --
" i:, / 1~-~ 17 . 77 405.0 \ 5.55 

18.84 435.0 
'\I 6.62 

I 

18:30 18 . 38 465.0 6. 16 

I 19: 00 18.30 495.0 __ 6 08 

I 

~ 
18 . 24 525.0 ;:l. 14 I 6. 02 I 

-
18. 16 555.0 

~M TJ 
5.94 0 

- -
\ .n.LI-2. QA •"' A .. -

l fii il 1..IV.t J ~ -
RECD 1 - 25 -1 3 
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RAMACO Brook Mine 

K.S. GEOLOGY AND EXPLORATION AQUIPER TEST DATA 

;.ate _____ _ County _______ _ N. 
T. --- S. • R. __ i·.• Sec. ___ ,_W ELL,__~Q.BH 397 WW 

cnonnel ___________________ _ Test I. Singa well dnwdown 3. Dnwdown with obi.. well 5. Other (specify) 
type: 2. Sin&Je well recovery 4 . Recovery with ob,. we!J 

.. 11 owner __________ _ Address note: obs. well (#198) 134.5' away 
Method drilled: A. Aino.tary 

, .._ ..ll depth ___ Ct. Well diameter __ in. B. Bored or augered 
C. Cable>-tool 

,,ire diameter ___ in. Casing type ____ _ 

IP• of screen ·1n1erval of screen 
or pc:rfontion or pcrfontion ________ _ 

D. Dug 
H. Hyd.-roury 
J. Jened 

P. Air-percuuion 
R. Rcv.•roury 
T. Trenchins 

Pump hp. & typo ______ _ 

V . Driven 
W. Driv&wash 
Z. Other ·· 

Pump depth __ ft. 

qui!er Aquifer lithology-------------------------------

:tltudo of land How 
surface detc:rminc4 --------

!/ L horn MP H w 0 mcasw ed -~ 

MP Above 
Below 

,--- -

LSD --- AJtitudeMP ______ _ 

DE !''I'll TO 
.. 

TIME SINCE Tl'.E Sl~CE S1 t:"~ · . ' 
t; l 

• l . 

D,\TE TIHE 1·/J\ TER LEVEL PUMP Ol~ C • MIN. PUM? OFF t , MI~. t , RESIDUAL 

2-19-8( - . 
DR,\ woo· .. :,; 

20:15 
, 

570.0 · 
, 

Off 0.0 .. . .. . 
20:50 . 13. 00 605.0 :35.0 17.29 . 78 

21 :00 12.90 615.0 45.0 13.67 .68 

21 : 10 12.88 625.0 55.0 11 . 36 .66 

· 21:20 12. 81 635.0 65.0 9. 77 .59 

21 :30 12. 75 . ' 645.0 75.0 8.60 . - . 53 

21: 40 12. 70 655.0 85.0 7.71 .48 

21:50 12.67 665.0 95.0 7~ 00 .45 

22:00 12.63 675. 0 105.0 6.43 . 41 

22:10 12.60 685.0 115.0 5. 96 . 38 

22:20 12.59 695.0 125.0 5.56 .37 

22:35 12.54 710;0 140.0 5.07 .32 

22:45 12.48 720.0 150.0 4.80 .26 

22:58 12.43 733.0 163.0 4.50 .21 

23: 13 12. 38 748.0 178.0 4.20 . 16 

. 

. n 1 
\)\'I \J -. ~'{ h ?,. --. 

Q\l"'~ 'Io, 
. 213· , .. -

NI) , ,. -- "" ~,,.~n \.'(f .. (", ' 

I 
.. .; ,-.,_ 

, .. \ 

l==T=~ 
.. I .• ' - '1 . 

D11-1 
.. 

1\~ -
I I ,{J 

I 

Tf-l '"/ '5 
October 2018 RECD 1 .. ~- 10 Addendum D6- l 4 - l 90 DEQ Ex. 3-1733



C2I 
N 

" N 
OJ 

" N 
C2I 
N 
C2I 

/ 

RAMACO 

TIME 
TEST 

DATE ·TAKEN 

2/19/79 1046 

1055 

1110 

1126 

1210 

1300 

1342 

1410 

1500 

1600 

1700 

1802 

1902 . 
2002 •. 

-

-
-

October 2018 

Brook Mine 

WATER WELLBH 397WW - ---
PUMPING RATE DATA 

TEST VOLUME OF TIME \~EI GHTEO 
DURATION GALLONS PER DISCHARGE . \ff lGHTED AVERAGE 
SECONDS MINUTE GALLONS DURATION DISCHARGE 0 
41. 5 79.5 55 1 79.5 

41. 5 79.5 55 9 715.5 

42.0 78.6 55 15 1179 .o 
42.0 78.6 55 16 1257. 6 

44.0 75.0 55 39 2925.0 

46.5 71. 0 55 50 3550.0 

48.0 68.7 55 42 2885.4 

48.5 68.04 55 27 1837 .08 

49.0 67 .35 55 50 3367 . 5 

49 . 5 66.7 55 60 4002 .0 

50.5 65.35 55 60 3921 .0 

48 .6 67.9 55 62 4209 .8 

49.2 67.07 55 60 4024 .2 

48. 9 67.5 55 60 4050.0 

551 38003.58 

AVG Q = 3l ,003.58 + 551 = 68.97 

Specific ( apacity = 68. 1 7/6.62 = 10 .c 4 gpm/ft . 

-

.· 
I 

-;. 
\ 

(\ ~ :.. 
.. . ,:.: 

\. .. ~ ~ ., \ \ 
r' _) o;... \\ \ ,, 

- ·\ -I ;) ... 
'I' "- 1~ 

-- - - -- ·- --·- -·---~- -!-1--2&2 ~ - ·· 
__ 3_:_2_ua ___ 

• I ' ! I" ? / l l ti (.J L 2 5. -· 

Addendum D6-14-19 l DEQ Ex. 3-1734



RAMACO Brook Mine 

'K.S. GEOLOGY AND EXPLORATION AQUIFER TEST DATA __obs er v a ti on. ..w,e,_,_1 ..... 1 _ _ 
,_WELL_ NQ .. _~J~9_8~---l.\ lo Wy om j n g County --1.Js bwe;;.irwiu.dwawn ___ _ ® T. _j]__ S.' R. J.L &> Soc. 14 

'cnoMel Collier , Velk , Bandar, Araas Tesl I. Singlo well drawdownG) Duwdown with obJ. well 5. Other (specify 
type : 2. Single well recovery 4 . Rocovery with ob,. well 

. ., " "'n•r _P_K_S _______ _ Addrcss --=S:.:..:h~e:.-.r..:..i d:::.:a::.:n.:...:,!._..;:W:..:.Y _____________________ _ 

R Reed 
Ot.k. ~ciJ depth ~ft. 

uing diameter 4 in. 
ype of screen 

or pcrlontionsaw slats 
qui!cr A 11 uy i um 
Jtltude of I.and 

swface ----

WL f MP rom 

D,\TE TIME 

2-19-79 10 : 4i; 

10: 46 

10:48 

10: 50 

10:52 

10: 55 

11: 00 

11: 15 

11 : 30 

11 : 45 

12: 00 

12: 15 

12:30 

12:45 

13:00 
i 13 : 15 

13:30 

13:45 

14:00 

14: 15 

14:30 

14:45 

15:00 

I 15: 15 
I 
j· r--- 15:30 

115: 45 

!~~ 16: 15 

16:30 

October 2018 

Method drilled : A.. Air-rntary D. Dug P. Air-percuss io n 
R. Rcv .-rot.ary 

V, Driven 
W. Drivo,wash Well di.a.mete:4--3.L. 4n. B. Bored or augercd @ Hyd.-rot.ary 

C. Cablt>-tooi J. Jencd 
Casing type .,_P_,_V.,..C ___ _ 

T. Trenchir,i Z. Otha '2_~ 

Interval of screen 
or perforation 9' - 29' Pump hp. & typo _.iN.1;1A ____ _ Pump depth _ _ ft. 

Aqulfer Lithology mixed sand and gravel 
How 

determined ______ _ MP Above 
Below LSD ---

How measwcd StPVP n <: F /;8 RPrnrriPr -- ~ -· . -
!)[ !'Tli TO THIE su;cE -,,~ Sll "" -

\J/ITCR LC\'CL PUMP O!\ t' ~:IN. 
J -· C • 1"!:. 

PU~!? O!:-F t , HI!\ . 

8 ,rn n n 
.. .. 

8 41 l fl 

8.45 1 n 

8.46 5.0 

8.47 7.0 

8.49 10 .0 

8.50 15.0 

8.55 30.0 

8 .58 45.0 

8.59 ,;n n 

8. 61 75.0 

8.62 90.0 
8.63 105.0 

8.64 120.0 

8.66 135.0 
ANU 

-
'E1V 

~ 

8.67 150.0 
, 

) 

l !:>I• ~-3 t' L , • ;;, 

8.69 165.0 . " 

Altitude MP -------

S1 
,,, . 

l . '' 
c/t P.::SIDUH 

D:l.-\\·.'DO'.:-:: .. 

n nn 

n1 

nc; 

.06 

. 07 

- .09 

.10 

. 15 -

. 18 

19 

?l 

. 22 

.23 

iN .24 

'} . 26 

I.. ) :· ,Tl, .27 

. 29 - -

-

8.71 180 .0 . 31 - -------
8. 72 195.0 .32 
8.74 210.0 .34 
8.74 225.0 . 34 
8.75 240.0 . 35 
8. 75 255.0 .35 
8. 76 270 .0 .36 
8. 77 285 . 0 .37 
8. 78 300.0 .38 
8 . / lj 315.0 I 

- I_ 
.38 I 

8. 79 330 . 0 

D11-~L 
t • 

J~3 - .39 

8.79 345 .n I I.~ 19 

r-:1 G /02 5 
RECD 1 - -1 Addendum D6-14- 192 DEQ Ex. 3-1735



RAMACO Brook Mine 

• .,.,; C../\ , ..... .., . ' '"' i lVN n.\.l l) 1 • L, ,, ... ·. ·: ,\ obs. we 11 
·•·••·---

:;ato _____ _ County _______ _ 1-1. 
T. --- ~-• R E. . __ w.• Sec. __ _ ,_WE LL __ NO. 198 (cont) 

.'c:rsonnel -----~-----~-------- Ten 1. Singla well drawdown 3. Drawdown with ob >. well 5. Other (specify) 
type : 2. Single well recovery 4 . Recovery with ob,. well 

~·cu owner-----------
Addreu _____________________________ _ 

Method drilled: A. Air-rotary D. Dug V. Driven 

_J depth ___ ft. Well diameter __ itL B. Bored or au 0crcd 
C . Cablt1-tool 

H. Hyd .-roury 
J . Jcrtod 

P. Air-percussion 
R . Rcv.-rotary 
T . Trenchirg 

W. Drv~wash I l t3l 
Z. Other , '·L 

"uing diameter ___ in. 
·ype of screen 

or perforation ___ _ 

.q uifer ______ _ 

Jtltudc of land 
,wfacc 

WL f om MP I 

D/\TE TIME 

, 
16:45 

17:00 

17: 15 

17:30 

17:45 

18:00 

18: 15 

18:30 -
18:45 

19 :00 

19 : 15 

19:30 

19:45 

20:00 

20 : 15 

Off 20: 18 

: 
I 
! I I 

I 
I 
' 

' 

i _I 
I 

~ I 
I 

October 20 18 

Casing type ____ _ '' 
Interval of sczecn 

or pc:rfontion ________ _ Pump hp . & type ______ _ Pump depth __ ft . 

Aquifer litholoi)' -------------------------------
How 

determined _______ _ 

How m c.asu,ed 
-

DEPT!i TO Tl:-i.E Sil,CE 

MP 

,-- -· 

Above 
Below 

--·---

LSD ----

J . 1... •v~ · 

IJIITH. LEVEL PUMP Ol~ t' l''.I};. 
-p,r sir·-

?U:·P OFF t , i·i:ii,. 

8.80 "360.0 

8.81 375.0 

8.81 390.0 

8.82 405 .0 

8 .83 420.0 

8.83 435.0 

8.84 450.0 

8.84 465.0 

8.84 480.0 

8.85 495.0 

8.85 510.0 

8.86 525.0 

8.86 540.0 

8.87 555 .0 

8.87 570.0 

8.87 573.0 

I L.AN 

~ EC E1 V 
-

nt ,_ ~li!ll. 
Ti::,, 

TF 1 6 2 / 
R CD 1 -

: b / • J 1 

I 

AltitudeMP --------

c:: , ~- l . 

t/ t 1 - ' 
R::SIDUAL 
!) ~ \ h' Do·.-.,; 

.40 

.41 

. 41 

.42 

.43 

- .43 

. 44 

.44 

.44 

.45 

.45 

.46 

.46 

.47 

. 47 

.47 

I 
I 

I 
I 
i 

I 
I - I I ?13 -12 - . ',. 

I I 
t<4-~lj l.j 

Addendum D6- l 4- l 93 
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RAMACO Brook Mine 

rKS Glou:,,\ Ni ll LXl ' LORAl ION 

i 
I 
I 

State Wyoming County" Sheridan T .J]__ ~: , R . ..§.L~:. Sec. 13 WELL NO. BH 627 
Personnel Bandar, Halm, Tittle Test Type: l . Single well drawdown 2. Si n9 l c we ll recovery 

3 . Orawdown wilh obs. well 4. Recovery wi th obs . well 
Well Owner __ ~...,_ _______________ 5. Other (Specify) _____________ _ 

~s Sheridan WY Driller 0. Fudge 
,d drilled : A. Air-rotary D. Dug P. Air-percussion V. [)riven 

B. Bored or au ge red H. Hyd-rotary R. Rev-rotary W. Or1ve-wash 
C. Cable-tool J. Jetted T. Trenching z. Other 

Total well depth 20 Ft. Well Di ameter 7 7/8 in. Casing diameter_~S,L__in . Casing type--'-p_.V"'-C~--

Type of screen or perforation saw slots Interval of screen or perforation saw slots 

- ' ' , __ ' 

Pump hp & type 2 Gou) d Pump depth --1.1,_ft. Aqui fer __ ~...µ,i.~Jm----------------
Aqu if er l itho 1 ogy_.::,s.!::a.:..:.n!:cds==---.:a~n.,_,d~g..,_r.!::a.!..ve,._l"-"s"------.....------ A 1 ti tude of 1 and surface __ ..,.35..,,8..,3.....,.;9.,,;· __ _ 
How determined surveyed MP Above LSD. ______ Alt i tude MP ______ _ 

Below -
WL from MP ____ 1_2_. _08____ How measured, ______ ~g~a:....:l...:.v..::a...:.n.::.om...:.e.::.t;;.;e;;.;r _____________ _ 

·--:: . - = --
DEPTH TO TIME SINCE TIME SINCE s' FT . 

I t;t' DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN .· RESIDUAL 
DRAWDOWN 

I 8-3-81 0930 12.08 0 0 
! 
I 0931 13.60 1 1. 52 
' 

0933 13.70 3 1. 62 
' I 

0936 13.81 6 1. 73 

I 
0940 13.81 10 1. 73 

0950 13.75 20 1. 67 

1000 13.83 
i 

30 1. 75 
' 1020 13.94 50 1.86 
I 
I 

1040 13.96 70 1. 88 

1100 14.00 90 1. 92 
I 

I 1130 14.10 120 2.02 

i 1200 14.05 150 
I 1. 97 
I 
I 1300 14.05 210 1. 97 
' 

I 1400 14.05 270 1. 97 

l 1500 14.00 330 1. 92 
I 

' I 1600 14.03 390 1. 95 
I 
I 
I 
I 1700 14.12 450 ~- ,__ 2.04--- . -

I -1 • .... ,. 
1800 14.28 510 

;... ~ 

2.20 
I I ANO OIIAI I rv l')IVl~f n111 
I 1900 14.27 570 RECEl'/ED DI 2. 19 r, . ? 8 H82 
I 

I 2000 14.26 630 TFN l 5/29 ~ P£RM IT 213 -1..E .18 

2100 14.00 690 1. 92 - . -------- ----- -- - - . ··- - .. . - - . - ·- ---· - ---· -· -- ·- ------- -011-4% 
----- --···- -- · ·- · ---- - ----·· ·--- --· -

--. I ,.., , I Q I , "l ~ • q. 
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RAMACO Brook Mine 

PKS GE.OL OG~ AI ID LXPLORATION 

State Wyoming County Sheridan T.--2.Z._ ~: , R.~ ~:, Sec . 13 WELL NO . BH 627 
Personnel_-U.Bu.OOwd ..... a,..r_,,-.uHu.o].u.IDu.,,,-..J.I..1.i..,_tt..__] .... e:,__ _ ______ Test Type : 1. Single we ll drawdown 2. Sing le 1,ell 1·ecovery 

PKS 3. Drawdown wi l h obs . well 4 . Recovery with obs. well 
~, -, , Owner __________ _ ___ ____ S. Other (Spec ify ) _____________ _ 

s s _ _ _:S:.:..h:.::e~r...:..i d.=.:a=-:n.:.i.__~W...:..Y ______ _ _ _ __ Drill er D. Fudge 
f11;1.nod dr ill ed : A. Air-ro t ary D. Dug P. Ai r -per cussion V. Dr i ven , 11/',',., 

8 . Bored or augered H. Hyd -ro tary R. Rev-ro ta ry W. Dri ve-wash - , 
C. Cabl e- tool J . Jet t ed T. Trenchi ng Z. Other 

Total well depth 20 Ft. Well Diameter 7 7 /8 i n. Ca s ing diameter 5 i n. Casing type PVC 
Type of screen or perforation saw Slots In terva 1 of screen or perforation saw Slots 
Pump hp & type 2 Gauld Pump depth _u___ft. Aqui fer _ _..t:!A~J .J.J] ILLclY11-iLLllw.IDL---------------
Aquife r 1 ithology sands and gravel Altitude of land surface 3583. 9 . 
How determi ned surveyed . MP Above LSD AJ.t itude MP Below ------

WL from MP 12 QB How measured ga 1 va oameter 
-:: . : - ~ 

DEPTH TO TIME SINCE TIME SINCE S, FT. 

I 
I t; t' DATE TIME \-/ATER LEVE L PUMP ON t, MIN. PUMP OFF t , MIN . RESIDUAL 

' DRAWDOWN 
I 

I 
2200 I 13.98 7i:;n 1 qn 

I ?3no , ,1 ?1 Rl.O I ? 1 i:; 

' ?4no 14 37 
I 

870 2 ?Q 

, 8-4-Ql 0100 14.38 930 ? 1n 
i 

I - 0200 14 45 990 2 37 

0300 14.41 1050 2 11 
' 
' 0400 14.45 1110 2.37 

0500 14.48 1170 ? t1.n 

I 
0600 14.48 1230 2.40 - -
0700 14.47 1290 9, 2/9 4•213-: ·t , 2.39 

I OFF 0710 14.40 1300 0 2.32 
I 

0711 12.50 1301 1 1301. 0 0.42 

0713 12.43 1303 3 434.3 0.35 

0716 12.41 1306 6 217.7 0.33 

0720 12.39 1310 10 131.0 0.31 

0725 12.38 1315 15 87.7 0.30 

0730 12. 36~ 1320 20 66.0 0.28 

0740 12.34 1330 .. ~,Q 44. 3 0.26 -· 
' ' J I 

0750 12.33 1340 . ,40 
' 

33~ 5. 0.25 
.;•j-

0800 12.32 1350 - ) I•' 15~ 0-... :. • , ·11-AhO 0.24 I • , ---
0815 12.31 1365 65 21. 0 0.23 --·- ----· · -· - . -- ·- .. . .. - . - .. . . . . - ·- - .. --
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I 
I 
I 
I 

I 

RAMACO Brook Mine 

, , 1'1 ,. 

rKS GEOLOGY /111D OPL0RAT !0N 

State Wyoming county Sheridan T.---2.Z_ ~: , R .. ~~-j:, Sec. 13 WELL U0. BH 627 
Test Type: 1. Single well drawdown 2. Si n9lc -,ell reco ve ry 
3. [lrawdm<n with obs. well 4. Reco very with obs. well Personne l Bandar, Holm, Ti ttle 

,_, _,, Owner __ ~,...._ _______________ s. Other (Specify) _ ____________ _ 

Driller D. fudge ss Sheridan, WY 
l1t:thod drilled: A. Air-rotary D. Dug P. Air-percussio n V. Driven 

B. Bored or augered H. Hyd-rotary R. Rev -rotary W. Drive-wash - , 
C. Cable-tool J. Jetted T. Trenchi ng z. Other 

Total well depth 20 Ft. Well Diame ter 7 7/8 in . Casing diameter 5 in. Casi ng type PVC 
Type of screen or perforation saw slots Interval of screen or perforation saw slots 
Pump hp & type 2 Gould P.ump depth __ l_l_ft. Aquifer _ __.;..A:..:.1...:..1-=-u-'-v-'-'iu=m:;._ ______________ _ 
Aquifer 1 ithol ogy sands and gravels Altitude of 1 and surface 3583. 9 
How determined surveyed _ MP Above LSD~--.,---- Altitude MP 

12.08 
Below 

1
.- _____ _ 

WL from MP _________ How measured _____ __:g:....a_v_a_n_om_e_t_e_r _____________ _ 

~- ·=-:::7 DEPTH TO TH1E SINCE TIME SINCE S, FT. 

DATE 
I t;t' 

TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN. RESIDUAL . 
DRAWDOWN 

8-Ll.-Al m:nn 1?.30 1380 80 17.3 0.22 

nAi;n 1? ?O 1400 100 14.0 0.21 
I . 

narn 12 .29 I 1420 120 11.8 0.21 

na30 12.27 1440 140 10.3 0.19 

1nnn 12.26 1470 170 8.6 0.18 
,· 

I 

I 

I 

' I 
: 
I 

' 

-

- ---- - ·-·· ·-·· - - . - - - - .. . - .. . .. 

------------

October 2018 

LAND QUAL TY DIVIS --0~ 
HECEIV ED .. D:.~ - ? 8. 1982 

- .Ir I~ l 5f~~ i...PERM 11 -- , 
--- D1- -448- -- - 9 2 .ll.4· 11, :14 I ./. 

-rr- a 
RECD 

' -..,. I g 
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RAMACO 

--· 
DATE THIE 

.. TEST 
TAKl::N 

8-3-81 0936 

1000 
1020 

1040 

1100 

1130 

1200 

1300 
-

1400 
1500 

1600 

1700 

1800 

1900 

2000 
2100 

2200 

2300 

2400 

8-4-81 0100 

0200 

0300 

0400 

I 0500 

I 0600 

0700 

Off QZlQ 

October 2018 

Brook Mine 

\~ATER WELL BH 627 

PUMPJ.NG RATE 0/\TA 

Specific Capacity= 39.09 gpm = 16.29 gpm/ft. 
2.40 ft. 

MIC ' ., 

-~»--...--•u.-......,,.~..--~~-- ·--·•1----..... -, ........ ,,_,__ .._-_. ,-.-.-:-~- -..,..._f ___ 

TEST VOLmlE OF n ~m l~E IGl!TED 
DUl~\TION GALS. PER DISCIIARGE, GALS. HEIGIITED AVERAGE 

SEC. MINUTE nu t,i\ n 011 DISCIIARGE Q 

8.5 37.41 5.3 6 224.46 

8.5 . 37 .41 5.3 4. 149.64 
8.3 38.31 5.3 20 766.20 

8.0 39.75 5.3 20 795.00 

8.0 39.75 5.3 20 795.00 
8.2 38.78 5.3 30 1163. 40 

-
8.0 39.75 5.3 30 1192.50 

8.4 37.86 5.3 60 2271. 60 

8.0 39.75 5.3 60 2385.00 
8.5 37.41 5.3 60 2244.60 

8.2 38.78 5.3 60 2326.80 

8.0 39.75 5.3 60 2385.00 

8.0 39.75 5.3 60 2385.00 

8.1 39.25 5.3 60 2355.00 

8.0 39.75 5.3 60 2385.00 

8.2 38.78 5.3 60 2326.80 

8.1 39.25 5.3 60 2355.00 

8.1 39.25 5.3 fiO 2355,QQ 
8.1 39.25 5.3 60 2355.00 
8.0 39.75 5.3 60 2385.00 -
8.2 38.78 5.3 60 2326.80 ----· 
8.2 38.78 5.3 60 2326.80 

8.0 39.75 5.3 60 2385.00 

8.2 38.78 5.3 60 2326.80 

8.1 39.25 5.3 60 2355.00 

8.2 38.78 5.3 60 2326.80 

-· TOTALS ~ 9,648.20 
Ll\l'l U \,!UAL! ,0 

_ 49,648.20 
39.l~CfiVEO DU . ~S l 82 ·--- __ fL: __ 12700

11 
: .... 

✓ •-

.. ;~ 

... 

... --~ 
" ' 
. , 

JFN 1 5;'293 PEl1MIT 213
T

2 

·z-r --,s---- ----· .. · , .-· · -, ,. · ~ , -
CD 1 - ~-13 AddendumD6-14-201 

: 
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RAMACO Brook Mine 

rt-.S GEOLO(,) l\ti[) [XrLORAT ION 

Sheridan T.2I_ WELL 110 . __ ...,,6'-"3""5 __ _ Sta te Wyoming County 
Pe rsonnel Bondar,Jones,Tittle Test Typp: 1 . 5in9lc well drawuown c. Single -,ell ,·ecovery 

J. [)rai.down with obs. we 11 4. Recovery with obs. we 11 

~: . R.M_~:. Scc._--=1=1 __ 

'APll Owner_Bc...H_C _________________ 5. Other (Specify) _____________ _ 

ss Sheridan WY Drill er D. Fudge 
,._ ... od dri lled: A. Air-rotary D. Dug P. Air-percllssion V. Dri ven 

£!. Gored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
',i/( I 

,1\,1 
( _ , 

C. Cable-tool J. Jetted T. Trenchi ng Z. Othe r 
Total well depth 28 Ft. Well Di ameter ? 7/8 in. Casing diameter_...,5:...-_i n. Casing type _ _,_P_,_V.,.C __ 
Type of screen or perforation __ s l_o_t_t_e_d__ Interval of screen or perforation 8' - 28' 

-j 

Pump hp & type 3hp Gould Pump depth _J]___ft . Aquifer __ ..,_A;...:.1..:.1-=-u~v-'--'iu""m"--_ ____________ _ 
Aquifer 1 i thol ogy sands and gravels Altitude of 1 and surface __ ... 3-,c56u..Z'--C9L.·:...---
How determined surveyed MP Above LSD Altitude MP - Below ------

WL from MP 8. 68 How measured _ __.:gi!:a~l~v~a.!.!.n~om~e,,__t~e:..l.r _________________ _ 

- -, , : ~~:::7 DEPTH TO TIME SI NCE TIME SINCE S, FT. 

DATE 
I 

TIME HATER LEVEL PUMP ON t , MIN. PUMP OFF t, MIN. /t RESIDUAL 
DRAWDOWN 

8-fi-A1 0930 8.68 0 0 

OQ11 9.80 1 1.12 

OQ13 9.85 3 1.17 

0036 9.95 6 1. 27 

- no40 9.95 10 1. 27 

0950 9.97 20 1. 29 

1000 10.00 30 1. 32 

1020 10.06 50 1. 38 

1040 10.10 70 1. 42 

1100 10.13 90 1. 45 

, , in 10 14 1?0 1. 46 -

1200 10.20 150 1. 52 

1300 10.27 210 1. 59 

1400 10.34 270 1. 66 

1500 10.38 330 1. 70 

1600 10.40 390 1. 72 

1700 10.43 . 450 1. 75 

1800 10.45 510 1. 77 
·-- - - ... ----

1900 10.48 570 9 /2/! ,.2u·;14 1.80 
-~ -

2000 10.51 630 
... .-. - ._vn~, 1 I L , Wt~:; I Vt .. 

1. 83 

·--- ____ 2100 10 ,55 
RECEIV ED r ,·,. ~3 . 198~ 

690 Dl -452 1. 87 
--T /293 PERMIT 

October 2018 Addendum D6- 14-204 DEQ Ex. 3-1747
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RAMACO Brook Mine 

rKS GEOLOGY Ario [~l ' LJRAt ION 

State Wyomin g County Sheridan T. 57 _ ~: , R.§.L~:. sec. 11 WELL uo._6-'--35 ___ _ 
Personnel Bondar ,Jones ,Tittle lest Type: l. Single well drawdown 2. Single l<ell recovery 

3. Orawdm<n w i Lh obs . wc 11 4. Recovery with obs. wc 11 
Well Owner __ B_H_C _______________ S. Other (Specify) _____________ _ 

•ss Sheridan , WY Drill er 0. Fudge 
Jd drilled: A. Air-rotary 0. Dug P. Air-percussion V. Dri ven ,H,I•'' ~ 

B. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash - , 
C. Cable-tool J. Jetted T. Trenching z. Other 

Total well depth 28 Ft . Well Diameter 7 7/8 i n. Casing di amete r 5 in . Casing type PVC 
Type of screen or perforation slotted Interva l of screen or perforation 8' - 28 ' 
Pump hp & type 3hp Gould Pump depth ~ft. Aquifer __ ;..:.A_,._11.:...:U:...:Vc..:i-=u.:.::m __________ -=:-----
Aquifer 1 i thol ogy sands and gravels Al t"itude of land surface 3567. 9 
How determined surveyed MP Above LSD Altitude MP - -- Below ------

WL from MP 8. 68 How measured galvanometer ______ :<.,_ ________________ _ 

~-. 

~~ DEPTH TO TIME SINCE TIME SINCE S, FT . 
I t;t' DATE TIME WATER LEVEL PUMP Otl t, MIN . PUMP OFF t, MIN.· RESIDUAL 

DRAWD0WN 

2200 10.58 750 1. 90 

2300 10.64 810 1. 96 

0100 10.67 930 1. 99 

0300 10. 72 1050 2.04 

0500 10.76 1170 2.08 

0700 10.80 1290 2.12 

OFF 0800 10.80 1350 2.12 

0801 9.54 1351 1 1351 .86 

0803 9.51 1353 3 451 .83 

0806 9.49 1356 6 226 .81 

0810 9.42 1360 10 136 .74 

0815 9.37 1365 15 91 .69 

0820 9.34 1370 20 68.50 .66 

0830 9.27 1380 30 46.0 . 59 

0850 9.22 1400 50 28 .0 .54 

0910 9.17 1420 70 20.29 .49 

0930 9.13~ 1450 90 16.11 .45 

1000 9.12 1480 120 12.33 .44 

1100 9.04 1540 180 8.56 • ~fi 
9 /2/! 4•21a:l4 

1200 8.99 1600 240 6.67 . 31 
LANU (JUALll V l)IV1~1UN 

. 1)00 _ . -- . 13. _9.9_ .. . . ____ lp_60 ___ _ . --~- 300 .-53 · ~ DH-453- _, F....._-=-,,.-~- ·r ·- - ---~ 
- ---~----·· •. J_'-: • --· --· . 

.28 

• · • t - . u 2/f'115· . ,-
October 2018 ·co 1 - 2~ -1J Addendum D6- l 4-2O5 
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RAMACO 

1-1/\TElt I.JELL 635 

l'UMPJ.NG lv\TE D/\'l',\ 

.vii I 

IL ,, '-

Brook Mine 

. ~ . ' 

____ .. ·--_., .. -~-- .... __ ..,._..._ . ....,..., ____ ~~·····--·•t~·----.. -- ,_,, .. ,,__. ,....,_.., ,_~ ... .-.-~ ..• ,..,._-~ 

D,\TE TINE TEST '.'OLliilE OF - Tl ~iE ~E lC. I ITED 
Tr.ST DUl~\T ION GALS. PER DISCIIMGE, C.i\LS. 1-/E JC:IIT[I) 1\\IER/IGE 
TAKEN SEC. MINUTE ll Ul\i\TlO,I DI~iCll/lRGE Q 

8-6-81 0931 9.0 35.33 5.3 1 35.33 
-

.. 0933 8.5 37.41 5.3 2 74.82 

0950 8.5 37.41 5.3 17 635.97 

1020 8.2 38.78 5.3 30 1163. 40 

1100 8.4 37.86 5.3 40 1514.40 

1200 8.5 37.41 5.3 60 2244.60 
-

1300 8.2 38.78 5.3 60 2326.80 

1400 8.3 38.31 5.3 60 2298.60 -
1500 8.5 37.41 5.3 I 60 2244.60 -
16QQ 8,Z 36.55 5.3 

I 
60 2193.00 

1700 8.9 35.73 5.3 60 2143 .80 

1800 . 8.7 36.55 5.3 I 60 2193.00 

2000 8.5 3Z.!11 5.J I 12Q 4489,2Q 
2200 8.2 38. 78 5.3 120 4653.60 

2400 I · 8.3 38.31 5.3 120 4597.20 

8-7-81 0200 8.0 39.75 5.3 120 4770. 00 

Q4QQ 8.1 39,26 5,3 - 120 !1Zl l.2Q 

Q6QQ 8.Q 39,25 5.J 12Q !1ZZQ ,2Q 

Q8QQ 8,Q 39,Z5 5.3 12Q 477Q. 20 
T0TA~S ___ 1350.00 51,829.92 

----
Average Q = 38.39 gem I 
Speci fie Capacity t ~Bi~g +r a 18 . 1~ gpm/ft. _ _ __ 

---- 9 /2/9..!.:_213·,-,. 

· ------~~ --m;M· r-v ·-B~ ~ s f o N - . 

t= ______ I ~1 REC[ IVEO Tffrr.-r
2 

Dl J- 4 4 TFN _ l 5 / 2 •3 P E. RM I .J 
.. ----- - - . -·- - - ·· ·· - -

> '1 .,. - 2 / 
. I I I 

October 2018 i CD 1 - 2~ -1 Addendum D6-14-206 DEQ Ex. 3-1749
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t , MINUTE'S 
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., , ... ,, , \''T l'' \ ·r. ,, 1. 1· 1 ·f° ·8 

· ·Lo. 9 38.39 gpm 

·l 
, ", 1.919- .::i,.. 1 .0 

1. 428 . 49 1 
'·t\ . J .J 

• ~ I , .. 11 1r: 1t 

"· (38 , 39) 
,491 

1
.J 

l
·T 1.1 
-~ 
:, 1. 2 
·1 

20,641.5 gpd/ ft. :1 1. 3 

2,759.6 ft 2 /day ·1 · l .
4 . . ·- 1 

• • C. ' •• •• C - • ' •:- '1 j I • 5 

. ::: :. :: : :: .. I :~-:-::·· : :_ ... :··::'.·:::-~l 1.6 
. .. .. .... .... .. ,. I. 

· •·: I' I ' ... -----~-+---- ··- -.... 1. 7 
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1 . 

., 1.9 
... I .. ., .. 

·: .:.:..2 .0 .. , .) 

•••• • , j , I I ••• 1•< 1•• • 

•• •• ,,11 I • ., , , I, ,. I , 
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RAMACO Brook Mine 

PKS G[QLOGY Nill EXf'LORAl ION 

State Wvoming County Sheridan T .__§L._ ~: . R._M__~ : , Sec . _____ WELL NO . 634 
Personnel Bondar-Jones-Tittle Test Type: 1. Sing l e well drawdown 2. Single )"ell recovery 

3. fl rawdown with obs . well 4. Recovery with obs. well 
Well Owner BHC 5. Other (Specify) ------------------- ---------------

; s Sheridan WY Driller D. Fudge 
, . ..... d drilled : A. Air-rotary D. Dug P. Air-per cussion V. Driven 

B. llorcd or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash - , 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 27 Ft. Wel 1 Diameter 7 7 /8 in . Casing diameter 5 in. Casing type_p._VL.>C.__ __ 

Type of screen or perforation slotted Interval of screen or perforation 5' - 25' 
Pump hp & type NIA Pump depth ___ ft. Aquifer __ ...JA:LJwJ1-1.11.111vw.i..u11wm ______________ _ 

Aquifer lithology sands and grave 1 s Altitude of land surface 3568. 3 
How determined surveyed MP Above LSO Altitude MP Below ------

WL from MP 8 J 9 How measured_----1:.E.:.-u680-JR:ue::.o..C.i..OLLr.udce.1-r _________________ _ 

~-

:a:7 DEPTH TO TIME SINCE TIME SINCE S, FT. 
I t;t' 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN .· RESIDUAL 
DRAWOOWN 

8-6-81 0930 8.19 0 0 

1000 8.19 30 r 
Ml<'~RO 

, '1ll 0 

1100 8.19 90 0 

1200 8.19 150 0 

1300 8.20 210 .01 

1400 8.20 270 .01 

1500 8.21 330 .02 

1600 8.21 390 .02 

1700 8.22 450 .03 

1800 8.23 510 .04 

1900 8.24 570 .05 

2000 8.25 630 .06 

2100 8.26 690 .07 

2200 8.27 750 .08 

2300 8.27 810 .08 

2400 8.28 870 .09 

8-7 -81 0100 8.29 - 930 .10 

0200 8.29 990 .10.-

0300 8.30 1050 
II ~,9,.iia;1, 

- -- .11 

-· 0400 8.31 1110 - LAND QU \LITY OIV !SIOPl .12 
-

___ Q_50_0 _ --- _ - - 8.32 1170 RECE IV ED ,l) ;_(~ . ;:b, 19 32.13 
- --· .. - - - - - -_ D11 457 

21 
~ J l 5 ;'293 PE RMI! 

