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Introduction 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field located 

25 miles northwest of Thermopolis, in Hot Springs County, Wyoming. Merit Energy 

Company presently retains two NPDES permits (WYOOOOl 75 and WY0000680) to 

discharge produced water from the Hamilton Dome Field into unnamed tributaries that 

eventually flow into Cottonwood Creek. 

The federal Clean Water Act requires that all surface water be swimmable and fishable. 

The Water Quality Division (WQD) of the Wyoming Department of Environmental 

Quality (DEQ) made changes to their statewide water classification syste~ and recently 

updated Water Quality Rules and Regulations, Chapter 1. Chapter 1 establishes water 

quality criteria for all classes of water. Until the recent update of Chapter 1, the 

classification of the tributaries and Cottonwood Creek was Class 4. The tributaries are 

now class 3B and Cottonwood Creek is now class 2C. The relevant classifications 

stipulate the following: 

Class 2C waters are those known to support or have the potential to 
support only nongame fish populations or spawning and nursery areas at 
least seasonally including their perennial tributaries and adjacent wetlands. 
Class 2C waters include all permanent and seasonal nongame fisheries and 
are considered "warm water". Uses designated on Class 2C waters include 
nongame fisheries, fish consumption, aquatic life other than fish, primary 
contact recreation, wildlife, industry, agriculture, and scenic value. 

Class 3B waters are tributary waters including adjacent wetlands that are 
not known to support fish populations or drinking water supplies and 
where those uses are not attainable. Class 3B waters are intermittent and 
ephemeral streams with sufficient hydrology to normally support and 
sustain communities of aquatic life including invertebrates, amphibians, or 
other flora and fauna which inhabit waters of the state at some stage of 
their life cycles. In general, 3B waters are characterized by frequent linear 
wetland occurrences or impoundments within or adjacent to the stream 
channel over its entire length. Such characteristics will be a primary 
indicator used in identifying Class 3B waters. 



Chapter I simultaneously requires the protection of the existing uses of a stream. 

Existing, beneficial uses of the water in Cottonwood Creek include livestock water, 

wildlife water and forage, aquatic habitat, and irrigation. With the stoppage of MEC 

discharges to Cottonwood Creek, the extent of these uses would be markedly lost. The 

Wyoming Game and Fish Department has provided to the Wyoming DEQ a generic 

statement regarding their position on the beneficial use of historic oil and gas field water 

discharges (see full letter dated June 10, 2002 in Appendix H): 

The Wyoming Game and Fish Department recognizes that historic 
discharges by oil and gas production facilities have demonstrated a 
beneficial use to fish and/or wildlife. Provided there are no changes to the 
quantity of discharge, and the water quality continues to meet DEQ 
standards for discharge, any permit renewal for these discharges will be 
considered by the Department as having a beneficial use for fish and/or 
wildlife. 

In order to renew its discharge permits under the current classification, MEC could be 

required to treat the Hamilton Dome discharge water to meet Class 2C standards. 

Appendix A demonstrates that the financial impact of treating the discharge to meet Class 

2C standards would result in closure of the field. 

Through this Use Attainability Analysis, MEC proposes to work with the Wyoming 

DEQ/WQD to increase water quality criteria allowing discharge of the produced water to 

continue without additional treatment. To that end, this document will provide an 

evidential summary to sustain three crucial factors that would warrant consideration by 

the Wyoming DEQ/WQD to establish site-specific criteria that are more appropriate to 

both the natural and man-made circumstances of this water course. These three factors 

are as follows: 

1. The physical habitat is historically, and in dominant measure remains, dependent 
upon MEC discharges, and therefore, stopping the discharge would cause more 
environmental damage than if the discharges were allowed to remain in place. 

2. A scientific evaluation of chemical and biological factors demonstrate that 
existing uses incur no detrimental effects from MEC discharges, and therefore, a 
subcategory of use that requires less stringent criteria is appropriate. 
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3. Closure of the field prior to the full recovery of the available crude oil resources 
would trigger significant economic distress on the local economy, and would 
result in substantial and widespread economic and social impact. 

Evidence 1 : Stopping the discharge would cause more 
environmental damage than if allowed to remain in 
place. 

Hydrology Report (Appendix BJ Summary 

The natural runoff on Cottonwood Creek (in the absence of approximately 13 cfs of year­

round Hamilton Dome discharges) was estimated using available USGS gage data and 

records of active irrigation water rights to conduct a simple water balance. Aerial photo 

interpretation, records analysis, and interviews with local ranchers indicate that there are 

between 1,600 and 2,000 acres of irrigated cropland along Cottonwood Creek. There are 

presently on record with the State Engineer just under 2,800 permitted acres along 

Cottonwood Creek with a water allocation of nearly 36 cubic feet per second (cfs) :from 

the creek. 

A water balance analysis (see Appendix B) was conducted to assess the potential 

hydrology of Cottonwood Creek in the absence of Hamilton Dome water discharges. The 

analysis indicates that the Cottonwood Creek drainage would have experienced as much 

as 14 cfs of water shortages in three of the seven years of record (1994-2000). It is 

important to note that the analysis is calibrated using relatively wet-year data, so this 

estimate is considered misleadingly optimistic. In fact, the preponderance of testimony 

from local ranchers indicate that Cottonwood Creek generally runs dry for all but the 

spring runoff and early irrigation season. This testimony is supported by additional gage 

data available during the summer months of 1977 and 1978 (see Appendix B). 

The addition of approximately 13 cfs of MEC discharge water, delivered on a consistent 

year-round basis, greatly alleviates potential shortages during the summer irrigation 

season as well as significantly supplements livestock watering, wetland preservation, 
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aquatic habitat, and other natural beneficial uses during the off-season. It is also evident 

that the supplemental water discharges, under the assumption that the quality of this 

water is not detrimental to the existing uses along Cottonwood Creek, provide 

considerable relief from the current and ongoing drought conditions. 

Wetland Report (Appendix CJ Summary 

All wetlands that would be lost if Hamilton Dome discharge were to cease were 

inventoried and mapped according to guidelines in the Wetland Delineation Manual 

developed by the U.S. Army Corps of Engineers. Wetland identification methods 

defined in this manual are generally universally accepted by all state and federal 

regulatory agencies. 

Discharge from Hamilton Dome is conveyed to Cottonwood Creek by an irrigation ditch 

on the west end, and through a natural drainage as well as an irrigation ditch on the east 

end. Substantial wetlands have formed as a result of canal seepage in these areas. The 

total size of wetlands created directly by discharge was digitized and found to be 91.3 

acres. 

According to National Wetland Inventory (NWI) mapping, there are approximately 585 

acres of wetlands along Cottonwood Creek. Wetlands along Cottonwood Creek 

downstream of the discharge are noticeably different than upstream. There was no 

flowing water in Cottonwood Creek above the discharge when field work was conducted 

on June 27, 2002. The stream bottom above the discharge is much wider and shallower 

due to scouring by water during high spring flows. This scouring is not present below the 

discharge, likely due to the presence of wetland fringes along the stream bank which tend 

to stabilize the banks and reduce the effects of erosion. With the exception of 

approximately the first 600 stream meters above the uppermost discharge, there were 

virtually no wetlands adjacent to the stream. Below the uppermost discharge point, there 

was a continuous wetland fringe along the creek with a mean width over 6 times the 
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width of the mean wetland fringe width above the discharge. The large difference in 

wetland widths along Cottonwood Creek above and below Hamilton Dome discharge 

indicates that Hamilton Dome discharge supports a substantial amount of riparian 

wetlands along Cottonwood Creek that would be lost if discharge were to cease. 

It is estimated that approximately 600 acres of high-quality wetlands would likely be lost 

if the discharge from Hamilton Dome and associated irrigation of hay fields were to 

cease. This total includes nearly I 00 acres supported directly by discharge and another 

approximately 500 acres along Cottonwood Creek that are indirectly supported by 

Hamilton Dome discharge. 

Landowner Testimony (Appendix D) Summary 

Landowners are largely in agreement that ranching operations along Cottonwood Creek 

would cease altogether with closure of the Hamilton Dome field (see Landowner 

Questionnaire Responses and Affidavit provided as Appendix D). The water discharged 

provides late season grass and hay irrigation and year-round livestock watering. These 

beneficial uses would be otherwise limited to scant resources :from natural runoff through 

the early summer season, and consequently would not viably support the ranching 

operations. 

In addition to economic benefits, landowners bear witness to the ecological benefits 

provided by the discharges, including abundant wildlife habitat and vegetation and 

moreover testify that the water quality does not induce evident ill effects to natural 

vegetation, wildlife, livestock, nor their irrigated pastures. 

Evidence 2: A scientific evaluation of chemical and 
biological factors demonstrate that existing uses incur 
no detrimental effects from MEC discharges. 
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Terrestrial and Aquatic Wildlife Report (Appendix E) Summary 

One of the major environmental benefits of Hamilton Dome discharge is the continuous 

support of an aquatic environment for fish and aquatic invertebrates, creation of riparian 

and other wildlife habitat, and provision of a year-round water supply in an otherwise 

arid environment. 

Information on terrestrial wildlife use of the area was obtained through searching the 

Wildlife Observation System database maintained by the Wyoming Game and Fish 

Department (WGFD-WOS). Additional information was obtained by interviewing the 

WGFD biologist in Thermopolis (Kevin Hurley). The Terrestrial and Aquatic Wildlife 

Report (Appendix E) also includes observations of wildlife and habitat in the project area 

made while conducting field visits to obtain data for this use attainability analysis. 

Potential impacts of losing a water source were identified based on availability and 

distance to alternative sources of water. 

Available data on aquatic invertebrates were obtained from the Wyoming Department of 

Environmental Quality Water Quality Division (WDEQ-WQD). Data on fish in 

Cottonwood Creek were obtained from the Wyoming Game and Fish Department 

(WGFD). These data were supplemented with data collected during other portions of the 

current study to evaluate selenium levels in fish and aquatic invertebrates. 