October 2018 t - :, -1J Addendum D6- 14-209 
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RAMACO 
Brook Mine 

.l )'_ l, ~ . , , I : • .. .,, •~" I , ' , 

State Wyoming County __ Sher idan T.~ . ~:. R.8_4_ ~:• Src . ____ _ \./[ LL 110 . - - -- ~~~---

l r <t lY \'r : l . ~inr1lr wrll ct r,1w d1,w11 ;', ~111n lr "rll n •covcry 
Personne 1 Bandar-Jones-Tittle.... 
We 11 Owner_-=B'-'-H"-"C,___ ___ _ 

• '"•ess Sheridan, WY 

Jd drilled : A. Ai r-ro tary 
D. Gored or augered 
C. C,ab.le-tool 

J. ()1 ·1Hv dtH'W'll wilh tl l>S. ~el l 4. l{ei.:ovc1 ·y w1th 0 1,~;. '"l·ll 
_________ r,_ Othrr {Specify)-,.-_____ _ 

o,·ill er D. Fudge 

0. Du9 P. Ai r-rc r cussion V. [)riven 
II. l\yd - rotary R. Rev-rotary · W. Drive-wash 
J . Jetted 

7 
Tl/ffenching Z. Ot her 5 · PVC 

_ , 

To tal welj de pt h __ i:'._I ___ .Ft. Well Oiameter ____ in. Casing diameter ___ ~in . Casing type ____ _ 

slotted Interva l of screen or perfora ti on 5' - 25' Type of screen or perfo ra tion 
Pump hp & tyre N/A Pump depth ___ ft. Aqui fer __ .L.Aul....1.l..,,UciY....r.i.,.u-'-"m'--_________ '""':<":==:,-;::-----

Aqu if er l i tho 1 ogy_-=-s=a"--'n-=-d=-s-=-a:..:.nd~g"'-'-ra=-v..:..e=-1..:..s::;__ _____ ~ - ----- Altitude of 1 and su rf ace __ 3_5_6_8_._3__c.. __ _ 
How detennined __ ..,S~U~r..,v,_e=-y_e_d _________ MP !~z~: LSD.______ Altitude MP ______ _ 

WL from MP ____ 8_._1_9_____ How mcas ured, __ __JF_:~:.i6l.18L...J.R:\5ei_!,C.i,Our~d~e"1,.r _________________ _ 

·- - · -· - -- - - - . - - -,.,;. _-.. ~~~~- f .;a~ -..... --;,.~ - -~=..=--,io .=..: 7 J .:=:: ...-~ .!"!:~...r-:...:~= .t-7 . ..:,_:- - ":..:_= =--~ 

DEPTH TO Tir1E SINCE TIME SINCE S, FT. 

DATE 
I t/t' TIME HATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. r-ESIOLI J\l. 

DRAWDO\~N 

0600 8. 32- 1230 .13 

0700 8.33 1290 11, .J .14 
1- 1111. 1 

0800 8.34 1350 .15 

-------· ·- ------ ----~I 
- --

-

-· --

. 

I -11 /2 / e•- 21!:14 
-

.'IIJ ' , ~ /q ' l' 1 

,( ,. 
I 

- --·-- --- - ·----. - - .. . -· . . -- D11-458 . - - -· - --· .. . : . . - 'f , 
J , 

,·,,, I ii 
.• -· . --~----

I :to 1 - r. _ 1 
October 2018 Addendum D6- 14-2 10 DEQ Ex. 3-1753
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.. ··1·11 ' ·•· • - • : I I 

0 

.,,T-' l "T'r1:-r•· 1 ·r l "I 
i ' ' 

3.8.39 gpm 
• I I I ! , I, r= 210 ft. 

,.. 
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RAMACO Brook Mine 

rKS GEOLOGY 1\:1() orLORllilON 

State Wyoming County Sheridan T,_.5.L ~: , R.__&L~ : , Sec. 11 WELL tlO. 639 
Personnel __ ..=B..=o.:..:.n.=..da:::.:r~....:.T....:.i..:.tt-=-1:....:e:..-_________ Test Type: 1. Single wel 1 drawdown 2. Sing l e we l 1 .-ecovery 

3. Orawdown wi th obs . well 4. Recovery with obs. wel 1 
Well Owner __ P....:.K.:..:.S _______________ S. Othe r (Specify) _____________ _ 

•ss Sheridan WY Drill er R, Reed 
.,od drilled : A. Air-rota ry 0. Dug P. Air-percussion V. Driven 

8. Bored or augered H. Hyd-rotary R. Rev-rotary W. Or1ve-wash 
C. Clit>le-tool J . Jetted T. Trenching z. Other 

Total well depth. ___ 22 __ .....:Ft. Well Diameter 7 7 /8 1n. Casing diameter _ __..S~_in. Casing type_--"p-llv.._r _ _ 

Type of screen or perforation saw slots Interval of screen or perforation _ _.:;...O_' ---=20.::.-' __ 

- · 
Pump hp & type N/A Pump depth · __ ft . Aquifer __ .J:U-1-U-¥-+J..UU..--------------
Aquifer 1 ithol ogy sands and grave 1 s Altitude of 1 and surface 3569 7 • 
How determined. ___ _,,,_suld.Jrwvw.e,J.v_,.e"'-d ______ MP:~~~= LSD Altitude MP _____ _ 

WL from MP ___ 1_2_. 0_7____ How measured _ ___,;g:l.!:a:..!1..:.V~a!,!;n o,.,.m.,,.e...,t.,,e'1.r._/s.._t,.,e..,v...,,e...,n_' .._s ....,ru,e .... c ... au.r .... de ... r'-----------

= · ~ 

I 

DEPTH TO TIME SINCE TIME SINCE S, FT. 
I t;t' 

DATE TIME WATER LEVEL PUMP OM t, MIN. PUMP OFF t, MIN. RESIDUAL 
DRAWDOWN 

A-4-Al 1415 12.07 0 

1600 12.08 105 .01 

1700 12.10 165 .03 ,· - · -------·· ·- ---
; \tit 

1800 12.12 225 " ·~. 
'" . 1 0 .05 

I 
' ' 2000 12.15 345 .08 
I 

2200 12.18 465 .11 
I 

I ?Jl(l(l , ? ?1 585 .14 
I 
I 

! 8-5-81 0200 12.24 705 .17 ,. 
0400 12.26 825 .19 

0600 12.28 945 .21 
; 

I OFF 0743 12.30 1213 .23 

I 0930 12.30 1155 107 10.79 .23 
I 

I 
! 1100 12.28 1245 197 6.32 .21 
I 

I 1200 12.27 1305 257 5.08 .20 

I 1300 12.26 1365 317 I 4.31 .19 
I 
I 1400 12.25 1425 377 3.78 .18 
I 
I 1500 12. 24 .· 1485 437 3.40 .17 

I 1700 12. 23 1605 557 I 
2 . .88 ......JJ5 

l 
- . . --

2100 12. 21 1845 797 9 /2 /9 I• 21~~:~ .14 

18-6-81 0100 12.20 2085 1037 -.__.,:,, ! 1.2lfH I., / . 1,.,13 

I -- 0500 __ -•···---· 12 .19 __ 2325 1277 Tt 1,82 .12 
-· . - ----- - ---------· --- -Dlf•46-l -- -· - · -------- - · - ···-· · 

--·--· ---·--- -· --- -- ·~ 
'• T· I 2/0'> 

~--- - . 
I • ! 

October 2018 C 1 - :, - J Addendum D6-14-213 DEQ Ex. 3-1756



RAMACO Brook Mine 

rK) GEOLuuf AIID [Xl'LORAll ON 

Wyoming Coun.ty~---=S~h=er'-1'--'·d=a;..:..n_ T._2l.._ ~:. R.__§1_~ : , Sec. 11 \./ELL rm . 639 
Personnei --.-_B..,o,,..,n .... d_a_r_-_Jo_n_e_s_-_T_i_tt_l_e _________ Test Type : 1. Si ngle wel 1 drawdown 2. Single 1<ell 1·ecovery 

3. Orawd01-m with obs . well 4 . Recovery with obs . well 

State 

Well Owner __________________ 5. Other (S pecify) _____________ _ 

s s S be rj dan, WY Ori 11 er _ __JD..,_._....1..F.l.\u.,,.d~ge~-----------
Jd drilled: A. Air-rotary 0 . Dug P. Air- percussion V. Driven 

0. Bored or augered H. Hyd-rotary R. Rev-rotary W. Or1ve-wash 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 22 Ft. Well Diameter] 7/8 1n . Casing diameter 5 in . Casing type _ __._P ..... V~C __ 
Type of screen or perforation s 1 otted Interval of screen or perforation O - 20' 
Pump hp & type N/A Pump depth __ ft . . Aquifer ___ A_l_l_u_v_iu_m ______________ _ 

Aquifer lithology sands and gravels 
How determined surveyed 

WL from MP 12. 21 How measured 
, _______________________ _ MP Above LSD 

Bel r~ 68 Rec-o-rd_e_r __ _ 

Altitude of land surface, __ ...,.3""'5...,69........,.7_- __ 

Altitude MP _____ _ 

DEPTH TO TIME SINCE TIME SINCE S, FT. 

I DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t'. MIN. t;t ' RESIDUAL 

;---,---t-----+-------f--------+----i-___'.:D~R::AW::.'.:D'..:'.O::WN.:__j 
I 
, 8-6-81 0930 12.21 0 o 

1000 12.21 30 O 

:-·---rl=-=1-=-0.::....0 --t---....:1.=.2.:..::. 2~1-+-----=-9~0---t---------+------1--___JO:!___~ 

1200 12. 21 150 O :---r-....::___-t-_..::.::.:..=-=---t------=~-+------+------i--_J!_ _ _J 
MICf 1 1 , ., ; 

1300 12.22 210 111 1. ,, .01 

1400 12.23 270 .02 

' • 1500 12.24 330 ---t--~r-~::..:.=...:.._+ --__::~--4------+---!------=·~0~3 _ _j 

1600 12.24 390 .03 

1700 12.25 450 .04 

1800 12.26 510 :---1---+-..::...:..::..::..:..._+-__ __:::.::.:::.... __ l--------i----l-----=-·~05~_J 
1900 12.27 570 .06 

! ___ -t--_20_0_0_+_..::...12:.....·..::.28.:__-+ ___ ...:::6.:::.:30::__+-------+---l--~'-_J .07 
I 

2100 12. 28 690 . 07 

2200 12. 29 750 .08 

2300 12.30 810 . . 09 

2400 12.30 870 

8-7-81 0100 12.3L 930 

0200 12.32 990 

0300 12.32 1050 

0400 12.33 1110 

--- _ ___ .9500 __ -- --- 12 . 3~ __ . _. -- ·· · _ · -· 1170 

October 2018 

OQ 

10 

- - -- ---- - ·"" " 1• . .. 

. fI 
U\NU Qu i LITY u1V S10"'1 

.12 
RECEIVED f' 1 C 28 . 19 82 

DH-4,2 -- - --- - _ _ ..... _ 12 
· · ·-··--- TFN l 5 / 29 3 PERMIT 

TFN62 / 25 
RECD 10- 2r. -1 3 
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RAMACO Brook Mine 

PKS GtoL OliY flllll L ~l'LJI-A Tl llll 

State Wyoming county Sheridan T.~ ~: . R._!~~t . . sec . 11 WELL rm . _6_3_9 __ 
Personnel Bondar-Jones-Titt]e· Test Type: 1. Sinqle well drawdown 2. Sing le 1,ell l"ecovery 

J . nra1<down wilh obs . well 4. Recovery with obs . well 
Well Ol~ncr_MJ.J,...._ _______________ 5. Other (Specify ) _ ____________ _ 

~ss Sheridan Dr iller D. Fudge 
,od drilled : A. Air-rotary 

0. Bored or augered 
C. CJble-tool 

D. Dug P. Air- percuss i on V. Driven 
H. flyd-rotary R. Rev-rotary W. Dr1ve-wash -- I 

Total well depth __ ~z __ ;_Ft . 
J . Jetted Tj Trjlnching z. Other 
Well Diameter 7 /8n. Casing diameter 5 i n. Casing type PVC 

1 tt d O ... 20 I -----

Type of screen or perforation __ s_o __ e__ Interval of screen or perforat i on ______ _ 

Pump hp & type N/A Pump depth __ ft. Aquifer_.......1.AiJ]uJ.1.111.lLY.J..JilL.U.IIDu........ _____________ _ 

Aquifer 1 i tho logy sands and gravels Altitude of land surface __ .=..35::...;6:..::9~•..:..7'-. _ _ 
How determined surveyed MP Above LSD A 1 t i tude MP Below ------

WL from MP 12 21 How measured _ __JFL,.;-:..s.6A.81.....AB~ec ... a .... r_.,du:;P;.1.r ________________ _ 

~. ~ = · 

DEPTH TO TIME SINCE TIME SINCE s' FT. 
I tit' DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN. RES! DUAL 

DRAWOOWN 

05nn 12 34 1230 .13 

07nn 12.34 1290 .13 

OFF nAnn 12.35 1350 .14 
'!. '[.( 

8-7-81 0800 12.35 1350 II I I , ' .14 

0900 12.35 1410 60 23.50 .14 

1000 12.35 1470 120 12.25 .14 

1100 12 .35 1530 180 8.50 .14 

1200 12.34 1590 240 6.63 .13 

1300 12.34 1650 300 5.50 .13 

1400 12.33 1710 360 4.75 .12 

1500 12.32 1770 420 4.21 .11 

1600 12.32 1830 480 3.81 .11 

17nn 1? 31 1890 540 3.50 .10 

1800 12.31 1950 600 3.25 . 10 

1900 12.31 2010 660 3.05 .10 

2000 12.31 2070 720 2.88 .10 

2100 12 . 30 . 2130 780 2.73 . 09 

2200 12.30 2190 840 2.61 .09 
·-- - -ii'f42 . 50 2300 12.30 2250 90Ct ,.,_,94~t . 09 

. 
2400 12.30 2310 960,_ ... a ~- 4',;l.\ ,,. I I'\ fll .09 .... ..., -..- -

8-8-81 2370 · .08 ..... 9Joo ·- __ . .... ig_. ?~ _ . - . . - .. . . - . . -·-· - ·- - D,.l- -.4.63- -· . ffl 
- -- --T •if L · c·2-r-

HV-£-Q . .J) ,:. r· .z _ ~-- t 9 8 2 -
r-• ,- n II ,II IT 

October 2018 nrco 1 - 2r: - 13 Addendum D6-14-215 
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RAMACO 
Brook Mine 

. . . . . ·· - ·-- - ------------ ------ ----- ------

WELL tlO . _6_3_9 _ _ _ State Wyoming r.0 11n ty Sheridan T .Ji!_ _ r: :. R.~~:. sec. 11 
Pe rsonne l __ .=B:.=oc:..:n-=d=a..:..r_-J.:..o.:..n:..:.e::..:s:...-_T:..:.i:...ct:..:t:..:l:.=e'--________ Test Type: 1. Si11qle well drawtlo>in 2. S1110\e 1<cll 1·ecovcry 

J. ()r,1,;,1mvn>ii lh oils. well 4. l/~c,1 vpr_ywll il ohs. well 
\J• '1 C\mer_-;,B;.;.H.c.::C:...._,--,---,-,,r------------ :,. Other (Specify) _______________ _ 

Sheridan, WY Driller D. Fudge ss ---------------------
r-.,,nod dr i l led: /\, /\i r-rot,1ry D. Dug P. /\ ir- rer rnssion I'. [li"i ven 

•. Go,·ed or augered II. llyc1 -rotary R. Rev -rota ry W. Drive-wash 
_ , 

C. Cab le-tool J. Jetted T. Trenching Z. Other 
Tota l well depth 22 Ft . >Jell Diameter 7 7/8in . Casing diameter 5 in. Casi ng type _ _;_P..c..V.c..C __ 
Type of screen or perforation slotted Interval of screen or pe rfora t ion O - 20 

1 

Pump hp & type NIA Pump dep th ft. Aquifer _ __cAwlJ.).,..u.!..v..!..i,._,um!.!.L.~--------------:,----
Aquifer lithology sands and gravels /\lti tude of land surface ___ 3_5_6_9_._7 __ _ 

MP Above LSD •elow ------
Altitude MP ______ _ 

How measured ___ _..!..F..:.;-..ie6~8~Re::..c"'-'o~r~d,,.,e..,r ________________ _ 
How determi ned._'--4£>-1.'ii.i.r'llV.t:e"J-y.t:eu.d---------

WL from MP __ __.1_..2"'", _._2.._l ____ _ 

-

DEP TH TO 

DATE TIME \•JATER LEVEL 

0200 12.29 

0300 12.29 

0400 12.29 

0500 12.29 

0600 12.28 

0700 12.28 

0800 12.28 

-

-

.. --~ .. - . . .... . . 

October 2018 

~ ' -=----..ir .:. -=-=-~-~ 
TH1E SINCE 

PUMP ON t, MIN. 

2430 

2490 

2550 

2610 

2670 

2730 

2790 

. 

. . 

TIME SINCE 
I 

PUMP OFF t , MIN . 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

.. ,. I 

I I ' ' ' 

l 1\ r; 1 
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PKS G[tJl. lll~) 11:,ll l~i'LORAtlON 
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Personnel.......,..1,1-,,---~1-1-+---------------Test Type : 1. Singl e wel l dra wdown 2. Si ngl e l'ell recovery 

3 . Drawdol'n with obs . well 4. Recovery with obs. well 
W~ll Owner~~----------------- 5. Other (Specify) _____________ _ 

ress Sheridan. WY Drill er R. Reed 
.~ thod drilled : A. Air-rotary D. Dug P. Air-percussion V. Driven 

0. Bored or augered H. Hyd-rotary R. Rev-rotary W. Dr1ve-wash 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 26 Ft. Wel 1 Di ameter 7 7 /8 in. Casing diameter __ 5 __ in. Casing type __ P_V_C __ 

Type of screen or perforation saw s) ots Interval of screen or perforation _ _,.6_' _-_,2:..ele..' __ _ 
Pump hp~ type 2 hp Gouldi>ump depth ~ft. Aquifer __ A_l_l_u_v_i_um _______________ _ 

Aquifer lithology sands and gravels Altitude of land surface 3576.4-
How determined surveyed MP Above LSD. ----,--- Altitude MP ______ _ 

- Below -
WL from MP 10. 49 How measured galvanometer --------=--------------------

~-' 

DEPTH TO TIME SINCE 

DATE TIME WATER LEVEL PUMP ON t, MIN. 

7-?4- R1 rrnnn ,n ,1a 0 

QROI 15 00 1 

0RQ2 14.32 2 

0804 14,. j2 4 

0806 14.30 6 

0809 14.60 9 

0812 14.20 12 

0816 14.66 16 

0820 14.98 20 

0825 14.56 25 

0830 14.30 30 

0840 14.57 40 

0850 14.63 50. 

0910 14.55 70 

0930 14.47 90 

1000 14.66 120 

1030 14. 64_ 150 

llOO 14.67 180 

1130 14.95 210 

1200 14.95 240 

-- 12.3_Q_ ____ _1_4,.!98 --------- 270 ---

October 2018 

• · 

-

TIME SINCE 
I 

t;t' PUMP OFF t, MIN. · 

1v,11., ;,r , -
I 1 '84 flLMH1 I 

-----
q /2 I 9 · 21,:,, 

- - _ .. 

,-
r I\/ 1 I 

- - -- -- ,-,~7?·T< T'T f..,. , 

'2/ "1 5 

~--~ S, FT. . 

RESIDUAL 
DRAWDOWN 

0 

4.51 

3.83 

3.83 

3.81 

4.11 

3.71 

4.17 

4.49 

4.07 

3.81 

4.08 

4.14 

4.06 

3.98 

4.17 

4.15 

4.-t!l 

4.46 

4.46 
' 
4.49 

• 1 j-....... . 
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RAMACO Brook Mine 

PKS GLOL OGY fl,ill u,rLORA 11 uti 
WELL uo . __ BH_ 6_4_0 __ s ta te_~L.::.:.;::..:..;.::..i._ ____ county __ S_h_e_r_i_d_an __ T. 2?____~:, R. 1i .. J:, Sec . __ l_.3 __ _ 

Personnel_--lJ..--..W.UL.U.--------------Test Type: 1. Single wel 1 drawdown 2. Si nql c well recovery 
3. Drawdown with obs . well 4. Reco very wit~ obs. well 

Well Owner PKS 5. Other (Sp ecify) _____________ _ 

·ress s beri da n' WY Drill er _ ___,R..,_,,..._i:R..,.e""e.,,_d ____________ _ 

.. hod drilleq : A. Air-rotary 0. Dug P. Air-percussion . V. Driven 
B. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-too l J. Jetted T. Trenching Z. Othe r 

Total well depth 26 Ft. Well Diameter 7 7/8 in. Casing diameter 5 in. Casi ng type. _ _,_P__,V...,.C'--
Type of screen or perforation saw slots Interval of screen or perforation 6' - 21' 
Pump hp & type 2hp Gould Pump depth ~ft. Aquifer __ A_l_l_u_v_i_u_m _______________ _ 
Aquifer l itho l 09Y_.;s ... awou.ad..;is__....a Owd"'---lg~r .... au:v ... e ...... ] _,_s ---------,.-.------- Altitude of land su rf ace __ -""3.,.5.,_76,._._, 4.,__ __ 
How determi ned. _ __;s;:..;u;;..,.r_;v..;:;e..,__y..::e..::d ________ MP :~z~: LSD _____ _ 

WL from MP 10. 49 How measured ga 1 vanometer _____ _.,:. __________________ _ Altitude MP _____ _ 

--: .. 

DEPTH TO TIME SINCE TIME SINCE s' FT . 

DATE 
I t;t' TIME WATER LEV EL PUMP ON t, MIN . PUMP OFF t, MIN.· RESIDUAL 

DRAWD0WN 

1300 15.03 300 4.54 

OFF 1315 315 0 

1316 10.90 316 1 316.0 0.41 

1317 10,.88 317 2 158. 5 0.39 

1318 10.94 318 3 106.0 0.45 

1320 10.94 320 5 64.0 0.45 

1325 10.92 325 10 32.5 0.43 

1330 10.89 330 15 22.0 0.40 

1345 10.84 345 30 11. 5 0.35 

1400 10.80 360 60 6.0 0.31 

1430 10.76 390 90 4.3 0.27 

1500 10.74 420 120 3. 5 0.25 

. 
Ml!, ., 

r, "'· J '() ~ 

-
. .... -.. 

- .......... 
., I -1 -- -

I 
I 

·-

----- I At.In n•tl I ITV n1v c: 1011 

-- - ···----- --·---- - ---- - - -- , IF o:=- r. :: ei' 1 -----0-H-~4-n _R.£..C...EJ1'. --- -- - _ __ .J.~2 

-·ff- 6 25 S / 293 PE11 Mlt 
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RAMACO Brook Mine 

WATER WELL ___ B_H_6_4_0 ___ _ 

PUMPING 1,/\ TE Di\T/\ 

-
DATE TIME TEST TEST VOLUME OF THIE WEIGHTED 

TEST DURATION DURATIONS DISCHARGE, GALS. IJEIGHTED AVERAGE 
TAKEN SEC. PER MIN. DURATION DISCHARGE Q 

7_?d_A1 QAnn 8.0 39.75 5 .. 3 1 39.75 
flA()1 8.0 39.75 5.3 3 119. 25 
flAfl4 8.0 39.75 5.3 12 516.75 

0816 9.0 35.33 5.3 14 494.62 

0830 8.5 37.41 5.3 10 374.10 

0840 8.0 39.75 5.3 30 1192. 50 

0910 8.0 39.75 5.3 20 795.00 

0930 8.0 39.75 5.3 30 1192. 50 

,nM 8.0 39.75 5.3 60 2385.00 

1200 8.0 39.75 5.3 60 2385.00 

1300 8.0 39.75 5.3 15 596.25 
OFF 1315 

·-
TOTALS 255 10,090.72 

Q = 10 1U~~- Ii "- (J 
39.57 gpm f L',1 l ' p ;; 1 ')'' 

---

Specfic Capacity = 39.57 qpm = 8.72 gp rn/ft. 

4. 54 ft. 

- -- -
9 '" 

/9 4 • 2U. T4 
-· - - ... 

"., ' 
. 

" 
.._. '' ' ' ' - :1'l . -

-. ' .. 
~ I --
~ .. - ' ' 

71 l / l 3- I , - Tf,, l 

T.- l 2/ 1 j 
'J. I,. J- 1 t "ivl I I . ' 
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TIME RECOVERY CURVE 

5 IIJ C 100 150 200 
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I j I : I I JACOB METHOD PUMP TEST 
r~ ;,! LJ~ \ H:1-+++l!lH ·++++-ll•f H t• WELL : BH64Q 
I ' 'I 1•1 •1• I' I 

j I 

! O= 39-57 gpm 
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RAMACO Brook Mine 

rKS GEOLOr,, Atill [~l'LORAl lON 

Sheridan T ._JJ__ ~: . R.~~: , Sec . 11 W[ll N0. __ 6_4_4 __ _ 
Personnel _ ___J;l8L1.JOwO.uda.ar~a;un.u.d.__..T....1.i_..t .... t..ule..._ _________ Test Type : 1. Si ng le we l l dr awdown 2. Sing l e well recovery 

3. ll rawdOlvn with obs. well 4. Recovery with obs. well 

s ta te __ W...,y...:;o.;.;.m..c..i .:..;.n..,_g ____ county 

\olPll Owner _ _._.,.,..,_ ________________ 5. Other (Specify) _____________ _ 

·ss Sher idan, WY Driller R. Reed 
, _ _ ,,od drilled: I\. Air-rotary 0. Dug P. Air-percussion V. Driven 

D. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash - , 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 16. 5 Ft. Well Diameter 7 7 /&n. Casing diameter 5 in. Casing type · PVC 
Type of screen or perforation saw slots Interval of screen or perforation 5' - 15' 
Pump hp & type 3hp Gould Pump depth ~ft. Aquifer __ --1.JA.!.l..1..]Ul!.VI...]1...1°U!.!!m.l...-_____________ _ 
Aquifer lithol ogy sands and gravels Altitude of land surface 3566.2 . 
How determined surveyed MP Above LSD Altitude MP Below ------

WL from MP 8 23 How measured, ___ -l,Qµ.au.liV,g.al.1'00~rowe;Jt..ce;.1.r ________________ _ 

~- ==:=- .. 

DEPTH TO TIME SINCE TIME SINCE s, FT. 
I t;t' 

DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN. RESIDUAL 
DRAWDOWN 

I 
I 8-4-81 1415 8.23 0 
; 

1416 10.05 1 1.82 

1418 10.16 3 1. 93 
I 

' 1421 10.31 6 2.08 
i 

1425 10.37 10 2.14 -
1430 10.48 15 2. 25 

: 
1440 10. 63 25 2.40 

1450 10. 71 35 2.48 

1500 10.91 45 . r 1, ru 
IIM. 

. , ? , f ,4 2.68 

1520 11.12 65 2.89 

1540 11. 25 85 3.02 

1600 11. 58 105 3.35 

1630 11.94 135 . 3.71 

1700 12.66 165 4.43 

1800 14.00 225 4. 77 

1900 13.30 285 5.07 

2000 13. 22 - 345 4.99 -2100 13.20 405 
- _ .,,,.,.-

4. 97--• A • .,,.,-•• 

> I - ---
2200 13.30 465 5.07 -:2300 13.30 525 - LAND QL ALITY 011 1S10 &.07 

--- - - -~~Qq .. ·- __ )3 . 35 .. 585 · RE C E : V ~ r ' 'J r ,:,· . 2 8 
· - · · ·· -· -- · ·- - D·l· ·-47·6 · · - ------- ... · · .... 19 8il l2 

1 5 7'29~ PERM IT 
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RAMACO Brook Mine 

rKS Gf.OLOG~ MIO O l'L0RAT l ON 

State __ WaL.y...c.om_,_·n-'-'g"--___ County __ S_h_e_r_i_da_n __ T.~_ ~: , R._Qi_J, sec. 11 WELL NO . 644 
Personne l _ ___..,R..,.n,.._ndwawr......1Jawo.ud_T.._,.I..J·tutu]..c:e _________ Tes t Type: l. Sin9l c well d1·awdown 2. Sin~l c 1,cl l i-ecovery 

3. ~rawdown wi th ~bs . well 4. Recovery with .obs . well 
Well Owner_-'P--'-K,,.S'---------------- 5. Other (Specify} _____________ _ 

ss Sheridan, WY Drill er R. Reed 
.ud drilled: A. Air- rotary 0. Dug P. Air- percussion V. Driven 

8. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 16.5 Ft. We ll Diameter? 7/8 in. Casing diameter 5 in . Casing type_----'P____,V-"'C_ 
1 t 5 I - 15 I Type of screen or perfo_ration saw S O S Interval of screen or perforation ______ _ 

_ , 

Pump hp & type 3hp Gauld Pump depth 15. 0 ft. Aquifer_........:..A.:..:.l--'-1.::.UV.:....1.:..:. U::.:;m,:__ ________ ---::-=--:=-c::---::----

Aquifer lithology sands and gravels Altitude of land surface __ 3_5_6_6_. _2'-. _ _ 
How detenni ned __ --...s-'-ur-v.,..;ec.y..;;;e_d _______ MP Above LSD 

WL from MP S.23 - How measured gafvh<wometer ____ _ 
Altitude MP _____ _ 

~ - < ~ 

DE PTH TO TIME SINCE TIME SINCE S, FT. 
I t ;t' DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. RESIDU AL 

DRAWDOWN 

I 8-'>-A1 nrnn .13 1Q f;,1.r:; 5.15 

I n?nn , ":I 1? 705 I 5.09 

Mnn 13 33 825 5.10 
I 

nf-nn 
~ •• 1.;rc., • 

,1 ). 84 
I 11 1r:; 945 0 ,, 5.12 
! 

I 
ni:-i:- 0711'< 13 3,; 1048 5.12 

I 

' 
; 

n711r:; 9 03 1050 2 525 0.80 
I 

n7ll7 .R Q? 1052 4 263 0 . 69 
I 
I 

n7SO 8 86 1055 7 150 . 71 0.63 
I 

n1r:;5 8.80 1060 12 88.33 0.57 

0800 8.75 1065 17 62. 65 0.52 
I 

I nAlQ 8.70 1075 27 _39.81 0.47 
I 

I 
I 0830 8.64 1095 47 23.30 0.41 
I 
I 

I 0900 8.56 1125 ' 77 14 .61 0.33 
I 

I 0930 8.52 1155 107 10.79 0.29 

I 1000 8 .50 1185 137 8.65 0.27 
i 
I 1030 8.48 1215 167 7.28 0.25 
i 
I 1100 8.48~ 1245 197 6.32 0.23 

' I 1200 8.43 1305 257 5. 08 0.20 
: 
I --I 1245 8 .42 1350 302 ·- 0 . 19 
I - - • •• ~"T/ 

• (. f • •v .. 
I 

- . 
llr~I ' 

~ 

I . -· I 

-
I - D U-47.Z. .. - - - -- ··- . __ .. ' .32 

- -------·-·- ---· -- .. - -- - . - . --·· - ··• ... - ---· --- ·- ·· 

· - ,~ r '.::' .u:r. 
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RAMACO Brook Mine 

644 

PUMPJ.NG RATS DAT,\ 

,....._,_•- ···--- ~ ...li,IW:.-_..,._ .... ..__....,.._. _ _,._.. __ ...... ___ .. , ___ ..,. ___ , ......... ___ r---71'f~- .. ...,~,---,_,,,__,_.. 

DATE 

8-4-81 

8-5-81 

TINE 
TEST 
TAKEN 

1416 

1 ,1 ?1 

1425 

1440 

1500 

1520 

1540 

1600 

TEST 
DUl0\TION 

SEC. 

GALS. PER 
MINUTE 

8.9 35 . 7 

VOLUME OF TI~IE l~ElGllTED 
DISCIIJ\RGE, GALS. l·/EIGIITED AVERAGE 

DUI~J\TJ.011 DISCHARGE Q 

5.3 5 178.5 

8? 38.8 5.3 4 155.2 

8. 3 38. 3 5 . 3 5 191. 5 

8.2 38.8 5 . .3 15 582.0 

8.2 38.8 5.3 20 776.0 

8.2 38.8 5.3 20 776.0 

8.2 38.8 . 5.3 20 776.0 

8. 2 38. 8 5. 3 30 1164. 0 

1630 8.2 38.8 · 5.3 30 1164.0 

1700 8.5 37.4 5.3 60 2244.0 

1800 8.5 37.4 5.3 60 2244.0 

Q(J() 8.2 38.8 5.3 60 2328.0 

2000 8.3 38.3 5.3 60 2298.0 

2100 8.5 37.4 5.3 60 2244.0 

2200 8. 3 38. 3 5. 3 60 2298. 0 

2300 8. 3 38. 3 5. 3 60 2298. 0 

2400 8.5 37.4 5.3 60 2244.0 

0100 8 .5 37-.4 5.3 60 2244.0 

0200 8,5 37:4 5.3 120 4488.0 

,_ ___ ,_"""'o~4=o-=-o- __ 8_._5 ____ _;3:....:.7-=-·-=-4 ___ 
1 
___ 5_. 3 ______ 1_20 __ 

1 
__ 4_48_8_._o __ 

----~~0=6=00~-1---8_._5 _____ 3_7_._4 ______ 5_._3 ____ ,_1_03 ____ 38_5_2_.2 __ _ 

TOTALS 1032 39033.4 

Q _ 39033.4 
- 1032 = 37.82 gpm 

MICRCJ " I I 'l 
I l !'IIU 'I , 7 -

·f· "lc·t 37 · 82 gpm 7 34 /f • 1 •
19 

:..~-:-·; .. specl lC Cape l y = c: TI -H = . gpm t - - - . . 

,----- -------~-i---=-LAND OU At ~ 11-i O_ N ___ _ 

'------'----"----·--- -- Ufl ;:-'+ /• Dr f" ~l~':::D ::~- -

--- -·----- -- ··- ·------ ·f "N- ··l·-· -&i-/ 9· 4':j P f:' R ~A 1-. 
... 
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·i . I 1· ,. 

TIME ORAW t)OWN CURVE:. 

1: I 1 • .. I : .. ii l'T ' I • • 

) t'.i I ,u It Dt< it PUMP H. '..iT 

wr t t BH 644 
n :, r1 u 8-4-81 

.. I -i- .. .... ··- ....... 

I ,. 
I 

I 

I 
:· I · ::: .. ;·· ··I;:_:·· T 

I I .. I 
.I 1.:. !.. .. .. . 

1 

... .. 
I I I 
i : 

I· .. . ·· · • .. . .. . . 

' 

• I I , .. 
I I I 

I , . 
I ,. 
I 
1· 

I 
1· 

I -i- ·: •· , ...... 
I .. :J ... I 

. .I : .. 
.. :. , . .. . : .. . ' 

·1 i · 
i .I : 

I 

.I ... ·-
.I : :. 

I 

I , . 
' 
i 

i '° ' --'"" 
• I .,. 

--I : 
IN I i ~. ,. 

.::_J:;J :: ;::::;::··:~. ! I! o 
l- .. . . 

! ~....- ' • I , MINUTES 

.'. . .. :'. J'.'! ·: 
.. , ... . . j 

. ,, ' I! '·! 

·· · ·1 r·i 

' · 
I f I f '-, 1 • - r 

1 I I 

•I . 

·, 
I• , ~ , 

37.82 gpm 

I / ! •· 2. 14-1 . 8 
=.32 

I• , ( • I 
·.: ,, .J1J yf.i (: 

c·• n ~~2) 
, 32 

31,201 ,5 gpd/ft 

"1 

.:+- 1.0 
~ 

IJ 
I j 
I ' . :I 2. o 
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TIME RECOVERY CURVE 
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I ' " I rrm f1T'Jl '.'.l1 . ! ' ·,·,w1 ---ii-

:.·.:· :: :j::! 1, ' : ; : 
...... ,. ·11 : I . I 

,_:_ :: .. :: •• ::..: : - t t--
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.. , ·• · .. - . . . . ~ . . . ·-· .,, ...... .. , . . .. . 
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<I ' ·11 ,. , ... , ... 

' ' I'" ,I 

•·t• t .,, '' I 

····1•· .. .. 

.. , 

. ' 
'I 

. ' . 
' I 

37,82 gpm 

I • ' ,625-,340 , 
=, 285 

f. I • 

' _. ,I• •J , y '-11· 

• .; ; 37.82) 
.285 

35,033 gpd/ft. 

4,683.6 ft 2 /day '. 

. I, . 

, ... , ... 1--

••.. 11 ' ' "" i'l 

~- i 

.,6 s ::· --+-------+- . . j. 

____.__,_: : : .... : ~ ::: : :: > ; : : : :: : ·: ;:::j.i .:~ 
• ' .... . . .. .. 1 +-----+---~----.... - .. .. '. ' .... . '., . . 
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. '.!..: :: .... :j -
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RAMACO Brook Mine 

- PKS GEOLO GY At iD Of'L0RAT 1 ON 

I 

I 
' I 
! 
I 
I 

I 
i 

I 

' 
; 

i 
I 

I 

' I 
I 
I 
I 

I 

I 
I 

I 
I 
: 
I 

I 
! 

I 
I 
I 

I 
I 

State Wyomi •Q County Sheridan T ~. R E. 
. ..5J_ s . . . ...84-i~ .. Sec . _ _.l...,.l __ WELL rJO. _ ___;6:..::3::..::6'----

Personnel Bondar Tittl e Test Type: l. Sing le well drawdown 2. Single well recovery 
3. 0rawdo\vn with obs . well 4 . Recovery wilh obs. w!!ll 

Well Owner _ __,_P-'-'K:.::.S _______________ 5. Other (Specify) _____________ _ 

ss Sheridan, WY Ori 11 er R. Reed 
,d drilled: A. Air-rotary D. Dug P. Air- percussion V. Driven 

ll. Bored or augered H. llyd-rotary R. Rev-rotary W. Drive-wash - , 
C. Cable-tool J . Jetted T. Trenching z. Other 

Tota l well depth 18 Ft. Well Diameter 7 7 /8in . Casing diameter 5 in. Casi ng type PVC 
Type of screen or perforation saw slots Interval of screen or perforation O' - 18' 

Pump hp & type N/A Pump depth __ ft. Aquifer __ :..:.A.!..11:....:.U~V:....:i..:::U.::.:m __________ ~,,_...,---
Aquifer lithology sands and gravels Altitude of land surface 3565 .4 

How de termi ned surveyed MP ~~z~: LSD_____ Altitude MP _____ _ 

WL from HP 8,84 How measured galvanometer/Steven's Recorder 

DEPTH TO 

DATE TIME \~ATER LEVEL 

SLLL01 141" A 011 

1,11n .Q Qt:: 

]Ll,1,r; A oo 

1r:;nn A AQ 

1 r;1n .Q Q(l 

1 i:;nn 8.92 

1700 8.Q4 

rnno 8.96 

2nno 8.99 

nnn 9.03 

2400 9.05 

8-5-81 0200 9.07 

0400 9.08 

0600 9.09 

OFF 0743 9.10 

0800 9.09 

0830 9.08: 

0934 9.07 

1000 9.06 

1100 9.05 

1200 9.04 ---- -- - -· - · ~ 
. . .. -

October 2018 

~ .:. = · 

TIME SINCE TIME SINCE s, FT. 
I t;t' PUMP ON t, MIN. PUMP OFF t, MIN. RESIDUAL 

DRAWDOWN 

n 0 

1 r:; n? 

1() .04 

4r; .05 

75 .06 

105 .08 

165 .10 

225 .12 

345 .15 
,V C 

1 "84 I I' r 
465 .19 

585 .2 1 

705 .23 

825 .24 

945 .25 

1048 .26 

1065 17 62.65 .25 

1095 47 23 . 30 .24 

1159 111 10 .,M .,,a ... ;..~:r 23 - .. - .. 
1185 137 8 .65 _ "' ... · 22 

LAND Q !ALI IY U, VT >J • 

1245 
~-

197 6 '._3_2 , ,oa~l 
RECt.l Vt. l l u, · { . --

1305 . . . DL -4& 1 . 25_? . - . .. 
5 8 

. .. - -JFN 1 5,2 ~ P 

15 

ER.MIT .20 

TF 
RE ~- 10 

21.::1-12 

Addendum D6- l 4 -233 

L--

' ., 
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; 

RAMACO Brook Mine 

rKS GEOLOC., f\1 1D Ol'LORAT ION 
WELL NO. __ .,.._6,.,_36..__ __ 

State \~yGmiRg County _ __,S.._..h ..... e .... r...,_j_..d .... au..n_ r ,_51__ ~: . R._a4.J:, Sec . __ 1 ..... 1..__ __ 
Personnel Bandar, Tittle Test Type: 1. Single well drawdown 2. s ,ngi e ,~e ll recovery 

3. Drawdown with obs. well 4. Recovery with obs . well 
Well Owner 5 . Other (Specify) _____________ _ 

·ss Sheridan WY Drill er R. Reed 
.od drilled: A. Air-rotary D. Dug P. Air-percussion V. Driven 

8. Bored or augered II . !!yd-rotary R. Rev-rotary W. Dr1ve-wash 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 18 Ft. Well Diameter 7 7/8in . Casing diameter 5 in. Casi ng type _ __.P ..... V,_.C...__ 
Type of screen or perforation saw slots Interval of screen or perforation O' - 18' 
Pump hp & type N/A Pump depth ___ ft. Aquifer __ A_ll_u_v_i_u_m _______________ _ 

- · 

Aquifer 1 itho 1 ogy __ 5,...a..,_n.,.d...,5'""'-l.au..od"--IQ~r__.,a._.yc.i:;e'-'-) ..,.5 _ ____ ~----- Altitude of 1 and surface 3 56 5, 4 
How detenn1ned surveyed MP !~zv: LSD ____ ...,....._ Altitude MP 

WL from MP 8.84 How measured gaYvanometer/Steven 's Recorder -------·----=------'-----------------
---: : ------ ==i=• 

DEPTH TO TIME SINCE TIME SINCE s' FT. 

I DATE TIME 
I t;t' WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN. RESIDUAL 

I 
DRAWDOWN 

Pnn Q (lA pi;i; 317 4 11 ?() 

' ' I 1Ann Q (l".l 1.1.?i:; 
' 177 1 7A 10 

11:;nn Q (l? 1AQI:: 4':1.7 :! 40 1A 
I 

170{1 q. (11 inns 557 ?,QQ 17 
I 

I 
1 Q(\(\ q (\(\ 17?1:i 677 2.55 16 

2300 8.98 1%5 917 2. 14 111. 
I 

. A-n-81 0?00 8.97 2145 1097 1.96 .13 

I 

I 
I 

' 
' 
I 
' I 
I 

I 

I 
I 

I 
i 

I 
I 

I 
I 
I 
I 

I 

I 
I 

0500 8.96 2325 1277 1.82 .12 

0800 8.95 2505 1457 1. 72 .11 

~•iCRi, 
C 

11• J 

-
9 2/94·21$,}4 .. ~ ...... --- , 

I " .. ,,, -- - '< -~ I ,, i<J ..,,,,. 

RFr.~ 1vr: , nrr 11 •oo~ --
-- -------·--· - --- . -· - - -- - . - . - - . - .. --- - - - -- 0-1- -~&-2- - . - -_JflL l.. ! /2.93 Pf.f MIT 

---- - ----- --- -- -·-- -- ··- ---------- ·•· ·-- ---- -·-· -- ---·--· ·---------- . , --::....----

October 2018 

Tr- J 6 
RECD 

/ ?~5 - . .. :i 

1 - r. - 1 Addendum 06- 14-234 
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rlME ORAWlJOWN CURVE: 
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!· . 
I· I 

I. ! 

1 ·. i l ~ ,:~,:01'.;0 ;~~; T;~'; .. 
l .... v,, r I l OBS. BH6 36 . .. !• " 'I' 

s n u 8-4-81 . . :!;:J:1 
:· .. -....... . : .. ... i 

' I ' . I 

I .. , 
•1 ·· , .. . 

I .• 
.:.:1: :-:~ .... ~~--: .. . :.: .... ~.'. -:)' ' :· 
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: .. .!. ... ! .. .. : . ...! .. . ...... .1 
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I ! I I I: . I 

' ·••!•- I•.,_ , t•- • ..,. • , . .... .. ..... . 

. 1 .. J.: :.: .... 
I ; 

r: ·I i· , ... . ~: .. 
s 0.3 T t 0 i. 

0.3(50,682.6) (.035) 
{33.6)2 r 

.I .. 

:;_J .... 1 
,47 

4. 71 X 10-l 
!. Jj 

.., I ... 

I 

·1 · I • I 

I 
..... ' 

:.lit]·:: 
,,, I ,, 'I' ''I' 

· '. ~:! '!J 11 I · ~ 

I , MINUTES 

..... ,,, . 

•··• 1: · r 
• • . • • ! , • 

J 
, ... - .. , 

37.82 gpm 
r= 33. 6 ft. 

I h't: • 197 

I 
I I '1\ . I 

It . ,1
1 , ...t 1 ... ~, t-

, .. 37. §2) 
. 197 

50,682.6 gpd/ft . . 

6,775.8 ft 2 /da 
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TIME RECOVERY CURVE 

5 II) ' 0 100 150 200 

-,-' TT 'TIT I !! 11 I 
I ! ' ! I i : 1! i :1 ! 

~ I I J I I 11 JJl!Ul.llJ.iUlllllllll 
JACOB METHOD PUMP TEST 

WELL : OBS. BH636 

TESTED : 8-4-81 

: ;; I! !! ·n: 1:i: 1!,, ,, u1w ,11 ,,, 11 11 ~,~llm 

1--+-++++-++++H1 O = 37. 82 gpm ~00 rT' ~rn '. i , 

1
! rt,-tttt~,t ;-+t-tttt-ttttttt~ 

I .• : i:; 'Ii: j.' '.j'.i I Ii' I 

. '.-: 71 : 7 rn, ; , ti: : l l: ' , , i , ; ! H+,j' IH+!!ff-1r11 =lllil•':::::\'=+l=+=-.;::I: n~, h! lir;::;:;-1 ,-~mi m:mm;;i::m 
\ . I 'I 11 11 :, ... I I' I ' II· I I i ,, I 

I . 'I I:\ 1111 ', II I \ 'I i. I . 'i 
t-• --~ ~ --rtti-'"tttt-t'1··"tttft¥.+H+wt-r'+tilh-til-'ttttnltt++f-+-+-t-Y-+'---++--+H++++H-1f+H+l>HH-+++1-H+l-l++l-++1+4!00ttltlt--+-f--+-+-+,H+H-+, 
' • - : i ., ,,i ii·. . I I 'I,'!' I' I ' , .. ,l !' ! 
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I, . ' I I . .. I' I \ ' I ., .. ·1 l I JI'. I I' . 'l t " I .. I' . I I I ., I !I ii I '' I . '., ' . -~- :t : ~ . ; ' ' I µ.1.1 r-i 1-tffll t-i++-tll -t-11..., 11_11-'tM 11' i;-1' rt' tttttt!Htt-_l --t-+' ;-+··- '. ;-1 +-·-· ~• ·ttt<'ittttttn-ril+l+tt++ttit++,I' I fttttt-ttttttltttt-+--t-+t-++-+--t-irH 
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II Ii' 
I. l 

I 

r= 33.6 ft. 1'1 
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j I 

f~~ ' 
' 

•-,... 

6S/ Log cycle= . 34 7-. 03i I 

= . 310 I 

T, 264 (Q) !I 
6S/Log cycle 11 

= 264 !H. 82) ,[ 
.310 J: ~ 

;, 
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RAMACO Brook Mine 

·•.l 1l 1 ' l '( I l.) I I I ., 

rKS GEOLOGY Atll1 orLORAll,lN 

State Wyoming County Sheridan T._51._ ~: , R·._M_~:, Sec . _ ___,,_l=..1 __ \/ELL N0 .. __ ...:c6...:c3.;..7 __ _ 

Personnel Bondar Tittle Test Type: l. Single well drawdown 2. Single 1vel1 recovery 
3. ()ra1vd01m with obs. we 11 4. Recove ry wi th obs. we 11 

1,1- 1 1 Olmer PKS 
5. Other (Specify) _____________ _ 

ss Sheridan, WY Ori 11 er R. Reed 

~~,nod drilled: A. Air-rotary D. Dug P. Air-percussion V. Driven 
8. Bored or augered 11. llyd-rotary R. Rev-rotary II . Drive-wash -- , 
C. Cable-tool J. Jetted T. Trenching z. Other 

Total well depth 18 Ft. Well Diameter 7 7/&i. Casing diameter 5 i n. Cas ing type PVC 

Type of screen or perforation saw slots Interval of screen or perforation O' - 18' 
Pump hp & type N/A Pump depth ___ ft. Aquifer __ A_l_l_u_v_iu_m _______________ _ 

Aquifer 1 ithol ogy sands and grave] s Altitude of 1 and surface 3565. 9 . 
How determined surveyed MP Abo ve LSD __ ~~-~ Altitude MP 

WL from MP 6.64 How measured BelWcilvanometer/Steven's recorder -------

--. - -=--
I 

DEPTH TO TIME SINCE TIME SINCE s, FT. 
I 

t;t' 
DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN. RESIDUAL 

DRAWDOWN 

1 A-4-Al 141 i; 6.f;4 0 0 
! 
I 1,1-:in fi. 77 15 ; .13 

144'i 6 A1 -:in .19 
I 
I 

I 1 t;(l() 6 A7 45 .23 
' ' 1 i:;,n 6.92 75 .28 

1 f;()() 6.97 105 .33 

17nn 7.03 165 .39 

' 1800 7.08 225 .44 
I 

' 2nno 7.15 345 .51 

i 2200 · 7 . 19 465 .55 
""vnlJ s•r. I '84 

I 2400 7.23 585 tnMu, d', 1 .59 

I 8-5-81 0200 7.26 705 I .62 
I 
' 0400 7.28 825 I .64 

i 0600 7.30 945 .66 

OFF 0743 7.32 1048 .68 

0800 7.20 1065 17 62.65 .56 -... 
0815 7 .14 · 1080 32 33.75 .50 .., , -.,.. ' 

0830 7 . 10 1095 47 23 .30 .46 ..;. 
0\ 

' 
0900 7.05 1125 77 14.61 . 41 "' ' ..... 

"' I 

0933 7.00 1158 110 ' h ,~Q.. 5~ .36 - ., , t:::. • ',fit 
~ ri I 

1000 6.98 1185 137 
- ----- ·· - - ---- - --- · -· · - -Dl · -486 

8.65 , . r)" .34 
. - -- -· -- .. ... . . 

'71 // \ - - • • - ...--~ -·- ·-·-- . . . T .-
October 2018 ~CD Addendum D6-14-238 
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RAMACO Brook Mine 

rKS GEOLOGY AtlD [XrLORA1 ION 

State Wyoming County __ S.,,..b.u:e::ir_.i..ud.aaun __ T.----5,L_ ~: , R._____M.~ : , Sec . WELL tlO. ...,.53,_.,7,_ __ 
Personne 1 Bonda r Tittle Test Type : 1. Si ng le well d1·awdown 2. Sing l e 1;cll i-ecovery 

3. Orawdm.nwilh obs. well 4. Recovery with obs. well 
WPll Owner __ J::.A...,__ _______________ 5. Other (Spec ify) _____________ _ 

·SS Sheridan WY Driller R, Reed 
, ._ ... od drilled : A. Air-rotary D. Dug P. Air-percussion V. Driven 

0. Bored or augered H. Hyd-rota ry R. Re v-ro tary W. Drive-wash -- I 

C. Cable-tool J. Jetted T. Trenching z. Other 
Total well depth 18 Ft. Well Diameter 7 7 /8 in. Casing diameter 5 in. Casing type_~p_,.V...,C..___ 

Type of screen or perforation saw slots Interval of screen or perforation O' - 18' 
Pump hp & type N/A Pt!~P depth ___ ft . Aquifer_-lcl.~.1.¥-iu..iu.L-----------------

Aquifer lithology sands and gravels 
How determined . surveyed MP Above 

Below 

Altitude of land sur.face ___ ..,.3...._5""'65..._-~9.,___ 
LSD _____ _ Altitude MP_. _____ _ 

WL from MP __ ~_6_._6_4 ___ _ How measured __ -'g~a:i..Juvu;awnu..,Oiwro.ce.i...t et:Jri....,/._S .... t..t:e:-1o1Y-t:PuD-' S:....-lrc;,1;e;:.i.c ... o .... r .. d.e~r---------
-: . :. .. 

= -a~ 
DEPTH TO TIME SINCE TIME SINCE S, FT. 

I t; t ' DATE TIME \~ATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN. RESIDUAL 
DRAWDOWN -

11 ()0 6 04 124'- 197 6.32 .30 

1?nn 6 Q1 nn5 257 5.08 .27 

11nn fi.On 1365 317 4.31 .26 

1400 fi flQ 1425 377 3.78 .25 

p;nn fi • 8fl 1485 437 3.40 .24 

11nn 6.86 1605 · 557 2.88 .22 

, 8-fi-Rl ?nnn 6.84 1785 737 2.42 .20 
I 

2400 6.82 
' 
I 0400 6.80 

0800 6. 79 

I 
i 
I 
I 
I 

I 
I 

!. 
I 

' I 
I 
I 
I 
I -
I 
I 
! 

. ---------- -·- . -- .. 

October 2018 

2025 977 2.07 .18 

2265 1217 1.86 .16 

2505 1457 1. 72 .15 
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RAMACO Brook Mine 

rKS GEOL OGY NID LXr LORATI ON 

State Wyoming County __ S_h_e_r_i_d_a_n _ _ T .___R_ ~:, R.J!L~:, sec. __ l_l _ _ _ WELL NO . 638 
Personnel Boi:idar Tittle Test Type: 1. Single wel l drawdown 2 . Si ngle 1,cll recovery 

J. [) rawdown wi t h obs. we 11 4 . Reco very with obs. we 11 
Well Owner 5. Other (Specify) _____________ _ 

~ss Sheridan WY Dr ill er R. Reed 
~d drilled: A. Air-rotary D. Dug P. Ai r- percus sion V. Driven 

B. Bo red or augered IL Hyd- rotary R. Rev- rotary W. Drive-wash 
C. Cable- tool J . Jetted T. Trenching Z. Other 

~~;:
1
o~e::r::~t:r perf:r1ation Ft.saw S~~

1
~sDiame;::e!va~/~f ::~een orc:::~~r::~::ter 0~ - 2~~ - Casing type __ P_V_C _ _ 

_ , 

Pump hp & type N/A Pump depth · ___ ft. Aquifer _ __ Au.l.L]._,u...,vui...,.u"-"m'-----------:---------
Aquifer lithology sands and gravels Altitude of land surface. 3569.5 

MP Above LSD A 1 ti tude MP 
Below -------

How meas ured _ __ g.::i.:a=-1'-'v:...::a:.:..n:..:oc:.:;mc:e..:::ct=-er'-'/c....:S"-'t=-=e'-'v-=e"--'n_' =-s ....:R.;.;e:..::c=-=o:...a.r-=d..:::ce.:..r ____ ____ _ 
How detenn i ned. __ ____:_.su;;.;.r_v_e_,,_y_e_d _______ _ 

WL from MP ___ ___,l...,lu,..,.0""6 __ _ 

" · ·-

DEPTH TO TIME SINCE TIME SINCE s' FT . 
I t ;t ' 

DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN .· RESIDUAL 
DRAWDOWN 

I 
I 8- 4-81 1415 11.06 0 0 
' 
' 1430 11.08 15 ' .02 

1445 11.10 30 .04 
I 

1500 11. 12 45 .06 
; 
I 

1530 11. 16 75 .10 
' 
' 1600 11.18 105 .12 
I 
I 

1700 11. 22 165 .16 

I 1800 11.25 225 .19 
I 

I 

2000 11.31 345 • ,rnr .25 

2200 
fJLMfi 1 ' . 

11.35 465 .29 
I 

I 2400 11.37 585 .31 
I 
; 8- 5-81 0200 11.41 705 .35 
I 

I 
0400 11.43 825 .37 

0600 11.45 945 .39 

OFF 0743 11.47 1048 .41 

0800 11.45 1065 17 62.65 .39 

0830 11.42 1095 47 23.30 .36 

0900 11. 39 1125 77 14.61 .33 
) ,;! 

,:. -
1000 11.36 1185 137 8 .65 

; ._, 
.30 . 

I .. 

en 
'-

11nn 11 11 1 ?111; · , 0-7 F. 'l? ?7 
"'I 
'-"', . -

-- __ _ 1.2.QO_ _ .,_ .11 .3.1. -· - . ____ JJ.05.. - -- --- - --- -- - - -
. 

011-q.?r_-:_- -257- -- ~- =-.5. 08 -· .25 

Tr- l 2/ ?5 -f, 
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' 

RAMACO Brook Mine 

rKS GE.OLOGY Arlll U.l'L:)RAI ION 

State Wyoming County Sh&ridan T.-2.Z_~ :, R.M__~ : , Sec. 11 WELL NO . 638 
Personnel Bandar Tjtt]e Test Type : 1 . Single well drawdown 2. Singl e 1,ell recovery 

3. Orawdown with obs. well 4. Recovery with obs . well 
Well Owner __ .L,.J>..,_ _______________ S. Other (Specify) _____________ _ 

iss ___ ....:S'-'-h=e"-r..,_i=d=an"----'W-'-'Y'------------- Oriller __ _n.__,u:.t:u...------------
od drilled : A. Ai r-rota ry D. Dug P. Air-percussion V. Driven 

B. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash - 1 

C. Cable-tool J . Jetted T. Trenching z. Other 
Total well depth 21 Ft. Well Diameter 7 7/8 in. Casing diameter ______ in. Casing type PVC 
Type of screen or perforation saw slots Interval of screen or perforation O' - 20' 
Pump hp & type N/A Pump depth ___ ft. Aquifer_-fl,A.r+l+lWbl'~llH.bl:l!lm~------------::-=-::-c:c-:::----
Aquifer lithology sands and gravels Altitude of land surface 3569.5 
How determined surveyed MP Above LSD Altitude MP Below ------

WL from MP J J 06 How measured gill 11 inometer/~teveR 's Reeal"Eler 
~-• -~Sl 

DEPTH TO TIME SINCE TIME SINCE S, FT. 

WATER LEVtL 
I t;t' 

DATE TIME PUMP ml t, MIN . PUMP OFF t, MIN. RESIDUAL 
DRAWDOWN 

1400 11.27 1425 377 3.78 . ?1 

1600 11.25 1545 437 3.40 .19 

1900 11. 23 1725 677 2.55 .17 

2100 11.22 1845 797 2.31 .16 

2330 11.21 1995 947 2.11 .15 

0200 11. 20 2145 1097 1. 96 .14 

; 8-6-81 0600 11.19 2385 1337 1. 78 .13 
' I 

! 

Mil 1_<1 < ., i 'RI: 
" ~ 

I 

I 
I 
I 
I 
! 
I 

!. 
I 
I 

I 
I 

I 
! - ; . . 
I 

. . .., ' ~· 
I LANO QU ALITY DI\ 1s1 0111 :1 

r ., RE CE IVED r, fC ~ r. 1982 "' I 

' -
"' ' HW 

i-----
-i 0 ,'i_ '::/j t't.K llfll .J 

-- -------· - --- --- --- - - .. . . -- . ··-- .. ----- - -- ---0-1- -:.. lf92- - . -- - - --- ·- - -- - - . -- -
----·---- - ---,-)~-- . , l . l - _, 

.I i7 fl 6 2 I O 2 5 
October 2018 ': ~ D 1 0- 2 5 - 1 3 
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·I 

39,620.7 gpd/ft . . 

I 

. I. .. .... ... ·-

. I 
--- ·-- -... ··~·1,···· ::~~;: 

''"'"! -- --· ··- ~- -:re 
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RAMACO Brook Mine 

•,:~ uc.OLCJ (i f AIID D f' LORA 11 ON 

i tate Wyoming coun-ty_---=S~h.:.c:e:..:.r__,_i..:::d=-a:..:.n_ T...JL_ ~:, R.__M_~:, Sec . 11 WELL rrn. 639 
>ersonnel_.....,..B,.,.on.,...d_a_r_-_J_o_n_es_-_T_i_t_t_l_e _________ Test Type: 1. Singl e well drawdown 2 . Sing le 1;ell recovery 

3. flrawdown with obs. well 4. Recovery with obs. well 
~ell Owner __________________ 5. Other (Specify) _____________ _ 

~<' 5 beri dan, WY Drill er D, Fudge 
drilled: A. Air-rotary D. Dug P. Air- percussion V. Driven 

0. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool J. Jetted T. Trenching z. Other 

Total well depth 22 Ft. Well Diameter] 7/8 in. Casing diameter 5 in. Cas ing type _ _.__pV'"'C..,___ 
S 1 otted Interval of screen or perforation O - 20' 

Pump depth __ ft. . Aqui fer ___ A_l_l_u_v_i_u_m ______________ _ 

_ , 

Type of screen or perforation 
Pump hp & type N/ A 
Aquif'erlithology sands aod gravels 
How determined surveyed 

WL from MP 12. 21 How measured ------------------------ -
MP Above LSD 

Bel~~68 Rec_o_r-de_r ___ _ 

Altitude of land surface __ __..3,.,,5.,.6...,.9........c.Z·- - -
Altitude MP _____ _ 

- ·=-

DEPTH TO TIME SINCE TIME SINCE s' FT. 
I t/t' 

DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN. RESIDUAL 

- DRAWDOWN 

8-6-81 0930 12.21 0 0 

1000 12.21 30 0 

1100 12.21 90 0 

1200 12.21 150 - 0 

1300 12.22 210 "~· . 01 
} ,A 

1400 12.23 270 
fl li,i! 

. 02 -
1500 12.24 330 .03 

1600 12.24 390 .03 

1700 12.25 450 .04 

1800 12.26 510 .05 

1900 12.27 570 .06 

2000 12.28 630 .07 

2100 12.28 690. .07 

2200 12.29 750 .08 

2300 12.30 810 .69 

2400 12.30 870 nq 

8-7-81 0100 12.3L 930 10 
.... ... 

0200 12.32 990 LAND OllA 
-- --
~ 

-~ 
- -- ITV n1v1c 11 "' 

,i..... : I 
0300 12.32 1050 . R ECEIVFD h-r t , 28, 11 g 82 .11 .::;;- , 

- " 
0400 12.33 -•·-.. JfN l 5 ., 0, ' 1110 I• Y3 PERMIT 12 

_ 0500 ·- -- - · 12.33 1170 Dl 1-496 ' .12 I - . - - . . . --- -· --- .. -· --- - - ··- . . -- -- -------- . . - - . . ·- -
---- - - ··- - ·---· - ·- Tf- l-6 1/ 02 5' l' t' . . • ~ ----- ·- · -., 
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RAMACO Brook Mine 

'KS GtoL OliY i\1 1{1 [ ~l'LJf(A 11 \1/i 

i tate Wyoming county Sheridan r.22..._ ~: , R.~~:, _ sec . 11 WELL rJO . 639 
•ersonnel Bondar-Jones-Titt]e· Test Tyre: 1. Sinq l c well drawdown 2. Sin9lc well ,·eco very 

]. OrJwdown with obs. well 4. Recovery with obs. well 
lcll Ol~ner_w.u.;..__ _______________ 5. Other (Specify) _____________ _ 

v Sheridan Driller D. Fudge 
drilled : A. Air-rotary D. Dug P . Air-percussion V. Driven 

D. Bored or augered H. Hyd-rotary R. Rev-rota ry W. Drive-wash - · 
C. C,eble- tool J . J etted Tj lr~

8
ncnh.i ng z. Othe r 

rotal well depth ___ i:'.Z ___ Ft. Well Diameter 7 /i Casing diameter 5 i n. Casing type __ P--'V--'C __ 
l tt d O - 20' rype of screen or perforation __ s_o __ e __ Interval of screen or perforation ______ _ 

'ump hp & type N/A Pump depth ___ ft. Aqu1fer _ ___.A:i..J1..1Ju..llutY..1.iJ.&J11mw._ ______________ _ 

Aquifer lithology sands and gravels Alt'i'tude of l and su rface. __ ...;:3;.;:5..;:;6=-9.:... 7:..;. __ _ 
~ow determined surveyed MP Above LSD Al titude MP Below ------

WL from MP ] 2 21 - How measured __ L,,;F-::J6.u.8,i...JJR.,_e~cl,Lcurd,..e;;.i.r ________________ _ 

-="""'t-""""==--:=,--.D""'E""'PT"'-H=T=Qa,s;;;i;-:;a_.T=l..,..M;· · =·S=l N=C=E=--=~==-TI-M;;;;;;Ea=;S;;;a;I;;;;N;;;aeC
1 

E:;;;;;;;;ee:s;;;;,13===5t,5!!;/t=l-====lmm=SR·cE' =SFTI=DU,AL 

DATE TIME WATER LEVEL PUMP ON t, MIN·. PUMP OFF t, MIN. JAL f 

0600 12.34 1230 

0700 12 14 1290 

OFF 0800 12.35 1350 
I! r ' 

3-7-81 0800 12.35 1350 -

0900 12.35 1410 60 

1000 12.35 1470 120 

1100 12.35 1530 180 

1200 12.34 1590 240 

1300 12.34 1650 300 

1400 12.33 1710 360 

1500 12.32 1770 420 

1600 12.32 1830 480 

1700 1? 31 1890· 540 

1800 12.31 1950 600 

1900 12.31 2010 660 

2000 12.31 2070 720 

2100 12 . 30~ 2130 780 

2200 12.30 2190 840 

2300 12 .30 2250 900 
\ . ~ 

2400 12.30 2310 960 

8-8-~l ___ 0JQQ ______ ____ g, ?.~ _ 
---f·.. H - ·! 

October 2018 CD 1 - ~- 1 J 

DRAWDOWN 

23.50 

12.25 

8.50 

6.63 

5.50 

4.75 

4.21 

3.81 

3.50 

3.25 

3.05 

2.88 

2.73 

2.61 

2.50 
. . I ' 

2.41 

.13 

.13 

.14 

.14 

. 1 i 

.14 

.14 

.13 

. 13 

.12 

'11 

.11 

.10 

.10 

.10 

.10 

. 09 . ..,. , .... 
·~ 

. 09 N 

.09 
I ,] 

.09 
) :. 

.. 
a, 
...... ~• 
'-

OI l 

' 2. 32,. I ,. • 08 I ·-' /'2 J ;i , · ,•. h IV I u 
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RAMACO Brook Mine 

tatc Wyoming Co unty Sheridan r. ..§l__ '.; : , R.~~:. Sec. 11 
ersonnel Bandar-Jones-Tittle Test T.ype : 1. Si 11olc wel 1 

WELL tlO. ..;;..63.c..9:;.._ __ 
d rawdown 2. S 111<1 I e 1;c 11 recovery 

~. llt!ClJV('t 'Y wt lit c,r,s. we 11 --='-'-""::..:__=-:::.:..;.:::.=.-~.;;..:..~-------- .1. f1r,w,1mm wilh obs. well 
ell 01,ner BHC 5. Other (Spcci fy) ________ _ 

__ S_h_e_r_,_·cl_a_n_,_W_Y _____________ Ori 11er __ D_._F_ud_g_e _____________ _ 
d 

Jrillcd : ,i. ,iir-rotary D. Dug P. Ai r-percussion I' . (lt"ivcn 
D. Do,·cd c,r au9ered II. ll yd-rotary R:. Rev-rotary W. Dr1ve-wash 
C. Cable-tool J. Je tted T. Trenching z. Othe r 

otal well depth 22 Ft. Well Diameter 7 7/8in. Casing diameter 5 
ype of screen or perforat1on slotted interval of screen or perforation O - ZG' 

_ , 
in. Casi ng cype __ P..;..VC __ _ 

ump hp & type N/A Pump depth ___ ft. Aquifer _ __c_Au]J.].!dU..x.Y..1.il.l.lum.!.!.__~-----------::-:~:--:::-----
,quifcr lithol ogy sands and grave.ls Altitude of land surface ___ 3_5_6_9_._7 __ _ 

HP Above LSD 
De low ------

How measured ___ __!..F.=-~68~R~e~c~o!.!.r...!:d~e~r _______________ _ 
ow detennined_c....:.S,41U.i.;r,,.ve1:-)¥-J'e~d~--------
WL from MP __ __....1.._2 .... 2..,.1....._ ___ _ 

Altitude MP ______ _ 

, . : .= ---~- -~W":::l DEPTH TO TH1E SINCE TIME SINCE S, FT. 

DATE TIME \·JATE R LEVEL PUMP OM t, MIN. PUMP OFF t: MIN. t/t
1 

RESIDU~L 
.. - -- DRAHDQ\m 

0200 12.29 2-430 1080 2.25 • 08-

0300 12.29 2490 1140 2.18 .08 

0400 12.29 2550 1200 2.13 .08 
. 

0500 12.29 2610 1260 2.07 .08 

0600 12.28 2670 1320 2.02 • 07 -
0700 12.28 2730 1380 1. 98 .07 - -
0800 12.28 2790 1440 1. 94 .07 

MIC'' 1 I .. 

. 

. 

• .... . -- IT7 . 
__. l 

:· : ~ ,. ~- - N I 

-
°' I - ~ I 

LAN D QI 
- or i - UA LI TY DI ll 1s10M -

D 1- 98 RECEIVED, [) :- r. L 8 1982 . 
- ~ ·-· ·- . . ·- --- - . . . . - l-~ . ~ . . . . . . - . ·- . - I 
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RAMACO Brook Mine 

PK5 Gf.ULUGY NID OPLORA1101-1 

State Wyoming County_-=-S~he;:::..r:..1~· d::.:a:..:.n:...-_T .2l._ _ _ ~:. R.§i_J:, Sec . 13 WELL rm. 645 
Personnel Bandar. Andersen, Tittle Tes t Type: l. Singl e well drawdown 2. Singl e well recovery 

3. Drawdown wi th obs. well 4. Recovery with obs . well 
·1 Owner Big Horn Coal s. Other (Specify) _____________ _ 

Jress __ _,S,.,._h.Ll,e..Lr..J.i.,.d..,anLU.., .... w!.JY'------------- Ori 11 er R. Reed 
f-'ethod drilled : A. Air-rotary D. Dug P. Air-percussion V. Dri ven 

B. Bored or augered H. Hyd -rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool J . Jetted T. Trenching Z. Other 

Total well depth 23 Ft. Wel l Diameter? 7/8 in. Casing diameter 5 in. Casing type.-----'-P....;.V_.C __ _ 

Type of screen or perforation saw Slots Interval of screen or perforation lO 
1 

- 20' 
Pump hp & type 3h, p, Gould Pump depth _zz_ft . Aquifer _ __r_Aul..!.l.!e!.U..!..V.i..:iu,!!m!!._ ______________ _ 

Aquifer l i thology sands and gravels Altitude of l and surface 3579.7 
How detenn1ned surveyed MP Above LSD Altitude MP Below -------

WL from MP ___ .,_7....,, 8..,.3,.__ ___ _ How measured _____ ___.::gS.l,au).iY~a.u.n~om~e .... t ... e..i.r _____________ _ 

~- .. 

DEPTH TO TIME SINCE TIME SINCE s' FT. 
I t;t' DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t , MIN.· RESIDUAL 

ORAWDOWN 

7-29-81 · :0822 7.83 0 0 

0823 10.00 1 2.17 

? 0825" 10.10 3 2.27 

0830 10.21 8 2.38 

0840 10.30 18 2.47 

0900 10.42 38 2.59 

0920 10. 50 58 2.67 

0940 10.59 78 2.76 

1000 
l 'o' ll l. I ) l I\ 

10.61 98 I IL M , 2.78 

1030 10.67 128 2.84 

1100 10.72 158 2.89 

1130 10. 72 188 2.89 

1200 10.74 218 2.91 

1300 10.83 278 3.00 

1400 10.87 338 3.04 

1500 10.95 398 3.12 

I 
I 

I 

1600 10.~_8· 458 3.15 ; ;! 

1700 11.07 518 - .. ::z 
I A t. l ,.,,, • 3.24 "' - -· • 

1800 11.09 578 - d 82 3.26 
OI 

- DC' ( ' I ::-:-

1900 - ~Mil ' 11.14 638 JFN l 0 / 2 93 p E. --- 3. 31 OI -,..-- ~ J 2 -T~ 
2000 11. 17 698 _ 3.34 

- --- - ---- ·- --- --·- ------ l; 0 ·-2Titi 59 ; : ;-.---;-r-- --- - ~ - .. . ~--- -
I 

, 
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I 

RAMACO Brook Mine 

PKS GEOL Of,~ MIO Ol'L0RA l ION 

State v/yoming County Sheridan T -~-~: . R.~f.: Sec. __ 1_3 __ WELL tlO. 645 (cont) 

Personne 1 Bonda r, Anders en , T ittle Test Type: 1. Si n9 l e we l l drawdown 2. Si ng l e 1,ell recovery 
3. nrawdown with obs. we l l 4. Recovery wi th obs. well 

'1 Owner_-'B=-:1'--'· g"-'-,Hc.::;o.:...r:.:..n ...,.c:;.;:o;.::a:....;.l ___________ 5. Other ( Specify)_~-~~---------

s he r1' dan WY O -11 R. Reed ress _____________ ______ r, er _________________ _ 

Method dr i lled : A. Air-rotary D. Dug P. Air-percussion V. Dr i ven 
B. Bo red or augered H. Hyd-rotary R. Rev-rotary W. Drive -wash 
C. Cable-tool J . Jetted T. Trenching z. Other 

Total well depth 23 Ft. Well Di ameter 7 7 /8 i n. Cas i ng diameter 5 in. Casing type 

Type of screen or perforation saw slots Interva l of screen or perforati on 10' - 20' - ----
PVC 

Pump hp & type 3 h,p, Gould Pump depth __?L_ft. Aquifer _ __,:A...:..l:...:l.=u:.:..V...:.,iU::,:m;.:._ _________ .......,.......,...........,....--

d d avels 
3579.7 

Aquifer 1 ithology san S an gr Altitude of land surf ace 
bove - ------

How detenni ned _ __:sc.::u:..:..r..:..v~e.,__ye:=..:d::..... _______ MP Below LSD._____ Al t itude MP _____ _ 

WL from MP __ ___,_7..._, ..... 8.._3____ How measured qa l vanometer 

!? LZ 

DEPTH TO TIME SINCE TIME SINCE S, FT. 
I 

t;t' DATE TIME WATER LEVEL PUMP ON t, MIN . PUMP OFF t, MIN.· RESIDUAL 
DRAWDOWN 

2100 11. 26 758 3.43 

2200 11. 33 818 3.50 

2300 11 . 34 878 3.51 

2400 11..43 938 3.60 

' - 30-81 0100 11. 51 998 3.68 

0200 11. 52 1058 3.69 

0300 11.68 1118 3. 85 

0400 11. 65 1178 3.82 

0500 11.59 1238 
~?, ,.. 