Threatened Endangered Proposed and Petitioned Species 

The Cottonwood Creek riparian corridor and surrounding area provides habitat for 

threatened, endangered, and other sensitive species. With perhaps the exception of sage 

grouse, continued discharge of produced water in Cottonwood Creek is not likely crucial 

to the survival of any populations of these species; however, it does provide some habitat 

for sensitive species at certain times of the year and may be important to the continued 

survival of some individuals. 
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Big Game 

In a letter to WDEQ dated June 20, 1990, the WGFD stated their opposition to 

eliminating discharge to Cottonwood Creek (see Appendix H). Their primary concern at 

that time was with the large number of mule deer that concentrate along Cottonwood 

Creek in the winter. Several hundred deer can be found along the crucial winter range 

riparian zone associated with Cottonwood Creek, and Cottonwood Creek supports one of 

the major concentrations of mule deer in Management Areas 119 and 120. During post­

season classifications, 200-300 mule deer are routinely found along a two-mile stretch of 

the creek. The WGFD believes that these deer concentrations are directly tied to the 

produced water from Hamilton Dome. The WGFD concluded their letter by stating that 

the water produced at Hamilton Dome "does provide substantial benefits to the wildlife 

resource which is using this area." Mr. Kevin Hurley, the WGFD biologist stationed in 

Thermopolis, stated that he has reviewed the 1990 letter and believes that its contents are 

still applicable to today's situation. In addition to the 1990 letter specific to Cottonwood 

Creek, the WGFD also submitted another letter to WDEQ dated June 10, 2002 (see 

Appendix H). The purpose of this letter was to state that the WGFD believes that historic 

discharges by oil and gas production facilities provide a beneficial use to fish and/or 

wildlife. The importance of this area to big game can be found in the Wildlife 

Observation System (WOS) records for those sections through which Cottonwood Creek 

flows from Hamilton Dome to the Bighorn River. These records include 649 

observations totaling 2,564 mule deer, 702 observations totaling 5,664 pronghorn, 7 

observations of single white-tailed deer, and one observation of a moose. If Hamilton 

Dome discharge were to cease, the lack of water would likely severely impact big game 

as well as other terrestrial wildlife species dependant on this water source, as there are no 

other perennial water sources available in the area. 

Upland Gamebirds 

Large numbers of game birds are present in this area primarily due to the availability of 

Hamilton Dome produced water. Irrigated crop fields provide foraging habitat as well as 

some nesting habitat and cover. High water tables associated with a perennial stream, 

irrigation water return flows, and overflows of irrigation water off of crop fields onto 
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adjacent areas provide substantial vegetative cover for upland game birds. Loss of 

produced water would eliminate or greatly reduce habitat for upland game birds through 

elimination of irrigated crops and dense vegetative cover. 

Raptors 

Due to the presence of cottonwood trees, which provide nesting substrate, and excellent 

riparian and cropland habitat for prey, numerous raptors have been documented along 

Cottonwood Creek. Elimination of the produced water would reduce habitat for raptor 

prey species and likely resuh in reduced habitat available for both breeding and wintering 

raptors in the area. 

Waterfowl and Waterbirds 

Large flocks of waterfowl have been observed using crop fields adjacent to Cottonwood 

Creek in the area, including flocks containing 65 Canada geese and 57 sandhill cranes. 

According to Kevin Hurley, Cottonwood Creek is used by many waterfowl. While 

conducting activities for this project, Canada geese, several adult American coots and one 

group of young coots, a female gadwall and four young, up to 15 Wilson's phalaropes, a 

pair of eared grebes, numerous waterfowl (15-25), primarily mallard and blue-winged 

teal, spotted sandpipers, and killdeer were observed on discharge-related Lake Charlie, 

adjacent ponds and along the discharge canal. There is a large open water/wetland 

complex where discharge from Hamilton Dome enters Cottonwood Creek across from 

Legend Rock. In late June 2002, there were approximately 20 gadwall using this area. 

Elimination of the produced water would also resuh in the elimination of a substantial 

amount of waterfowl and waterbird habitat, especially in late summer after natural spring 

runoff flows in Cottonwood Creek have ceased. 

Neotropical Migrant Birds 

Due to loss of habitat and other mortality factors, many species of neotropical migrant 

birds are showing dramatic population declines. Riparian habitats support the highest 

density of nongame birds of any habitat in the arid west, and maintaining this habitat is 

considered critical to maintaining healthy populations of many nongame birds. During 
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field activities conducted for this project, several species of neotropical · migrant birds 

were observed in and near wetlands created by the discharge from Hamilton-Dome prior 

to it entering Cottonwood Creek. All of these species were breeding in wetlands created 

by produced water. 

Aquatic Fish and Invertebrates 

Cottonwood Creek supports a diverse assemblage of fish. It is managed by the WGFD as 

a unique species fishery, with emphasis on management of native nongame species and 

Yellowstone cutthroat trout. The native fish in Cottonwood Creek have their own 

intrinsic value, but presence of fish in Cottonwood Creek is also important because the 

fish provide forage for a variety of wildlife. Elimination of produced water would 

convert Cottonwood Creek from a .perennial stream with a unique species fishery to an 

ephemeral stream incapable of supporting fish for most of the year. 

The stream also supports a diverse and abundant macroinvertebrate community. 

Presence of large numbers of these taxa is important because they are generally 

considered to be pollution sensitive and good indicators of overall water/habitat quality. 

Ponds supported by produced water either directly (i.e., Lake Charlie) or indirectly 

(ponds receiving irrigation return flows) were also found to have a diverse aquatic 

invertebrate community during sampling to document selenium concentrations ( see 

Appendix F). During extremely dry years, as occurred in 2002, Cottonwood Creek is the 

only stream with flowing water within several miles, and loss of this resource could 

impact population levels of wildlife that depend on aquatic invertebrates and fish in the 

stream. 

Wildlife Habitat 

Wetlands are very valuable wildlife habitats and the extensive loss of wetlands if 

Hamilton Dome discharges were to cease (see Appendix C) would result in population 

declines and displacement of wildlife species associated with wetlands. Conversion of 

Cottonwood Creek from a perennial to an ephemeral stream would also impact riparian 

vegetation and further reduce habitat for those species of wildlife within the riparian 
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corridor. The Jack of a water source throughout the entire growing season would result in 

less diverse riparian plant community. This change would reduce habitat effectiveness 

for many species of wildlife dependant on riparian communities. The expected impact to 

wetlands and other riparian plant communities if discharge of produced water were to 

cease can be seen by examining pictures of Cottonwood Creek in the Wetland Report 

(see Appendix C) that clearly show reduced habitat effectiveness upstream of the 

discharge vs. below the discharge. 

Water Quality Report (Appendix F) Summary 

Cottonwood Creek originates in the Owl Creek Mountains in the Southwestern Big Hom 

Basin and traverses northeast across the semi-arid high plains until its confluence with 

the Bighorn River. Flows above Hamilton Dome Field are dependent on springs, 

snowmelt, precipitation runoff, evaporation, evapotranspiration and infiltration. The 

conductivity (EC) of the pristine water upstream of the Hamilton Dome Field is in the 

range of 60 to 790 µmhos/cm Ambient aluminum concentrations exceed DEQ/WQD 

Chapter I chronic water quality standards for fish and aquatic life. Chloride 

concentrations are very minimal. Selenium concentrations are less than the chronic limit 

of 5 micro grams/L except for samples collected on August 29, 1983. 

The water quality of Cottonwood Creek below Hamilton Dome Field is influenced by the 

soils environment of the watershed, the weather (evaporation and infiltration), the quality 

of MEC discharges, snowmelt runoff and precipitation runoff events, and irrigation 

diversions and return flows. The natural runoff from snowmelt consists of pristine 

quality water. Runoff from other precipitation events is generally of pristine quality; 

however, these events have a tendency to transport large amounts of sediment that 

chemically react and dissolve in the water. The high aluminum concentrations that are 

evident upstream of the discharges, which exceed Wyoming Water Quality standards 

contained in Chapter I for fish and aquatic life use, result from this natural process. 
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The produced water discharged by MEC at the Hamilton Dome Field is generally 

classified for livestock water use and has an EC ranging from 4,100 to 4,500 µmhos/cm. 

This water has chlorides and selenium that exceed the DEQ/WQD Chapter I water 

quality standards for fish and aquatic life. 

The water quality at sample point B on Cottonwood Creek downstream of the Hamilton 

Dome discharges is consistent with the water quality of MEC discharges in the absence 

of natural runoff. Under these circumstances, evaporation and irrigation return flows 

tend to increase concentrations of EC, chlorides, and selenium from sample point B to the 

Bighorn River. On the contrary, during periods of rainfall or snowmelt runoff: 

concurrent dilution of the MEC discharges will tend to bring the selenium and chloride 

concentrations within the DEQ/WQD Chapter I water quality standards for fish and 

aquatic life. 

The MEC H~lton Dome Field discharges originate primarily from the Phosphoria and 

Tensleep formations. (The State Park Hot Springs at Thermopolis also originate from the 

Phosphoria). A sample taken at the large hot spring in Hot Springs State Park on June 

21, 2002 had an EC of2,850 µmhos/cm. The chloride concentration was 245 mg/Land 

the selenium concentration was 11 µg/L. These natural hot spring flows, which exceed 

radium, selenium and chloride criteria, are discharged directly into the Bighorn River . 

Chloride Evaluation 

Data on aquatic invertebrate and fish abundance, composition, and sensitivity to chloride 

were used to assess potential effects of the existing chloride concentrations in 

Cottonwood Creek on the aquatic community (Appendix F). 

Aquatic invertebrate data collected by WDEQ are presented in the T~estrial and 

Aquatic Wildlife Report (Appendix E). The documented presence of large numbers of 

certain aquatic invertebrate taxa in Cottonwood Creek is important because they are 

11 



'1 
i 
1 · 
I 

generally considered to be pollution sensitive and good indicators of overall water/habitat 

quality. 

Cottonwood Creek is managed by the WGFD as a unique species fishery, supporting a 

diverse assemblage of fish. Examination of chloride toxicity data for species present in 

Cottonwood Creek indicate that, of the five species of fish for which chloride toxicity 

data exist, only one species (bluegill) is more sensitive to chloride than the two species of 

fish that have been documented in Cottonwood Creek (rainbow trout and fathead 

minnow). 