/}~ 3.76 . ' 
0600 11.62 1298 3.79 

0700 11.66 1358 3.83 

0800 11. 61 1418 3.78 

OFF 0803 11.61 1421 0 3.78 

0804 9.07 1422 1 1422 1.24 ' r 
0805 8.88 1423 2 711. 5 1.05 

0808 8. 80 1426 3 475.3 0.97 

0811 8.70 1429 6 238.2 0.87 -~ .. - ... 
0815 8.62 1433 10 143.3 0.79 N 

I 
I 

"' ' 
0820 8.57 1438 

0830 8.51 1448 

0845 8.43 1463 
- ---- ----- ----·---·--- ----

October 2018 

. ,-- 15 
I "J 1 L 

25 
I~ 1.- \. I 

40 ---- ·--·---
2/ , -

95 . 9 (:l:-74 -.... 
~ 

a, I 

, 57.9 0.68 - ' ~ 
36 , 6 F, 0; '6D 
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I 
I 

RAMACO 
Brook Mine 

WELL tlQ ._-"'64:x..5...__--c ... a ..... o ..... t_ State Wyoming County Sheridan 
Personne l Bandar, Andersen, Tittle 

T. .fil_ ~:, R. BL5:, Sec . __ ....,1 3,.__ __ 
T~H Tyre : 1 . Sina l e we ll drawdown ~- Si na le well .-ecover , 
3 . {)rawao,m w i lh obs. we 11 4. Recove r y with obs. we 11 · 

Well Owner __ .l.l.B..1.i~g__,HJJo.ur..i.n1-..l.Ctl,,105la.J..) ___________ 5. Other (Specify) _____________ _ 

. ',jress ___ ...::S.:..:h..::ce..:...r..:..id=.ca~n.:...,_..:..W..:..Y ____________ Ori 11 er _____ --'-'R ..... _._,_Re""e"'-'d,.__ ________ _ 
~od drilled : A. ~ i r-rotary D. Dug P. Air-percussion V. Driven 

B. Sored or auaered H. Hyd-rotary R. Rev-rotary W. Dr i ve-wash 
C. Cable-tool - J. Jetted T. Trenching Z. Other 

Total well depth 23 Ft. Well Diameter 7 7 /8 in . Casing diameter 5 in. Casing type~P...iYu.C.__ __ 

Type of screen or perforation saw S 1 ots Interval of screen or perforation 10' - 20' 
Pump hp r. type 3h.p. Gould Pump depth -22....._ft. Aquifer _ _.J:.Au.]..1.J.ull.1t.V.1.JilU1IW11..----------------

Aouifer lithology sands ang gravels Altitude of land surface 3579,7 
How determined surveyed HP Abo ve LSD Altitude MP Below -------

WL from MP 7. 83 How measured, _ _:9:ca~l~v~ac!.!n~om~e~t!:!e::..!r __________________ _ 

~-· 

DEPTH TO TIME SINCE 

DATE TIME WATER LEVEL PUMP ON t, MIN. 

0900 8.39 1478 

0920 8.34 1498 

0940 8.30 1518 

1000 ' 8.27 1538 

1030 8.25 1568 

1100 8.23 1598 

1260 8.18 1658 

1300 8.16 1718 

1400 8.16 1778 

I - --- -· -----·-- -··-- ---------- -

October 2018 

TIME SINCE s, FT. 
I t;t' PUMP OFF t, MIN.· RESIDUAL 

DRAWDOWN 

55 26.9 0.56 

75 20.0 0.51 

95 16.0 0.47 

115 13.4 0.44 

145 10.8 0.42 

175 9.1 0.40 

235 7.1 0.35 

295 5.8 0.33 

355 5.0 0.33 

. 1c:u -- . 
I'. I' I i 

' 

; ~ ... . 
-1 
N\ 

'Sr , 

°' I -
• • .. r"I. t t r ·lt,13 

..._ .. 1-...- u ""'Q- .. ~ 
0\ ' 

0i::rc ,vi:-n r· - - ~ f, 1 ca R 2 

____ __ ...I.f.tL.L 5 :'2' 3 f'£RM 11 \ -. - _L __ --··-·-. --. -- --

2 5 7 :,; 

10- 25-ta 
TFN 6 2/ 
RECD 
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RAMACO Brook Mine 

HA1'[1~ WELL #_6_45 _____ _ 

l'UMPJ.NG !~ATE DAT,\ 

TOTALS 1421 56342.63 

---·-·· r--4'"'-~--- •.--..,.---.~•--w-••r-~..- •·•~•-- •t .r--- n-v ,._._ .... _.._,_,,__...,_. ... ,..-41"•t~-,_,.__ 

DAT E THIE TEST 

TEST DUl~\Tl0;'-1 
TAKEN S[C. MINUTE 

7-29-81 0825 8.5 37.41 
, , 0830 8.5 37.41 

0840 8.5 37.41 

0900 8.1 39.26 

0920 8.0 39.75 

0940 8.1 39.26 

1000 8.5 37.41 

1030 8.5 37.41 

1100 8.5 37.41 

1130 8.0 39.75 

1200 8.5 37.41 

1300 8.0 39.75 

BOO 8,0 3~.75 

1500 8.0 39.75 

1600 I · 8.0 39.75 

1700 8.0 39.75 

1800 8.0 39.75 

1900 8.0 39.75 

2000 8.0, 39.75 

2100 8.1 39.26 

2200 8.0 39.75 

2300 8.0 39.75 

2400 8.0 39.75 

0100 8.1 39.26 

b200 7.2 44 .17 

b300 8.0 39.75 . -
b400 8.0 139.75 

E~~: ____ --- --~:~ ---- . -----~-;:~;-~_ 
October 2018 

VOLllrlE OF Tl~lE 1·/ElC.I ITED 
. DI SCl11\l,G E, C.i\ LS . \./ETCIITED /\VElu\GE 

DU l,i\TlOiJ DI '.iC llARGE Q 

5.30 3 112. 23 
-

5.30 5 187.05 

5.30 10 374.10 

5.30 20 785.20 

5.30 20 795.00 

5.30 20 785.20 

5.30 

I 
-

20 748.20 

5.30 30 I 1122. 30 

I-

-
5.30 30 1122. 30 -
5.30 

I 
30 1192. 50 

5.30 30 1122. 30 

5.30 \ 60 2385.00 

5.30 60 2385.00 

5.30 60 2385.00 

5.30 60 2385.00 

5.30 60 2385.00 

5.30 60 2385.00 

5.30 60 2385.00 

5.30 60 2385.00 

5.30 60 2355.60 
-----

5.30 60 2385.00 

' 5.3·0--- 1~ -\ 2385.00 

2385.00 

------: : ~~ ----- \ :~ ---·- \' 
.. 

2355.60 .... . 
5.30 60 2650 .20 N 

------
5.30 60 2385.00 

... 
a, 

·---- ··- ... -·-- ----· . ---------- ..... 
5L:W , 60 2385.00 N - -... '. -- ~~~ 60 .Ji}~.60 - r 

-· 5.30 183 7 4.25 . Dl.b.595 JFN 1 

.r -'7 5· 
... ·• •1 ' --

,, 
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~ 
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(/) 

~0 IUO ' CO 

rn-n-mTin ',' ljrTTTTTI TTTTlllmml mTrrrl1TTTTimr.i1mmmn~r,hJ7 I .1 I I I 11 11 I II I I I Ill llUillill~ I 

2 !-~ ~! ) [ ij I 
I 

II ! l .uu.. ................ , JACOB METHOD PUMP TEST I-H+lcH++i:H-ll+11!11-HHll-+-+-l-+-l-++-H+l 

t ' ' I ' " I 1'!, I I I, WELL BH645 
' . ' . ' '. '' I' ,, Iii ' TESTED : 7-29-81 
j I l : ; ! q '.; I I I :1; Ill ~ r'r--,.,.:,.,.14++~..rI'1.;:;I'~-1,T.;'.:( 
i , i . ~~ 1 · . ; , 111 ·' I 'i i ~, . - -, t, HI 1--!1 t1· 1 ~1. rl I I ii' 11 H-H+H+Hll+irHJH!H!!+H+++++++t-H 
• ' ' ' ' i I '''I I ·111111' I i I 
I ' I ' ' ' I I' I I 'I ' I I I I ,I I I I I I '. I I I' I 
' ' I ' I ' I '.' I ii . q hi: I '' I ' • I ' 1, I I '· ' 

I' I Ji'' lll1 '1j· ·1!1 I ',',lj j 1' 1· l: ,· ·. •,I, I I ;·,i,1 :II •·,· l ' : ! ' I 11 !II .) : 'i .. I i I I' I ' I l r1 1· ·, ·i ,,, ,jl 1·1, Iii 11 ii'' 1 11' · 'i , .. , , 

IOCO 1500 21 )00 • 
; I .: ' li.! '.j'. !1'1111 I l I II lllilllill1 0.5 (') 

ii 0 
" 

l I 

I = 39 . 65 pgm I I 

I I: I 6S/Log cycle= 3. 25-2. 8 1 . 0 I I = 0.45 
I I I i 
I t 

.,. , ?64( ) '' I 

I 1 I 6S/Log cycle 

I. j i I 
•<I 

= 264( 39.65) • 11 I . 5 ,. I 0.45 
I I I 

=23,239 gpd/f 
'!L 

ti l t . ·+ 

Lt: 3, I 07 ft 2 /d 
.. , 

ay ~-, 
I · 1• 'I::!: 2.0 

~; ! I ' : : I I : '. ! I I: I: : ; :: ,::, , II :i, I I: I 1 I I ! ! ! i : i I : I: '::. I l 
u : : :I ,'.!,di:'.:;!! I II ::::,i1:il I ',, ';· 1 1 11lil' ,:, I -, ~ 

: ; : I :1:. I 'ji :·1:; 11.1 l ·11, 11 .:·; !: 1: I : ; : : I :1, I I l!j, J ,;I: I 
1.' • ! . ' I • I l ' I l t . .. I "1 1· I I 11 •1 ' I I 

- . ' ' I •. ' I '' I 'I' q•· 1' ·' I ii ... " : I . I . 'I . ' I 1\1 I"' ' I I ' ' 
~ - -+--rh-Yh+.>r;++--1++11-++t-4 -HJ+--4,,r!ll411-+--,-+_;__-+---,-+f-~J---.+,-4----f--t-t-'--Y.+++ttt-lltttll!H!HiH-H-H--++-t-l f; .,.

1

1 ,,11-,'· .. 1,1 .. 
1
' :j1!,1 , .... ,1. ,,I ····i'•tj .. J 1,,, ... .. , .. ,lil "/;-~~-~~--- _ .. 'ii· 

c;:.i • ' • • • , • •• • ,.,,, , •.• jr' . 11 ·1: .... "',,! I . ', .. ''I j , i ''! '"It' ,j, . :·t! . ,. .,. , ... , . . .. '1·rr 
l·tl" " "'''I' .,p .. , ...... 1 ,,, ., .. ... ,, ., 1·"- -•l 11l,, -11.: ·I ' :i: . , , , , . . . •· • •·· :i ·· , : • 1 ,. •'" ••• , •1 ,. , , • i • , • 1 1 • 1• •• i •• ,. , • • , . t ., , , - • .., "'7". • t .. -- ·1 •n ! I l1 ti ; 

" l-----+---+,----,f---..+--'-+½'+-~-+-,..,.+,i..+--+r,ll-ll11-+- ----+- -+-----'.;+-tt-rh-,·t--,-,h----.--.-l-+-I-Hl-lll-11i!l!Hl,llll-!-+--I-+-½-+-:~ i --.-+-,..f.:...-+½-,-..+#.;+-H-++-Hf+thlrln+HH-+,-l!Hf.+,,f, ' , .. "" i"' .. ,. , .. ;;11 .. ' I' .. :l .. ,1 ... ,.,,, .. 1 ' , ... , ,,, r•'1';1 .. ,.,, ,,.I ,,1,1 •-1- :i' 1 .. j 1!1 ; 1'·' 
J ti . . . , .. ,, ,. 1 1 •l 1 , i , 1 ., 1

1

, ... , .J•! ,1- , • , , • , ,1 ,. ;, !I ... 1 , •• , .,. 1 • 1. • I r:J •t -
11 

: • 

? '. . :-:--~ l '. : : '. : I j '.: J j ~;: ; ! ; i Ii'.; ii ; :: :; ;j: :::1 I : ; ; '. : ; I'. j:; · '.; '.: ; '. :: ' ; :_~· I+: +.: I 1 ;-H+-j!tl-'!H-ll!IH1iHII--+++++--'-:'--';+; !-'.Ti, H--t-1--- ++-f' f-H;r'. :tH j,t,+1:'+++t+t++++tt H-'I :+!tit 1 -ttn)Hi'..,-!l-
,i; ~~ - ·' ,j,,, ; r.-,,,.;~ 11 .. 1J· .. ·•rll•·•1l:j''I ii- 11,: .. !,!1••1•1-~ 1'11• •1•11 , , ,i,,I,, 11 .. !II ,··iii· n,,''·1i' i:lf 2

• 5 
}; ' ' ' ' .. , ... , j .. ~rf" 1"' 1:11 " ·•· :1, If . I .. 'i,1 1:" ''I' ... ',,I Ii,.,,' I .. ' "' j' Ii i".,, II ,.jt , ..... ,,,,.p1. t--._! 11 ....... ,.

1
,j,, ....... ,, .. ,, · ··• 1 •• 

11
,. ,,, ., 1·, .• j 1•:::h' 1,!i . 1.· n· · . .. . 

. . , ·:'i .. ,: !Jh, l• l\!•lh---~•·i d· : ... ... . . i·1 f1,, i 11· -- · 1 ••! II q'' . i '., 1:1 :!, . ,f ... tr! 11 ;,1 

' - •· 7 - 1 t I I µ.....4+++411l-l-flllHl!lll---++-++H+-4-+++-, i'rH--H-HfT-tjj 'H+--1 f-++t+;7-r-+4---i1rr1,f flhlmrl' ;"JI 
i... ... , ... , .... :,1''''!"' '"'"•' 1'"'! ., .. 8 .,, . . ·· ·1 ·\"'i -·111•111 · 1 '111'.'. :·,1· l· '11•~;r .. !.·: 11,,- · .. , ..... ,,, , .. ,,,1 .. , .,,,,, .. ,1,,1l·r ~r----.!...-~ •·• ' ·1 i1•1·l,1•j1!lll.,1 , , 
~ . .. .. •11 .. ··-11•• .. ,1,,,., .,,, .\. i• ---1--4.__ 1,,, 11, .. 1, .• , jl .,11 ~ ""~r,t~) bf ' Ir! i 

~ -· ---+--._, · .. .. • , - "·' I-+ , 1 .. • , • , " , .. • 1 i It , ,. , · • , 1 • :-:"t -..:. " .. 'i i , · : · 1: : 1 '+' ..+-. 
1+.J1 4

1 ;1-,' ii--,,-4-i.,,++++-=,...·· _,_i+-', .......... +"---'tffirt-1'.+- 'tffi-r+t-t-ttt--ttt-rt-rtttt~Httt-3 • o 
, ,.,.,, .. ,.,.1:,1.11, . ·i·1'11;, .. ,,lll I'' j"' ... ! . ."". ,,.~~, ~ .. ,.,·:,_.,,;_,., ..,.. ' ·r;fltH L., ,iJ,_ i .t::, ··•I.,., I''' 1:11' •I .,, ' ... I! ·\ ' I .... .. . , 11'1 , ,, .,.j •1·1 "'' :..> Iii ' .~ I ' '.!' 1 ,..,. .,, , .. , ... , ,., .. ,,'' '"Ii ·1·•·1ll!j I'" ,,.,1.,\:i1" ••1',1! 1 :-,,.f, 1~•1• t .._;_ rt"' ;• s·1M 

b', I .... , . , , 1··11· · .. ,11 ! 
11 

" ! 11 t1; I, I I '., ·_'J..!.''~'...!''.mi!l1W!.W" !W...' -' '.j_.l 'X~'.:.' 1 ~l·,41~·"..i;' 'T'i~ l ~ .. ' ..... ~ ~+,· ,-;1· -,t.Ji· ~ · ·.,..jl ..j..'-4•~1j.J.j111~• l!+Ll--4+!-+++lm+lH+Ll~+l!I , .. , - l'il' JJ I I-+-~ I , , I" li-,.. r--,."" ••,l .. -, .... ~-1-
L... , . ',. ::,. :::; 1·111:1'·1'1 :'11! ... , "11··,:::'111•;:·,:;; ; : : ., :::: ,·:: :.·1:::: ;:.: :;·; ~ ::::;::; :,.; .. ,.,.. ·-- ....... , "t 
i-1 1 ······1--1 I,, "' •t" ll' ,, .......... ,.,,.,,, .. , .. ... "-!·•j11·• tj •• -· 1·•1'j·"•·• 
1< - ..... ,,, " ' 11 1· :; l jj' i 1111:i• i ,.,. ,· .. l·l•'I ii'': · •' ,1.. ,,,.. .. i •I '1 1 ,j- 111· +· 1 1• ' 

ii : i i i i: ii / ::,r: 'i i ,,,:1i .. il:::i ';: i 1-~1:--:'--t ::f-::

1

Y-h =---
1 iH={~1~~:: hz:t-

1

1:H: ,H!

1

:"':--n~ 1!}--

1 

t' --l,1'.·'.-:!-li~J--l::+!:I: 1±-,,l! l'-l:; !lilli! lffiil l+infttf' ~----j. i"'-l~~di---i-:++t, ---H:H-;rt; ;

41 

,tr, '.H':~m:-+tt,:I Hl4tt

1

.Jr,++II+ J+jl+' : ltt: ,++,l tttlttitttlliHnl ltilHH 4. 0 

I j 
l ., 

1l 
· h1 ·r I) ·I 

3.5 
'I 
'1 

I ~' 

I , MINUT ES 

DEQ Ex. 3-1801



:::a -t 
m -:,0 
c-, = ..... 
C, 

I - ~~, 
! 

C.':"1 I . 
I ~"1 .... ... 

C> .,, 
z 
... 
0, 

• ' N p.. ~ ID p.. 
(;J 

(1) 

::i -u p.. s 

C rn 
s < :::0 

~ 
C, ... 
0\ 

I .... 
~ 
' tv .... 

(/1 

IO 

::'1 ,.,, 
(") 
r., 

< .,, 
0 

.J -~ 

"' f':) 

-I..:> 
00 

"' 

TIME RECOVERY CUR VE 

5 It, •o 

I 

1i 

• 

I I 
11 • 

,, 
I I .. 

11 t 
I, I 1·.1·1. •11!![ , .• l,.· i ·1 I , • · I ,:i 
. , , .• 

1 
1 , •· 1 1 11 :. 

1
: 
1
1 1. 

1
1 1 11 .• n 

• I ; . I j ii· i !11 l.u., I 1 

100 150 200 

' 39.65 

6S ILog cycle' • 75-. 40 
=.35 

T, 264 (0) 
6S/Log cycle 

.. 
i 
I ... 
! 

I 

'I 11: t': ·1· i : : : : : I !:!1 !ii:! :I !iii I !!. :,·1' .il~~~~L: :! 11. :. !,ll,I I! 1.:.',,l II 

' 264 ( 39. 7) 
. 35 I ... 

:1 :1: ~ : ; ; : : :1 .::;; l!1i ,;• ;:"il l I i , .. " 1 •- . ! 
1--t- -r-- ---i---r-~ r-rr+r;-i-'tttt11tttt1H-rt. 'ttttTtttilttrt~tttrtt--+-<-HH-· ........ - --tt-hffi-ttttll"ttlt-t-tt-t+'-ttttt1'ttttlttttttHttt!l-t-+-t-t-t-H-t-++-1 

- , I., .. •I. 11•11'' 111 ' I• I' I I. NI "1' I .. t· 
.,; l:i: :::! .. ,.!::::.! 1! Ii 1•1,,!1 11.,.'1111 •1 '11•1''1 . :i; : ~ ;:! '1 1, r · 

I! ••I• •• ,, 11,; .,. ;: li ., ~-t • ,., i ftt 
-,: r---- • I . ; .. , • . .. . .. •. • I I -t-,-'-++<t+-l '~ I j~::1-'N.·t+H, iHm+tt++ltttttllmtt!tt!t-+++++-l __ +. t+H 

' 29,907 gpd/ft. 

, 3,998.3 ft 2/day I'. 

I I 

r-- ,. ~" ~ . : ; . : : : . :;: ::.: ·:;- : ; : : :11 I.: ::i: :: i I:: . : : : <: ; ::·1 I: :'. ,·:i: :::;Ji ;".': !' . :;., I t ~ :-. ·.• .i~·-., .-!t-. ,.-.. -.i:,-1·1,,· ... : --,_. :-:-j-
<1 ........ .. i .. i.j .. ' 11 1 !11· ·•·'"' 11

;: 1 • 1 .. ',. 11 1· Ill'"~; '·.1 11 r,.; · i • f+ rr: 1 
er r,--- - t- . - -f-'-'•-M-1+.--r-.;--...-it<-H---i-t-11~·--,-..- - ....... --.-·------t-~-r-r-+-t-+t-!-i- ~r'tiittrrtiii:1ttttlltttrTTTT-t---r:-ttt"'fft+ttt1mrth1tt-Hi1iit1iitttttttttttttitttttr 
r , • '. . ......... ,. 11 .. I "·• 11 111; .. .. . ·•!11!•_ t • ' .... ••.i ,,1, ·1\ ..... ij·• ,,,• Ill!' P ~·• '. J_ -\,• 4 .)1 

iij 
ill 

Sf ., ............ ,, ,1,, ,,I , ... , ·:11:1., I .,., '''I , .... ,,.,,,j I,·· 1 f .i .........._ , Ii f In J ..... , .... , ...... , ••• , , , ... , •• "" , ••••• , ............. ···11. , 1· ,......,_ '.' i5 .•..:_H···. · . . t1·1, --
) • · , ·' ........ . Ill .. · ·1 11 1 11'1 ... .. . :, • · ' .. · •1· j·:• ·Iii .. '· .. 11 1 •I ",1 a t j I I! ,_' -+1--- .. h-ttrltf-fi-t-T---f-'-~t+-'-rl-'-'--f,-trt,trH-t-,-Tt-'-'+tttt,tf'Tttttttt-litttt--+-t-f",ii.::H-++t-f-r--+t,4ttittttiltt!tt+t+ttttttltt+Hlttttffi~ 

; :::i .. ::1::;::::;:::i!l;:;1:;: !'1:_'1:::::1'if-l! ·::: •!1, ... ::11 1•11• :1, ",rt,~!!!: µ·I t' 11t!:' 
-, ....... , .... ,,,., . , . . , ••. ,,. I I ... , ,;·,1 ::;:ijl'; 11,111 i T -,.. .. I 

• · ... , ... . ,.1 ··•;ii" ii I' 1 ... ,.j. ii' 1 11 • '11
1 

•
1

•: 1 11; •• • • 1 1 • T I~ ft'' J .. 

-; .. 1 ... , .. ,. ... ,.(,, .;l/i l•!i:·•t' :11 I '1l',1•'1i"•·! "1 l1•·1· I r'- !,·: llil! fN1:'1~1 ~n ll,;., ,·.' 1 , . . .. . , .. , ...... 1 ·•"II'', .. 'Tl . . .,., ... '11 I,.,. ' .,, ,·I,, I I .· , .. 
. . . . .., ...... · Ii' 1 lt ll•·1 ·"• 1 ' .. · 1 . , .• · · • ...... ; •. ,. ·1 · I\ ! ' l I 111 - · ·· · ... . , ... .... : .. · I,' .i., ....... 1·;11 •·· .. , .. ··!, .. .. , · ... 1.· •;111· ,. · J 1 , ... , ",, · 

~~- · -.-.. ~: -:- .. ........ 1.1 , .. ;il~ ... 111·1 ·li I ... , .... ,., .,. 11 .. , ., ... ,.,: ... ,, .. ,., I 1-:-11.,1· ,,,,' ~!',JI ~ µ z ... ... . . ,.11.,.1•i1111•1.,., 11·, I'' ·•'·····t il lif .. , .... "l'''•·:,.1 .. ,1 r-+--+ i · j 
p; ............ , . ....... 11"•" ·" . I"' ...... .. , ·'·1•· .. ,·1• ... ,,., .. ,,1 .. , 'I ·~p; ,'.i".:;T H 
~~ · .. ••·•• .. .... ..... !• " •• •:!;_ ::• 1 1i• I •·• :;,. .. , l •j j•"•1•••j1<•1f!Ti•!f 1 1·1TJ : :f''f 

l; I 
1I 
!'It 

n 

I 

1-,l 
I 

I ';:: .. : :: ... :::,i'1•lil::1;:l·,.:1i,·1'::;:1i"11!1:: '! ::;1:::::;:::',:!::::;:::ll';;!:11lf;: i!i i, __ , il+F 11;~: n'~ i,l 
F"l. . . . . . . , . ' . . , I·· ,., ,,I ••.• ~ 1 1 ·' 1·•1 ,, , .. ,, ... 11'· ,,.,.,,,/. - i~ ""t+"1 ii t 11• 11 
,-.· ·- ,.,, ........... , ... II " .. . ii• J r • 'I ··1 • 111·". i·:. ''! .... ... , . I , rt· " rtttt11t1rm1t1rrtt11tt111111"' 

b: .. :: 1::j;!::::;:11:;:1
1
1: ::,,: :;1 1!

1
!·:J :!'I':;; :::; 1

;;: .':!j:!::l:!lll: '.ii; l l ,_•-H 'ir : ~ ·t H1'ttt-H·tt-t-111I 
. 

,~ ... 1.,,,,,, 1·11 ,_1:• j!'I ·1 1 1 ,., ... ,, ••,,,,, .•.• , 11 tt · 
...... ,, .,, .,,, ll'f'.I i 11 I II 11 , . , ,,. 1 11 I l'I 11 l 

~ I i i ! iii Ii I iiil li/1: I 11 :1 II 11 11 :11~ I I ii I I l I i : 
0 
a RATIO 1/ t' 

Ii HI-" I tttt t1t t-tttt ti tl-t 

I ~~,,~,ij 

9/2/94•213.t4 - - -

~ 
~ 
• 

0 0 
0 

.1 

. 2 

. 3 

.4 

. 5 

. 6 

. 7 

.8 

.9 

1 .0 

1. I 

I. 2 

1.3 

to 
"1 
0 
0 
:,;-

~ 
5· 
(1) 

DEQ Ex. 3-1802



I 

I 

I 

RAMACO Brook Mine 

State Wyoming county Sheridan r.?.Z___ ~:, R.~:, Sec. 13 WELL No. OB Well 623 
Personnel Bandar Test Type : 1. Single well drawdown 2 . Single well recovery 

3. Drawdown with obs. well 4 . Recovery with obs. well 
·• , 11 Owner _ _._,..... ___________ ___ __ 5. Other (Spec ify) _ ___ _ _____ ___ _ 

ress Sheridan Dril ler R. Reed 
Method dr i l led : A. Air-rotary 

B. Bored or augered 
C. Cable-tool 

Tota 1 we 11 depth 26 Ft . 

D. Dug P. Air-percussi on V. Dri ven 
H. Hyd-rotary R. Rev-rotary W. Drive-wash 
J . Jetted r

1 
lrenchi ng Z. Other 

Wel l Diameter 7 /8 in. Casing diameter..,,..,_5_ .,....,...in. Cas ing type. _ _;_PV,;,_C:__ 
l t 6 I - 26 I Type of screen or perforation. ___ s_aw_s_ o_s Interval of screen or perforation. ______ _ 

Pump hp & type N/A Pump depth ___ ft. Aquifer __ _.Ac..J.1...Ju.YuYui..1o1YJ.1JIDL----------- - ----
Aqu1fer lithology sands and gravels Altitude of land surface ___ 3_5_8_1_._0._' _ _ 
How determined surveyed MP Above LSD Altitude MP Below - - - --- -

9, 60 How measured gal vanometer/stevens recorder WL from MP 

,.., 

=-~ DEPTH TO TIME SINCE TIME SINCE S, FT . 
I t ;t' 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN .· RESIDUAL 
DRAWDOWN 

7-29-81 0822 9.60 0 0 

0830 9.70 8 0.1 

0900 9.80 38 0.2 

0930 9.85 68 0.25 
i. /(,)I 

1000 9.89 98 r II'"-~ ' l l 0.29 

llOO 9.95 158 0.35 

1200 9.99 213 0.39 

1300 10.03 278 0.43 

1500 10.10 398 0. 50 

1700 10.16 518 0.56 

1900 10.20 638 0.60 

2100 10.23 758 0.63 

2300 10.26 878 0.66 

7-30-81 0100 10.29 998 0.69 

0300 10.30 lll8 0. 70 

0500 10.32 1238 0.72 

0700 10.34 1358 0. 74 .. ~ 

I. OFF 0800 10. 34 
' . 

1418 0 1418 0.74 . .., . ... , 

0815 10.16 1433 
p 

15 95.53 0.56 ~ 1 
" . 0830 10.12 1448 30 48 .. 27 0.52 ' °' I 

0845 10.08 1463 - - · 45 32.51 0.48 
- · --·-----·-- -·· - - --· - -- -·- --- - -- ··- -- - ----- -- EH-:l 508 J • - - - , 

Tr 6 2 f 1 5-· 1 • ,.,, - --==-........:..-
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RAMACO Brook Mine 

PKS GEOLOCii MiD o r LORATION cont. 

State _ _,.,__--='------County Sheridan T.~ ~:, R.~_J:, Sec. 13 WELL NO . 0B Well 623 
Personnel __ ...J.J..Lll.U-l....,_ _____________ 1est Type: 1. Si ng l e well drawdown 2. Single 1<ell reco very 

PKS 3. Orawdown with obs . we 11 4. Recovery wi th obs. we 11 
·· · 11 Owner __________________ 5. Other (Specify) _____________ _ 

ress Sheridan WY Ori 11 er R. Reed 
Method drilled: A. Air-rotary D. Dug P. Air-percussion V. Driven 

B. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool J. Jetted T. Trenching z. Other 

Total well depth 26 Ft. Well 'Diameter 7 7 /8 in. Casing diameter 5 in. Casing type PVC 
Type of screen or perforation saw slots Interval of screen or perforati.on 6' - 26' 
Pump hp & type N/A Pump depth __ ft . Aquifer _ __,Ao..lulLl<YuY.1.i.ldlumL!L.. ________ ___,=:::-::----::--:----

Aqu1fer lithology sands and gravels Altitude of land surface 3581.Q' 
How determined surveyed MP Be~~= LSD_____ Altitude MP _____ _ 

WL from MP 9.60 How measured galvanometer/stevens recorder 

I ~- T. :::7 I DEPTH TO TIME SINCE TIME SINCE S, FT. 
I 

t ;t' DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN.· RESIDUAL 
DRAWDOWN 

0900 10.06 1478 60 24.63 0.46 

1000 9.99 1538 120 12.82 0.39 

1100 9.95 1598 180 8.88 0.35 
' 

1200 9.,93 1658 240 6.91 0.33 

1300 9.91 1718 300 5.73 0.31 

I 
1400 9.90 1778 360 4.94 0.30 

1600 9.88 1898 480 3. 95 0.28 

1800 9. 87 2018 600 3.36 0.27 

2000 9.86 2138 720 2.97 0.26 

2200 9.85 2258 840 2.69 0.25 

2400 9.83 2378 960 2.48 0. 23 

7-31-81 0200 9.82 2498 1080 2.31 0.22 

0400 9.81 2618 1200 2.18 0.21 

0600 9.80 2738 1320 2. 07 0.20 

0800 9.80 2858 1440 1. 98 0.20 

r,1111 /(J 
l l Ll ~ ,, ·-

- . ';! 

I I) IV IS \I 0 ·• ' - LAND QUALi Y ~ 

"' 
RECE IVED ,) ! ~ :e'8 ' l '~82 , .. I 

0\ I 
....._ 

JFN l 5/296 P£RM ll - '1 - 213-n--01. 

1 ~ 
-- --------------- - -·----· ·------- - E}ii--509··--·--------, ·--- °"' .. .L.v · - · · ·· • - \--- -

Tr- 21 "-· 
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TI ME DRAWDOWN CURVE 
/ to= 27 mi n 

✓ 50 ICJO ' CO !( XX) 1500 2000 

f
77 . i-f ·,n. lnlT! TTf'Tl! ~, JT~ rn111rrmrm1 771 m+rrl ml mrnm!I TTTTTT~rnnl--7111,1,1, 1 Tl n1 l•I TTt1Tt1m11m11muTTllm1ummnmL•.LI..!_TT"rt"rr 1 TTTTTTTTIT1rmTTT'ITllr-,---.,--.-,-+rrrrt,:_n_ Tl. lrnl :TT': ,r.-l i .rrr, ,ni II'. 11rm1:,-,-1rr II TT 11,,.1 ITT lllTTTT" 111 1 ITIT II.I m I'! 11 I =1111 1MTTIT"' 0 
: ; : I . I: I \i i, 11 !I I JACOB METHOD PUMP TEST I I I •u.u={ 'f ~ 
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TIME RECOVERY CURVE 

IG ' (' I()() 150 200 

,-. _: '.._j_ ,_:__!_ I ttttlrtftttl++j+ tt1rl+HH+t++t!-ltl - • 
WELL OBS . BH623 tttttttttittttlrtt!H-fttll-+-t+t+ttttt,,_ Q = 39. 65 gpm 
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RAMACO Brook Mine 

ri:.s GWlllli~ r,:1 n L .~l 'LORA 11 or, 
State Wyoming county Sheridan r.2Z.__.~:, R.~~:, Sec . 13 WELL tl0. __ 6_2_4 __ _ 
Personnel Bondar Test Type: 1. Sing 1 e we 11 drawdown 2. 5in91 e 1,e 11 recovery 

3. Orawdown wi t h obs. well 4. Reco very with ob s . well 
1 Owner PKS 5. Other (Specify) _____________ _ 

.dress Sheridan t WY Drill er R. Reed 
Method drilled : A. Ai r-rotary D. Dug P. Air-percussion V. Driven 

8 . Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. C~b.le-tool J . Jetted 

7 
TJ 1.renching Z. Other 

Total well depth i:'.5. 5 Ft. Wel 1 Diameter /8 in . Casing diameter 5 in. Casing type PVC 
saw Slots Interval of screen or perforation 55' - 25. 5 

1 
-----Type of screen or perforation 

Pump depth ___ ft. Aquifer __ uA .... l)....,u,Lv ... iu.Uwm.__ ______________ _ 
Aquifer lithology sands and gravels Altitude of l and surface 3580.2' 
How determined surveyed MP Above LSD Altitude MP Below -------

WL from MP _____ ..:8:..:.•..:::;0:...9__ How measured galvanometer/ s tevens recorder 

Pump hp & type N /A 

~- ·? 

DEPTH TO TIME SINCE TIME SINCE s , FT. 
I t;t' 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN.· RESIDUAL 
DRAWDOWN 

7-?Q_Ql ()Q?? A ()q 0 0 

(lQ':l(l A 35 8 
~,Cl, , i ,4 

()A.1.c:; 8 44 23 1 ll1'1f ,, L 0.26 

oonn , 8. 49 38 0. 40 

/'lQ1() 8 57 68 0.48 

1nnn 8.62 98 0.53 

1/'l"l/'l 8.65 128 0.56 

1100 8.69 158 0.60 

1130 8.72 188 0.63 

] 2/'l/'l 8.74 218 0.65 

1300 8. 78 278 0.69 

1400 8.81 338 0. 72 

1500 8.85 398 0.76 

1600 8. 88 458 0. 79 ' 
1800 8.93 578 0.84 

2000 8.97 698 0.88 
..,. 

2200 9 .. 00 818 0.91 ; .... 
- V 

2400 9.03 938 0.94 NI - a, I 

,-30-81 0200 9.05 1058 - } ' : ' " I -0 . 96 '-
"'I 

,- 0, , -
0400 9.07 1178 0. 98 

· N 1 f .. • · j 3 c , ,, ' 1 r £A.:,. 1 ..-

0~00 - ---- -- 9.09 __ 1298 -:..~r 1 1.0 -- -·- ---·-·-- ·--- -·-- - . t - ----. - - - -. ' .. ,- +--~ . 

October 2018 
Rl::CO 1 - Addendum D6-14-265 
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RAMACO Brook Mine 

FKS GEOLOGY A:10 u,rLORAl lOtl 

State Wyoming county_...::.S...:...he.:...r_i_d...:...an __ T._5L~: . R.li .. J:, Sec. 13 WELL N0 . __ 6_2_4 __ _ 
Personnel Bandar Test Type: 1. Single we ll drawdown 2. Sing le i;ell ,·ecovery 

---"P""'K,_.S.....,.__ ____________ 3_ Drawd01,111 with obs. we ll 4. Reco very with obs. well 
·,11 Owner 5. Other (Specify) _____________ _ 

ress Sheridan Driller R. Reed - ---==..:....:....:::.::::.:..:...------------
Method drilled: A. Air-rotary O. Dug P. Air-percussion V. Driven 

8. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash '1 4 
c. Cable-tool J. Jetted J, Tr,.(!nching Z. Other PVC 

Total well depth 25.5 Ft . Well Diameter / 7/'din . Casing diameter_5 __ in. Casing typ_e ____ _ 
Type of screen or perforation saw slots Interval of screen or perforation 55' - 25 5' 
Pump hp & type N /A Pump depth __ ft. Aquifer ___ ~A..Ll .L.!l u""'v'-'i'-"'u"-"m'-----------=-=-=-:::---::c-:---
Aquifer lithology sands and gravels Altitude of land surface ___ 3_5_8_0.:...··_2_' _ 
How determined ____ s_u_r._e..:y;_e_d _______ MP Above LSD Altitude MP Below ------

WL from MP 8 Q9 How measured ga]yanometer/steyens recorder 

I 
,.., 

DEPTH TO TIME SINCE TIME SINCE s,7::l 
I t;t' 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN.- RESIDUAL 
ORAWDOWN 

OFF 0800 9.11 1418 0 1418 1.02 

0815 8 . 80 1433 15 95.53 o. 71 

0830 8.74 1448 30 48.27 0 . 65 

0845 8. 69 1463 45 32.51 0.60 

I 0900 8.66 1478 60 24.63 0.57 

0930 8.60 1508 90 16.76 0 . 51 

1000 8.56 1538 120 12.82 0 . 47 

1030 8.53 1568 150 10.45 0.44 

I 
1100 8.50 1598 180 8 .88 0.41 

1200 8.47 1658 240 6.91 0.38 

1300 8.44 1718 300 5.73 0.35 

1400 8.42 1778 360 4.94 0 . 33 

1500 8.41 1838 420 4.38 0.32 

1600 8.40 1898 480 3.95 0.31 

1800 8.39 2018 500 3.36 0.30 .... , ... 
2000 8.38 2138 720 2.97 0 . 29 

_1: I 
2200 8.36 - 2258 840 2.69 0 . 27 :! ) 

I 2400 
...... 