The aquatic invertebrate and fish abundance and composition data do not indicate that 

chloride concentrations are having a significant impact in the stream. The fact that several 

taxa considered the most sensitive to chloride toxicity are present in Cottonwood Creek 

indicates that chloride levels are below levels of concern, and that the chloride water 

quality criteria is very conservative. 

Selenium Evaluation 

The current water criteria for selenium are 20 µg/L for acute ( one-hour average) levels 

and 5 µg/L for chronic (4-day average) levels. Selenium levels ranged from 29-31 µg/L 

in Cottonwood Creek and 25 to 37 µg/L in Hamilton Dome discharges. The current 

water-based criteria were developed using data that are now 15 years old (U.S. 

Environmental Protection Agency [EPA] 1987). After reviewing more extensive and 

recent data, the EPA is proposing that selenium criteria be based on fish tissue 

concentrations, rather than concentrations in water. According to the new proposed 

criteria (EPA 2002): 

Freshwater aquatic life should be protected if the concentration of 
selenium in whole-body fish tissue does not exceed 7. 9 µgig dry weight, 
and if the short-term average concentration of selenium dissolved in the 
water seldom exceeds 185 µg/L. 

Toward substantiating a petition to establish site-specific criteria for selenium on 

Cottonwood Creek and its tributaries, a detailed study of selenium was conducted. The 
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sampling design was developed in conjunction with Mr. Pete Ramirez of the U.S. Fish 

and Wildlife Service Ecological Field Services Office in Cheyenne, Wyoming. 

Selenium concentrations at the stream and pond sampling stations were 16 to 29 µg/L 

above the current chronic value criteria of 5 µg/L, but well below the new proposed 

criteria guideline that the short-term average concentration of selenium dissolved in the 

water seldom exceeds 185 µg/L. 

All whole body selenium concentrations in fish were below the new proposed criteria of 

7.9 µgig. Selenium concentrations in aquatic invertebrates within Cottonwood Creek 

averaged 4.18 µgig, and in three sampled ponds averaged 3.01 µgig. 

After reviewing selenium toxicity data for birds, the EPA (2002) concluded that the final 

chronic value of 7.9 µgig dry weight in fish tissue is expected to be protective of birds 

dependent on an aquatic food chain. Because all selenium values in fish and aquatic 

invertebrates measured during this study were below this value, no unacceptable impacts 

should occur to migratory birds consuming fish or aquatic invertebrates in the study area. 

To develop the new selenium criteria, acceptable data on the acute effects of selenium in 

freshwater were available for 12 invertebrate species and 11 species of fish (EPA 2002). 

The most sensitive of the 12 invertebrates was a species of Daphnia, and the most 

sensitive of the 11 species of fish was fathead minnow. Daphnia were extremely 

abundant in one of the irrigation return flow ponds (Pond 1) sampled during this study, 

and fathead minnow was documented within Cottonwood Creek during this study as well 

as by the Wyoming Game and Fish Department during earlier studies. Presence of these 

sensitive species provides further evidence that the selenium concentrations in Hamilton 

Dome discharge are below levels of concern. 
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Evidence 3: Closure of the field would trigger 
significant economic distress on the local economy, and 
would result in substantial and widespread economic 
and social impact. 

Economic Report (Appendix G) Summary 

Ongoing production of petroleum crude from Merit Energy Company's Hamilton Dome 

field is a significant source of economic stimulus for Hot Springs County and the State of 

Wyoming. In fact, these contributions are proxy measures of the adverse impacts that 

would result from the premature closure of the Hamilton Dome field. The report provided 

as Appendix G focuses on the following aspects of the economy: 

A. the economic stimulus associated with Hamihon Dome employment, 
purchases of goods and services, payment of taxes and the associated 
multiplier effect, 

B. the effect of Hamihon Dome tax payments on the Hot Springs County tax 
base and the taxing entities who rely on these payments to help fund services 
provided to residents, including students enrolled in local public schools, 

C. hay and livestock production along Cottonwood Creek supported by the water 
discharged from Hamilton Dome; and, 

D. the significance of Hamilton Dome crude oil to the Wyoming refining 
industry and the production of asphalt and road oil. 

This economic study concludes that substantial negative economic impacts in Hot 

Springs County would accrue to residents, businesses and local governmental entities 

with premature closure of the Hamilton Dome oil field, and should be taken into account 

in the overall assessment of the benefits and costs associated with compliance with Class 

2C water quality standards. 
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Economic Contributions of Hamilton Dome 

Annual crude production from the Hamilton Dome field averaged 1.67 million barrels 

over the past five years. 

·.,,1 Employment and Labor Income: Based on annual operating expenses averaged 
over the past five years, Hamilton Dome supports an estimated total of 186 jobs in 
the State of Wyoming including 136 jobs in Hot Springs County (about 4 percent 
of total employment in the county in 2000) and 50 jobs elsewhere in Wyoming. 
The associated Hamilton Dome labor income impact in Hot Springs County totals 
$4.07 million (about 7 percent of total labor income in the county in 2000) and 
$2.54 million elsewhere in Wyoming. 

·.;) Overall Economic Output: The economic contribution of the Hamilton Dome 
oilfield is conservatively estimated at nearly $28. 7 million annually, most of 
which occurs in Hot Springs County. 

Fiscal Contributions of Hamilton Dome 

Merit Energy Company is the largest taxpayer in Hot Springs County and the Hamilton 

Dome field is the county's largest source of property tax. 

Property Tax 

Over the past 5 years, Hamilton Dome property tax revenue has averaged 29 percent 

of total property tax revenue for all countywide taxing entities ($1. 9 million out of a 

total $6.6 million). Property taxes are the largest source of locally-derived funding 

for local governmental entities and represent a major source of non-earmarked 

revenue subject to discretionary spending control. Counties are statutorily limited to 

a 12-mill cap for basic county operating purposes (general fund, hospital, library and 

fair board), limiting their capacity to increase property taxes to offset reductions in 

revenues. Hot Springs County's property tax rates are at the 12-mill limit. 

Consequently, a major reduction in revenues associated with the premature shutdown 

of the Hamilton Dome field would likely trigger reductions in basic service levels. 

Over the past five years, property taxes from Hamilton Dome have accounted for the 

following revenue contributions to major funds and entities: 

,;, County General Fund: 9 percent of total general fund revenues. 
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.;;,, Library, Fair Board, Hospital: 27 percent of the library system's total revenues, 
15 percent of the Fair Board's total revenues and 2 percent of the Hot Springs 
County Memorial Hospital District's total revenues. 

,.:> Hot Springs County Weed and Pest District: Two separate levies fund operations 
of the Weed and Pest District. Hamilton Dome property tax revenues provide 9 
percent of the district's pest eradication budget and 29 percent of its mosquito 
control budget. 

.;; Hot Springs County Rural Fire Protection District: Hamilton Dome property tax 
revenues fund 29 percent of the district's budget. Because the district is staffed 
by volunteers, a loss of that revenue would not reduce services, but would delay 
the purchase of needed equipment, supplies and training. 

\) Hot Springs County School District # 1 : Over the past five years, Hamilton 
Dome property taxes for school-related funds averaged $1.4 million annually. Of 
that amount, $910,000 was for operational purposes and $188,000 for debt 
service. The Wyoming School Foundation Fund received an average of 
$325,000. The entitlement provisions of the state foundation program would 
offset any loss in Hamilton Dome property tax revenue on the operating budget. 
Based on the five-year average, the Wyoming School Foundation Fund would 
experience a net cost of $1.235 million from lost revenues and additional 
entitlement costs, assuming no change in enrollment levels. Reductions in the 
number of Hamilton Dome-related students would reduce School District #1 's 
entitlement and revenue with little reduction in educational costs. Loss of the 
Hamilton Dome property tax revenues would increase the school debt service mill 
levy for other county taxpayers by 2.8 mills, based on the five-year average. 

Severance Tax 

Over the last two years, severance taxes on Hamilton Dome production have 

averaged $1.8 million annually. 

Federal Mineral Royalties 

Over the past two years, federal mineral royalty payments for Hamilton Dome 

production averaged $4.4 million. Wyoming's share of these royalties averaged an 

estimated $2.2 million annually. 
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Sales and Use Tax 

In 2001, MEC estimates that it paid over $400,000 in sales and use taxes on purchase 

of goods and services for the Hamilton Dome field . 

The Role of Hamilton Dome Produced Water in the Cottonwood Creek Ranching 
Economy 

Approximately 35 Cottonwood Creek-area landowners benefit directly or indirectly from 

water discharged from the Hamilton Dome field into the creek. These landowners use 

the water for irrigation and stock watering purposes. Based on a survey of several of 

these landowners, the loss of Hamilton Dome discharges into Cottonwood Creek would 

result in a corresponding loss of: 

,,) 1,600 acres of irrigated cropland, 
·,) 4,000 tons of annual hay production, 
·~ 15 to 20% reduction in herd size (about 3,200 cows) and a $2 million 

reduction in related sales receipts (based on $650 head) and, 
\J 20 full time and seasonal jobs in the ranching industry. 

Additional losses would be likely for ranches not included in the survey. Several 

ranchers contacted for the survey expressed concern for the economic viability of their 

operations without the Hamilton Dome water. 

The IMPLAN model was used to estimate the total economic losses in Hot Springs 

County, including the indirect and induced impacts on other sectors, associated with the 

direct reduction in annual livestock receipts. Those losses, which include a net reduction 

of$3.3 million (1.7%) in the county's total annual economic output, a loss of$645,000 in 

annual labor income, and a net loss of 32 full and part-time jobs, would be in addition to 

those impacts directly attributable to the cessation of Merit' s Hamilton Dome production 

operations. 

The Role of Hamilton Dome in the Wyoming Refining Industry 

Hamilton Dome crude production represents about 3.3 percent of the daily feedstock 

supply needed to sustain Wyoming's five refineries at full production However, 

Hamilton Dome supplies more than 20 percent of the crude necessary to sustain asphalt 
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and road oil production. The loss of this production coupled with the absence of an 

alternate supply could force the closure of one or more Wyoming refineries. 

Alternative: Discreet Recalculation of Site-Specific 
Criteria 

One alternative measure to changing the classification of Cottonwood Creek and its 

tributaries would be to establish site-specific water quality standards criteria. The 

recalculation procedure is intended to allow a site-specific criterion to differ from a 

national aquatic life criterion if justified by demonstrated pertinent toxicological 

differences between the aquatic species that occur at the site and those that were used in 

the derivation of the national criterion. However, attempts to calculate a site-specific 

chloride criterion for Cottonwood Creek using the EPA recalculation procedure (U.S. 

EPA. 1994. The Recalculation Procedure. Appendix B in "Interim Guidance on 

Determination and Use of Water-Effect Ratios for Metals." EPA-823-B-94-001) could 

not be reasonably accomplished at this time (Reference Memo from Greg Johnson dated 

November I, 2002 in Appendix H). 

The recalculation procedure basically involves deleting species used to develop the 

national criterion but that do not occur in Cottonwood Creek. Before EPA allows the 

· recalculation procedure, available chloride toxicity data for the procedure must meet the 

"Eight Family Rule". In accordance with the U.S. EPA 1985 (Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and 

Their Uses, PB85-227049), the following eight families satisfy the minimal data 

requirements for the general recalculation procedure: 

I • The family Salmonidae in the class Osteichthyes (i.e., a trout or salmon) 
2. A second family in the class Osteichthyes, preferably a commercially or 

recreationally important warm water species (e.g., bluegill, channel catfish, etc.) 
3. A third family in the phylum Chordata (may be in the class Osteichthyes [a fish] 

or may be an amphibian, etc.) 
4. A planktonic crustacean ( e.g., cladoceran, copepod, etc.) 
5. A benthic crustacean (e.g., ostracod, isopod, amphipod, crayfish, etc.) 
6. An insect (e.g., mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, 

midge, etc.) 
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7. A family in a phylum other than Arthropoda or Chordata ( e.g., Rotifera, Annelida, 
Mollusca, etc.) 

8. A family in any order of insect or any phylum not already represented 
(Large to small: Kingdom, Phylum, Class, Order, Family, Genus, Species) 

The national chloride criterion are based on published toxicity data for species 

representing only 11 families (U.S. EPA 1988. Ambient Water Quality Criteria for 

Chloride - 1988, EPA 440/5-88-001). Of these 11, five do not occur in Cottonwood 

Creek (fingernail clam, mosquito, American eel, goldfish, and bluegill) and would 

therefore be removed during the deletion process. After deleting these five, however, 

only chloride data for six families are left to calculate the new site-specific criteria for 

Cottonwood Creek, but this does not meet the "8 family rule." When this occurs, the 

general recalculation procedure cannot be used, which means that the only possible 

option left is to use the Special Recalculation Procedures. For the Special Recalculation 

Procedures, toxicity data are required for at least one species in each of the families that 

occur at the site. Between the Wyoming Department of Environmental Quality (WDEQ) 

aquatic invertebrate and Wyoming Game and Fish Department fish data for Cottonwood 

Creek, however, there are numerous families of fish and aquatic invertebrates present in 

Cottonwood Creek for which there are no chloride toxicity data. Therefore, neither the 

general nor special recalculation procedures can be used to recalculate a site-specific 

chloride criteria for Cottonwood Creek. 

The only remedy for this situation would be to develop chloride toxicity data for a host of 

organisms through laboratory toxicity tests, which is an intensive and costly venture. 

Another potential remedy for the problem is to raise the chloride criteria, which is 

currently being requested of the WDEQ by the Petroleum Association of Wyoming (see 

letter dated August 22, 2002 in Appendix H). 
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Recommendations 

This document provides a basis for establishing site-specific water quality criteria on 

Cottonwood Creek and its tributaries, under the provisions of the Water Quality 

Standards Regulation ( 40 CFR 131 .10), by demonstration of the following: 

...,;, Prescribed management practices are not cost-effective, implying closure of the 
oil field. 

·;) A hydrologic analysis in the absence of discharges indicates seasonal water 
shortages detrimental to existing biological and economic uses. 

,..;,, Biological analyses indicate relative benefit of Hamilton Dome discharges to 
wetland maintenance and aquatic and terrestrial wildlife habitat, and indicate 
more damage to the environment, in the form of drastic reduction of wetland 
acreage and decreased biodiversity, would result if the discharges were stopped. 

;;, Chemical analyses document that chloride sensitive species indeed thrive in the 
discharge/Cottonwood Creek effiuent waters, and that selenium levels are in 
compliance with proposed EPA criteria. 

Given the scientifically documented impact assessments of hydrology, wetlands, aquatic 

and terrestrial wildlife, water quality, and economics provided in the Merit Use 

Attainability Analysis, the following revised water quality criteria are recommended as 

applicable to the Hamilton Dome discharges: 

Chloride: BOO mg/L 
Selenium: \J)6p.g!L 

The revised chloride criteria may be justified by the provided evidence that all existing 

uses of Cottonwood Creek are in fact thriving with the provision of the water provided by 

the Hamilton Dome discharges. On the contrary, in the absence of these discharges, the 

stream would change from a perennial to an ephemeral stream, negatively impacting 

wetlands, diminishing aquatic and terrestrial wildlife habitat, and severely impacting the 

regional economy. Moreover, it is abundantly clear that the present class 2C and 3B 

criteria under consideration are exceedingly conservative. The chronic chloride criteria 

of 230 mg/L is equivalent to human consumption criteria which, in the surrounding 

states, only applies to designated drinking water supplies-the equivalent of Class I, 
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Class 2AB, and Class 2A waters. The only other chloride standard in the surrounding 

states is for "coldwater permanent fish life propagation waters" in South Dakota-the 

equivalent of Class 1, Class 2AB, and Class 2B waters. 

Finally, with the proposed EPA selenium criteria "to seldom exceed 185 µg/L", and the 

demonstration that all dry-weight selenium samples collected through the Use 

Attainability Analysis study are below the criteria of 7.9 µg/g, and the water quality is 

well below 185 µg/L (25 to 3 7 µg/L ), a reasonable water quality criteria for selenium 

would be above the existing levels. 

21 



APPENDIX A 

ECONOMIC ANALYSIS OF FAILURE TO OBTAIN 
CHLORIDE AND SELENIUM VARIANCES 



Economic Analysis of Failure to Obtain 
Chloride and Selenium Variances 

In the event that the Chloride and Selenium variances for Cottonwood Creek are not 
granted, Merit Energy Company ("Merit") will have two options to bring the Hamilton 
Dome Oil Field (''Hamilton Dome") into compliance. The first of these options is to 
reinject the produced water. The second option would be to install and maintain reverse 
osmosis facilities to reduce chloride and selenium concentrations in discharged water. 
The economic implications of these options are as follows: 

Reinjection 
Hamilton Dome currently produces 270,000 barrels of water per day of which 60,000 
barrels are reinjected. The remaining 210,000 barrels are discharged into Cottonwood 
Creek. Assuming the average disposal well could take 3,000 barrels of water per day, 70 
wells would have to be converted to injection at an average cost of $200,000 per well. 
This would result in a capital investment of$14,000,000. In addition, a disposal facility 
with storage capacity of 250,000 barrels and pump capacity to dispose of a like volume 
would be required. The cost of this facility along with additional injection lines would be 
an additional $5,000,000 investment. The total capital cost of reinjection at Hamilton 
Dome would therefore be $19,000,000. On top of the capital investment, lease operating 
expense would increase approximately $150,000 per month due to increased electrical 
demands and increased facility maintenance. Moreover, because many of the wellbores 
that would have to be converted are currently producing oil wells, there would be a loss 
in oil production of 600 barrels of oil per day. 

Reinjection is not a viable option at Hamilton Dome. Given no alternative, Merit's 
election would be to shut in and abandon Hamilton Dome. 

Treatment by Reverse Osmosis 
Installing reverse osmosis to reduce the chlorides to an acceptable level would require a 
capital investment of approximately $500 per gallon per minute of treatment capacity. At 
a current discharge rate of 210,000 barrels per day, this would result in a $3,000,0000 
capital expenditure. Significantly and more importantly, associated operating expenses 
would be approximately $250,000 per month. An increase in operating expense of this 
magnitude would be fiscally untenable for Merit's investors, leaving Merit with no 
alternative but to abandon Hamilton Dome. 

In conclusion, neither reinjection nor reverse osmosis treatment of the Hamihon Dome 
produced water is acceptably cost-effective. Merit would shut in and abandon the field. 
The economic consequences of the loss of Hamilton Dome to the surrounding area and 
the state of Wyoming are comprehensively addressed in the economic study performed 
by Blankenship Consulting LLC, included as Appendix G of this report. 
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Introduction 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field located 

25 miles northwest of Thermopolis, in Hot Springs County, Wyoming. Merit Energy 

Company presently retains two NPDES permits to discharge produced water from the 

Hamilton Dome Field into unnamed tributaries that eventually flow into Cottonwood 

Creek. 

The federal Clean Water Act requires that all surface water be swimmable and fishable. 

The Water Quality Division (WQD) of the Wyoming Department of Environmental 

Quality (DEQ) made changes to their statewide water classification system, and recently 

updated Water Quality Rules and Regulations, Chapter 1. Chapter 1 establishes water 

quality criteria for all classes of water. Until the recent update of Chapter 1, the 

classification of the tributaries and Cottonwood Creek was Class 4. The tributaries are 

now class 3B and Cottonwood Creek is now class 2C. 

The field currently produces 4,250 barrels of oil per day :from the Tensleep and 

Phosphoria reservoirs which is transported via pipeline to regional refineries. As an 

integral part of the recovery process, the field also produces 285,000 barrels of water per 

day, 85,000 of which are re-injected for waterflood purposes while the remaining 

200,000 are discharged to the surface from the two discharge points (NPDES permits 

WYOOOOI75 and WY0000680). The discharged volume translates to approximately 13 

cfs. 