8 . 35 2378 960 2.48 0.26 "' - _ ...... 
- LANU {JU ALITY DI\ ISION 

Jl - 81 0200 8 .34 2498 - 1080 _ 2.31 0.25 
r t<t.C' t. IV t. L ULL - , b 1~~2 ~ 

0400 8 . 33 2618 - 1200 Tr• ~ ~t l~ r ~ ,_ . ,- • ,,.. 0 . 24 C ,.j " • 
•T .. - ,._ ~~ --..c . ,' -0600 8 . 32 2738 1320 2 . 07 0.23 . - -------- - ·-------------DH--§!4----- ------- · - · - . -· ··- ·-- · 

1· l 2 / 2 5 
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fiJZfiJZ/9Z/ZfiJ 'pauue.os 

TIME DRAWDOWN CURVE 

50 100 'C'O 11 )()() 1500 2000 

T:JT1 ITTl-! Ii 11 \ .. ,1,1.,11,. .... ....... . l!J.!!!!L-l-lllJl ll ll lll ll lll ll ltlilillll.~I 

· I 1 1 • 1 I I I 111 JACOB METHOD PUMP TEST 
-'-: ,_:___~lj l +H-->+++H+>-+++ ll.U... 1 -'-J.lll 1-H-++H-l#Hf+HII-Hllff-+-+-++-+-t++++--t 

• • • • 1 I ',l ' ,\ T WELL : OBS. BH624 
: : . ! i ! 1.1 :Ii j I TESTED 7-29-81 I 
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r= 24.6 ft. . 
6S/ Log cycle= Q . 948-0.' ~! 

= 0 .445 I· 

T - 264 ( Q) I 
· · 6S/Log cycle 

. ,~o 

= 264( 39.65) 
0 . l 0.445 r 

' 23,522.7 gpd/ft ' 0 . 2 

- r-.> 

:, 
"-., '..., 

I '-,'t -c:.> 

> p,. 
p,. 
C'D 
::s p,. 
s:: s 
0 
0-, 

I ...... 
~ 
' 

;11 

'' 
0 .4 

h1 
I 

' 
0 . 5 

CJ1 

' • ,, t , MINUTES 

I .B: : 
0 .6 

Ii- ' : i.: :I I I.J 
I I 

. ~l 0 .7 .. ' 
' 

I .. 
,. () .8 

I 

ii I. 
I 0 .9 

I IB!!~jij l .0 

1~~~11~ 0:, 
'"1 
0 s 0 .., ~ :,;" C"' ~ 

Iv 
0-, 
--.J ,~• 9,12194 . .! 13 _

14 -~ -- -:. _ 

s:: s· 
C'D ·-

UC 
L,. 

DEQ Ex. 3-1810



0 
::a ...... .... .... 
m -;, I 

M Vt .... 
°' a, - ~ 

I ,, 
c..,-, h:I .., 

I f.:il .,, - ' . 2 
~ . .... 

J 0, 

• t..) 0. 
0. \,0 
('b w 
::i 
0. "O 
C ,,, 
3 .. ;:o 

0 
$ 

O'I -I 
I 

...... 

.j:,. 
I 

Iv I • .. 
O'I 
(X) 

:::0 ,-
,,., > 
n z 
rn 

0 

~ 0 
C C 

)> 
-~ r-
7 -4 
-, -< 
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RAMACO Brook Mine 

·,.,. 11 l " i, .. 
PKS G[QLOGY AtlD UPLORA110N 

State Wyoming County Sheridan ______ T ._:27-.~:. R . .§i_f.:. Sec . 13 \./ELL NO . OB We] l #625 
Test Type : 1. Sing l e well draw dow n c. Single 1<e11 recovery 
3. Drawdo«n with obs. we 11 4. Recove ry with obs. we 11 Pe rsonnel Bondar 

'1 Owner PKS 
re ss Sheridan, WY 

-----~'-'<------------ 5. Other (Specify) _____________ _ 

------~~.:....:C..C=...!~~------- Driller _____ _.:..:R.,_._,R..,,,e=e..,,,de__ _______ _ 
t'ethod drilled : A. Air-rotary 0. Dug P. Air-percussion V. Driven 

B. Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cablf!.•tool J. Jetted T. Trenching z. Other 

Total well depth ___ Z_b __ .Ft. ',Je ll Diameter? 7/8 in . Casing diameter 5 in . Casing type PVC 
Type of screen or perforation saw slots Interval of screen or perforation 6' - 26' 
Pump hp & type N/A Pump depth __ f t. Aquifer_-..tlA.J..J.l.lJiwlY11-iu.llwiIDL---------------
Aquifer l ithology sands and gravels Altitude of land surface_..._35...,8,..2~,.Ma ___ _ 

How determi ned surveyed MP Above LSD Altitude MP Below ------
WL from MP 10. 60 How measured 11a] vanameter(steveos recorder 

~.' .=a::::= -:'m 

DEPTH TO TIME SINCE TIME SINCE S, FT . 
I t;t' " 

DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN.· RESIDUAL 
DRAWDOWN 

7-29-81 0822 10.60 0 0 

0830 10. 66 8 0.06 

0900 10.69 38 0.09 
,--11,· 

1000 10.72 98 f JI I I 0.12 

llOO 10. 74 153 0.14 

1200 10. 76 218 0.16 

1400 10.79 338 0.19 

1600 10 . 82 458 0. 22 

1800 10.85 578 0.25 

2000 10.88 698 0.28 

2200 10.90 818 0.30 

2400 10.92 938 0.32 

7-30-81 0200 10 . 94 1058 0.34 

0400 10.95 ll78 0.35 

0600 10. 97 1298 0.37 

OFF 0800 10 . 98 1418 0 1418 0. 38 

0815 10 . 90 1433 15 95.53 0.30 i ~ 

0830 10.89 1448 30 48 . 27 0.29 
) ~ 
l ... .. 

0900 10.88 1478 - 69 .. _ ~. _24. ,63 - ,11 .. p .28 
0\ . 

:--
i:-n ,.., -...: v ~I ll "Lo T -- - ...._ 

1000 10.86 1538 .. 
l~Q_ ~ r 0'1 Cr, r, r:J.2 . ~?, 1QR 9. 26 

1 0\ • 

--~ 

I 

1200 _____ H!:.~~ ___________ }§~8----9-l-!c-5-J..&. __ _l.~N.......l....5 ~ ----1" _ll .. _ o. 24 ! ____ _ 
---....,.-~ ... 

Tr- t 2/ ?5 
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RAMACO Brook Mine 

PKS GE.OLOG't A:10 l~PLORA110N (cont. ) 
State Wyoming Co unty Sheridan T .2:L___~:, R.~5:, Sec. 13 WELL rm . 0B Well #625 
Personnel _______ B_o_n_d_a_r_· _________ rest Type : 1 . Single well drawdown 2. Si n9le well recovery 

3. Orawdo1vn with obs. we 11 4. Recovery with obs. we 11 
'1 Owner ______ ~P~K_S~---------- 5. Other (Specify) ____ --=----------
ress ________ S_h_e_r_i d_a_n_,_W_Y _______ Dri ller _________ R_._R_e_e_d ______ _ 

•lethod drilled : A. Ai r-ro tary 0. Dug P. Air- percussion V. Driven 
B. Bored or augered H. Hyd-rotary R. Rev- rotary W. Drive -wash 
C. Cable-tool J. Jetted T. Trenching z. Other 

Total well depth 26 Ft . Well Diameter? 7 /8 in. Casing diameter 5 in. Casing type PVC 
Type of screen or perforation saw slots Interval of screen or perforation 6' - 26' 
Pump hp & type N/A Pump depth ft. Aquifer ___ A:..:.l.:..l:...:U::..:V:...:i..=u::.:;m:__ _____________ _ 
Aquifer lithology sands and gravel s Altitude of l and surface 3582,8 . 
How determined surveyed MP Above LSD Altitude MP ·----~ ....... ~.,..________ Below ------

WL from MP 10 • 60 How measured galvanometer/ s tev~ns recorder 

~-
DEPTH TO TIME SINCE TIME SINCE s,:o:7 

I t;t' DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN.· RESIDUAL 
DRAWDOWN 

1400 10.82 1778 3110 4_0,1 () ?? 

1600 10.80 1898 480 3.95 0.20 

1800 10.79 2018 600 3.36 0.19 

2000 LO. 79 2138 720 2.97 0.19 

2200 10. 78 2258 840 2. 69 0.18 

2400 10.77 2378 960 2.48 0.17 

7-31-81 0200 10.76 2498 1080 2.31 0.16 

0400 10. 76 2618 1200 2.18 0.16 

0600 10. 75 2738 1320 2.07 0.15 

0800 10.75 2858 1440 1. 98 0.15 

Mlrh~I . ,,.._,. 
I ILi , , ' 

'l 
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OI 
...... 
"''' 
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l 
- · -·--·------ - ·-- ·-·· --- ·-------- -- .. ·- --nr ~- 9 f 2,--~fi---~ -_- - ---·; - ~-.1.a.1c 

October 2018 
RECD 1 - ~- 13 Addendum D6- 14-271 DEQ Ex. 3-1814



0 
(') ,.... 
0 
c:1 
(1) 
'"1 

tv 
0 ...... 
(X) 

::a 
r., 
M 
0 

-
_,. 
-;-, --
en 

Co! [..,) 
I __. -

• 0. 
0. 
(1) 

;::l 
0. 
c 
3 
0 
0\ 

I ...... 
+" 

I 

tv 
-...J 
tv 

. . 

0 
,-
,-
I 

V, 
N 
0 ' ' 

, 
! 

..... ~ 
~ rn 
z (") 

rT'I -.... < 
rn 

01 0 
........ 
I\.) 

8 \D -w 
C> 

"O 
~ rn 

::u cc 
s: 
;:j .... 

ID 
OJ 
N 

.,. 

TIME DRH~ DOWN CURVE 

t 0 =94 rr, 1 

I 

l 
! 
I 

I 
l : 

!' I 

! 
• 

10 

- r1 -
~~ 

~ 

~ ·· - -

50 ... , 100 00 1000- 1500 2000 .fl 

T;l -1 I I , , 

1 

II I I I ITnnrTmTT~~~• ,h -,_ 1r-1ri1rr,,,.-1 rr,"T71rr1TT ,, uTT1n1 urn,: urrr,m11 ~TTTTTlll_uTT,,l! hrrrrTTTTTmmmmnh-.,,i,,rrr,_rr! TT:TT l '. rr:, l !rr.l'rrr '. , 1ml !m Ji l! n 11171 IIT! Ir'! 1m11m111rn11ITTI111rrr 1,nr 11 11_mililli ..,., 

i J_ : : i ,,:1 ,i 1! I I ] ' JACOB METHOO PUMP TEST. . 39 6S ' 
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TTTT :' if 'I : il!l '1 11 I! I f i ; ! I ' 'ill . I ! 11 JACOB METHOD PUMP TEST 
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:', WELL OBS. BH625 
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O = 39.65 gpm 
r = 75.4 ft. 

6S 1Log cycle' .273-.09 
=. 176 

T, 264 ( ) 
· 6S/Log cycle 

• 264( 39.6)5) 
- . 176 

' 59,480 gpd/ft . 

, 7,951 ft 2 /day 
~- i 1µ i: ;1 j:l :;:: 1·,::,1!1 p Iii! 11 I; !I : ii :ii 
! . ~ ~ • I · I · i 

1 
' · • ·I' '. I :i I I ' . j I j 1-;-~tttttttt-lH-tffi-r+tt+t+t+t+Hlttl'ttit!lt 

t .. ; ,., ... .. ... JI~ 'I I;, llj I . ', 11:, I, '. 1· ·,· ,, 1,' ,,! 1, I I L ~~~~-~--
(.; ' . ' • ' I ' •. ~, . •. 1 •. I 11 . I . f ! 1: I f • I 11 I t •. . 

,; . · :: ;:;· : :::i:: :ii:: ::: :: i: .. :: 1 1 :, 11n: ir1! .I~ ;:! , - :-Ht +r _·· .. i 
", ~ 1 :- : :-; : 1 .. : .: ;::I 1::: l : ! : '.: ljj; 111! \1 • i I : ! I : ; : i I : ; :; : 11:i!I 1 

4
1 ; ++; -4++l trjftt' t!!t+IHltlfHll-+++++-_+...;;-+t.._: H--Hf. ++Hf+-WH+H-w+-++++H-H-1 

.-: • ' ' .. I, •• I . I ''' ' . 1•jl ,, 1'· I . I I . " I I• . . 11'1 1, I I ' I.: I ' .j t 
:;. --·•1 · o.a .. 11il 11!1• 1 l:ri1 · ,: , 1:•1••1 1 ::11,,1 11' ,! ··i 
f- ~---,.. •• .;;, ~ - -- I • t"-ttM•1f-trttrtl:tr.'rr-- -+-t-r"'i'·::n-tf..;f.f+ttrtffiilt-h-rtttffifthl'ttttttttltflfft-,H-t+H++f1+-t++H+HH~-lH+~rt-l+l 

;; --~K.:: :: : ; .i t~!i: I :; ·;ii i'11·1 :TI i1 : I i l ;; : !11
1

1;1! ;, li1i 1/i II 1· - t i: -t ~{ 

;
~ :___:_1:_ .'Si~~~. ;; •:: i , . : 11 ;,,, I:'.' i • rhft :.t;'+'tt1....,11-tt,:'f+Httt1!'-Hi. +trHl;I ~1u+++Ht+l!tlHIIH!t!fH-++++++-+-...... 1H1+;114H-H+H~+;1-H+H~·~•·· 
·:.: n....._ ,, 1

•
1·:1::'., :: 1.i:l'!: 1 !· ·, .,,:!:::; '; 1·,1,; ·q u·1l l1 ~ri: 

, • . . i ·· •",· .. .. I ., ,, . .i, .. , . .,, i I·' · ·i i-1 I ·1 ' 'j r '·1 ·1· ·1 -- +l 1111' ,· ·11 
1 .. , ... · •• 1 , , " • 11 i' 1 · .. ,Ii , , 1 , , , ! · : , 1 i • I,: · , , , · , , ··, · , ' r 1 1 

---, - ! ·- . • .. h-~rr~: n: I .1 . !i I , . I I I, i ·:+, . .u...wltrflt+H-1-f+++t-!-i-+IH+t+H-t+ti+r+tttlH++ffiH,I 
' I •• ,., 1,1,11 '~~ 11j11111111' :'1 1·: ::1 iii,,'i ::j!l:;·,:,,';::;1::.:::1 1- + L[ 
' ... 1·:.::·;:!:·::,11 :: , .. "' ;:I 1::. , . 11:: :ilii :i! tj;i' :: :l:1:1r:·:: 1 ·1 1-P.t 

..... : ........ ,.,,1,,,.:;r,1.11 ~ ... •• I '1 i ,1 I "''I j II_H-• .. ',., .. .. ,,,. ·ti ' I: ,,.i " :.1,' ,.,., . ............... 11 1, t ; ::: :: ;! :11 ,•;!j: ;'. : ·1: ,·::ill • H· I 
' . . .. .. '" ...... ,, . ' ' ' I 11 I, .,,, ! ....... . I ' ,· I ... ' 'I I ., . , .• ' I I ,.. T l r. \ :, ,· 

• , · , · ' 1 · , 1 • --; · " · .1 1 . 1 I !• •· ; r 1~ : I i , : : i I I I ill ~ , : 111 · .. · t· ltt ·, ,' 
,-.-+----r~ r'-J7'.1·ttttHtttttttttttttittitittttiH-+--'7rH-'+H+-.-t,+rHtttt'P."-rit+irr+t-tt'-HHHttttii1.n-r+t+t++-++-l-t++tf+J1~ .. ~~~Kt.,~~+H-1•~ 

. ' , ' 1'::; ; •:: ::,;·, :. :, • 111, lj 1,1 !!1' 1 j I •, I '1 : : 11 i•j • i, ':ii i I I Ii'' I"' . - t ~ ,"rn' f-!+IHllfH-H-H-,1 1• l 
' . ,. , ... " ; I I I ' "1 1 ! I I I ·I· I . I .' ,,: T~ ,= t 

- • • • • + ·1 1 11 ! · 1 , 1 i Ii i: : ;; , l ; :11 J~n i: 11 1ii 1 ii,i 
11

11:11 ,1 , : I , 11 11 1 · 111 l 
RATIO 1/ t ' 

r 
I 

I 

If. .. 
"i I!: 
u: 
,f-

:j. . '1 

I! 
I 

l . 
I 

' i 
·;i 
~I 
I 

:,i 
.:1 

'1:I 
! 

I 
I ., 

I 
ii 

0 

. 10 

.20 

.30 

to 
.40 '1 

0 
0 
:,;-

~ 
5· 
(l) 

DEQ Ex. 3-1816



RAMACO 

I J. 

. l 

I 
I· 

I-

I ' 
I 
I 

~~f" /"""Ir· 
•·· I ,, .. 

1·! 
.. 1.' 

I 
·-·1 ·•••·• 

I ' 

•· i ' 
' I. 
; 1· .,. 

•; :ifu. 
' 

' ~ < 

~ , /l 

'"J ~ 
f• . , . fi. i 
" .,, , ,,,., 

I • ' 
l, j ..,.. ~ 

~ < M ,-..,. 

· . : ✓- " 

~• ~: •:~. :; II 

, I il .J ._ 

i 

~ • ·-• • , .•• L 

October 2018 

••• ••. •• I I I 11 .I :_: · :;t: 

Brook Mine 

- !:: ~~~ ~ 

011-~ 

§ 
-~ 
i 
z 

0 0 
ll o. 

~ ~ 
§~ 
~ 

~! ... 

~ 

ll 

i 

REC EIVED DES- ~8. 198 

JFN 1 5/2 93 PERM If 

? I\ 

,('~ \ ,, 

~ 
.., -· N 

.., ' 

"' ' --"' t --"LI 

TFrl 6 2 
RECD 1 - 1!5 - 13 Addendum 06- 14-274 DEQ Ex. 3-1817



I 

RAMACO Brook Mine 

1• .'• ' j ' :_ ,J I •. J . '. f, 

PKS G[OLO:i) AtlD orLORATlON 

State _ _ Wyoming county _ _;S_;_h_;_e_ri_·d...ca_n __ T. 57 --~> R.~~:, Sec. 13 WELL NO. OB Well #626 
Personnel _ ___ __:B::;.:o::..:n.:...:d:..::a:..:.r __ ~ ________ Tes t Ty pe: 1. Si ngl e wel 1 drawdown 2 . Sinal c 1,el 1 recovery 

3. Drawdown wilh obs. wel l 4 . Recovery wi th obs. well 
'1 Owner ____ _,,P,.,..K_S---.---r-_MTT ________ 5. Other {Specify ) __ ~--~--------

Sheri dan, WY D -11 R. Reed ress ___________________ r, er ________________ _ 

Method drilled : A. Air-rotary D. Dug P. Ai r- percussion V. Driven 
B: Bored or augered H. Hyd-rotary R. Rev-rotary W. Drive-wash 
C. Cable-tool J. Jetted T. Trenc hing z. Other 

Total well depth 26 5 1 Ft. Well Diameter 7178 i n. Casing diameter __ ---_i n. Casing type_.,__p_...VC..__ __ 

Type of screen or perforation saw slots Interval of screen or perforation 6. 5' - 26. 5' 
Pump hp & type N/A Pump depth ft. Aquifer ___ A_l_l_u_v_i_um ______________ _ 
Aquifer lithology sancfsanif gravels Altitude of land surface __ 3_5_8_3_._0_'. __ _ 
How determ i ned surveyed MP eeZ~! LSD_____ Altitude MP _____ _ 

WL from MP 10.87 How measured galvanometer/stevens recorder 

~-
DEPTH TO TIME SINCE TIME SINCE s, FT. 

I t;t' DATE TIME WATER LEVEL PUMP ON t, MIN. PUMP OFF t, MIN ." RES! DUAL 
DRAWDOWN 

l7_?a_R1 nA?? Hl R7 0 0 

0830 10.88 8 0.01 

0900 10.89 38 0.02 

1000 lQ. 90 , 98 0.03 

1100 10. 91 158 0.04 

I 
1200 10. 92 218 0.05 

t 
,, . ,. I ') 1\ 

1400 10. 93 338 0.06 
, 

1600 10. 95 . 458 0.08 

1800 10. 97 578 0.10 

2000 10. 98 698 0.11 

2200 10.99 818 0.12 

2400 11.00 938 0.13 

7-30-81 0200 11.01 1058 . 0.14 

0400 11.02 1178 0.15 

0600 11. 03 1278 0.16 --
• 

OFF 0800 11.04 1418 0 1418 0.17 .., -N 

0815 10. 03 · 1433 15 95 .53 0.16 • -
.;;- 1 

0900 11. 03 1478 GO 24.63 0.16 ,::- I 

1000 11.02 1538 - 120 
,, 

I 12 . 82 0.15 
- R:... 1100 11.02 1598 180 8.88 0.1!»1 
~-

I 
I 

1200 _ _____ 11._QL _________ 1_~58 _____ _nu j23~ 40 JFN • 5 ~~ f- EfH"'(jJJ_ 4213 . n 
--

. r l 6 2 / 01 s· 
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RAMACO Brook Mine 

PK.S. GEOLOGY AND EXPLORATION AQUIFER TEST DAT A 

. tate __ W-'---yo.:;.m.;.;..;...i n"""·g.._ county __ S_h_e_r_i _da_n __ _ T.2!..._f, R.~i',, 
13 _ . _ OB Well #626 cont. ,,WELL NO, _____ _ Sec. __ _ 

'enoMel ______ 8;...o;...n_d_a_r ___________ _ Test I. Si~ well drawdown 3. Drawdown with obs. well 5 . Other (spoc:ify) 
type: 2. Single well recovery 4. Recovery with obs. well 

,,er _____ .;_P.;_K~S ___ _ Addreu ____ S_h_e_r_i_d_a_n.;_,_W_Y ____________________ _ 
R. Reed . >rills____________ Method drilled: A. Aif-ro.tary 

,'otal wdl depth ~ft. Well diameter 7 /7~. B. Bored or augered 
5 PVC C. Cable>-tool ·asuw diameter ___ in. Cuinc type ____ _ 

ype o! aeen S l Interval of aeen 6• 5 , _ 2 6• 5 , or paforation aw S ots or perforation --...--~----

D. Dug 
H. Hyd .-rotary 
J. Jetted 

P. Ail-percussion 
R. Rev .-rotary 
T. Trench~ 

Pump hp. cl type __ N_/_A ___ _ 

V. Driven 
W. Drlv~walh 
Z. Other 

Pump depth __ !t. 
Alluvium sands and gravels 

,qul!er _______ Aquifer lltholoSY -------------------------------

\ltitude of land 
lllrl'ace 

WL from MP 

3583.0' 
10.87 

How d MP Above , ~ 
determined _...:S::..;U:;.;r...;V...:e:.1y...:e::.:::..__ Beto-, ,_...., ____ d Altitude MP ______ _ 

galvanometer1stevens recor er 
How meuured 

"{;llllt: S l n1.,1: l. I 111c :, Ill'-- ., ' Time aeptn to 
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RAMACO 

TO: 

FROM: 

DATE: 

SUBJECT: 
AL-1 Wells. 

MEMORANDUM 
~/': 

~vVWCENGINEERING 

1849 Terra Avenue Sheridan, Wyoming 82801 
PHONE: (307) 672-0761 FAX: (307) 674-4265 WEBSITE: www.wwcengineering .com 

RAMACO 

Ray Moores, P .E. 

July 16, 2018 

Brook Mine 

Pumping Test Summary and Results for 578524-CRN and 578524-

WWC Engineering (WWC) conducted an aquifer test on the 578524-CRN well completed in the 
Carney Coal on June 7 and 8, 2018. During the aquifer test a nearby alluvial well 578524-AL-1 
was also monitored. The objectives of the test were to measure the aquifer properties in the 
Carney Coal and evaluate whether there is a hydraulic connection between the Carney Coal and 
the alluvial aquifer. The well was pumped for 24 hours and obtained a maximum drawdown of 37 
feet at an average discharge of 4 gallons per minute (gpm). WWC analyzed the aquifer test data 
with the Cooper and Jacob (1946) solution to obtain an aquifer transmissivity of 15.4 square feet 
per day. The Cooper and Jacob solution is a linear regression analysis that involves matching a 
straight line to drawdown data plotted as a function of the logarithm of time since pumping began. 
The slope of the line is then used to estimate the transmissivity. The Cooper and Jacob analysis 
as well as hydrographs for the pumped well and the observation well are attached to this 
memorandum. Using the calculated transmissivity, WWC utilized the drawdowns predicted by the 
Theis (1935) equation to evaluate the zone of influence of the aquifer test. 

578524-CRN well was just over 70 feet deep with 5-inch diameter PVC casing installed to 
approximately 55 feet. Below 55 feet, 15 feet of 0.032" PCV slotted casing was installed. The 
Carney coal is approximately 1 O feet thick at this location and the screen was installed 2.5 feet 
above and below the coal. The strata immediately adjacent to the coal was a very fine-grained 
bedrock clay. As such, the coal is the only contributing aquifer to the well. Well 578524-AL-1 is 
approximately 100 feet from the pumping well and is completed in the overlying alluvial aquifer. 
The alluvial aquifer is separated from the Carney coal by approximately 31 feet of clay. Using the 
Theis equation it is estimated that the radius of influence in the Carney coal seam extended 
approximately 120 feet from the pumping well during the test. As such, if the Carney coal is in 
communication with the overlying alluvium water level fluctuations would have been observed in 
the alluvial well. 

During the aquifer test, water levels in Well 578524-AL-1 were continuously monitored 
using a transducer placed in the well. The attached hydrograph produced from the transducer 
readings shows that during the test water levels in the well fluctuated by about 0.1 feet. However, 
the pattern of water level fluctuations was consistent with natural changes in the barometric 
pressure and not consistent with those that would have been observed had there been a 
hydrologic connection between the Carney Coal and alluvium. During the first part of the test, a 
thunderstorm went through the area which would have dropped the barometric pressure and 
resulted in an observed rise in the water levels in the transducer. Once the storm moved on, the 
barometric pressures increased which would have translated to an observed drop in the water 
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RAMACO Brook Mine 

levels in the transducer readings. The attached hydrograph demonstrates this expected pattern 
of water level fluctuations. Due to equipment limitations the transducer in the alluvial well was 
removed immediately after the test. To better understand the natural variation in the well another 
transducer was installed for a 2 week period following the aquifer test. The attached hydrograph 
from the 2 week monitoring period shows natural variation in the water levels in the alluvial well 
up to about 0.8 feet. As such, the water level fluctuation observed during the aquifer test is well 
within the expected range of natural variation. 

April 2019 

In conclusion this test demonstrated: 

• That there is no direct hydraulic connection between the Carney Coal and the 
alluvial aquifer. 

• That the transmissivity of the Carney coal in the vicinity of the well is approximately 
15.4 square feet per day. Assuming the thickness of the contributing coal aquifer 
is 10 feet the hydraulic conductivity is estimated at 1.5 feet per day. 
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RAMACO 

TO: 

FROM: 

DATE: 

SUBJECT: 
AL-1 Wells. 

MEMORANDUM 
,,...-..~ 

~WWCENGINEERING 

1849 Terra Avenue Sheridan, Wyoming 82801 
PHONE: (307) 672-0761 FAX: (307) 674-4265 WEBSITE: WWW.WV,tcengineering .com 

RAMACO 

Ray Moores, P.E. 

July 20, 2018 

Brook Mine 

Pumping Test Summary and Results for 578420-CRN and 578420-

WWC Engineering (WWC) conducted an aquifer test on the 578420-CRN well completed in the 
Carney Coal on June 21, 2018. During the aquifer test a nearby alluvial well 578420-AL-1 was 
also monitored. The objectives of the test were to measure the aquifer properties in the Carney 
Coal and evaluate whether there is a hydraulic connection between the Carney Coal and the 
alluvial aquifer. The well was pumped for 38 minutes and obtained a maximum drawdown of 15.6 
feet at an average discharge of 0.5 gallons per minute (gpm). WWC analyzed the aquifer test 
data with the Theis Recovery (1935) solution to obtain an aquifer transmissivity of 0.07 square 
feet per day. The Theis Recovery analysis as well as hydrographs for the pumped well and the 
observation well are attached to this memorandum. 

578420-CRN well is approximately 30 feet deep. The Carney coal is about 5 feet thick and starts 
at about 18 feet below the surface. The strata immediately above and below to the coal is a very 
fine-grained bedrock claystone. As such , the coal is the only contributing unit to the well. Well 
578420-AL-1 is approximately 155 feet from the pumping well and is completed in the overlying 
alluvial aquifer. The alluvial aquifer is separated from the Carney coal by approximately 3 feet of 
claystone. 

Despite the relatively low pumping rate (0.5 gpm) during the aquifer test, the water level 
in well 578420-CRN dropped to the level of the pump after 38 minutes. The amount of water in 
storage within the wellbore and filter pack around the wellbore is approximately equivalent to the 
total volume of water pumped during the test. Since the aquifer test didn't pull the majority of 
water from the formation , the test is less than ideal. Never-the-less, for a radius very close to the 
wellbore the transmissivity calculated by the Theis recovery solution is a reasonable 
approximation. 

Given the low transmissivity of the Carney coal in this vicinity and the short duration of the 
aquifer test, the alluvial well was too far away to show any impacts from pumping in 578420-CRN. 
The hydrograph from 578420-AL-1 confirms that the alluvial water level was not affected during 
the test. 

April 2019 
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X X 

Pumping Well Name 
Reference 
Pumping Rate (Q) 
Pump On 
Transmissivity (T) 
Aquifer Thickness 
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578420-CRN 
Theis, 1946 
0.5 gal/min 
15:08 6/21/2018 
0.0674146 sq ft/d 
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the test. Recovery in water levels 
observed prior to the test are due to 
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RAMACO Brook Mine 

SLUG TESTS 

Slug testing was performed in aquifers to estimate the aquifer's hydraulic 
conductivity. The type of test was a slug out test. For each slug test, the following was 
documented: date of slug test, time of slug test, personnel present, weather conditions , 
equipment used , and water level measurements. The transducer was set in the well and 
the groundwater was stabilized for a time period suitable for the transducer. The water 
level in the well was measured with a pressure transducer prior to starting the test. The 
water level was rapidly lowered and then measurements of the rising water level in the 
well were taken. After the well has had a sufficient time to recover to equilibrium, the water 
level readings were ceased , and the transducer was withdrawn from the well. 

T '!'.' '' r> ., I I' I'! ;:-
f Ii · Ltti!..:J 

• - '°' '"' ' ' " ·, '> '~ 2 n 1 ,., 
•·...., V...., • 1 i.} { .. \..' J .,.. ;• 
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~ 2018 Slug Test Summary 
...... 
<D Aquifer Well Diameter 

Well thickness {ft) {ft) 

578417-MST 6 0.167 

578417-CRN 16 0.167 
578408-MST 5 0.167 

578408-CRN 11 0.167 
578409-MST 5 0.417 
578409-CRN 18 0.417 
578418-CRN 20 0.417 
578512-MST 5 0.417 
578512-AL-1 18.5 0.417 

578513-MST 5 0.417 
578513-AL-1 19 0.417 
578418-AL-1 24 0.417 
578511-MST 4 0.417 
578511-CRN 8 0.417 
578433-AL-1 12 0.167 
578434-AL-1 9 0.167 

578434-AL-2 10 0.167 

578420-AL-1 10 0.167 
578421-3-MAS 3 0.417 

: ' -, 
I I ..,., 
( .J --l -· l,.,j .. 

' 
".J 

.... 
~ . 

;-- " .:..i: ( .. :r 

I',.) 
r 

•l 

0 
0) 

I ...... 
Cf ...... 
w 

Screen Top of screen K {Hvorslev) 

Length {ft) at {ft) Confined? {ft/d) 

5 156 No NA 
22 118 No NA 
5 113 Yes 1.417 

10 86 No NA 
5 115 No NA 

20 88 No NA 
20 132 No NA 
5 109 No NA 

15 5 No NA 
5 137 Yes 55.677 

15 5 No NA 

20 5 No NA 
5 152 Yes 0.135 

8 119 No NA 
10 6 No NA 
10 6 No NA 
10 NA No NA 
10 6 No NA 
6 118 Yes 0.232 

K {Bouwer/Rice) 

{ft/d) 

0.016 

0.022 

NA 
0.097 

0.510 

0.313 
0.975 

1.205 

23 .038 

NA 

39.34 

0.229 

NA 
0.379 

6.72 

18.25 

28.858 

18.984 
NA 

Transmissivity 

{ft2/day) 

0.10 

0.35 

7.09 

1.07 
2.55 

5.63 

19.50 

6.03 

426.20 

278.38 

747 .5 

5.50 
0.54 

3.03 

80.6 

164.25 

288.58 

189.84 

0.70 
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RAMACO 

/I'/' ~wwc ENG I NE ERIN G 

SLUG TEST FIELD DAT A 

Observation Well No. 5 7 6 t I rz - l(t15 r 
Type of Slug Test: D Slug In l!:rslug Out 

Water Level Measurements by: D electric tape ,.C8'lpressure transducer 

Slug Type: D solid J:81 water 

Initial Displacement Due to Slug: ---~ll .... ~~----feet 

Brook Min'\) 
Page _j_ of _l_ 

Pumped Well Casing ID _______ 11~'-lr:~ __________ ___ inches 

r::.. J/a ,, ::: !" , LL ~, , ,, 
liameter of Drilled Hole ____ ::;,...,.;......,L"'""'~v-----~-'-'-I...__~__,,'"-· _.a:;;z;.__-+P----"lA_,.;~=-- C.w;;tMkfj===---.---inches 

Screen/Perforation Top Depth (below land surface) -~l _5_t:._ ,,_-_l _~_l_" _______ feet 

~, 
Screen Length __________ =.., _________________ feet 

/'l_,,,,. / I 
Aquifer Thickness __________ ~ ______________ __ feet 

Depth of Static Water Level (from measurement point) 

Height of Measurement Point (above land surface) ___ --y_ t9:-+--__________ feet 

Elevation of Measurement Point _____ --n.....;....JW...L.lt:.-. ___________ feet a.m.s.l. 

Transducer On Date --~-----"/ __ "X--'--_/ I 8 

Tranducer Off Date ---=3 __ / _ ____,:8=--' / 8 
Weather Conditions 

Time /o : d:J8 (§vPM 

Time 13 : oB ~ M@ 

----------------------------

Test Performed by ___ .;....l--....;;o;._l(__ ~__,;/\J ____ ......,J{ ........... k ....... t/zi...........,'\7......-j-ea..a..v--,....I __,_g--x,.().....,/1.,........6_.._._._!l-"-e_v ___ _ 
T f ;; 5 1 ,' i: 2.; April 2019 ~ v o D6-15-14 
~ 7 "\ ~ r : fl 'I 'J 2 11 1 !'.: .. ,.; ~ .. l ,_ '-' I :_, DEQ Ex. 3-1836
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100 

10·1 

0.0 121 .2 242.4 363.6 

Time (min) 

Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.83 ft 
Saturated Aquifer Thickness: 6 ft 
Hydraulic Conductivity 0.0158484 ft/d 

484.8 606.0 OJ 
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RAMACO 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Brook Mine 
Page _1_ of _ /_ 

Project/C lient _ ______ a ........ _~_, .......... -=---""---------------------

Observation Well No. ____ f?~~_e_//~1_7_ -_Cfi_/{_ ~-------------
Type of Slug Test: D Slug In 'A Slug Out 

Water Level Measurements by: D electric tape 

Slug Type: M solid ~ 

~ pressure transducer 

Initial Displacement Due to Slug: ____ v'I ........... A---_____ feet 

Pumped Well Casing ID _____ 71_ 4: ________________ inches 

e.. 6/o" = 0 , a7 / . -, '' P •h• ~ >iameter of Drilled Hole ____ J__._Ll_,o=------'--+-, ---'~"""-~-'v_ 11....-_ _,,~--------U~;;..a.....;,,......._inches 

Screen/Perforation Top Depth (below land surface) ___ / ___ / __ 8"--' _- __._l ..... '-f_o_'_=_A_:l_" ___ feet 

,, ., ,. 
Screen Length __________ O\_,a~ _____ ____________ feet 

I / I/ I Aquifer Thickness _______ l_ ;t_'f __ -_l_f_tJ __ = __ <t:7 ________ __ feet 

Depth of Static Water Level (from measurement point) 

Height of Measurement Point (above land surface) _____ 11.:..;.A-_________ feet 

Elevation of Measurement Point ______ _ 'Z1~ A-___________ feet a.m.s. l. 

Transducer On Date __ 3 __ 1_~1.____.I I g 
Tranducer Off Date __ 3 __ / _ _ B __ / I B 

Weather Conditions 

Time // ,' 5?J 9 M 
Time ~ M 

----------- - - - - -------------

Test Performed by ---~R-......ad ______ 6._____._l ...... /_e~1r--, _b~t)~JLE~Jj~~!{-'<~th~ u-----ts~e~c ___ _ 
April2019 T 1; 2/f,25 D6-15-16 

.... 7 ... - ' ,: /1 • ' 'l <j 2 1 (t 
• ~ ,.., :,.) _, • I i . } /.,. \j I -., ::J 

DEQ Ex. 3-1838



: 

)> 
"O 
::::! . 

N 
0 _. 
(0 

J 

• • I 
<:. :> 
l J 

" _:, 
:.· ;!f 

-.:;:; 

~ 

c:...:, 

~ t :, 

0 
0) 

I _. 
01 

I _. 
--.J 

-l ....,., 
- ~ - ~ 
I,_;':) 

"..) 

--e--:i 
1,,:, 
C..'1 

---~ --+,J 

C 
Q) 

E 
Q) 
(.) 

ell 
Q. 
en 
0 

578417-CRN 
10

1 -::r-------.---------"""'!'"""----------:----;===============;i 

100 

10-1 

10-2 

10-3 

0.0 35.2 70.4 105.6 

Time (min) 

Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 4.11 ft 
Saturated Aquifer Thickness: 16 ft 
Hydraulic Conductivity 0.0217786 ft/d 
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RAMACO 

~~ 
~WWCENGINEERING 

Brook Mine 
Page _ /_ of ..1_ 

SLUG TEST FIELD DAT A 

Observation Well No. ____ S-_?_~_t./_(J_B_- _~---'--"5.._-""-l _· ___________ _ 

Type of Slug Test: D Slug In ~ gout 

Water Level Measurements by: ~ 

Slug Type: D solid ~ ater 

lliressure transducer 

Initial Displacement Due to Slug: '11 '1- feet 

Pumped Well Casing ID ____ ""M_l1-" ________________ inches 

)iameter of Drilled Hole q ½ ';o,•('l; J. 
11 

~H 10 C~ inches 

Screen/Perforation Top Depth (below land surface) - -~'-'~.3_' -~,1~f?~'- -=-_ 6_
1 

______ feet 

,-- ' Screen Length __________ :;, _______ _________ feet 

I"'"\.-" ~ ' 
Aquifer Thickness -----------------,~ =---------__,-feet 

b fiJ / Tl> 
I tJ i, O 7 / I t4 ; U feet 

I 
Depth of Static Water Level (from measurement point) 

Height of Measurement Point (above land surface) ----~~11:~ ________ feet 

Elevation of Measurement Point ________ 3~~ ...... 6--~._7....,, ...... 'f.,_' _______ feet a.m.s.l. 

Transducer On Date 3 --- I 1 I Lb Time O 'f 51J QpM 

Time /t./ot/ :3 I 1 I 18 Tranducer Off Date --- - A~ 

Weather Conditions ----=-.....;._-----"'--.;;..;;..:;.----""-'~<=.O<.=-"-'~ -----__._ii...;..tJ_()~?°_1 ~ ..... L~-------c~~ ~ 

wd-~~ Test Performed by ___ _....__ ..;:;....;;;.__,~.,_____...__ __ ~'-------- ---------

April 2019 T f ~ll')~ ') I f' .., ;:: 
II £ I fJ !.. d 06-15-18 

., -: ., , r ,, ~ '( ') •:i 2 1 '"' 
. ... J :.; O I it } ,4 \,I , V t ·~ DEQ Ex. 3-1840
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0.0 2.0 4.0 

Time 

6.0 

(min) 

Hvorslev, 1951 
Slug Test Displacement: 0.99 ft 
Saturated Aquifer Thickness: 5 ft 
Hydraulic Conductivity 1.41751 ft/d 
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RAMACO 

/"'~ 
~WWCENGINEERING 

SLUG TEST FIELD DATA 

Brook Mine 
Page _f_ of _j_ 

Project/Client ______ .._~------------------------

Observation Well No. ____ t=s_ri_g_i _(}_B'-----G_R,,_ 11/,'-------------

Type of Slug Test: D Slug In 0"s1ug Out 

Water Level Measurements by: m:(~ 
Slug Type: D solid 0'water 

[B'pressure transducer 

Initial Displacement Due to Slug: 1;1A-- feet 

Pumped Well Casing ID ------~---------------inches 

t::.. lfo. ,, -:: ...,, LI -L I I 2 J I J . J ~/J /J C/Ld..vt·~ )iameter of Drilled Hole .,,,, / 't/ V ---, ~ W' ~ ~ -· v-n inches _...;....._ ____ _,__ _______ _._,_ ______ _ 
Screen/Perforation Top Depth (below land surface) ___ g..........a{p_ -_q....,lo..__r _________ feet 

Screen Length __________ ......_.. ________________ feet 

Aquifer Thickness ________ /L..-__ 11 _________________ feet 

Depth of Static Water Level (from measurement point) 
I 
Iv == C/8. 2-z · feet 

Height of Measurement Point (above land surface) ____ 11 ........... A-.__ _________ feet 

Elevation of Measurement Point 3' £38 7, 7 feet a.m.s.l. ____ __,_ _____________ _ 

Transducer On Date :5 I Cf I I fJ Time /tJ//J, AM/PM 

Tranducer Off Date 3 I z I t_ & Time 1-J> ~ 2--- AM/PM 

Weather Conditions C~fuc-tL lldd44t'b~ ( 
~o~F 1s?..c 

TestPerformedby ---~~~~--cl:-~~---------------
April 2019 T f ~JS 2 / 1; 2 5 

... :- ,., .., r ,: n 'I 2 ') 2 1 ,.. 
• • - .j:.; 'ii l • V I l :,I 

06-15-20 
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 2.03 ft 
Saturated Aquifer Thickness: 11 ft 
Hydraulic Conductivity 0.0969048 ft/d 

98.4 123.0 
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RAMACO 

~~ 
~vVWCENGINEERING 

Brook Mine 
Page _ of _ 

"- SLUG TEST FIELD DATA 
N 
OJ 

" N 

~ =>roject/Client ~ - :2.o t 51 .3 <-j - '18 
C2I 

:>bservation Well No. 5:70 t.f O '/ - '1A f?L 

Type of Slug Test: 0 Slug In (a"Slug Out 

Water Level Measurements by: ~lectric tape 

Slug Type: D solid ffwater 

ld"pressure transducer 

Initial Displacement Due to Slug: ___ /,_~_t _____ feet 

:1-, zc-'' /-:~ nped Well Casing ID ______ I.~ '----~----l.e--~---l----------inches 

0 :-i" Diameter of Drilled Hole _____ L-~_ v ___________ ___ inches 

Screen/Perforation Top Depth (below land surface) __ ___.l_._!_'5'°_ 1 _________ teet 
I I CI 

Screen Length /1~- /W - ~ ::; feet 

.r::::-' Aquifer Thickness ____ _____ ;?'--_________ _______ feet 

Depth of Static Water Level (from measurement point) re,, 00 I -rb::: / 7-Z , '60 
( 

feet 

Height of Measurement Point (above land surface) ______ _ _ ______ feet 

Elevation of Measurement Point _ _ _ _ __ .3---'7"-·/_Z.._ , __ 'f ___ ____ ___ feet a.m.s.l . 

Transducer On Date 

Tranducer Off Date 

Weather Conditions 

Test Performed by 
April 2019 

.3 I 7-~ I Lq 

3 I ;2 7 I 11 

-~ J u.& ~ 

Time / tJ!fB & M 
Time o 'f:4'/: ::@!PM 

D6-15-22 
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578409-MST 
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Reference: Bouwer & Rice, 1976 
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10·1 

0.0 32.2 64.4 96.6 

Time (min) 

Slug Test Displacement: 1.56 ft 
Saturated Aquifer Thickness: 5 ft 
Hydraulic Conductivity 0.510416 ft/d 
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RAMACO 

~/'-. 
~WWCENGINEERING 

SLUG TEST FIELD DATA 

Brook Mine 

Page_of_ 

N 

~ Project/Client ----~.-:::;;.....;=--.;.. __________ - ___,__,2 ....... 0_l=3--l ___ 3.......,'-/_-___.9 ___ 8 ___________ _ 

Jbservation Well No. ____ ~_7_8___.._'f_t'J....,C/~ --CRN~--.......... -------------

fype of Slug Test: D Slug In 0'Slug Out 

Nater Level Measurements by: [B'electric tape 

51ug Type: D solid ~ter 

~essure transducer 

11 Ll / ' nitial Displacement Due to Slug: __ ,_.;_] ........ ______ feet 

nped Well Casing ID _____ ,/_, ____ 7 __ ~_"_(_6_-_11,,J~ _________ inches 

a%'' )iameter of Drilled Hole t inches ------ ---------------
Q8,, 3creen/Perforation Top Depth (below land surface) ____ u___;;._ __________ feet 

"o,, 3creen Length _______ °' ___________________ feet 

Ba.' f:o / oa ✓ ~ ,,,.,1 \quifer Thickness __ ___;;._o __ .._____.___..;._zQ.'---_-_ --:__---r~ _ _,....,,, ______________ feet 

)epth of Static Water Level (from measurement point) 88, 7/ / TT> ;;. / I {) , 'ft£: feet 
J 

-ieight of Measurement Point (above land surface) ______________ f,eet 

=levation of Measurement Point _____ 3_1_1_1-_, ~7 ___________ feet a.m.s.l. 

rransducer On Date 3 I ,;i_ ~ ----

rranducer Off Date 3 I .:i.. 7 
Neather Conditions 

I IL 
I I '7 

Time 11H ~PM 

Time CJ .' S"'[ AM/PM 

---------------------------

rest Performed by __ ___.,..._Q ___ h# __ cjfz _____ ~--------17....,c ...... ;;-~-
7
,,_

1
._,.t..-r,·-~•,_..,--------

April 2019 '- u <.J 06-15-24 

-: (\ "' " ' ~ " 2 •j 2 
·--1 ,, ! .\J , 7~ DEQ Ex. 3-1846
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.41 ft 
Saturated Aquifer Thickness: 18 ft 
Hydraulic Conductivity 0.313361 ft/d 

-

10-2 ~-----,--------...------,....-------,,---""""T"---....... -------...---------t 
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RAMACO 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Brook Mii 
Page L ot 

Project/Client ______ ~.__""'--..__ ___ _________________ _ 

Observation Well No. _____ 5'_ '1_S_tf-'--t___,?,.__-_ C-_~ ____________ _ 

Type of Slug Test: D Slug In 0'$1ug Out 

Water Level Measurements by: D electric tape 

Slug Type: D solid ffwater 

ffiressure transducer 

Initial Displacement Due to Slug: ___ 11........,A _______ feet 

Pumped Well Casing ID ______ ____._A--.;.__ _____________ inches 

>iameter of Drilled Hole pk q ½'' ~ 
1C'~ ( ~ /)P... • 17) inches 

Screen/Perforation Top Depth (below land surface) ___ ___,l....,2:;...Z--;....._
1 

_-_./'""'!i"'"'t.-::;_' ______ feet 

"'l () I Screen Length --------~oc _ ________ _________ feet 

/1..... 10' Aquifer Thickness ___________ ,.. ___________ --.::-___ feet 

Depth of Static Water Level (from measurement point) ________ J_.5~ 3~•~1~~~--teet 

Height of Measurement Point (above land surface) ____ -U_ g...._ _________ teet 

Elevation of Measurement Point --------"---J"l--'-'-'A ______________ feet a.m.s.l. 

Transducer On Date ___ 3..___/ __ 7 ____ / / 8 
Tranducer Off Date __ 3-'---_I _ _ I._O"'--_I I 8 
Weather Conditions 

Time t'f ~ 'f 

Time 17 94 

----------------------------

April 2019 

Test Performed by ---~Q~ .... fttl--«-=--+~- -u-£_d_./1'--'.-./"-------=----------& T".'"" 2 ,,~,.,-
1 ,. lu!.:-1 

,.. :- "' !"I 'r. ii If 'J •j 2 1 "' 
•. • J - 1 

; • ! I Ll I ~ ' :• 

D6-15-26 

DEQ Ex. 3-1848
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.42 ft 
Saturated Aquifer Thickness: 20 ft 
Hydraulic Conductivity 0.975293 ft/d 

10-2 
--+---........ ---....----~ ........ ---,,--------,,--------........ ---....----~------i 
0.0 13.4 26.8 40 .2 53.6 67 .0 
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RAMACO 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Br/ ok Min~ 
Page of _J_ 

Observation Well No. 5 7 8;1:J/ 2- - J/vl~r-__________________________________ 
Type of Slug Test: D Slug In ~ ugOut 

Water Level Measurements by: /Jtti&~ 
Slug Type: D solid B'water 

~ essure transducer 

Initial Displacement Due to Slug: ----'-11 ..... 9........_ _____ feet 

Pumped Well Casing ID ________ ?1_ ,4. __________ ___ inches 

c, 7/.'. ,, '7!~A ,:;::,£l • ( ,\ 
)iameter of Drilled Hole -, /8 = O. 3~ ! ',I Co.'-'~ ? OR... - I '7..J inches 

Screen/Perforation Top Depth (below land surface) __ ___,_/...;;.O_<J;..._-..... l ..... ('t_,__ _______ feet 

" I Screen Length ____ _____ ✓ __________________ feet 

Aquifer Thickness _______ / 0_'t-'----- t_/ _af_:. ____ , _' ______________ feet 
• I 

Depth of Static Water Level (from measurement point) I I I , 'f 2, 1 I D -; I {q , q 1,, feet 

Height of Measurement Point (above land surface) ----'11=---4_,__ __________ feet 

Elevation of Measurement Point ______ ?)__...A-.__ ___ ________ feet a.m.s.l. 

Transducer On Date __ 3 ___ / I 2-

Tranducer Off Date 3 I I :Z ------------
Weather Conditions 

I 16 

I I f3 

Time ~ M 

Time /i , oz__ AM~ ) 

----------------------------

April 2019 

Test Performed by ---,~a~~r,;,,=.....J ............ M .......... ~,:;___-------------
r.- ,, Jf\ 2 I (' ,-, j:" 

lj / (/ Ld D6-15-28 
"' -: .., • ,: ~ 'f ') •j 2 1 "' .... .., ' : . l t . ,.• , - :• DEQ Ex. 3-1850
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 0.51 ft 
Saturated Aquifer Thickness: 5 ft 
Hydraulic Conductivity 1.20471 ft/d 

10-2
--+-----.------,-........ ----,--------........ ---"""T""---.....----------,----------1 
0.0 35.4 70.8 106.2 141 .6 177.0 

Time (min) 

DEQ Ex. 3-1851



RAMACO 

~~ 
~WWCENGINEERING 

Brr k Mil)e 
Page of _l_ 

SLUG TEST FIELD DAT A 

Project/Client _______ ~'--------------------------

Observation Well No. 5'7,8G"°/ 2- - JfL-___________________________ 
Type of Slug Test: D Slug In 11a"Slug Out 

Water Level Measurements by: D electric tape 

Slug Type: D solid ~ ater 

ifpressure transducer 

Initial Displacement Due to Slug: ____ 11---.....A: _____ feet 

Pumped Well Casing ID _______ !/_ll-______________ inches 

)iameter of Drilled Hole 'f ;¼ f l :; 0 , ez.' 5 ,, c~ { ~ bll. - / 7) inches 
-----'------"--+/---_..g..-~, ---------'----

Screen/Perforation Top Depth (below land surface) ______ , _'-_ ;,._o_' ________ feet 

,t.. I ~ I 6 1 

Screen Length -,,J ~o -=- I feet 

, _ , IQ . r:-1 
Aquifer Thickness ________ / _-_/_'t_,_'.'> __ -=. __ o_ ;;;, ____________ feet 

Depth of Static Water Level (from measurement point) - "-=---·--'-7_/_'_,,~• ----=112'--""""_"----;:._J_f,_3_'7_
1 

__ feet 

Height of Measurement Point (above land surface) ____ ?J~lf _______ ___ feet 

Elevation of Measurement Point _______ --"1'1..._._.A"'--__________ feet a.m.s.l. 

Transducer On Date __ /_tJ __ / ___ l _-z.,_ l _ __.! ___ B __ 
Tranducer Off Date _...,../,__!J __ / __ l ...... 1-: _ ____,;/ __ l....;13"--_ 

Weather Conditions 

Time 

Time 

I~ 15' AM6) 

/ </3~ AM@ 

---------------------- ------

Test Performed by ___ ..,..[d. __ ~~-J,..........,,,__....{d-'--""~""""-=--------------
April 2019 T F:JS 2 l r25 D6-15-30 

- " ' ,· " ·, 2 .,, 2 n 1 ,., 
... ..... ,J .-J • :; , ) t.' , ... ;-1 DEQ Ex. 3-1852
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.383 ft 
Saturated Aquifer Thickness: 18.5 ft 
Hydraulic Conductivity 23.038 ft/d 

10-2 __________ ....._ ____________________________ ...,.... ___ -t 

0.0 1.2 2.4 3.6 4.8 6.0 

Time (min) 
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RAMACO 

~~ 
~WWCENGINEERING 

BrQok Mi7 
Page _ /_of 

SLUG TEST FIELD DAT A 

Project/Client ________ ~ ____ ..,.__,____, __ ._ ________________ _ 

Observation Well No. _____ tf~ 7'""""f?~~-/_3_ -_.M........._:2_J: __________ _ 
~ ugOut Type of Slug Test: D Slug In 

Water Level Measurements by: .·~ 

Slug Type: D solid ~ ater 

Gf"pressure transducer 

Initial Displacement Due to Slug: _____ '17 ......... A _____ feet 

Pumped Well Casing ID ________ .,,,,,_4-____________ inches 

)iameter of Drilled Hole _ c,_iz_r,,_'_' -=_tJ_,_S_t_' Jt--~- '--=
1 
C'-'-~- ·--e-_____._(-"":,c..:;.t>-'-/t..;_· .,_I ?.,_) ______ inches 

Screen/Perforation Top Depth (below land surface) __ /._3 __ 7_, _-__ /_'f_1,_'_ :: _5 _______ feet 

r' Screen Length ____ ____ -;;, __________________ feet 

' 
Aquifer Thickness ______ / ~_1_-l_'-l_i._'_::._~ _________ ---,--______ feet 

loS, 77 / ---rb -: l1L{. ;o 
I 

Depth of Static Water Level (from measurement point) feet 

Height of Measurement Point (above land surface) ____ "M_ A--..;.__ ________ feet 

Elevation of Measurement Point ______ ?/-&.-;.&:_.__ __________ feet a.m.s. l. 

Transducer On Date ) I I 1,,. / I l5 ____ . ___ ___, ___ _ 
Tranducer Off Date _ _.;;;..3 __ .l_~I_Z-~_/_..._l .._(S .......... _ 

Weather Conditions 

Time _ l..;;...'f_;,_/ _~ _ AM@ 

Time __._!_£.....::~;;....;..../ _ AM~ 

----------------------- ----

Test Performed by _____ (Z_~_"-=----'S""-"'-..... M~~"'---------------
April 2019 T I:' fl f:? 'l / f' ,-, -

I II J ( I 1, !., ~! 

-.. - " r : II •r 'l 'J 2 n 
•• I.) -> . l : i ! (. \.t 1 :.. 1 :-4 

D6-15-32 

DEQ Ex. 3-1854
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Reference: Hvorslev, 1951 
Slug Test Displacement: 1.13 ft 
Saturated Aquifer Thickness: 5 ft 
Hydraulic Conductivity 55.6771 ft/d 
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RAMACO 

/1"~ 
~ WWC ENGINEERING 

Brook Min~ 
Page L ot -+ 

SLUG TEST FIELD DAT A 

Project/Client ---------~"""-=-------------------------

Observation Well No. -----~------'7 ..... $---=-~ ...... l ...... 5 ___ --____.A-'-'L=---------------

Type of Slug Test: D Slug In [2(s1ug Out 

Water Level Measurements by: ~ 

Slug Type: D solid Q'water 

(:apressure transducer 

Initial Displacement Due to Slug: ---'11 .......... A-..___ _ ___ feet 

Pumped Well Casing ID _______ '?l....,._.lt:_.__ ___________ __ inches 

)iameter of Drilled Hole q % ''=- (), ez ' I ~ II "PllC- c~ inches 

' I I 

Screen/Perforation Top Depth (below land surface) ___ 5_-_~_o __ ~ _l_5 ________ feet 

- I Screen Length __________ /_!, _________________ feet 

Aquifer Thickness _______ /_--...... J_o_-:.._f _"f _' _______________ feet 

Depth of Static Water Level (from measurement point) / ro ~ 2,o .'jo feet 
I 

Height of Measurement Point (above land surface) ____ '11_14-__________ feet 

Elevation of Measurement Point -??A- feet a.m.s.l. ---------'----'-------------

Transducer On Date _ _ ,2 _ __ / I 3 I I ~ Time 10 'lJ 
Tranducer Off Date 3 I ----- Time ~ M I 3 I -----18 

Weather Conditions ___ C-"-,"'""'¼vz~'---'-"'--< ..w<4 ..... ~-"'-W--"---'-4-wvvla~......_&..&.&.-.~- -d'-'-"'P~ 0
--'-F___._t""""~ .....a...a:;::;__ ___ _ 

Test Performed by __ ____,_[k __ ,t. __ £ ______ ~---------------------
April 2019 . T !"' ,, r:,J ,, / (' ,.., ;:; r I l 1 , , .!. d D6-15-34 

- - . . !· 'i" '; ,_, 2 n 1 "! 
••->J.J •••••• { _\} I ... ~ DEQ Ex. 3-1856
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.08 ft 
Saturated Aquifer Thickness: 19 ft 
Hydraulic Conductivity 39.3363 ft/d 
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RAMACO 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Brqok Miz 
Page __J_of 

Project/Client _____ h( __ ~------------------------

Observation Well No. ____ S-_ ?~ i _'f ............ l __ l3'---- -'--4 ...... L-=c...._-__,_I __________ _ 

Type of Slug Test: D Slug In B'Slug Out 

Water Level Measurements by: Belectric tape 

Slug Type: D solid ~ ater 

[3pressure transducer 

Initial Displacement Due to Slug: ___ ...;.11 ........... fl: _____ feet 

Pumped Well Casing ID -------~--'-'-/r..__ _____________ inches 

>iameter of Drilled Hole __ Cf___.,~_i_"-=_o--=. 8::;..:z:;_'_
1
,__~_'' _C_~--· .,,..__,_( _P...;;.V<...;;;~'"-"-) _____ inches 

Screen/Perforation Top Depth (below land surface) ___ !>"_ ' _- _ z._:;_' ________ feet 

Screen Length ________ _?._o_ ' _________________ _ feet 

Aquifer Thickness ______ /_
1
_ --_ '/.._ ~ _ '_ --_ ; _~_ ' ______________ feet 

Depth of Static Water Level (from measurement point) 'LO ,1Ze' 
1 

1 /) -= ;? i:, /e 7 1 
feet 

Height of Measurement Point (above land surface) ______ ?'/....o....a__!'t:...__ _______ feet 

Elevation of Measurement Point _______ ?1_ 4-~ __________ feet a.m.s.l. 

Transducer On Date ~ I } 3 I / 3 Time 1I q6 @ PM 

Tranducer Off Date 3 I I i I 18 Time /O()B @g>M 
Weather Conditions c✓~ CvvJ A Lf4t¥J(l If tf 35°F 121-, 

Test Performed by __ ..... M ____ c} __ ~------------·--·---·-- ----
Apri l 2019 I'",, q 

f lj J 
D6-15-36 

'~ r 'l 'J 2 
I ii! , . V I ) I . 

DEQ Ex. 3-1858
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10-1 

0.0 21.4 42.8 64.2 

Time (min) 

Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.56 ft 
Saturated Aquifer Thickness: 24 ft 
Hydraulic Conductivity 0.229284 ft/d 
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DEQ Ex. 3-1859



RAMACO 

~~ 
~WWCENGINEERING 

Br9ok MiL 
Page _/_ of 

SLUG TEST FIELD DAT A 

Project/Client _____ .... a_~--'------""--------------------

Observation Well No. ____ 5"'---'J.....=..S..;_5'_t_l _ - ....;_V\lt----'--"f:>::;._J.____ __________ _ 

Type of Slug Test: D Slug In [a'slug Out 

Water Level Measurements by: ~c ~ 

Slug Type: D solid ffwater 

~ressure transducer 

Initial Displacement Due to Slug: ___ 11~ 11-_____ feet 

Pumped Well Casing ID ________ ......._..__ ___________ inches 

>iameter of Drilled Hole -, rt, cv o v :,, ..,, v~ inches a '7/4. -- ,.,, , Q,, I , c::::. I I , ~ - (_ ..,,-.n -1'1) ------':;...._ _______ ,_ ___ =--------
I , I 

Screen/Perforation Top Depth (below land surface) I '51- - 15 7 ~ 5 feet 

Screen Length __________ s_' ________________ feet 

Aquifer Thickness ______ .....;/;_5_;.._ ~ _, 6_~_ ==- _<+:L..;:,.....,S'.)._1 
_____________ feet 

Depth of Static Water Level (from measurement point) I ±f , 71' lrD -.: / 5lt / 70 I feet 
I 

Height of Measurement Point (above land surface) ~If feet 

Elevation of Measurement Point "'l-14- ___ ,......,... feet a.m.s.l. * r~ ~ ~ J~ ~ e~ ~ F,T, w~,,V\,I~ ~ 
-1-~Ld w~ ~ ~ • ~~ p. T. ~ ~~o w ~ f 
Transducer On Date ? / I '1. I J !; Time :J#: f 't AM~ 

Tranducer Off Date 3J I I 5 - I I f:? Time / 0 CJ:!> ~PM 

Weather Conditions C ~ ~ ~ 5D
0 

,::-±= 

Test Performed by ____ _.fl'-""---&...Hf...._______.J..__-"--~------=-----=------- --
"' '' ~ 2 ' '""'5 11 ~ I u L 

April 2019 D6-15-38 
~ - .. - . ,. '} 'J 2 1 ~ 
.. - -.) ~ . : .. ! L V I .., DEQ Ex. 3-1860
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Reference: Hvorslev, 1951 
Slug Test Displacement: 1.16 ft 
Saturated Aquifer Thickness: 4 ft 
Hydraulic Conductivity 0.135557 ft/d 

10-
3 
---------------------------------------

0.0 80.4 160.8 241 .2 321 .6 402.0 

Time (min) 

DEQ Ex. 3-1861



RAMACO 

SLUG TEST FIELD DAT A 

Brolk Minp 
Page of L 

Project/Client _____ ..,..~;::;.....=:--=-------------------------

Observation Well No. ____ 5_1'/_/3_~_ /_/_,..._C_ f<_N_:,___ ___________ _ _ 

Type of Slug Test: D Slug In 0"Slug Out 

Water Level Measurements by: ~ e16 ~ 

Slug Type: D solid ~ ater 

Initial Displacement Due to Slug: 11. ft 

~ ressure transducer~ 

~ 
feet 

Pumped Well Casing ID ______ :h ............ A-..__ _____________ inches 

)iameter of Drilled Hole q o/g ~ o. Bt'
1 
5 11 ~ ( ~r:,R..-17) inches 

Screen/Perforation Top Depth (below land surface) ___ L.,!/l'-'l_
1
_-__;_1-z_7_' _~_s_' _____ feet 

Screen Length - ---------~=--• _ _______________ feet 

Aquifer Thickness ______ / 1_7_'_-_tfd.;;_ __ 1;_7_· _=_B_' _ ____________ feet 

Depth of Static Water Level (from measurement point) / !'f. t{ Z-
1 

/ TP -=- / 2' , BD feet 

Height of Measurement Point (above land surface) '11 '4- feet 

Elevation of Measurement Point _______ '71 ......... A:L....-__________ feet a.m.s. l. 

Transducer On Date 3 I It I LS Time LL:L&P @)PM 
Tranducer Off Date ~ I I f:> I /8 Time ~ M 

Weather Conditions C~<kr-d-~ ?0°F t: 

Test Performed by ____ Q;..c;.....<'----'-"'Hi,~ ...... d-_,,,__ ...... ll/i- ~ ...... ~ ..... -"""'-------------
April 2019 T f ~· "' ., , r" -

I, J l I ,, I J 

- ' ; ,I , 'J ,, 2 0 1 ~ 
•• - V _, ··-. ~ [ /JV , ._ ' , 

D6-15-40 

DEQ Ex. 3-1862
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10-1 

0.0 25.4 50.8 76 .2 

Time (min) 

Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.55 ft 
Saturated Aquifer Thickness: 8 ft 
Hydraulic Conductivity 0.379124 ft/d 
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RAMACO 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Brqok Mir,e 
Page _ f_ of _J_ 

ProjecUClient ______ - -~--- ~ ----- -------- ------

Observation Well No. _____ !J_7_B_'-f_3_3_- _A-_l _-..... / ____________ _ 

Type of Slug Test: D Slug In 0'Slug Out 

Water Level Measurements by: [a' electric tape 

Slug Type: D solid ~ ater 

ffiressure transducer 

Initial Displacement Due to Slug: ____ 11 ___ /r _______ feet 

Pumped Well Casing ID ________ ......... __________ _ __ inches 

I'~ - - J • 2"~;,n~ / '1 ,'I A~"\ >iameter of Drilled Hole \:7-~--✓-I.Q""'V'C--___ L_..,_~_ ~ -~-~--'--- ---cr-- ---,'-}------inches 

Screen/Perforation Top Depth (below land surface) ____ <ef_._~ _________ _ feet 

Screen Length _____ __ _.I._O"--'/ __ d"---' _ ________________ feet 

Aquifer Thickness _ ________ '2-_ 1 _- _/_&,_ , ______________ feet 

Depth of Static Water Level (from measurement point) _______ 1]).........,...__-::---'-'/&"'-'-, .... I & __ feet 

Height of Measurement Point (above land surface) -----~-=--_,11-_________ feet 

Elevation of Measurement Point ------~__,,_::...,4--.__ _ _________ feet a.m.s.l. 

Transducer On Date 3 I ----
Tranducer Off Date ___ 3 __ / 
Weather Conditions 

I 'fL l__,,;l__,8..____ 

15- '~ !_8 __ 

Time 

Time 

/o'f J @,JPM 
/ Z-~3 AM~ 

-------------------- --------

Test Performed by ___ _ cf2 __ .,...~.__.._,j___-'d"-=-'...__....:;~- ;;;...;;....--------T+-r-f ;;,.,.jJ ~s-2~1 ..... ~4-2.,..5-----

April 2019 -~::: ~1 .". V 1 :1 , 2 ~ l 17 06-15-42 

DEQ Ex. 3-1864
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10

1 --:r--------;----------:----------;---;========= ======;i 
Reference: Bouwer & Rice, 1976 
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10-1 
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Xx 
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xx 
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X XXX 

Time (min) 

1.2 

Slug Test Displacement: 1.61 ft 
Saturated Aquifer Thickness: 12 ft 
Hydraulic Conductivity 6.72194 ft/d 
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RAMACO 

~~ 
~WWCENGINEERING 

Br'°k Min,e 
Page of-L 

SLUG TEST FIELD DAT A 

Project/Client ________ ,{2, ______ ~ _______________________ _ 

Observation Well No. ---------------------------
Type of Slug Test: D Slug In ~ lug Out 

Water Level Measurements by: D electric tape 

Slug Type: D solid [2fy.,ater 

ffiressure transducer 

Initial Displacement Due to Slug: ____ ?z_ ~'------feet 

Pumped Well Casing ID --11 A- inches 

)iameter of Drilled Hole G_,u;p~/g ur'-< ~ ~ _j_ inches 2- ,, /1,aA ,1 /2 I/ ~ ' ~ 
~-, - ---~-- ------'i'-t----'--------

Screen/Perforation Top Depth (below land surface) ____ ---/_t>_1 
_________ feet 

Screen Length ______ 2._'_' "'-P ...:...v'i ..... C,'-------"/....;;..0_
1_7) __ -#'r;.....:~=--.... <H ...... ~=--.;;:;.:..______;;.~=--=c....z:=::;..r:;.x; ____ feet 

Aquifer Thickness _______ Lf~--l_?~ -,6~J~ _____________ feet 

Depth of Static Water Level (from measurement point) _______ tl> __ :._/_3_ . ....;..Z....;c~ ___ feet 

Height of Measurement Point (above land surface) ----~-----=-ft..__ _________ feet 

Elevation of Measurement Point ______ ?/"""-'-'11--____________ feet a.m.s.l. 

Transducer On Date 3 / I £ I I 8 - ---------------
Tranducer Off Date ?; I I ~ / I ~ -------'---------

Weather Conditions 

Time 

Time 

I Z. 72-- A~ 

/3 ;;;J./ AM@ 

----------------------------

Test Performed by ____ d .......... ....._w _ __ J.....,..._zd_~------------------------
April 2019 f • t.' 2 I(' "'l:: 

lj J / IJ !. v 

-. - .-. ·" 'l ':i 2n1r• .... u __ ,,, ) 1 0 , :.. 1· 

06-15-44 

DEQ Ex. 3-1866
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X 

10-1 

X 
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X 

10-2 X 

10-3 

0.0 0.1 0.1 

X 

X 

0.2 

Time (min) 

Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 0.512 ft 
Saturated Aquifer Thickness: 9 ft 
Hydraulic Conductivity 18.2563 ft/d 
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RAMAC0 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Brook Mine 
Page _ of _ 

ProjecUClient ___ =~'--------· _~_ tJ_l_.3_ /_3~7 ____________ _ 

Observation Well No. ~-7 ~ 'f 3 'f - A- I- - 2 

Type of Slug Test: D Slug In [a'Slug Out 

Water Level Measurements by: D electric tape 

Slug Type: 0 solid Wwater 

WPressure transducer 

Initial Displacement Due to Slug: ___ / , __ Z:.__Z-_____ feet 

Pumped Well Casing ID ______ n_A-_ _______________ inches 

. f D ·11 d H I £ ,., - /__ --1
11 ~ : L .., " /1 , J >iameter o n e o e ___ c,,....::. . .,U)~ f"---'.,,~=-:.....;;;...-.::...c><_ ...,.~::=c-,"""""'""-'---o< _ _,k-="='u=~~ ....,,. ___ inches 

Screen/Perforation Top Depth (below land surface) ______________ _ feet 

S L h '7 / I c;::,.//1 0 I /J 
creen engt -----'~==----_;_r ..:.. '"'--='c..==----_.l ...... c___....:."=6'-A-__,.

1
12i:..=M.'-'-'i'&~G:'."'Zc.....r.t<A2""'""X"""',..,4<.....__..,.4.c.-=<..<~~ = =c.._----feet 

Aquifer Thickness ______ ___.3/_1 

-___.__l ... '1_'_ ;;.__,__( _0_1 
_____________ feet 

Depth of Static Water Level (from measurement point) 5 , o 6" 1 
/ Tb - I~ , 8 I feet 

I 

Height of Measurement Point (above land surface) ____ ?7......_fl:.__ _______ _ _ feet 

Elevation of Measurement Point ------~--=--14-'---_ _ _________ feet a.m.s. l. 

Transducer On Date i I 19 I t_ B Time /3~3& AM,@) 

Tranducer Off Date ~ I /CJ_ I L PJ Time I_~: L 3 AM~ ) 

Weather Conditions c~ 4ud--w~ ~Oa:>F 

Test Performed by ____ g;_,._:;....wo.d-d_..:;...;;:......,d--....c._~...a...aa'-"'---='-----=== ......... ==·-== ==--· ...... .......... _________ _ 

April 2019 - r 111 • ~ / \ r -
,· I • /.. I I !. ,i 

D6-15-46 

DEQ Ex. 3-1868
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100 

10-1 

10-2 

1 o-3 

0.0 0.1 0.1 0.2 

Time (min) 

Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 1.22 ft 
Saturated Aquifer Thickness: 10 ft 
Hydraulic Conductivity 28.8577 ft/d 
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RAMACO BrLk Min~ 
Page of ..L__ 

SLUG TEST FIELD DAT A 

Project/Client _ _ ____ ~-~------ ~_o_/_"l~J {p--'--~_ -_D_ ( ________ _ 

Observation Well No. ___ _ 5 ____ 7--'--=-S__..'1 ___ '2-_0_ -____ lt _____ l-____ ~ /,____ __ ( ___ z._o __ /-1---=Lf----· ____., ...... ) ___ _ 

Type of Slug Test: D Slug In l:!fslug Out 

Water Level Measurements by: D electric tape 

Slug Type: D solid ~ ater 

ffiressure transducer 

Initial Displacement Due to Slug: _____ o_, q-9-/ ____ feet 

Pumped Well Casing ID _________ _____________ inches 

'1 I I p,rl" , / .,c- ½/. II l _ 11 .J . · . • Jiameter of Drilled Hole ____ ....::;Y" _ __._ __ .,_r iL/=---+, --✓----'-'""""""'--~....;;._~ __ ~ __ ._ _ __ inches 

Screen/Perforation Top Depth (below land surface) ___ 5_ , 1, __ -ht __ 1_5""._,_.V.___ ______ feet 

Screen Length _______ /o_ / ___________________ feet 

Aquifer Thickness -------~/ _'!i"_
1 
_________________ feet 

Depth of Static Water Level (from measurement point) ..DTw :: 7, &8 / TO -;. I 1. '1 5°' feet 
~ ,.,,r 61'1/J- ~ r 

Height of Measurement Point (above land surface) _______________ feet 

Elevation of Measurement Point _ _ 6-J_ ,,u_-_Jv ___ '1' ___ ::.--'-'2_, o_' ___________ feet a.m.s.l. 