Stock/Irrigation Water Rights 

The map on the following page details land ownership, irrigated acreage, and water right 

information. Ownership was determined from Hot Springs and Washakie County 

Assessor records. The irrigated acreage was derived from aerial photo interpretation at a 
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Map and Data Listing of Cottonwood Creek Area Landowners, Irrigated Lands, and 2002 
Water Quality Sample Locations 
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ACREAGE PERMIT# 
85.0 6320 
95.1 6320 
90.0 6729 
14.7 6728 
6.5 6728 

11.1 8434 
122.7 8434 
60.7 8346 
93.4 1859 

100.3 10447 
27.3 10447 
45.8 10307 

188.0 10307 
20.1 10307 

3.3 9657 
127.5 9657 
54.6 11822 
62.9 2910 Enl. 
67.2 2961 Enl. 
46.2 3540 Enl. 
19.5 3540Enl. 
37.1 3540 Enl. 

3.0 3540 Enl. 
31.5 4750 Enl. 
96.6 5206 Enl. 
46.7 6387 Enl. 
11.4 6387 Enl. 
24.6 6745 Enl. 
89.0 6745 Enl. 

1.4 6826 Enl. 
17.7 6826 Enl. 
1.7 6826 Enl. 
0.8 6826 Enl. 
3.8 
0.0 
1.1 
3.8 

23.7 1209 Res. 
260.5 

5.3 

Acreage, Water Rights, and Landowners 
(Map Details) 

PERMITTED 
AMOUNT PERM. 

PRIORITY DATE (CFS) ACRES 
19041110 4.0 277.0 
19041110 4.0 277.0 
19050601 0.8 54.8 
19050601 1.1 74.6 
19050601 1.1 74.6 
19071021 8.8 616.5 
19071021 8.8 616.5 
19080118 1.7 120.0 
19080401 1.7 117.0 
19101215 6.2 436.5 
19101215 6.2 436.5 
19101215 1.1 133.0 
19101215 1.1 133.0 
19101215 1.1 133.0 
19103010 2.6 184.0 
19103010 2.6 184.0 
19130502 1.2 82.0 
19140117 1.1 84.4 
19140502 0.5 35.0 
19151012 2.3 162.0 
19151012 2.3 162.0 
19151012 2.3 162.0 
19151012 2.3 162.0 
19301128 0.5 38.0 
19351204 0.6 39.0 
19710401 2.2 153.3 
19710401 2.2 153.3 
19760706 1.6 115.5 
19760706 1.6 115.5 
19850419 0.3 18.7 
19850419 0.3 18.7 
19850419 0.3 18.7 
19850419 0.3 18.7 

Total Delineated Acreage: 2,001.60 
Total Permitted Diversion • 35.82 
Total Permitted Acreage: 2,741.30 

TRACT 
USE ID 

irr-stk-d 9411 
9411 

irr 9604 
irr 9604 
irr 9604 
irr 9814 
irr 9814 
irr 9809 
irr 9814 
irr 9606 
irr 9606 
irr 9815 
irr 9815 
irr 9815 

irr-stk-d 9503 
irr-stk-d 9504 

irr 9604 
irr 9809 
irr 9604 
irr 9504 
irr 9504 
irr 9503 
irr 9503 
irr 9814 
irr 9713 
irr 9604 
irr 9604 
irr 9604 
irr 9604 

9411 
9413 
9412 
9441 
9614 
9606 
9613 

2 
9814 

2 
9815 

LANDOWNER NAME 

E.R. Ranch LLC 
E.R. Ranch LLC 
Holman, Gerald E. & Barbara J. 
Holman, Gerald E. & Barbara J. 
Holman, Gerald E. & Barbara J. 
Prospect Land & Cattle LLC 
Prospect Land & Cattle LLC 
Legend Rock Res. 
Prospect Land & Cattle LLC 

Robbins, H. Frank Jr. Et. Al. 
Robbins, H. Frank Jr. Et. Al. 
Robbins, H. Frank Jr. Et. Al. 
Cannella, Len 
Sundown, Inc. 
Holman, Gerald E. & Barbara J. 
Legend Rock Res. 
Holman, Gerald E. & Barbara J. 
Sundown, Inc. 
Sundown, Inc. 
Cannella, Len 
Cannella, Len 
Prospect Land & Cattle LLC 
Mink, Dorothy J. 
Holman, Gerald E. & Barbara J. 
Holman, Gerald E. & Barbara J. 
Holman, Gerald E. & Barbara J. 
Holman, Gerald E. & Barbara J. 
E.R. Ranch LLC 
Kubiak, Frank & 8izabeth 
Davis, Terry M. 
Marathon Pipeline Co. 
Ward, Paul I. & Ginger L. 

State of Wyoming 
Prospect Land & Cattle LLC 
State of Wyoming 
Robbins, H. Frank Jr. Et. Al. 



scale of approximately I :24,000. Wyoming State Engineer Office water right records 

were investigated by Mr. Frank Carr. 

Aerial photo interpretation yielded potentially 2,000 acres of irrigated cropland. For 

comparison, interviews of a subset of all landowners along Cottonwood Creek conducted 

by George Blankenship documented some 1,600 acres of cropland (see Appendix G). 

There are presently on record with the State Engineer just under 2,800 permitted acres 

along Cottonwood Creek with a water allocation of nearly 36 cubic feet per second (cfs) 

from the creek. 

Estimated Hydrology-Water Balance 

An attempt was made to install two ''V" notch weirs on Cottonwood Creek upstream of 

the Hamilton Dome discharges for the purpose of measuring evaporation and infiltration 

rates. This would have provided an on-site assessment of the likely stream hydrology in 

the absence of the discharges. Unfortunately, due to the ongoing drought conditions 

through the 2002 season, adequate flow above the discharges ceased before any 

measurements could be taken 

Additionally, the precise hydrogeologic character of the Cottonwood Creek drainage 

basin has not been thoroughly investigated. Therefore, the potential influence of 

groundwater on the base flow of the creek remains uncertain. In the ·absence of a 

rigorous hydrogeologic study, the natural runoff on Cottonwood Creek (in the absence of 

Hamilton Dome discharges) was estimated using available USGS gage data and records 

of active irrigation water rights to conduct a simple water balance. 

In order to define the runoff on Cottonwood Creek, gage information was used in 

conjunction with a simple area comparison technique. Information from USGS gage 

6265337 defined the inflow above the Hamilton Dome area prior to any irrigation. This 

gage contained flow data from 1993 to 2001 for a drainage area of 82 square miles. The 
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stream flow for the remainder of the drainage (334 square miles) was approximated by 

the use of a drainage area comparison with a calibration factor. To determine the 

calibration factor, the mean monthly flow from the inflow gage was compared to the 

mean monthly flow at USGS gage 6265500 located at the confluence with the Bighorn 

River. This gage has a record spanning from 1941 to 1946. A calibration factor of 0.5 

resulted in similar values. This factor accounts for losses/gains in the system and spatial 

differences in the runoff basin. 

To provide a more accurate balance, the spreadsheet accounted for irrigation diversions. 

All active water rights were assumed to irrigate at full permitted value from May through 

July. A total diversion amount of35.82 cfs was used. During the month of August, the 

value was cut to 25 percent or 8.95 cfs. The diversions were assumed to have a 50 

percent consumption with the remaining water allowed to return to the creek on a delay. 

The delay permitted 60% of the return flow during the diversion month, 25% during the 

following month, and the remaining 15% two months after diversion. These assumptions 

were used in the determination of the calibration factor since the vast majority of the 

water rights predate the available gauging data. 

The assumptions stated above allowed for water balances to be constructed solely based 

on the inflow gage information, and assuming the likely predominance of irrigation 

consumptive use only during the months of May through August. Additional flow below 

the gage was calculated by the method above while irrigation provided the water usage 

component. Balances were done for the seven full years of irrigation data available for 

the inflow gage. Results that provide estimated base flow of Cottonwood Creek near the 

confluence with the Bighorn River (site of gage 6265500) are presented in the following 

tables. 
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Cottonwood Creek Water Balancing 
Calllbration of Additional Area Inflow with Gage 06265500 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337* 1.03 1.53 7.66 12.30 38.40 51.50 14.70 4.83 3.95 5.19 2.92 1.27 
Additional Area 2.10 3.12 15.60 25.05 78.20 104.88 29.94 9.84 8.04 10.57 5.95 2.59 
Sub-Total Inflow 3.13 4.65 23.26 37.35 116.60 156.38 44.~4 14.67 11 .99 15.76 8.87 3.86 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 . 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20 .60 17.91 0.90 ' 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 3.13 4.65 23.26 37.35 91.53 135.79 26.73 15.57 15.80 16.43 8.87 3.86 

Gage 06265500** 2.28 3.88 30.10 38.00 84.10 183.00 42.20 13.10 11.10 6.28 7.52 3.90 