Transducer On Date 7 I 3 I Lg Time 102. 6 ~ M 

Tranducer Off Date 7 I 3 I lB Time ~M 

Weather Conditions ~7 ' wv-& goo[ /'Thf~ 

Test Performed by ____ _,,_~ ........... '-""""---d!---+-.... ~'-"-'-..=.a.""------ ---------
.-: •· r.: ') l ('ri~ 

April 2019 i , 1, ~ L 1 , !. .J D6-15-48 

.. ., •) 2".r, .• < J I•• 
';) l. i J , l DEQ Ex. 3-1870
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Reference: Bouwer & Rice, 1976 
Slug Test Displacement: 0.99 ft 
Saturated Aquifer Thickness: 10 ft 
Hydraulic Conductivity 18.9843 ft/d 
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RAMACO 

~~ 
~WWCENGINEERING 

SLUG TEST FIELD DAT A 

Brook Mine 
Page _of_ 

7-?.~I 
ProjecUClient ___ ~~------ - 2,.._o_/ _i.f- _/ '1_3_ ~_'1_~----1,.-.!l-·---la-4=- - ----

Observation Well No. _____ 5_ ?_5_ '-+_2-_l_· ~;,_-_V>-1-----'-4-?~----------

Type of Slug Test: D Slug In ~lug Out 

Water Level Measurements by: D electric tape 

Slug Type: D solid 0 water 

12( pressure transducer 

Initial Displacement Due to Slug : _________ feet 

Pumped Well Casing ID _____________________ inches 

)iameterofDrilled Hole .S"c.~ (o,'1-11 ·) B ¾ ,, (o. 11..<t') inches 

Screen/Perforation Top Depth (below land surface) __ _,_l..;.l.,...B_"_ -_ ....;;.1....;;z._1/..;.._' ______ feet 

Screen Length ___________ &_' _______________ feet 

Aquifer Thickness _____ /_Z_l_'_-1-_"_ l_i_-i_'_ -=_ :3_' _____________ feet 

Depth of Static Water Level (from measurement point) ,i)TW = 55; '10 / IP : /3 1i, 19 feet 

Height of Measurement Point (above land surface) ______________ feet 

Elevation of Measurement Point __________________ feet a.m.s.l. 

Transducer On Date __ '1 _____ / __ r, ___ / __ /_g __ Time __.l....,.2.'"""'":-=-~ --+-1- AM6,) 

Tranducer Off Date '7 I '1 I I B ------------~-- Time ft): 5'1 @ PM 

Weather Conditions ___ C_.RuA. __ 2-..... .' ---"-~----~-o_'F _______ --_l _-~_-?_~_-_M __ ~~------

TF,;S 2/C 25 

&i&. ,._.'.:"f" t~ y 
• J) • L. lJ i I ii! / J I 2 1 t'I 

Test Performed by ____ .__._lKlJ ............ _ _,__ ...... ~--------------~-----------~--

April 2019 D6-15-50 

DEQ Ex. 3-1872
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578421-3-MAS 

52.0 78.0 

Time (min) 

Reference: Hvorslev, 1951 
Slug Test Displacement: 0.79 ft 
Saturated Aquifer Thickness: 3 ft 
Hydraulic Conductivity 0.232717 ft/d 
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ADDENDUM D6-16 

Core Permeability Results 

October 2018 

Brook Mine 

Tf'[ 6 210 25 
~CD 1 - 2 - 10 

Addendum D6-16-1 DEQ Ex. 3-1874
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Summary of Permeabil ity Results 

Tester Sample ID 

AET 578513-5 

AET 578513-5 

AET 578513-5 

AET R13-023 

Strata R13-019 

Strata Rl3-019 

Strata R13-023 

Strata R13-023 

Depth (ft) Strata 

68-69 Upper Carney Upper Confin ing Interval 

91.5-92.5 Upper Carney Lower Confining Interval 

99-100 Lower Carney Upper Confin ing Interval 

140-141 Lower Carney Lower Confin ing Interval 

147.5 Carney Upper Confining Interval 

170.5 Carney Lower Confining Interval 

160.8 Masters Upper Confin ing Interval 

168.9 Masters Lower Confining Interval 

mzmZ/9Z/Zm ~peuu~~s 

Description 
Average Permeability 

(ft/davl 
Silty clay, brown (CL-ML) 0.0000607 

Silty clay, gray (CL-ML) 0.0000275 

Silty clay, gray (CL-ML) 0.0000788 

Silty clay, gray (CL-ML) 0.000197 

Grey Claystone 0.000108 

Grey Clayey Sandstone 0.00000595 

Grey Claystone 0.00000139 

Grey Sandstone 0.252 

Tr- G tl G"5 
~CD 1 -2 .; -1 0 

DEQ Ex. 3-1875



A 1ERIC 
E 1GINEERI G 
TE Tl G, I C. 

MANKATO OFFICE 
1730 First Avenue 

Mankato, MN 56001 
507-387-2222 

Hydraulic Conductivity/Permeability 

SHERIDAN OFFICE 
72 East Ridge Road 

Unit D 
Sheridan, WY 82801 

307-675-1862 

Flexible-Wall and Rigid-Wall Constant Head Permeability Test as per ASTM D 5084 

AET Project No.: 19-00725 Project Name: Ramaco - Brook Mine --------------------------
Project Location : Northwest of Sheridan, Wyoming Engineer: _L_o_re_n_R_utt_i_n.._ge_r..._, _ww __ C _______ _ 

Date Submitted: 11/2/2017 Received By: LM Date Tested : 11 /2/2017 Tested By: LM ----- -------------
Sample Description: Silty clay brown (CL-ML) 

Test Number: -----4 Sample No.: --------------578513-5 Depth : _____ 6_8_-6_9_' ___ _ 

Sample Location : 578513-5 (68-69') ---------~-----'------- Sample Type (In-Situ or Remolded in the Lab) : ____ ln_-S_i_tu __ _ 

Test Type: X Flexible Wall (ASTM D-5084) ____ Rigid Wall (ASTM D-5856) -----
Initial Sample 

Sample Wt: (g) 823.70 
Length: (in) 3.623 

Diameter: (in) 2.997 
Area : (in2

) 7.054 
Volume: (cf) 0.0148 

MC: (%) 7.51% 
Dry Unit Wt: (pcf) 114.28 

Saturation: (%) 44.52 

Time 
11 /9/17 6:00 AM 

11/10/17 6:00 AM 

11/11/176:00AM 

11/12/17 6:00 AM 

11/13/17 6:00 AM 

Final Sample Various Sample & Test Parameters 

Sample Wt: (g) 932.10 Specific Gravity: 2.65 

Length: (in) ___ 3._7_6_1 Spec. Grav. AssumedfTested : Assumed 

Diameter: (in) 3.028 Proctor MDD & OMC: Pcf and ----------------
Are a: (in2

) 7.201 %MOD & %above / below OMC: and ----------------
Vo I um e: (cu. ft) ___ o _. 0_1_57_ Permeant Liquid: Tap Water 

MC: (%) ___ 21_._66_ Cell Pressure: (psi) ________ 8_0_._0 ______ _ 

Dry Unit Wt {pcf} ___ 1_07_._7_9 Consol idation Stress(psi) : ________ 4_.0 _______ _ 
Saturation: (%) 107.46 Burette Area (cm): ________ 1._0_0 ______ _ 

Inflow Outflow 
Hydraulic 

Conductivity 
(cm/sec) 

Hydraulic 
Conductivity @ 

20°c (cm/sec) 

Reading Reading Inflow Outflow 
(cm) (cm) Pressure (psi) Pressure (psi) Gradient Temp (°C) 

10.40 21.40 77.0 75.0 15.3 20.0 

12.00 20.00 77.0 75.0 15.3 20.0 

13.40 18.80 77.0 75.0 15.3 20.0 

14.70 17.60 77.0 75.0 15.3 20.0 

16.00 16.40 77.0 75.0 15.3 20.0 

2.22E-08 2.22E-08 

2.34E-08 2.34E-08 

2.07E-08 2.07E-08 

2.02E-08 2.02E-08 

2.06E-08 2.06E-08 

Include in 
Ave. (yin) 

y 
y 
y 
y 
y 

Average Hydraulic Conductivity at 20 °C: 2.14E-08 cm/sec 6.07E-05 ft/day ---------- --------

Reviewed By: 

,., r ""') 
j 

Summary & Report of 19-00725 Perm #4 (578513-5 68-69') Revised 11/13/2017 2:41 PM Page 1 of 1 DEQ Ex. 3-1876
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I] A 1ERIC 
E 1GINEERI ·c 
TE Tl G I C. 

MANKATO OFFICE 
1730 First Avenue 

Mankato, MN 56001 
507-387-2222 

Hydraulic Conductivity/Permeability 

SHERIDAN OFFICE 
72 East Ridge Road 

Unit D 
Sheridan, WY 82801 

307-675-1862 

Flexible-Wall and Rigid-Wall Constant Head Permeability Test as per ASTM D 5084 

AET Project No.: 19-00725 Project Name: Ramaco, Brook Mine ------------------------------
Project Location : Northwest of Sheridan , Wyoming Engineer: _L_o_re_n_R_utt_i_ng.._e_r..:., _ww __ C _______ _ 

Date Submitted: 11/2/2017 Received By: LM Date Tested : 111212017 Tested By: LM ----- -------------
Sample Description : Silty clay, gray (CL-ML) 

Test Number: 3 Sample No.: 578513-5 Depth: 91 .5-92.5' -------------- ------------
Sample Location: 578513-5 (91.5-92.5') --------~---~-----

Test Type: X Flexible Wall (ASTM D-5084) -----
Initial Sample Final Sample 

Sample Wt: (g) 504.30 Sample Wt: (g) 572 .50 

Length : (in) 2.081 Length : (in) 2.089 

Sample Type (In-Situ or Remolded in the Lab): In-Situ --------
____ Rigid Wall (ASTM D-5856) 

Various Sample & Test Parameters 
Specific Gravity: 2.65 

Spec. Grav. Assumed/Tested : _______ A_s_su_m_ed ______ _ 

Diameter: (in) ___ 3._0_0_0 Diameter: (in) ___ 3_._1_30_ Proctor MDD & OMC: _______ P_c_f_a_nd ______ _ 

Area : (in2
) 7.069 -----

Volume: (cf) ___ 0_.0_0_8_5 

MC: (%) 3.66% -----
Dry Unit Wt: (pct) 126.09 -----

Saturation: (%) ___ 3_1._1 _1 

Time 
11/10/17 6:00 AM 

11/11/176:00AM 

11/12/17 6:00 AM 

11/13/17 6:00 AM 

Area : (in2
) 7.694 %MDD & %above/ below OMC: and ----------------

Vo I um e: (cu. ft) ___ o _. 0_0_93_ Permeant Liquid : _______ T_a~p_W_a_te_r _____ _ 

MC: (%) ___ 17_._67_ Cell Pressure: (psi) ________ 80_._0 ______ _ 

Dry Unit Wt (pcf) ___ 1 _15_._33_ Consolidation Stress(psi): ________ 4_.0 _______ _ 

Saturation: (%) ___ 10_7_._97_ Burette Area (cm): ________ 1._0_0 ______ _ 
Inflow Outflow 

Hydraulic 
Conductivity 

(cm/sec) 

Hydraulic 
Conductivity @ 

20°c (cm/sec) 

Reading Reading Inflow Outflow 
(cm) (cm) Pressure (psi) Pressure (psi) Gradient 

11.40 18.20 76.0 75.0 13.3 

12.00 17.60 76.0 75.0 13.3 

12.50 17.10 76.0 75.0 13.3 

13.00 16.60 76.0 75.0 13.3 

Temp (°C) 

20.0 1.04E-08 

20.0 1.05E-08 

20.0 8.89E-09 

20.0 9.01 E-09 

1.04E-08 

1.05E-08 

8.90E-09 

9.02E-09 

Include in 
Ave. (yin) 

y 
y 
y 
y 

Average Hydraulic Conductivity at 20 °C: 9. 70E-09 cm/sec 2.75E-05 ft/day 

Trl 6 2/J15 
RECD 1~- 25 - J 

Summary & Report of 19-00725 Perm #3 (578513-5 91.5-92.5') Revised 11/13/2017 2:38 PM 

Reviewed By: 

Page 1 of 1 DEQ Ex. 3-1877
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AMERICA 
E GINEERI G 
TE Tl 1G, I C. 

MANKATO OFFICE 
1730 First Avenue 

Mankato, MN 56001 
507-387-2222 

Hydraulic Conductivity/Permeability 

SHERIDAN OFFICE 
72 East Ridge Road 

Unit D 
Sheridan, WY 82801 

307-675-1862 

Flexible-Wall and Rigid-Wall Constant Head Permeability Test as per ASTM D 5084 

AET Project No.: 19-00725 Project Name: Ramaco- Brook Mine --------------------------
Project Location: Northwest of Sheridan, Wyoming Engineer: _L_o_re_n_R_u_tt_i_ng.._e_r..:.., _WW __ C _______ _ 

Date Submitted: 11/2/2017 Received By: LM Date Tested: 11 /2/2017 Tested By: LM ----- -------------
Sample Description: Silty clay, Gray, (CL-ML) 

Test Number: -----2 Sample No. : --------------2 578513-5 Depth : _____ 9_9_-1_0_0_' ___ _ 

Sample Location : ______ 57_8_5_1_3-_5_(~99_-_1_00_'~) ____ _ Sample Type (In-Situ or Remolded in the Lab) : In-Situ --------
Test Type: X Flexible Wall (ASTM D-5084) ____ Rigid Wall (ASTM D-5856) 

Various Sample & Test Parameters 

-----
Initial Sample 

Sample Wt: (g) 915.70 

Length : (in) 3.518 
Diameter: (in) 3.001 

Area : (in2
) 7.073 

Volume: (cf) 0.0144 

MC:(%) 20.40% 

Dry Unit Wt: (pcf) 116.52 

Saturation: (%) 128.97 

Time 
11 /9/17 6:00 AM 

11/10/17 6:00 AM 

11/11/176:00AM 

11/12/176:00AM 

11/13/17 6:00 AM 

Final Sample 
Sample Wt: (g) 1012.80 Specific Gravity: 2.65 

Length : (in) ___ 3._6_5_0 Spec. Grav. Assumedrrested: Assumed 

Diameter: (in) 3.090 Proctor MOD & OMC: Pcf and ----------------
Are a: (in2

) 7.499 %MOD & %above / below OMC: and ----------------
Vo I um e: (cu. ft) ___ o _. 0_1 _5 _8 Permeant Liquid: Tap Water 

MC: (%) ___ 33_._1_7 Cell Pressure: (psi) ________ 8_0_._0 ______ _ 

Dry Unit Wt (pcf) ___ 1_05_._8_7 Consolidation Stress(psi) : ________ 4_.0 _______ _ 
Saturation: (%) ___ 1_56_._44_ Surette Area (cm): ________ 1._0_0 ______ _ 

Inflow Outflow 
Hydraulic 

Conductivity 
(cm/sec) 

Hydraulic 
Conductivity @ 

20°C (cm/sec) 

Reading Reading Inflow Outflow 
(cm) (cm) Pressure (psi) Pressure (psi) Gradient 

10.30 19.10 77.0 75.0 15.7 

12.40 17.50 77.0 75.0 15.7 

14.30 16.00 77.0 75.0 15.7 

16.10 14.50 77.0 75.0 15.7 

18.00 13.00 77.0 75.0 15.7 

Temp (°C) 

20.0 2.92E-08 

20.0 2.84E-08 

20.0 2.68E-08 

20.0 2.66E-08 

20.0 2.81 E-08 

2.92E-08 

2.84E-08 

2.68E-08 

2.66E-08 

2.81 E-08 

Include in 
Ave. (yin) 

y 
y 

y 
y 
y 

Average Hydraulic Conductivity at 20 °C: 2.78E-08 cm/sec 7.88E-05 ft/day ---------- --------

l r [1 6 2 1 5 Reviewed By: 

RtCD 10- 25 - 13 

Summary & Report of 19-00725 Perm #2 (578513-5 99-100') Revised 11/13/2017 2:31 PM Page 1 of 1 DEQ Ex. 3-1878
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AMERICA 
ENGi EERING 
TESTI G I C. 

MANKATO OFFICE 
1730 First Avenue 

Mankato, MN 56001 
507-387-2222 

Hydraulic Conductivity/Permeability 

SHERIDAN OFFICE 
72 East Ridge Road 

Unit D 
Sheridan, WY 82801 

307-675-1862 

Flexible-Wall and Rigid-Wall Constant Head Permeability Test as per ASTM D 5084 

AET Project No. : 19-00725 Project Name: Ramaco - Brook Mine --------------------------
Project Location: Northwest of Sheridan, Wyoming Engineer: _L_o_re_n_R_utt_i_n.._ge_r"'", _WW __ C _______ _ 

Date Submitted: 11/2/2017 Received By: LM Date Tested: 111212017 Tested By: LM ----- -------------
Sample Description: Silty clay, gray (CL-ML) 

Sample No.: --------------Test Number: ----- R13-023 Depth: _____ 1_4_0_-1_4_1 _' ___ _ 

Sam p I e Location: R13-023, Depth 140-141' Sample Type (In-Situ or Remolded in the Lab) : ___ ln_-_S_it_u __ _ 

Test Type: ___ x __ Flexible Wall (ASTM D-5084) ____ Rigid Wall (ASTM D-5856) 

Initial Sample 

Sample Wt: (g) 1116.30 

4.237 Length : (in) ____ _ 

2.970 Diameter: (in) ____ _ 

Area: (in2
) 6.928 -----

0.0170 Volume: (cf) ____ _ 

MC: (%) 18.53% -----
Dry Unit Wt: (pcf) 122.31 -----

139.53 Saturation: (%) ____ _ 

Time 
11/10/176:00AM 

11/11/17 6:00 AM 

11/12/17 6:00 AM 
11/13/176:00AM 

Inflow 
Reading 

(cm) 

5.20 

7.20 

9.20 

11.10 

Final Sample Various Sample & Test Parameters 

Sample Wt: (g) 1149.90 Specific Gravity: 2.65 

Length : (in) 

Diameter: (in) 

Area: (in2
) 

Volume :(cu.ft) 

MC: (%) 

Dry Unit Wt (pcf) 

Saturation: (%) 
Outflow 
Reading 

(cm) 

20.20 

18.20 

16.20 

14.30 

___ 4_._2_49_ Spec. Grav. Assumed/Tested : _______ A_s_su_m_e_d _____ _ 

3.010 Proctor MOD & OMC: Pcf and ----- -----------------
7.116 %MOD & %above/ below OMC: and ----- -----------------

0.0175 Perm ea n t Liquid: _______ T_a_.p_W_a_te_r _____ _ 

22.10 Cell Pressure: (psi) ________ 80_._0 ______ _ 

118.69 Consolidation Stress(psi): ________ 4_.0 _______ _ 

148.92 Burette Area (cm): ________ 1._0_0 ______ _ 

Hydraulic 
Inflow Outflow 

Hydraulic 
Conductivity 

(cm/sec) 

Conductivity@ Include in 
Pressure (psi) Pressure (psi) Gradient Temp (°C) 20°c (cm/sec) Ave. (y/n) 

76.0 75.0 6.5 20.0 7.01 E-08 7.01E-08 y 

76.0 75.0 6.5 20.0 6.69E-08 6.69E-08 y 

76.0 75.0 6.5 20.0 7.03E-08 7.03E-08 y 

76.0 75.0 6.5 20.0 7.02E-08 7.02E-08 y 

Average Hydraulic Conductivity at 20 °C: 6.94E-08 cm/sec ___ 1_._97_E_-_04 ___ ft/day ----------

, ~ 'l G 21 1 5 
~CD 1 - r. _ 1" 

Summary & Report of 19-00725 Perm #1 (R13-023140-141') Revised 11/13/2017 2:23 PM 

Reviewed By: 

Page 1 of 1 DEQ Ex. 3-1879
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Project No.: WY17374A 

Sample ID: R13-019 at 147.5' 

Tested by: JF 

Date Tested: 11/7/2017 

Hydraulic Gradient 89.5 

System Constant, C 0.440 (cm2
) 

Date Time Temperature 
(s) 

oc Rr 

11/10/2017 0 21.2 0.975 

11/10/2017 60 21 .2 0.975 

11/10/2017 120 21 .2 0.975 

11/10/2017 240 21 .2 0.975 

11/1 0/2017 360 21 .2 0.975 

11/16/2017 4200 21 .2 0.975 

Permeant liquid: standard water 

fil Z fil Z/9Z/Z fil tpeuu'e.oS 

FLEXWALL PE"'JIEABILITY TEST Hydraulic Conductivity Trend 
ASTM D5084 (Method C) 1.0E-07 

{permeation of sample) 
8 OE-08 \. u 

(1) 
Vl 6 OE-08 ....._ 
E 4 OE-08 u 
~- 2 OE-08 .. 

O.OE+OO 
0 1000 2000 3000 4000 

Cumulative Time (sec) 

Client: WWC En~ineering Remolded 

Project: Brook Mine Permeabilitl'. Testin~ X Undisturbed 

Sample Description : Grel'. CLA YSTONE 

Initial Dry Density: 140 

Initial Moisture Content: 8% 

Final Moisture Content: 9% 

Chamber 120 (psi) a influent burette 0.88 cm2 

Upper 28.5 (ps i) Final Length , L1 5.113 cm 

Lower 35 (psi) Final Area , A1 43.738 cm2 

Surette Incremental Flow Head Difference 1 Preliminar/ Final3 ASTM D5084 
Readings 

Lower Upper 
Vu (t) VL (t) 
(cc) (cc) 

1.50 18.80 

1.55 18.75 

1.60 18.70 

1.65 18.65 

1.70 18.60 

2.60 17.70 

Inflow Outflow Ratio 
(lower) (upper) In/Out 

(cc) (cc) 

0.05 0.05 1.0 

0.05 0.05 1.0 

0.05 0.05 1.0 

0.05 0.05 1.0 

0.90 0.90 1.0 

• T r-1l G 21 2 5 
~co 10- r _ 13 

h (t) kA/L k20 (x10-) Method C 

(cm2/sec) (cm/sec) k20 
(cm/sec) 

465.6 

465.6 7.8E-07 8.9E-08 8.9E-08 

465.5 3.9E-07 4.4E-08 4.4E-08 

465.5 3.9E-07 4.4E-08 4.4E-08 

464.6 2.2E-07 2.5E-08 2.5E-08 

kavg = 3.8E-08 cm/s 

Reviewed by: d l W 

V:\PROJECTS\W\WWC Engineering\WY17374A Brook Mine Perm Testing\Lab Summaries\R13-019 at 147.5 Peremeability.xlsR1 3-019 at 147.5 Peremeability.xls 
DEQ Ex. 3-1880
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Project No.: WY1737 4A 

Sample ID: R13-019 at 170.5' 

Tested by: JF 

Date Tested: 11/15/2017 

Hydraulic Gradient 126.6 

System Constant, C 0.440 (cm2) 

Date Time Temperature 
(s) 

oc Rr 

11/9/2017 0 21 .1 0.978 

11/9/2017 58800 21 .1 0.978 

11/9/2017 62400 21 .1 0.978 

11/9/2017 66000 21 .1 0.978 

11/10/2017 69600 21 .1 0.978 

11/11/2017 73200 21 .1 0.978 
11/13/2017 76800 21 .1 0.978 

Permeant liquid: standard water 

ril Z ril Z/9Z/Z ril 'peuue.os 

FLEXWALL PEn.,JIEABILITY TEST Hydraulic Conductivity Trend 
ASTM D5084 (Method C) 

5.0E-09 
(permeation of sample) 

4.0E-09 

"'-
u 
Cl/ .,, 

3 0E-09 
----E 

2 0E-09 • • • u ~-
1.0E-09 

0.0E+00 
55000 60000 65000 70000 75000 

Cumulative Time (sec) 

Client: WWC En~ineerin~ Remolded 

Project: Brook Mine Permeabili!l'. Testing X Undisturbed 

Sample Description: Grey CLAYEY SANDSTONE 

Initial Dry Density: 138 

Initial Moisture Content: 7% 

Final Moisture Content: 19% 

Chamber 120 (psi) a influent burette 0.88 cm2 

Upper 30 (psi) Final Length , L1 5.56 cm 

Lower 40 (psi) Final Area, A1 44.49 cm2 

Surette Incremental Flow Head Difference 1 Preliminary2 Final3 ASTM D5084 
Readings 

Lower Upper 
Vu (t) VL (t) 
(cc) (cc) 

4.30 17.20 

5.30 16.20 

5.50 16.00 

5.60 15.90 

5.70 15.80 

5.80 15.70 
5.90 15.60 

Inflow Outflow 
(lower) (upper) 

(cc) (cc) 

1.00 1.00 

0.20 0.20 

0.10 0.1 0 

0.10 0.10 

0.10 0.10 
0.10 0.10 

Tfl u 2/D25 
RECD 10- 2:; - 13 

h (t) kA/L k20 (x1 o-) Method C 
Ratio (cm2/sec) (cm/sec) k20 
In/Out (cm/sec) 

1.0 708.8 

1.0 708.6 3.4E-08 4.2E-09 4.2E-09 

1.0 708.5 1.7E-08 2.1 E-09 2.1 E-09 

1.0 708.4 1.7E-08 2.1 E-09 2.1 E-09 

1.0 708.3 1.7E-08 2.1 E-09 2.1 E-09 
1.0 708.2 1.7E-08 2.1 E-09 2.1 E-09 

kavg = 2.1 E-09 emfs 

Reviewed by: ~ I W 

V:IPROJECTSIVV\V"vWC Engineering\WY17374A Brook Mine Perm Testing\Lab Summaries\R13-019 at 170.5 Peremeability.xlk.xlsR13-019 at 170.5 Peremeability.xlk.xls 
DEQ Ex. 3-1881
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Project No. : WY17374A 

Sample ID: R13-023 at 160.8 

Tested by: JF 

Date Tested: 11/21/2017 

Hydraulic Gradient 131 .6 

System Constant, C 0.440 (cm2) 

Date Time Temperature 
(s) 

oc RT 

11/22/2017 0 21 .5 0.968 

11/22/2017 3600 21 .5 0.968 

11/22/2017 7200 21 .5 0.968 

11/22/2017 10800 21.5 0.968 

11/22/2017 14400 21 .5 0.968 

11/22/2017 104400 21 .5 0.968 

11/22/2017 111600 21 .5 0.968 
11/22/2017 118800 21 .5 0.968 

Permeant liquid: standard water 

lil Z lil Z/9Z/Z lil ~ peuue.os 

FLEXWALL PE"MEABILITY TEST Hydraulic Conductivity Trend 
ASTM D5084 (Method C) 

1.2E-09 
(permeation of sample) 1.0E-09 

l u 
Q) 8.0E-10 V) ........ 

60E-10 E 
u 

4.0E-10 •• -:,,:' 
2.0E-10 

0.0E+00 
0 50000 100000 150000 

Cumulative Time (sec) 

Client: WWC Enf;!ineerinf;! Remolded 
Project: Brook Mine Permeabili!z'. Testing X Undisturbed 

Sample Description: Grey Claystone 

In itial Dry Density: 128.2 pcf 

In itial Moisture Content: 10% 

Final Moisture Content: 19% 

Chamber 125 (psi) a influent burette 0.88 cm2 

Upper 24 (psi) Final Length , Lt 5.88 cm 

Lower 35 (psi) Final Area, At 44.46 cm2 

Surette Incremental Flow Head Difference 1 Preliminary2 Final3 ASTM D5084 
Readings 

Lower Upper 
Vu (t) VL (t) 
(cc) (cc) 

1.90 14.00 

1.95 13.95 

2.00 13.90 

2.05 13.85 

2.10 13.80 

2.70 13.20 

2.75 13.15 
2.80 13.10 

Inflow Outflow Ratio 
(lower) (upper) In/Out 

(cc) (cc) 

0.05 0.05 1.0 

0.05 0.05 1.0 

0.05 0.05 1.0 

0.05 0.05 1.0 

0.60 0.60 1.0 

0.05 0.05 1.0 
0.05 0.05 1.0 

Trl 6 2/" 25 
RECD 1 -25-13 

h (t) kA/L k20 (x1 o-) Method C 

(cm2/sec) (cm/sec) k20 
(cm/sec) 

779.8 

779.7 7.8E-09 9.9E-10 9.9E-10 

779.7 7.8E-09 9.9E-10 9.9E-10 

779.6 7.8E-09 9.9E-10 9.9E-10 

779.0 3.7E-09 4.8E-10 4.8E-10 

779.0 3.9E-09 5.0E-10 5.0E-10 
778.9 7.8E-09 9.9E-10 5.0E-10 

kavg = 4.9E-10 emfs 

I 
Reviewed by. __ &....._""'_~__..---~----------

V:IPROJECTSIV\AVI/WC Engineering\WY17374A Brook Mine Perm Testing\Lab Summaries\R13-023 at 160.8 Peremeability .xlk.xlsR13-023 at 160.8 Peremeability.xlk.xls 
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Project No.: WY17374A 

Sample ID: R13-023 at 168.9' 

Tested by: JF 

Date Tested: 11/28/2017 

Hydraulic Gradient 3.6 

System Constant, C 0.440 (cm2
) 

Date Time Temperature 
(s) 

oc Rr 

11/22/2017 0 20.9 0.983 

11/22/2017 10 20.9 0.983 

11/22/2017 20 20.9 0.983 

11 /22/201 7 30 20.9 0.983 

11/22/2017 40 20.9 0.983 

11/22/2017 50 20.9 0.983 

11/22/2017 60 20.9 0.983 
11/22/2017 70 20.9 0.983 

Permeant liquid: standard water 

fil Z fil Z/SZ/Z fil tpeuu'e.oS 

FLEXWALL PEKMEABILITY TEST Hydraulic Conductivity Trend 
ASTM D5084 (Method C) 

1.SE-04 
(permeation of sample) 

'-. u 
Cl) 1.0E-04 V, • ........ • • • E 
u 

5 0E-05 
'>,!.-

0.0E+00 
0 20 40 60 80 

Cumulative Time (sec) 

Client: WWC En~ineerin~ Remolded 

Project: Brook Mine Permeabili!x: Testin~ X Undisturbed 

Sample Description: Grey SANDSTONE 

Initial Dry Density: 194.1 pcf 

Initial Moisture Content: 2% 

Final Moisture Content: 4% 

Chamber 125 (psi) a influent burette 0.88 cm2 

Surette 
Readings 

Lower Upper 
Vu (t) VL (t) 
(cc) (cc) 

16.30 7.70 

16.50 7.50 

16.80 7.20 

17.00 7.00 

17.20 6.80 

17.40 6.60 

17.60 6.40 
17.80 6.20 

Upper 34.9 (psi) 

Lower 35.1 (psi) 

Incremental Flow Head Difference 1 

Inflow Outflow Ratio 
(lower) (upper) In/Out 

(cc) (cc) 

0.20 0.20 1.0 

0.30 0.30 1.0 

0.20 0.20 1.0 

0.20 0.20 1.0 

0.20 0.20 1.0 

0.20 0.20 1.0 
0.20 0.20 1.0 

Tf-fl 6 2/G:5 
RECD 10- 2~ - 1J 

h (t) 

9.3 

9.0 

8.8 

8.6 

8.4 

8.2 
8.0 

Reviewed by: 

Final Length , L1 3.894 cm 

Final Area, A1 45.19 cm2 

Preliminary2 Final3 ASTM D5084 

kA/L k20 (x1 o-) Method C 

(cm2/sec) (cm/sec) k20 
(cm/sec) 

1.4E-03 1.2E-04 1.2E-04 

9.8E-04 8.3E-05 8.3E-05 

1.0E-03 8.5E-05 8.5E-05 

1.0E-03 8.7E-05 8.7E-05 

1.1 E-03 8.9E-05 8.9E-05 
2.1 E-03 1.8E-04 9.1 E-05 

kavg = 8.9E-05 cm/s 

d lW 

V:\PROJECTS\\/1/'\VVVVC Engineering\WY17374A Brook Mine Perm Testing\Lab Summaries\R23-019 at 168.9 Peremeability .xlk.xlsR23-019 at 168.9 Peremeability.xlk.xls 
DEQ Ex. 3-1883



RAMACO Brook Mine 

Statistical Summary of Permeability (ft/ day) 
Upper Carney Upper Carney Lower Carney Lower Carney Carney Upper Carney Lower Masters Upper Masters Lower 

Upper Confining Lower Confining Upper Confining Lower Confining Confining Confining Confining Confining 
Interval Interval Interval Interval Interval Interval Interval Interval 

Minimum 5 .73E-05 2 .52E-05 7 .54E-05 l.90E-04 7.09E-05 5.95E-06 l.36E-06 2 .35E-Ol 
Maximum 6 .63E-05 2 .98E-05 8 .28E-05 l.99E-04 2.52E-04 l.19E-05 2.81E-06 3.40E-Ol 
Mean 6 .07E-05 2.75E-05 7 .89E-05 l.97E-04 l.43E-04 7 .14E-06 2 . lOE-06 2 .62E-Ol 
Median 5 .87E-05 2 .75E-05 7.97E-05 l .99E-04 l.25E-04 5.95E-06 2. llE-06 2.49E-Ol 

t r. .... ' 
C'-.J 

1n .;,-;, 
c, c---.; 
t..:;:, 

;::,..., .. . 