* Monthly mean of available records from 1993 to 2001 
** Monthly mean of available records from 1941 to 1945 
deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year - 1994 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 1.30 1.47 6.41 13.10 15.10 5.00 2.55 1.05 0.11 7.07 0.39 0.06 
Additional Area 2.65 2.99 13.05 26.68 30.75 10.18 5.19 2.14 0.22 14.40 0.79 0.12 
Sub-Total Inflow 3.95 4.46 19.46 39.78 45.85 15.18 7.74 3.19 0.33 21.47 1.18 0.17 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 3.95 4.46 19.46 39.78 20.78 5.41 10.17 4.09 4.14 22.14 1.18 0.17 

deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year - 1995 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 0.02 0.28 6.13 6.68 52.20 96.10 24.20 4.91 4.27 3.44 3.38 0.39 
Additional Area 0.03 0.57 12.48 13.60 106.31 195.72 49.29 10.00 8.70 7.01 6.88 0.79 
Sub-Total Inflow 0.05 0.85 18.61 20.28 158.51 291.82 73.49 14.91 12.97 10.45 10.26 1.18 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 0.05 0.85 18.61 20.28 133.44 271.22 55.58 15.81 16.77 11.12 10.26 1.18 

deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year - 1996 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 0.04 3.30 6.40 7.46 17.20 18.70 1.87 6.41 1.22 1.11 1.79 1.53 
Additlonal Area 0.08 6.72 13.03 15.19 35.03 38.08 3.81 13.05 2.48 2.26 3.65 3.12 
Sub-Total Inflow 0.12 10.02 19.43 22.65 52.23 56.78 5.68 19.46 3.70 3.37 5.44 4.65 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 0.12 10.02 19.43 22.65 27.16 36.19 12.23 20.36 7.51 4.04 5.44 4.65 

deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year -1997 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 2.83 2.51 4.80 13.80 39.20 142.00 30.60 7.43 5.50 4.25 3.02 2.96 
Additional Area 5.76 5.11 9.78 28.10 79.83 289.20 62.32 15.13 11.20 8.66 6.15 6.03 
Sub-Total Inflow 8.59 7.62 14.58 41 .90 119.03 431.20 92.92 22.56 16.70 12.91 9.17 8.99 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 8.59 7.62 14.58 41.90 93.96 410.60 75.01 23.46 20.51 13.58 9.17 8.99 

deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year - 1998 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 1.90 1.63 26.90 23.50 43.40 49.70 27.50 8.95 9.11 14.70 4.71 2.33 
Additional Area 3.87 3.32 54.78 47.86 88.39 101.22 56.01 18.23 18.55 29.94 9.59 4.75 
Sub-Total Inflow 5.77 4.95 81.68 71.36 131.79 150.92 83.51 27.18 27.66 44.64 14.30 7.08 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 5.77 4.95 81.68 71.36 106.71 130.32 65.60 28.08 31.47 45.31 14.30 7.08 

deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year - 1999 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 1.62 1.54 5.93 30.20 84.10 86.60 14.70 6.62 7.11 4.81 3.06 0.33 
Additional Area 3.30 3.14 12.08 61.50 171.28 176.37 29.94 13.48 14.48 9.80 6.23 0.67 
Sub-Total Inflow 4.92 4.68 18,01 91.70 255.38 262.97 44.64 20.10 21.59 14.61 9.29 1.00 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 4.92 4.68 18.01 91.70 230.30 242.37 26.73 21.00 25.40 15.28 9.29 1.00 

deficit numbers in gray 



Cottonwood Creek Water Balancing 
Inflow Year - 2000 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Gage 6265337 0.52 4.54 2.64 6.72 17.50 7.44 1.01 0.02 0.00 0.53 0.10 0.00 
Additional Area 1.06 9.25 5.38 13.69 35.64 15.15 2.06 0.04 0.00 1.08 0.20 0.00 
Sub-Total Inflow 1.58 13.79 8.02 20.41 53.14 22.59 3.07 0.06 0.00 1.61 0.30 0.00 

Irrigation 0.00 0.00 0.00 0.00 35.82 35.82 35.82 8.95 0.00 0.00 0.00 0.00 
Return Flow 0.00 0.00 0.00 0.00 10.75 15.22 17.91 9.85 3.81 0.67 0.00 0.00 
Sub-Total Irrigation 0.00 0.00 0.00 0.00 25.07 20.60 17.91 0.90 3.81 0.67 0.00 0.00 

Estimated Flow At 
Bighorn 1.58 13.79 8.02 20.41 28.07 2.00 14.84 0.96 3.81 2.28 0.30 0.00 

deficit numbers in gray 
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Gaged Hydrology 

During the summer of 1977 and 1978, three gages along the creek had concurrent 

discharge data. The data would have incorporated the Hamilton Dome discharges. The 

chart below provides this data which demonstrates two important points. First, except 

during periods of very high runoff, flow generally diminished from the upstream gage to 

the confluence with the Bighorn River. This is indicative of the water demand as well as 

the effects of evaporation and infiltration. Second, in the absence of the Hamilton Dome 

discharge, and given the water demand and evaporation/infiltration effects, the creek 

would have evidently run dry at the confluence with the Bighorn River during all but the 

early 1977 and 1978 runoff seasons. 
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Compared against the 1941 to 1945 discharge records for USGS gage 6265500, these 

were much wetter years than 1977 and 1978, indicating that the water balance model 

discussed previously provides a misleadingly over-optimistic scenario. In fact, one 
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eyewitness account (Appendix D) of pre-1950 Cottonwood Creek hydrology points 

toward the predominance of a dry creek by between late June and early August. 

Conclusions 

The water balance analysis presented in the preceding tables indicates that, with the given 

assumptions,_water shortages would have occurred in three of the seven years ofrecord-

40% of the time. However, additional analysis of gage data which incorporate the MEC 

discharges as well as eyewitness testimony plainly expose this as a misleadingly 

optimistic estimate. In fact, even with the MEC discharges, Cottonwood Creek 

frequently runs dry prior to its confluence with the Bighorn River. 

It may be clearly seen that the addition of approximately 13 cfs of water delivered on a 

consistent year-round basis greatly alleviates potential shortages during the summer 

irrigation season as well as significantly supplements livestock watering, wetland 

preservation, aquatic habitat, and other natural beneficial uses during the off-season. It is 

also evident that the supplemental water discharges, under the assumption that the quality 

of this water is not detrimental to the existing uses along Cottonwood Creek, provide 

considerable relief from the current and ongoing drought conditions. 
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INTRODUCTION 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field. located in Hot 

Springs County, Wyoming. Merit Energy Company applied for and received two NPDES permits 

to discharge produced water from the Hamilton Dome Field into unnamed tributaries that eventually 

flow into Cottonwood Creek. The Water Quality Division (WQD) of the Wyoming Department of 

EnvironmentaJ QuaJity (DEQ) recently updated Water Quality Rules and Regulations, Chapter 1, to 

comply with the federal Clean Water Act that requires all surface water be swimmable and fishable. 

Wyoming WQD was required to make changes to their statewide water classification system. Until 

the recent update of Chapter 1, the classification of the tributaries and Cottonwood Creek was Class 

4. The tributaries are now class 3B and Cottonwood Creek is now class 2C. 

The new classifications require a chloride limit in Cottonwood Creek of230 mg/L where a limit had 

not previously existed. This chloride limit of 23 0 mg/L is more than 200 mg/L less than the current 

levels of chlorides being discharged at MEC permitted discharge points. Values for selenium are also 

above existing WQD criteria. 

Section 33 of Chapter 1 sets up a process where the WQD Administrator may allow site specific 

criteria. Therefore, MEC has decided to petition the WQD Administrator to establish site-specific 

criteria for chlorides and selenium because correcting the existing human-caused conditions ( oil field 

discharge) would cause more environmental damage to correct (i.e., remove) than to leave in place. 

One of the major environmental benefits of Hamilton Dome discharge is the creation of wetlands. 

Wetlands occurring along Cottonwood Creek and tributaries used to carry the discharge to 

Cottonwood Creek have numerous functions and values. Wetlands immediately adjacent to 

Cottonwood Creek and tributaries used to transport discharge stabilize soils, reduce bank erosion 

and improve water quality and fish habitat by reducing sediment loads in Cottonwood Creek 

through reduced erosion and by trapping sediment during high flows. These wetlands also 

provide food and cover for many wildlife species. During years of extremely high flows, they also 

have the potential to store large amounts of flood water and reduce potential for flooding further 

downstream along the creek. Vegetation is dense and structurally diverse; therefore, these 
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wetlands provide ideal cover and nesting sites for many species of wildlife. Biomass production 

is great and provides extensive forage for wildlife as well as livestock. Seeds produced by 

wetland plants also provide a significant food source for many wildlife species, especially 

waterfowl and other birds. Small ponds created directly or indirectly by the discharge provide a 

source of water where this resource is generally scarce. The wetland fringe along these 

stockponds improves water quality by reducing erosion along the shoreline. The objective of this 

study task was to quantify the acreage of wetlands that would be lost if Hamilton Dome were to 

cease discharging water. 

METHODS 

Wetlands Created by Discharge 

All wetlands that would be lost if Hamilton Dome discharge were to cease were inventoried and 

mapped. Because wetlands are often difficult to identify, the U.S. Army Corps of Engineers 

(1987) developed the Wetland Delineation Manual to help identify those wetlands subject to 

regulation under Section 404 of the Clean Water Act. Methods in this manual are generally 

universally accepted by all state and federal regulatory agencies to identify wetlands and these 

methods were therefore used to delineate wetlands for this project. The manual provides 

guidelines and sampling procedures to be used to determine if an area is a wetland. The manual 

directs the user through a series of steps that involve data gathering and decision making and lead 

ultimately to a wetland/nonwetland decision. 

The manual defines wetlands as " .. .. those areas that are inundated or saturated by surface or 

ground water at a frequency and duration sufficient to support, and under normal circumstances 

do support, a prevalence of vegetation typically adapted for life in saturated soil conditions." This 

definition identifies three wetland parameters: hydrophytic vegetation, hydric soils and hydrology. 

A number of sampling approaches are identified to determine the presence or absence of indicators 

of these parameters. The most basic approach, and the one used on this project, is known as the 

routine sampling procedure. The routine procedure requires that a prospective site first be 

surveyed for disturbance and a map of the vegetative communities prepared. A sample plot is then 
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located in a representative location within each suspected wetland community. At each plot the 

vegetation is examined for hydrophytic species as identified in the List of Plant Species That 

Occur in Wetlands (U.S. Fish and Wildlife Service 1988). This list identifies wetland plant species 

and assigns each one a rating based on its ability to grow in saturated soil. Species that require 

saturated soils are rated obligate (OBL), while those better suited to slightly drier conditions are rated 

facultative wet (FACW). Species that can be found in both wet and dry soils are identified as 

facultative (FAC). Obligate, Facultative Wet, and Facultative species are all considered to be wetland 

plants. Facultative upland (FACU) and upland (UPL) species are not considered to be wetland 

species. Additionally, species not contained in the list are usually considered upland species. A 

positive ( +) or negative (-) sign, when used with the indicators, attempts to more specifically define 

the frequency of occurrence in wetlands. The positive sign indicates "slightly more frequently found 

in wetlands" and the negative sign indicates "slightly less frequently found in wetlands". Vegetation 

is considered to be hydrophytic when more than 50% of the dominant species are rated as OBL, 

FACW, or F AC. This definition of hydrophytic vegetation was used for the current delineation effort. 

The soils at each plot are examined for hydric soil indicators by digging a soil pit to approximately 

16 inches. Hydric soils are those that have developed under reducing conditions such as are caused 

by prolonged and repeated saturation or inundation. Common hydric soil indicators include low 

chroma colors, mottling, iron and manganese concretions, and gleying. These indicators should be 

present just below the A horizon or at IO inches, whichever is shallower. 

Hydrology is the driving force behind wetland development. It is the prolonged saturation in the root 

zone that gives rise to hydrophytic vegetation and hydric soils. The manual requires that there be 

eviden9e of saturation usually within IO inches of the surface. Drainage patterns, drift lines, sediment 

deposits and visual observation of saturation or inundation are identified as acceptable indicators of 

wetland hydrology. 

Based on the presence or absence of hydrophytic vegetation, hydric soils and wetland hydrology, each 

plant community is classified as wetland or upland and the wetland/nonwetland boundary is 
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established. Normally, positive indicators of all three parameters must be present for a community 

to be considered wetland. However, exceptions to this rule may occur when one indicator, ( e.g. 

hydrology) is absent due to annual or seasonal fluctuations in precipitation or groundwater levels. 

Deviations from the sampling approaches are not only permitted by the manual but are sometimes 

necessary. The manual frequently uses the term "dominant vegetation" but provides no definition. 

The term is defined by the 1989 Federal Manual for Identifying and Delineating Wetlands, which is 

no longer in use, as those species the dominance measures of which, when added together, 

immediately exceed 50% of the total dominance measure, plus those individual species which 

contribute 20% or more of the total dominance measure. This definition was used in the current 

delineation effort. Estimated areal coverage was the measure by which dominance was determined. 

Field work for this project was conducted on June 25-27, 2002. Data forms used for the delineation 

are attached in Appendix A. Photographs of wetlands created by Hamilton Dome discharge are 

provided in Appendi© ~ - ~l ~ ~/ 

Wetland polygons created either directly or indirectly by Hamilton Dome discharge were mapped on 

an aerial photo (I" = 400') and the size of each polygon was determined using a calibrated digitizer. 

(Figure I). For linear wetlands occurring in drainages, the total length of the drainage and mean 

width were calculated and used to estimate wetland acreage associated with the drainage. 

Wetlands Along Cottonwood Creek 

It is more difficult to assess wetland impacts within Cottonwood Creek itself, as fringe wetlands along 

the creek may be supported by natural flows as well as by discharge. Potential wetland impacts 

along Cottonwood Creek were assessed by examining wetland types and wetland fringe widths 

immediately upstream and downstream of the discharge. Photographs of wetlands along Cottonwood 

Creek above and below the discharge are provided in Appendix C. The wetland fringe width along 

the creek was determined by delineating wetland boundaries and measuring the width of the fringe. 

Data points were located using a systematic random sampling design approximately every I 00 m of 

stream length above and below the discharge. Ten data points were measured above the discharge 
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and 20 were measured below the discharge. Only 10 were measured above the discharge because 

no wetlands were present beyond this distance. The difference in mean wetland width below and 

above the discharge was used as an indicator of the amount of wetland which would be lost if 

discharge ceased. The sampling was limited to areas in close proximity to the points of discharge to 

avoid influences of irrigation diversions and other factors that influence wetland widths along 

Cottonwood Creek. The primary purpose of this investigation was to evaluate whether Hamilton 

Dome discharge supports wetlands along Cottonwood Creek that would not otherwise occur there. 

To quantify the amount of wetlands along the entire length of Cottonwood Creek from the point of 

discharge to where Cottonwood Creek enters the Bighorn River, electronic versions of the National 

Wetlands Inventory (NWI) maps were obtained and GIS was used to measure the number of and 

acreage of wetlands by wetland type. 

RESULTS 

Discharge Wetlands 

There are two main points of discharge from Hamilton Dome, one on the east and one on the west 

side of the oil field. On the west side, discharge occurs along a natural drainage as well as along 

an irrigation ditch (Figure 1). Three data points (1-3) were used to characterize wetlands in the 

upper portion of this drainage. The drainage contains shallow marsh wetlands dominated by three­

square bulrush (Scirpus pungens [OBL]), saltmarsh bulrush (Scirpus ma,ritimus [OBL]), and baltic 

rush (Juncus balticus [FACW+ ]). At the extreme upper end, the wetland extends across the 

entire drainage bottom, but lower within the drainage the wetland is confined to a fringe along 

open water within the drainage. This drainage enters an excavated pond (Lake Charlie). There 

was no wetland fringe associated with this pond. The drainage continues beyond the pond to 

Cottonwood Creek. Four data points (7-10) were used to characterize wetlands along this portion 

of the drainage. There is a patchwork of emergent vegetation and open water within the drainage 

between the pond and Cottonwood Creek. Wetlands in this area are dominated by three-square 

bulrush, broadleaf cattail (Typha latifolia [OBL]), and rabbitfoot polypogon (Polypogon 

monspeliensis [FACW+ ]). At the point where this drainage enters Cottonwood Creek (data point 
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10), there is a very large, unique wetland. This wetland is dominated by rabbitfoot polypogon, 

three-square bulrush, and watercress (Rorippa nasturtium [OBL]}. 

Discharge water from the west end of Hamilton Dome is also conveyed by an irrigation ditch. 

Water in the irrigation ditch is eventually discharged into Cottonwood Creek west of the natural 

drainage discharge. Irrigation return flows from this water have collected along an access road 

adjacent to the natural drainage used for discharge (Figure 1). Three substantial wetlands have 

formed in these areas. These wetlands were characterized with data points 4, 5, 6 and 11. 

Dominant species include hardstem bulrush (Scirpus acutus [OBL]}, three-square bulrush, and 

broadleaf cattail. There are also several wetlands along the irrigation canal itself. Data points 

used to characterize these wetlands were points 25-31. Wetlands were formed both as a result of 

seepage from the canal as well as intentional excavations along the canal where ponds with 

wetland fringes occur. Dominant plants in these wetlands are baltic rush, hardstem bulrush, and 

three-square bulrush. 

Along the east side, discharge is also through a natural drainage as well as an irrigation ditch. 

Seepage from the discharge (data point 12) has created a mosaic of wetlands dominated by cattail 

within a natural drainage. Data point 13 represents a pit within a natural drainage also dominated 

by cattail. Further down the slope, seepage from the drainage and/or irrigation canal has resulted 

in several large wetland complexes (data points 14-19, 21-23) that are dominated by broadleaf 

cattail, three-square bulrush, saltmarsh bulrush, hardstem bulrush, common reed (Phragmites 

australis [FACW+]}, and foxtail barley (Hordeumjubatum [FAC]). Along the natural drainage 

that carries discharge water (data points 20 and 24) there are extensive wetland fringes across the 

entire drainage bottom that are dominated by three-square bulrush, saltmarsh bulrush, and 

broadleaf cattail. The total size of wetlands created by discharge was digitized and found to be 

91.3 acres (Figure 1). 
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Wetlands along Cottonwood Creek 

Cottonwood Creek is noticeably different upstream than downstream of the discharge. There was 

no flowing water in Cottonwood Creek above the discharge when the field work was conducted 

on June 27, 2002, whereas flows below the discharge were continuou,s. The stream bottom above 

the discharge is much wider and shallower due to scouring by water during high spring flows. 

This scouring is not present below the discharge, likely due to the presence of wetland fringes 

along the stream bank which tend to stabilize the banks and reduce the effects of erosion. Wetland 

fringe widths at 10 cross sections spaced every 100 stream meters along Cottonwood Creek 

immediately above the discharge ranged from Oto 6 feet and averaged 2.4 feet (fable 1). With 

the exception of approximately the first 600 stream meters above the uppermost discharge, there 

were virtually no wetlands adjacent to the stream. Beyond this point, wetlands were either 

nonexistent or occurred sporadically as very narrow fringes of approximately 1 foot or less. 

Therefore, additional cross sections to measure wetland widths were not placed any further 

upstream. Wetlands above the discharge were dominated by creeping spikerush (Eleocl7:aris 

palustris [OBL]), three-square bulrush, sandbar willow (Salix exigua [FACW+]), and American 

licorice (Glycyrrhiza lepidota [FAC+ ]) . Signs of hydrology included inundated areas and 

saturated soils where standing water was present in some places, sediment deposits, and drift lines. 

Soils were sandy and generally lacked hydric soil characteristics except near areas of standing 

water where iron concretions and some gleying were evident. 

Below the uppermost discharge point, where irrigation return flows enter Cottonwood Creek, there 

was a continuous wetland fringe along the creek. Wetland fringe widths at 20 stream cross sections 

spaced approximately every 100 stream meters along the stream below the discharge ranged from 

4.5 to 36 feet, and averaged 15 feet, which is over 6 times the mean wetland fringe width above . ---, 

~· The most common plants occurring in wetlands below the discharge were creeping 

spikerush, three-square bulrush, foxtail barley, watercress, and Chinese tamarisk (Tamarix 

chinensis [FACW]) saplings. Hydrological indicators included inundation, saturated soils, drift 

lines, and sediment deposits. The sandy soils had low chromas with extensive gleying and iron 

concretions. 
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The large difference in wetland widths along Cottonwood Creek above and below Hamilton Dome 

discharge indicates that Hamilton Dome discharge supports a substantial amount of riparian 

wetlands along Cottonwood Creek that would be lost if discharge were to cease. Based on 

National Wetland Inventory (NWI) mapping, there are approximatel~ 585 acres of wetlands along 
~ -

Cottonwood Creek below the discharge (Table 2). This acreage ~ludes 208.acres of _palustrine 

emergent and 300 acres of scrub-shrub wetlands, both of which have high functions and values. -----------------· - - ·----·-·~ 

CONCLUSION 

Based on results of this study, if the discharge from Hamilton Dome and associated irrigation of 

hay fields were to cease, we estimate that approximately 600 acres of high-quality wetlands would 

likely be lost. This total includes nearly 100 acres supported directly by discharge and another 

approximately 500 acres along Cottonwood Creek that are indirectly supported by Hamilton Dome 

discharge. 
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Table 1. Wetland types and widths upstream and downstream of discharge (as measured at 
systematic intervals of approximately 100 yards). 