""" ~ : 
t!'") r -i -- r, 
L I 1 ,_ 

April 20• " Addendu -16-11 

scannedt ~2/26/2~2~ 
DEQ Ex. 3-1884



New Groundwater Level Data

RAMACO - Brook Mine
2019 Hydrology Data Page 1 of 1

WELL_NAME MEAS_DATE GW_ELEV GASSY COMMENTS
578415-SPL-1 1/10/19 3585.43
578415-SPL-2 1/10/19 3540.88
578420-AL-1 1/10/19 3624.33

578420-CRN-PUMP-1 1/10/19 3624.14
578513-OVB-1 1/11/19 DRY DRY

DEQ Ex. 3-1885



New Field Groundwater Quality Data

RAMACO - Brook Mine
2019 Hydrology Data Page 1 of 2

MINE_NAME SAMP_STATION_NAME SAMP_DATE PARAMETER_NAME
PARAMETER

_VALUE
ANALYTICAL_

METHOD COMMENTS
Brook Mine 578415-SPL-1 1/10/19 FIELD PH 6.71 Field
Brook Mine 578415-SPL-1 1/10/19 FIELD SP CONDUCTANCE AT 25 C 5060 Field
Brook Mine 578415-SPL-1 1/10/19 FIELD TURBIDITY NTU 37.5 Field
Brook Mine 578415-SPL-1 1/10/19 FIELD WATER TEMP 9.6 Field
Brook Mine 578415-SPL-2 1/10/19 FIELD PH 7.68 Field
Brook Mine 578415-SPL-2 1/10/19 FIELD SP CONDUCTANCE AT 25 C 1848 Field
Brook Mine 578415-SPL-2 1/10/19 FIELD TURBIDITY NTU 31.5 Field
Brook Mine 578415-SPL-2 1/10/19 FIELD WATER TEMP 9.90 Field
Brook Mine 578420-AL-1 1/10/19 FIELD PH 7.44 Field
Brook Mine 578420-AL-1 1/10/19 FIELD SP CONDUCTANCE AT 25 C 852 Field
Brook Mine 578420-AL-1 1/10/19 FIELD TURBIDITY NTU 111 Field
Brook Mine 578420-AL-1 1/10/19 FIELD WATER TEMP 8.50 Field
Brook Mine 578420-CRN-PUMP 1/10/19 FIELD PH 7.76 Field
Brook Mine 578420-CRN-PUMP 1/10/19 FIELD SP CONDUCTANCE AT 25 C 1099 Field
Brook Mine 578420-CRN-PUMP 1/10/19 FIELD TURBIDITY NTU 4.0 Field
Brook Mine 578420-CRN-PUMP 1/10/19 FIELD WATER TEMP 9.10 Field
Brook Mine LAYA #1 4/9/19 FIELD PH 7.95 Field
Brook Mine LAYA #1 4/9/19 FIELD SP CONDUCTANCE AT 25 C 1954.00 Field
Brook Mine LAYA #1 4/9/19 FIELD TURBIDITY NTU 3.02 Field
Brook Mine LAYA #1 4/9/19 FIELD WATER TEMP 7.20 Field
Brook Mine 578420-CRN-PUMP 4/9/19 FIELD PH 7.81 Field
Brook Mine 578420-CRN-PUMP 4/9/19 FIELD SP CONDUCTANCE AT 25 C 1098.00 Field
Brook Mine 578420-CRN-PUMP 4/9/19 FIELD TURBIDITY NTU 20.70 Field
Brook Mine 578420-CRN-PUMP 4/9/19 FIELD WATER TEMP 12.80 Field
Brook Mine TDAW-01 7/11/19 FIELD PH 7.47 Field
Brook Mine TDAW-01 7/11/19 FIELD SP CONDUCTANCE AT 25 C 1093 Field
Brook Mine TDAW-01 7/11/19 FIELD TURBIDITY NTU 0.65 Field
Brook Mine TDAW-01 7/11/19 FIELD WATER TEMP 11.5 Field
Brook Mine LAYA #2 7/26/19 FIELD PH 7.28 Field
Brook Mine LAYA #2 7/26/19 FIELD SP CONDUCTANCE AT 25 C 3670 Field
Brook Mine LAYA #2 7/26/19 FIELD TURBIDITY NTU 47.8 Field
Brook Mine LAYA #2 7/26/19 FIELD WATER TEMP 10.7 Field
Brook Mine LAYA #3 7/26/19 FIELD PH 7.57 Field
Brook Mine LAYA #3 7/26/19 FIELD SP CONDUCTANCE AT 25 C 1071 Field
Brook Mine LAYA #3 7/26/19 FIELD TURBIDITY NTU 1.71 Field
Brook Mine LAYA #3 7/26/19 FIELD WATER TEMP 11 Field

DEQ Ex. 3-1886



New Field Groundwater Quality Data

RAMACO - Brook Mine
2019 Hydrology Data Page 2 of 2

MINE_NAME SAMP_STATION_NAME SAMP_DATE PARAMETER_NAME
PARAMETER

_VALUE
ANALYTICAL_

METHOD COMMENTS
Brook Mine 578415-AL-1 7/26/19 FIELD PH 7.1 Field
Brook Mine 578415-AL-1 7/26/19 FIELD SP CONDUCTANCE AT 25 C 2270 Field
Brook Mine 578415-AL-1 7/26/19 FIELD TURBIDITY NTU Over Limit Field
Brook Mine 578415-AL-1 7/26/19 FIELD WATER TEMP 12.6 Field

DEQ Ex. 3-1887



New Lab Groundwater Quality Data

RAMACO - Brook Mine
2019 Hydrology Data Page 1 of 12

MINE_NAME SAMP_STATION_NAME
SAMP_DA

TE PARAMETER_NAME
PARAMET
ER_VALUE

LAB_COM
P_NAME

LAB_BOTTLE_I
D

ANALYSI
S_DATE

ANALYTICAL
_METHOD COMMENTS

Brook Mine 578415-SPL-1 1/10/19 PH 7.9 IML S1901113-001A 1/11/19 SM 4500 H  B
Brook Mine 578415-SPL-1 1/10/19 SP CONDUCTANCE AT 25 C 4140 IML S1901113-001A 1/11/19 SM 2510B
Brook Mine 578415-SPL-1 1/10/19 TDS DRIED AT 180 C 4800 IML S1901113-001A 1/11/19 SM 2540
Brook Mine 578415-SPL-1 1/10/19 TDS CALCULATED 4320 IML S1901113-001A 1/25/19 SM 1030E
Brook Mine 578415-SPL-1 1/10/19 TOTAL ALKALINITY AS CACO3 1000 IML S1901113-001A 1/11/19 SM 2320B
Brook Mine 578415-SPL-1 1/10/19 HARDNESS CA/MG AS CACO3 2480 IML S1901113-001A 1/25/19 SM 2340B
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED NH3 AS N 7.6 IML S1901113-001B 1/15/19 EPA 350.1
Brook Mine 578415-SPL-1 1/10/19 SAR 3.2 IML S1901113-001A 1/25/19 Calculation
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED HCO3 AS HCO3 1220 IML S1901113-001A 1/11/19 SM 2320B
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED CO3 AS CO3 -5 IML S1901113-001A 1/11/19 SM 2320B
Brook Mine 578415-SPL-1 1/10/19 OH AS OH -5 IML S1901113-001A 1/11/19 SM 2320B
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED CL 24 IML S1901113-001A 1/11/19 EPA 300.0
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED F 0.4 IML S1901113-001A 1/11/19 SM 4500FC
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1901113-001B 1/14/19 EPA 353.2
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED SO4 2510 IML S1901113-001A 1/11/19 EPA 300.0
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED CA 422 IML S1901113-001A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED MG 347 IML S1901113-001A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED K 52 IML S1901113-001A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED NA 364 IML S1901113-001A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 CATIONS 67.31 IML S1901113-001A 1/25/19 SM 1030E
Brook Mine 578415-SPL-1 1/10/19 ANIONS 72.93 IML S1901113-001A 1/25/19 SM 1030E
Brook Mine 578415-SPL-1 1/10/19 CATION ANION BALANCE 4.01 IML S1901113-001A 1/25/19 SM 1030E
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED AL -0.1 IML S1901113-001C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED AS -0.005 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED BA -0.1 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED B 0.1 IML S1901113-001C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED CD -0.001 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED CR -0.01 IML S1901113-001C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED CU -0.01 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED FE 2.43 IML S1901113-001C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED PB -0.02 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED MN 1.12 IML S1901113-001C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED HG -0.001 IML S1901113-001C 1/16/19 EPA 245.1
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED MO -0.02 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED NI 0.04 IML S1901113-001C 1/11/19 EPA 200.7
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Brook Mine 578415-SPL-1 1/10/19 DISSOLVED SE -0.005 IML S1901113-001C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-1 1/10/19 DISSOLVED ZN -0.01 IML S1901113-001C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 TOTAL FE 3.09 IML S1901113-001D 1/16/19 EPA 200.7
Brook Mine 578415-SPL-1 1/10/19 TOTAL MN 1.18 IML S1901113-001D 1/16/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 PH 8.5 IML S1901113-002A 1/12/19 SM 4500 H  B
Brook Mine 578415-SPL-2 1/10/19 SP CONDUCTANCE AT 25 C 1750 IML S1901113-002A 1/12/19 SM 2510B
Brook Mine 578415-SPL-2 1/10/19 TDS DRIED AT 180 C 1190 IML S1901113-002A 1/11/19 SM 2540
Brook Mine 578415-SPL-2 1/10/19 TDS CALCULATED 1190 IML S1901113-002A 1/25/19 SM 1030E
Brook Mine 578415-SPL-2 1/10/19 TOTAL ALKALINITY AS CACO3 1120 IML S1901113-002A 1/12/19 SM 2320B
Brook Mine 578415-SPL-2 1/10/19 HARDNESS CA/MG AS CACO3 80 IML S1901113-002A 1/25/19 SM 2340B
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED NH3 AS N 5.6 IML S1901113-002B 1/15/19 EPA 350.1
Brook Mine 578415-SPL-2 1/10/19 SAR 22.2 IML S1901113-002A 1/25/19 Calculation
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED HCO3 AS HCO3 1260 IML S1901113-002A 1/12/19 SM 2320B
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED CO3 AS CO3 49 IML S1901113-002A 1/12/19 SM 2320B
Brook Mine 578415-SPL-2 1/10/19 OH AS OH -5 IML S1901113-002A 1/12/19 SM 2320B
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED CL 16 IML S1901113-002A 1/11/19 EPA 300.0
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED F 1.5 IML S1901113-002A 1/12/19 SM 4500FC
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1901113-002B 1/14/19 EPA 353.2
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED SO4 2 IML S1901113-002A 1/11/19 EPA 300.0
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED CA 16 IML S1901113-002A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED MG 10 IML S1901113-002A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED K 16 IML S1901113-002A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED NA 456 IML S1901113-002A 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 CATIONS 22.22 IML S1901113-002A 1/25/19 SM 1030E
Brook Mine 578415-SPL-2 1/10/19 ANIONS 22.91 IML S1901113-002A 1/25/19 SM 1030E
Brook Mine 578415-SPL-2 1/10/19 CATION ANION BALANCE 1.51 IML S1901113-002A 1/25/19 SM 1030E
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED AL -0.1 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED AS -0.005 IML S1901113-002C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED BA 0.3 IML S1901113-002C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED B -0.1 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED CD -0.001 IML S1901113-002C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED CR -0.01 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED CU -0.01 IML S1901113-002C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED FE 0.07 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED PB -0.02 IML S1901113-002C 1/11/19 EPA 200.8
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Brook Mine 578415-SPL-2 1/10/19 DISSOLVED MN -0.02 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED HG -0.001 IML S1901113-002C 1/16/19 EPA 245.1
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED MO -0.02 IML S1901113-002C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED NI -0.01 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED SE -0.005 IML S1901113-002C 1/11/19 EPA 200.8
Brook Mine 578415-SPL-2 1/10/19 DISSOLVED ZN -0.01 IML S1901113-002C 1/11/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 TOTAL FE 0.67 IML S1901113-002D 1/16/19 EPA 200.7
Brook Mine 578415-SPL-2 1/10/19 TOTAL MN 0.03 IML S1901113-002D 1/16/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 PH 8.2 IML S1901113-003A 1/14/19 SM 4500 H  B
Brook Mine 578420-AL-1 1/10/19 SP CONDUCTANCE AT 25 C 760 IML S1901113-003A 1/12/19 SM 2510B
Brook Mine 578420-AL-1 1/10/19 TDS DRIED AT 180 C 540 IML S1901113-003A 1/11/19 SM 2540
Brook Mine 578420-AL-1 1/10/19 TDS CALCULATED 500 IML S1901113-003A 1/25/19 SM 1030E
Brook Mine 578420-AL-1 1/10/19 TOTAL ALKALINITY AS CACO3 328 IML S1901113-003A 1/14/19 SM 2320B
Brook Mine 578420-AL-1 1/10/19 HARDNESS CA/MG AS CACO3 377 IML S1901113-003A 1/25/19 SM 2340B
Brook Mine 578420-AL-1 1/10/19 DISSOLVED NH3 AS N -0.1 IML S1901113-003B 1/15/19 EPA 350.1
Brook Mine 578420-AL-1 1/10/19 SAR 0.8 IML S1901113-003A 1/25/19 Calculation
Brook Mine 578420-AL-1 1/10/19 DISSOLVED HCO3 AS HCO3 401 IML S1901113-003A 1/14/19 SM 2320B
Brook Mine 578420-AL-1 1/10/19 DISSOLVED CO3 AS CO3 -5 IML S1901113-003A 1/14/19 SM 2320B
Brook Mine 578420-AL-1 1/10/19 OH AS OH -5 IML S1901113-003A 1/14/19 SM 2320B
Brook Mine 578420-AL-1 1/10/19 DISSOLVED CL 3 IML S1901113-003A 1/11/19 EPA 300.0
Brook Mine 578420-AL-1 1/10/19 DISSOLVED F 0.3 IML S1901113-003A 1/12/19 SM 4500FC
Brook Mine 578420-AL-1 1/10/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1901113-003B 1/14/19 EPA 353.2
Brook Mine 578420-AL-1 1/10/19 DISSOLVED SO4 128 IML S1901113-003A 1/11/19 EPA 300.0
Brook Mine 578420-AL-1 1/10/19 DISSOLVED CA 90 IML S1901113-003A 1/16/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED MG 37 IML S1901113-003A 1/16/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED K 3 IML S1901113-003A 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED NA 37 IML S1901113-003A 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 CATIONS 9.23 IML S1901113-003A 1/25/19 SM 1030E
Brook Mine 578420-AL-1 1/10/19 ANIONS 9.33 IML S1901113-003A 1/25/19 SM 1030E
Brook Mine 578420-AL-1 1/10/19 CATION ANION BALANCE 0.54 IML S1901113-003A 1/25/19 SM 1030E
Brook Mine 578420-AL-1 1/10/19 DISSOLVED AL -0.1 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED AS -0.005 IML S1901113-003C 1/11/19 EPA 200.8
Brook Mine 578420-AL-1 1/10/19 DISSOLVED BA 0.2 IML S1901113-003C 1/11/19 EPA 200.8
Brook Mine 578420-AL-1 1/10/19 DISSOLVED B -0.1 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED CD -0.001 IML S1901113-003C 1/11/19 EPA 200.8
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Brook Mine 578420-AL-1 1/10/19 DISSOLVED CR -0.01 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED CU -0.01 IML S1901113-003C 1/11/19 EPA 200.8
Brook Mine 578420-AL-1 1/10/19 DISSOLVED FE -0.05 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED PB -0.02 IML S1901113-003C 1/11/19 EPA 200.8
Brook Mine 578420-AL-1 1/10/19 DISSOLVED MN 0.17 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED HG -0.001 IML S1901113-003C 1/16/19 EPA 245.1
Brook Mine 578420-AL-1 1/10/19 DISSOLVED MO -0.02 IML S1901113-003C 1/11/19 EPA 200.8
Brook Mine 578420-AL-1 1/10/19 DISSOLVED NI -0.01 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 DISSOLVED SE -0.005 IML S1901113-003C 1/11/19 EPA 200.8
Brook Mine 578420-AL-1 1/10/19 DISSOLVED ZN -0.01 IML S1901113-003C 1/11/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 TOTAL FE 2.3 IML S1901113-003D 1/16/19 EPA 200.7
Brook Mine 578420-AL-1 1/10/19 TOTAL MN 0.58 IML S1901113-003D 1/16/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 PH 8.4 IML S1901113-004A 1/12/19 SM 4500 H  B
Brook Mine 578420-CRN-PUMP 1/10/19 SP CONDUCTANCE AT 25 C 996 IML S1901113-004A 1/12/19 SM 2510B
Brook Mine 578420-CRN-PUMP 1/10/19 TDS DRIED AT 180 C 700 IML S1901113-004A 1/11/19 SM 2540
Brook Mine 578420-CRN-PUMP 1/10/19 TDS CALCULATED 660 IML S1901113-004A 1/25/19 SM 1030E
Brook Mine 578420-CRN-PUMP 1/10/19 TOTAL ALKALINITY AS CACO3 424 IML S1901113-004A 1/12/19 SM 2320B
Brook Mine 578420-CRN-PUMP 1/10/19 HARDNESS CA/MG AS CACO3 234 IML S1901113-004A 1/25/19 SM 2340B
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED NH3 AS N 2.5 IML S1901113-004B 1/15/19 EPA 350.1
Brook Mine 578420-CRN-PUMP 1/10/19 SAR 4.1 IML S1901113-004A 1/25/19 Calculation
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED HCO3 AS HCO3 490 IML S1901113-004A 1/12/19 SM 2320B
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED CO3 AS CO3 13 IML S1901113-004A 1/12/19 SM 2320B
Brook Mine 578420-CRN-PUMP 1/10/19 OH AS OH -5 IML S1901113-004A 1/12/19 SM 2320B
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED CL 4 IML S1901113-004A 1/11/19 EPA 300.0
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED F 0.9 IML S1901113-004A 1/12/19 SM 4500FC
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1901113-004B 1/14/19 EPA 353.2
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED SO4 166 IML S1901113-004A 1/11/19 EPA 300.0
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED CA 43 IML S1901113-004A 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED MG 31 IML S1901113-004A 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED K 13 IML S1901113-004A 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED NA 145 IML S1901113-004A 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 CATIONS 11.49 IML S1901113-004A 1/25/19 SM 1030E
Brook Mine 578420-CRN-PUMP 1/10/19 ANIONS 12.08 IML S1901113-004A 1/25/19 SM 1030E
Brook Mine 578420-CRN-PUMP 1/10/19 CATION ANION BALANCE 2.49 IML S1901113-004A 1/25/19 SM 1030E
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED AL -0.1 IML S1901113-004C 1/11/19 EPA 200.7

DEQ Ex. 3-1891



New Lab Groundwater Quality Data

RAMACO - Brook Mine
2019 Hydrology Data Page 5 of 12

MINE_NAME SAMP_STATION_NAME
SAMP_DA

TE PARAMETER_NAME
PARAMET
ER_VALUE

LAB_COM
P_NAME

LAB_BOTTLE_I
D

ANALYSI
S_DATE

ANALYTICAL
_METHOD COMMENTS

Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED AS -0.005 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED BA 0.1 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED B -0.1 IML S1901113-004C 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED CD -0.001 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED CR -0.01 IML S1901113-004C 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED CU -0.01 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED FE -0.05 IML S1901113-004C 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED PB -0.02 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED MN 0.49 IML S1901113-004C 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED HG -0.001 IML S1901113-004C 1/16/19 EPA 245.1
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED MO -0.02 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED NI -0.01 IML S1901113-004C 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED SE -0.005 IML S1901113-004C 1/11/19 EPA 200.8
Brook Mine 578420-CRN-PUMP 1/10/19 DISSOLVED ZN -0.01 IML S1901113-004C 1/11/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 TOTAL FE 0.35 IML S1901113-004D 1/16/19 EPA 200.7
Brook Mine 578420-CRN-PUMP 1/10/19 TOTAL MN 0.50 IML S1901113-004D 1/16/19 EPA 200.7
Brook Mine LAYA #1 4/9/19 PH 8.4 IML S1904165-001A 43565.68 SM 4500 H  B
Brook Mine LAYA #1 4/9/19 SP CONDUCTANCE AT 25 C 1840 IML S1904165-001A 43565.68 SM 2510B
Brook Mine LAYA #1 4/9/19 TDS DRIED AT 180 C 1270 IML S1904165-001A 43565.53 SM 2540
Brook Mine LAYA #1 4/9/19 TDS CALCULATED 1260 IML S1904165-001A 43570.49 SM 1030E
Brook Mine LAYA #1 4/9/19 TOTAL ALKALINITY AS CACO3 1140 IML S1904165-001A 43565.68 SM 2320B
Brook Mine LAYA #1 4/9/19 HARDNESS CA/MG AS CACO3 90 IML S1904165-001A 43570.49 SM 2340B
Brook Mine LAYA #1 4/9/19 DISSOLVED NH3 AS N 4.7 IML S1904165-001B 43567.45 EPA 350.1
Brook Mine LAYA #1 4/9/19 SAR 22.5 IML S1904165-001A 43570.49 Calculation
Brook Mine LAYA #1 4/9/19 DISSOLVED HCO3 AS HCO3 1350 IML S1904165-001A 43565.68 SM 2320B
Brook Mine LAYA #1 4/9/19 DISSOLVED CO3 AS CO3 24 IML S1904165-001A 43565.68 SM 2320B
Brook Mine LAYA #1 4/9/19 OH AS OH -5 IML S1904165-001A 43565.68 SM 2320B
Brook Mine LAYA #1 4/9/19 DISSOLVED CL 36 IML S1904165-001A 43566.95 EPA 300.0
Brook Mine LAYA #1 4/9/19 DISSOLVED F 2 IML S1904165-001A 43565.68 SM 4500FC
Brook Mine LAYA #1 4/9/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1904165-001B 43566.43 EPA 353.2
Brook Mine LAYA #1 4/9/19 DISSOLVED SO4 -1 IML S1904165-001A 43565.67 EPA 300.0
Brook Mine LAYA #1 4/9/19 DISSOLVED CA 13 IML S1904165-001A 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED MG 14 IML S1904165-001A 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED K 19 IML S1904165-001A 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED NA 491 IML S1904165-001A 43565.8 EPA 200.7
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Brook Mine LAYA #1 4/9/19 CATIONS 23.94 IML S1904165-001A 43570.49 SM 1030E
Brook Mine LAYA #1 4/9/19 ANIONS 23.96 IML S1904165-001A 43570.49 SM 1030E
Brook Mine LAYA #1 4/9/19 CATION ANION BALANCE 0.04 IML S1904165-001A 43570.49 SM 1030E
Brook Mine LAYA #1 4/9/19 DISSOLVED AL -0.1 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED AS -0.005 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED BA 0.4 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED B 0.1 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED CD -0.001 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED CR -0.01 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED CU -0.01 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED FE -0.05 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED PB -0.02 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED MN 0.03 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED HG -0.001 IML S1904165-001C 43567.43 EPA 245.1
Brook Mine LAYA #1 4/9/19 DISSOLVED MO -0.02 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED NI -0.01 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 DISSOLVED SE -0.005 IML S1904165-001C 43566.27 EPA 200.8
Brook Mine LAYA #1 4/9/19 DISSOLVED ZN -0.01 IML S1904165-001C 43565.8 EPA 200.7
Brook Mine LAYA #1 4/9/19 TOTAL FE 0.15 IML S1904165-001D 43566.79 EPA 200.7
Brook Mine LAYA #1 4/9/19 TOTAL MN 0.03 IML S1904165-001D 43566.79 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 PH 8.3 IML S1904165-002A 43565.68 SM 4500 H  B
Brook Mine 578420-CRN-PUMP 4/9/19 SP CONDUCTANCE AT 25 C 1040 IML S1904165-002A 43565.68 SM 2510B
Brook Mine 578420-CRN-PUMP 4/9/19 TDS DRIED AT 180 C 690 IML S1904165-002A 43565.53 SM 2540
Brook Mine 578420-CRN-PUMP 4/9/19 TDS CALCULATED 680 IML S1904165-002A 43570.49 SM 1030E
Brook Mine 578420-CRN-PUMP 4/9/19 TOTAL ALKALINITY AS CACO3 421 IML S1904165-002A 43565.68 SM 2320B
Brook Mine 578420-CRN-PUMP 4/9/19 HARDNESS CA/MG AS CACO3 220 IML S1904165-002A 43570.49 SM 2340B
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED NH3 AS N 2.9 IML S1904165-002B 43567.45 EPA 350.1
Brook Mine 578420-CRN-PUMP 4/9/19 SAR 4.94 IML S1904165-002A 43570.49 Calculation
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED HCO3 AS HCO3 510 IML S1904165-002A 43565.68 SM 2320B
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED CO3 AS CO3 -5 IML S1904165-002A 43565.68 SM 2320B
Brook Mine 578420-CRN-PUMP 4/9/19 OH AS OH -5 IML S1904165-002A 43565.68 SM 2320B
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED CL 4 IML S1904165-002A 43566.96 EPA 300.0
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED F 1.1 IML S1904165-002A 43565.68 SM 4500FC
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1904165-002B 43566.43 EPA 353.2
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED SO4 168 IML S1904165-002A 43565.68 EPA 300.0
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Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED CA 38 IML S1904165-002A 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED MG 30 IML S1904165-002A 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED K 14 IML S1904165-002A 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED NA 169 IML S1904165-002A 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 CATIONS 12.29 IML S1904165-002A 43570.49 SM 1030E
Brook Mine 578420-CRN-PUMP 4/9/19 ANIONS 12.1 IML S1904165-002A 43570.49 SM 1030E
Brook Mine 578420-CRN-PUMP 4/9/19 CATION ANION BALANCE 0.79 IML S1904165-002A 43570.49 SM 1030E
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED AL -0.1 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED AS -0.005 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED BA -0.1 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED B -0.1 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED CD -0.001 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED CR -0.01 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED CU -0.01 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED FE -0.05 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED PB -0.02 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED MN 0.37 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED HG -0.001 IML S1904165-002C 43567.44 EPA 245.1
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED MO -0.02 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED NI -0.01 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED SE -0.005 IML S1904165-002C 43566.29 EPA 200.8
Brook Mine 578420-CRN-PUMP 4/9/19 DISSOLVED ZN -0.01 IML S1904165-002C 43565.8 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 TOTAL FE 1.1 IML S1904165-002D 43566.79 EPA 200.7
Brook Mine 578420-CRN-PUMP 4/9/19 TOTAL MN 0.36 IML S1904165-002D 43566.79 EPA 200.7
Brook Mine TDAW-01 7/11/19 PH 8.2 IML S1907203-001A 43659.02 SM 4500 H  B
Brook Mine TDAW-01 7/11/19 SP CONDUCTANCE AT 25 C 1140 IML S1907203-001A 43659.02 SM 2510B
Brook Mine TDAW-01 7/11/19 TDS DRIED AT 180 C 730 IML S1907203-001A 43661.39 SM 2540
Brook Mine TDAW-01 7/11/19 TDS CALCULATED 660 IML S1907203-001A 43671.4 SM 1030E
Brook Mine TDAW-01 7/11/19 TOTAL ALKALINITY AS CACO3 431 IML S1907203-001A 43659.02 SM 2320B
Brook Mine TDAW-01 7/11/19 HARDNESS CA/MG AS CACO3 524 IML S1907203-001A 43671.4 SM 2340B
Brook Mine TDAW-01 7/11/19 DISSOLVED NH3 AS N -0.1 IML S1907203-001B 43665.41 EPA 350.1
Brook Mine TDAW-01 7/11/19 SAR 0.85 IML S1907203-001A 43671.4 Calculation
Brook Mine TDAW-01 7/11/19 DISSOLVED HCO3 AS HCO3 526 IML S1907203-001A 43659.02 SM 2320B
Brook Mine TDAW-01 7/11/19 DISSOLVED CO3 AS CO3 -5 IML S1907203-001A 43659.02 SM 2320B
Brook Mine TDAW-01 7/11/19 OH AS OH -5 IML S1907203-001A 43659.02 SM 2320B
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Brook Mine TDAW-01 7/11/19 DISSOLVED CL 5 IML S1907203-001A 43658.83 EPA 300.0
Brook Mine TDAW-01 7/11/19 DISSOLVED F 0.3 IML S1907203-001A 43659.02 SM 4500FC
Brook Mine TDAW-01 7/11/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1907203-001B 43661.44 EPA 353.2
Brook Mine TDAW-01 7/11/19 DISSOLVED SO4 178 IML S1907203-001A 43658.83 EPA 300.0
Brook Mine TDAW-01 7/11/19 DISSOLVED CA 98 IML S1907203-001A 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED MG 68 IML S1907203-001A 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED K 4 IML S1907203-001A 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED NA 45 IML S1907203-001A 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 CATIONS 12.54 IML S1907203-001A 43671.4 SM 1030E
Brook Mine TDAW-01 7/11/19 ANIONS 12.47 IML S1907203-001A 43671.4 SM 1030E
Brook Mine TDAW-01 7/11/19 CATION ANION BALANCE 0.27 IML S1907203-001A 43671.4 SM 1030E
Brook Mine TDAW-01 7/11/19 DISSOLVED AL -0.1 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED AS -0.005 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED BA -0.1 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED B 0.1 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED CD -0.001 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED CR -0.01 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED CU -0.01 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED FE -0.05 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED PB -0.02 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED MN 0.41 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED HG -0.001 IML S1907203-001C 43665.61 EPA 245.1
Brook Mine TDAW-01 7/11/19 DISSOLVED MO -0.02 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED NI -0.01 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 DISSOLVED SE -0.005 IML S1907203-001C 43658.77 EPA 200.8
Brook Mine TDAW-01 7/11/19 DISSOLVED ZN 0.04 IML S1907203-001C 43662.7 EPA 200.7
Brook Mine TDAW-01 7/11/19 TOTAL FE 0.07 IML S1907203-001D 43662.87 EPA 200.7
Brook Mine TDAW-01 7/11/19 TOTAL MN 0.41 IML S1907203-001D 43662.87 EPA 200.7
Brook Mine LAYA #2 7/26/19 PH 7.9 IML S1907400-001A 7/29/2019 SM 4500 H  B
Brook Mine LAYA #2 7/26/19 SP CONDUCTANCE AT 25 C 3530 IML S1907400-001A 7/29/2019 SM 2510B
Brook Mine LAYA #2 7/26/19 TDS DRIED AT 180 C 3480 IML S1907400-001A 7/26/2019 SM 2540
Brook Mine LAYA #2 7/26/19 TDS CALCULATED 3020 IML S1907400-001A 8/2/2019 SM 1030E
Brook Mine LAYA #2 7/26/19 TOTAL ALKALINITY AS CACO3 537 IML S1907400-001A 7/29/2019 SM 2320B
Brook Mine LAYA #2 7/26/19 HARDNESS CA/MG AS CACO3 1800 IML S1907400-001A 8/2/2019 SM 2340B
Brook Mine LAYA #2 7/26/19 DISSOLVED NH3 AS N 0.3 IML S1907400-001B 7/29/2019 EPA 350.1
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Brook Mine LAYA #2 7/26/19 SAR 2.73 IML S1907400-001A 8/2/2019 Calculation
Brook Mine LAYA #2 7/26/19 DISSOLVED HCO3 AS HCO3 655 IML S1907400-001A 7/29/2019 SM 2320B
Brook Mine LAYA #2 7/26/19 DISSOLVED CO3 AS CO3 -5 IML S1907400-001A 7/29/2019 SM 2320B
Brook Mine LAYA #2 7/26/19 OH AS OH -5 IML S1907400-001A 7/29/2019 SM 2320B
Brook Mine LAYA #2 7/26/19 DISSOLVED CL 18 IML S1907400-001A 7/29/2019 EPA 300.0
Brook Mine LAYA #2 7/26/19 DISSOLVED F 0.8 IML S1907400-001A 7/29/2019 SM 4500FC
Brook Mine LAYA #2 7/26/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1907400-001B 7/29/2019 EPA 353.2
Brook Mine LAYA #2 7/26/19 DISSOLVED SO4 1870 IML S1907400-001A 7/29/2019 EPA 300.0
Brook Mine LAYA #2 7/26/19 DISSOLVED CA 248 IML S1907400-001A 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED MG 288 IML S1907400-001A 8/1/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED K 14 IML S1907400-001A 8/1/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED NA 267 IML S1907400-001A 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 CATIONS 48.03 IML S1907400-001A 8/2/2019 SM 1030E
Brook Mine LAYA #2 7/26/19 ANIONS 50.17 IML S1907400-001A 8/2/2019 SM 1030E
Brook Mine LAYA #2 7/26/19 CATION ANION BALANCE 2.17 IML S1907400-001A 8/2/2019 SM 1030E
Brook Mine LAYA #2 7/26/19 DISSOLVED AL -0.1 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED AS -0.005 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED BA -0.1 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED B 0.5 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED CD -0.001 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED CR -0.01 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED CU -0.01 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED FE -0.05 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED PB -0.02 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED MN 0.34 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED HG -0.001 IML S1907400-001C 7/30/2019 EPA 245.1
Brook Mine LAYA #2 7/26/19 DISSOLVED MO -0.02 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED NI -0.01 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 DISSOLVED SE -0.005 IML S1907400-001C 7/30/2019 EPA 200.8
Brook Mine LAYA #2 7/26/19 DISSOLVED ZN -0.01 IML S1907400-001C 7/29/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 TOTAL FE 1.65 IML S1907400-001E 7/30/2019 EPA 200.7
Brook Mine LAYA #2 7/26/19 TOTAL MN 0.49 IML S1907400-001E 7/30/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 PH 8.2 IML S1907400-002A 7/29/2019 SM 4500 H  B
Brook Mine LAYA #3 7/26/19 SP CONDUCTANCE AT 25 C 1070 IML S1907400-002A 7/29/2019 SM 2510B
Brook Mine LAYA #3 7/26/19 TDS DRIED AT 180 C 720 IML S1907400-002A 7/26/2019 SM 2540
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Brook Mine LAYA #3 7/26/19 TDS CALCULATED 650 IML S1907400-002A 8/2/2019 SM 1030E
Brook Mine LAYA #3 7/26/19 TOTAL ALKALINITY AS CACO3 418 IML S1907400-002A 7/29/2019 SM 2320B
Brook Mine LAYA #3 7/26/19 HARDNESS CA/MG AS CACO3 516 IML S1907400-002A 8/2/2019 SM 2340B
Brook Mine LAYA #3 7/26/19 DISSOLVED NH3 AS N -0.1 IML S1907400-002B 7/29/2019 EPA 350.1
Brook Mine LAYA #3 7/26/19 SAR 0.59 IML S1907400-002A 8/2/2019 Calculation
Brook Mine LAYA #3 7/26/19 DISSOLVED HCO3 AS HCO3 510 IML S1907400-002A 7/29/2019 SM 2320B
Brook Mine LAYA #3 7/26/19 DISSOLVED CO3 AS CO3 -5 IML S1907400-002A 7/29/2019 SM 2320B
Brook Mine LAYA #3 7/26/19 OH AS OH -5 IML S1907400-002A 7/29/2019 SM 2320B
Brook Mine LAYA #3 7/26/19 DISSOLVED CL 4 IML S1907400-002A 7/29/2019 EPA 300.0
Brook Mine LAYA #3 7/26/19 DISSOLVED F 0.7 IML S1907400-002A 7/29/2019 SM 4500FC
Brook Mine LAYA #3 7/26/19 DISSOLVED NO2 + NO3 AS N 0.3 IML S1907400-002B 7/29/2019 EPA 353.2
Brook Mine LAYA #3 7/26/19 DISSOLVED SO4 203 IML S1907400-002A 7/29/2019 EPA 300.0
Brook Mine LAYA #3 7/26/19 DISSOLVED CA 92 IML S1907400-002A 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED MG 70 IML S1907400-002A 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED K 2 IML S1907400-002A 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED NA 31 IML S1907400-002A 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 CATIONS 11.72 IML S1907400-002A 8/2/2019 SM 1030E
Brook Mine LAYA #3 7/26/19 ANIONS 12.76 IML S1907400-002A 8/2/2019 SM 1030E
Brook Mine LAYA #3 7/26/19 CATION ANION BALANCE 4.26 IML S1907400-002A 8/2/2019 SM 1030E
Brook Mine LAYA #3 7/26/19 DISSOLVED AL -0.1 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED AS -0.005 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED BA -0.1 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED B 0.2 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED CD -0.001 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED CR -0.01 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED CU -0.01 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED FE -0.05 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED PB -0.02 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED MN -0.02 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED HG -0.001 IML S1907400-002C 7/30/2019 EPA 245.1
Brook Mine LAYA #3 7/26/19 DISSOLVED MO -0.02 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED NI -0.01 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 DISSOLVED SE -0.005 IML S1907400-002C 7/30/2019 EPA 200.8
Brook Mine LAYA #3 7/26/19 DISSOLVED ZN -0.01 IML S1907400-002C 7/29/2019 EPA 200.7
Brook Mine LAYA #3 7/26/19 TOTAL FE -0.05 IML S1907400-002E 7/30/2019 EPA 200.7
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Brook Mine LAYA #3 7/26/19 TOTAL MN -0.02 IML S1907400-002E 7/30/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 PH 7.9 IML S1907400-003A 7/29/2019 SM 4500 H  B
Brook Mine 578415-AL-1 7/26/19 SP CONDUCTANCE AT 25 C 2430 IML S1907400-003A 7/29/2019 SM 2510B
Brook Mine 578415-AL-1 7/26/19 TDS DRIED AT 180 C 2030 IML S1907400-003A 7/26/2019 SM 2540
Brook Mine 578415-AL-1 7/26/19 TDS CALCULATED 1790 IML S1907400-003A 8/2/2019 SM 1030E
Brook Mine 578415-AL-1 7/26/19 TOTAL ALKALINITY AS CACO3 734 IML S1907400-003A 7/29/2019 SM 2320B
Brook Mine 578415-AL-1 7/26/19 HARDNESS CA/MG AS CACO3 1350 IML S1907400-003A 8/2/2019 SM 2340B
Brook Mine 578415-AL-1 7/26/19 DISSOLVED NH3 AS N 0.2 IML S1907400-003B 7/29/2019 EPA 350.1
Brook Mine 578415-AL-1 7/26/19 SAR 0.8 IML S1907400-003A 8/2/2019 Calculation
Brook Mine 578415-AL-1 7/26/19 DISSOLVED HCO3 AS HCO3 895 IML S1907400-003A 7/29/2019 SM 2320B
Brook Mine 578415-AL-1 7/26/19 DISSOLVED CO3 AS CO3 -5 IML S1907400-003A 7/29/2019 SM 2320B
Brook Mine 578415-AL-1 7/26/19 OH AS OH -5 IML S1907400-003A 7/29/2019 SM 2320B
Brook Mine 578415-AL-1 7/26/19 DISSOLVED CL 10 IML S1907400-003A 7/29/2019 EPA 300.0
Brook Mine 578415-AL-1 7/26/19 DISSOLVED F 0.3 IML S1907400-003A 7/29/2019 SM 4500FC
Brook Mine 578415-AL-1 7/26/19 DISSOLVED NO2 + NO3 AS N -0.1 IML S1907400-003B 7/29/2019 EPA 353.2
Brook Mine 578415-AL-1 7/26/19 DISSOLVED SO4 845 IML S1907400-003A 7/29/2019 EPA 300.0
Brook Mine 578415-AL-1 7/26/19 DISSOLVED CA 224 IML S1907400-003A 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED MG 192 IML S1907400-003A 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED K 16 IML S1907400-003A 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED NA 68 IML S1907400-003A 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 CATIONS 30.31 IML S1907400-003A 8/2/2019 SM 1030E
Brook Mine 578415-AL-1 7/26/19 ANIONS 32.54 IML S1907400-003A 8/2/2019 SM 1030E
Brook Mine 578415-AL-1 7/26/19 CATION ANION BALANCE 3.55 IML S1907400-003A 8/2/2019 SM 1030E
Brook Mine 578415-AL-1 7/26/19 DISSOLVED AL -0.1 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED AS -0.005 IML S1907400-003C 7/30/2019 EPA 200.8
Brook Mine 578415-AL-1 7/26/19 DISSOLVED BA -0.1 IML S1907400-003C 7/30/2019 EPA 200.8
Brook Mine 578415-AL-1 7/26/19 DISSOLVED B 0.3 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED CD -0.001 IML S1907400-003C 7/30/2019 EPA 200.8
Brook Mine 578415-AL-1 7/26/19 DISSOLVED CR -0.01 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED CU -0.01 IML S1907400-003C 7/30/2019 EPA 200.8
Brook Mine 578415-AL-1 7/26/19 DISSOLVED FE -0.05 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED PB -0.02 IML S1907400-003C 7/30/2019 EPA 200.8
Brook Mine 578415-AL-1 7/26/19 DISSOLVED MN 1.51 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED HG -0.001 IML S1907400-003C 7/30/2019 EPA 245.1
Brook Mine 578415-AL-1 7/26/19 DISSOLVED MO -0.02 IML S1907400-003C 7/30/2019 EPA 200.8
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MINE_NAME SAMP_STATION_NAME
SAMP_DA

TE PARAMETER_NAME
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LAB_COM
P_NAME

LAB_BOTTLE_I
D

ANALYSI
S_DATE
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Brook Mine 578415-AL-1 7/26/19 DISSOLVED NI 0.01 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 DISSOLVED SE -0.005 IML S1907400-003C 7/30/2019 EPA 200.8
Brook Mine 578415-AL-1 7/26/19 DISSOLVED ZN -0.01 IML S1907400-003C 7/29/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 TOTAL FE 111 IML S1907400-003E 7/30/2019 EPA 200.7
Brook Mine 578415-AL-1 7/26/19 TOTAL MN 3.95 IML S1907400-003E 7/30/2019 EPA 200.7
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