UPSTREAM OF DISCHARGE 

Plot Wetland Species % cover Stratum Indicator 
Width (feet) 

1 6 Eleocharis palustris (creeping spikerush) 80 Herb OBL 

Hordeum jubatum (foxtail barley) 10 Herb FAC 

Scirpus pungens (three-square bulrush) 5 Herb OBL 

Salix exigua (sandbar willow) 5 Shrub OBL 

2 3 Eleocharis palustris (creeping spikerush) 80 Herb OBL 

Salix exigua (sandbar willow) 15 Shrub OBL 

Scirpus pungens (three-square bulrush) 2 Herb OBL 

3 4.5 Eleocharis palustris (creeping spikerush) 40 Herb OBL 

Scirpus pungens (three-square bulrush) 40 Herb OBL 

Salix exigua (sandbar willow) 20 Shrub OBL 

4 4.5 Eleocharis palustris (creeping spikerush) 60 Herb OBL 

Salix exigua (sandbar willow) 30 Shrub OBL 

Carex rostrata (beaked sedge) 10 Herb OBL 

5 1.5 Salix exigua (sandbar willow) 50 Shrub OBL 

Scirpus pungens (three-square bulrush) 25 Herb OBL 

Glycyrrhiza lepidota (American licorice) 20 Herb FAC+ 

Juncus bufonius (toadrush) 5 Herb FACW+ 

6 3 Glycyrrbiza lepidota (American licorice) 40 Herb FAC+ 

Scirpus pungens (three-square bulrush) 40 Herb OBL 

Salix exigua (sandbar willow) 20 Shrub OBL 

7 0 no wetland 

8 0 no wetland 

9 1 Scirpus pungens (three-square bulrush) 70 Herb OBL 

Glycyrrhiza lepidota (American licorice) 20 Herb FAC+ 

Populus angustifolia (narrowleaf 10 Shrub FACW 
cottonwood) 

10 0 

Mean 2.4 
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Table 1. Wetland types and widths upstream and downstream of discharge (as measured at 
systematic intervals of approximately 100 yards). 

DOWNSTREAM OF DISCHARGE 

Plot Wetland Species % cover Stratum Indicator 
Width (feet) 

1 9 Eleocharis palustris (creeping spikerush) 85 Herb OBL 

Scirpus acutus (hardstem bulrush) 5 Herb OBL 

Populus angustifolia (narrowleaf 5 Shrub FACW 
cottonwood) 

Salix exigua (sandbar willow) 5 Shrub OBL 

2 4.5 Eleocharis palustris (creeping spikerush) 90 Herb OBL 

Salix exigua (sandbar willow) 10 Shrub OBL 

3 9 Eleocharis palustris (creeping spikerush) 45 Herb OBL 

Salix exigua (sandbar willow) 30 Shrub OBL 

Hordeum jubatum (foxtail barley) 15 Herb FAC 

Scirpus pungens (three-square bulrush) 10 Herb OBL 

4 9 Scirpus pungens (three-square bulrush) 60 Herb OBL 

Salix exigua (sandbar willow) 40 Shrub OBL 

5 12 Scirpus pungens (three-square bulrush) 70 Herb OBL 

Salix exigua (sandbar willow) 20 Shrub OBL 

Hordeum jubatum (foxtail barley) 10 Herb FAC 

6 27 Scirpus pungens (three-square bulrush) 70 Herb OBL 

Eleocharis palustris (creeping spikerush) 10 Herb OBL 

Glycyrrhiza lepidota (American licorice) 10 Herb FAC+ 

Salix exigua (sandbar willow) 10 Shrub OBL 

7 10.5 Eleocharis palustris (creeping spikerush) 75 Herb OBL 

Scirpus pungens (three-square bulrush) 15 Herb OBL 

Hordeum jubatum (foxtail barley) 5 Herb FAC 

Scirpus acutus (hardstem bulrush) 5 Herb OBL 

8 15 Scirpus pungens (three-square bulrush) 40 Herb OBL 

Hordeum jubatum (foxtail barley) 20 Herb FAC 

Eleocharis palustris (creeping spikerush) 20 Herb OBL 

Tamarix chinensis (Chinese tamarisk) 20 Shrub FACW 
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Table 1. Wetland types and widths upstream and downstream of discharge (as measured at 
systematic intervals of approximately I 00 yards). 

DOWNSTREAM OF DISCHARGE 

Plot Wetland Species % cover Stratum Indicator 
Width (feet) 

9 9 Eleocharis palustris (creeping spikerush) 85 Herb OBL 

Hordeum jubatum (foxtail barley) 10 Herb FAC 

Scirpus pungens (three-square bulrush) 5 Herb OBL 

10 9 Scirpus pungens (three-square bulrush) 90 Herb OBL 

Salix exigua (sandbar willow) 10 Shrub OBL 

11 18 Scirpus pungens (three-square bulrush) 75 Herb OBL 

Eleocharis palustris (creeping spikerush} 15 Shrub OBL 

Hordeum jubatum (foxtail barley) 5 Herb FAC 

Deschampsia cespitosa (tufted hairgrass) 5 Herb FACW 

12 16.5 Scirpus pungens (three-square bulrush) 70 Herb OBL 

Hordeum jubatum (foxtail barley) 20 Herb FAC 

Puccinellia nuttalliana (Nuttall's alkaligrass) 5 Herb FACW+ 

Eleocharis palustris (creeping spikerush) 5 Herb OBL 

13 24 Scirpus pungens (three-square bulrush) 80 Herb OBL 

Eleocharis palustris (creeping spikerush) 10 Herb OBL 

Deschampsia cespitosa (tufted hairgrass) 5 Herb FACW 

Hordeumjubatum (foxtail barley) 5 Herb FAC 

14 7.5 Scirpus pungens (three-square bulrush) 80 Herb OBL 

Hordeum jubatum (foxtail barley) 10 Herb PAC 

Spartina gracilis (alkali cordgrass) 10 Herb FACW 

Deschampsia cespitosa (tufted hairgrass) 5 Herb FACW 

15 9 Scirpus pungens (three-square bulrush) 55 Herb OBL 

Eleocharis palustris (creeping spikerush} 30 Herb OBL 

Tamarix chinensis (Chinese tamarisk) 10 Shrub FACW 

Hordeum jubatum (foxtail barley) 5 Herb FAC 

12 
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Table 1. Wetland types and widths upstream and downstream of discharge (as measured at 
systematic intervals of approximately I 00 yards). 

DOWNSTREAM OF DISCHARGE 

Plot Wetland Species % cover Stratum Indicator 
Width (feet) 

16 15 Rorippa nasturtium (watercress) 70 Herb OBL 

Eleocharis palustris (creeping spikerush) 15 Herb OBL 

Scirpus pungens (three-square bulrush) 10 Herb OBL 

Hordeum jubatum (foxtail barley) 5 Herb PAC 

17 18 Scirpus pungens (three-square bulrush) 75 Herb OBL 

Rorippa nasturtium (watercress) 10 Herb OBL 

Eleocharis palustris (creeping spikerush) 10 Herb OBL 

Hordeumjubatum (foxtail barley) 5 Herb FAC 

18 6 Rorippa nasturtium (watercress) 70 Herb OBL 

Scirpus pungens (three-square bulrush) 20 Herb OBL 

Eleocharis palustris (creeping spikerush) 10 Herb OBL 

19 36 Tamarix chinensis (Chinese tamarisk) 65 Shrub PACW 

Rorippa nasturtium (watercress) 15 Herb OBL 

Hordeumjubatum (foxtail barley) 10 Herb PAC 

Polypogon monspeliensis (rabbitfoot 10 Herb PACW+ 
polypogon) 

20 36 Scirpus pungens (three-square bulrush) 50 Herb OBL 

Rorippa nasturtium (watercress) 25 Herb OBL 

Glycyrrhiza lepidota (American licorice) 5 Herb FAC+ 

Hordeumjubatum (foxtail barley) 5 Herb FAC 

Salix exigua (sandbar willow) 5 Shrub OBL 

Descharnpsia cespitosa (tufted hairgrass) 5 Herb FACW 

Tamarix chinensis (Chinese tamarisk) 5 Shrub PACW 

Mean 15 

13 
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Table 2. Wetland acreage along Cottonwood Creek d<>wnstream of Hamilton Dome as based on 
National Wetland Inventory mapping. 

!Wetland Tvne Numher Acre!:loe 

Palustrine Aquatic Bed 9 10.8 
Palustrine Emergent 89 208.4 

Riverine lntermittant Streambed 63 56.3 
Palustrine Scrub-shrub 147 300.5 
Palustrine Unconsolidated Bottom 10 5.6 
Palustrine Unconsolidated Shore 6 3.5 
TOTAL 324 585.1 

14 



Figure 1. Location and size of wetlands created by Hamilton Dome discharge 
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Appendix A. Routine Wetland Determination Data Forms Used for Project 
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DATAFORM 
ROUTINE WETLAND DETERMINATION . . . . ; 

(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-25-02 

Applicant/Owner: Merit Energy ·County: Hot Springs 

Investigator: Greg Johnson, WEST ·State: Wyoming 

Do NormalCircumstances exist on the site? Yes.X.. . No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 
Is the area a potential Problem Area? 

Yes_ No]L Plot ID: I {ff"n..,.,l.,,I .. -ln,n n~ _.,.,.,.., \ 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scirpus pungens (three-square bulrush) 80 Herb OBL 

2. Scirpus acutus (hardstem bulrush) IS Herb OBL 

3. Scirpus niaritimus (saltmarsh bulrush) s Herb OBL 

4. Potentilla fructicosa (shrubby cinquefoil) s Shrub FAC-

S. Hordeumjubatum (foxtail barley) trace Herb FAC 

6. 
7. 
8. 
9. 
10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 

__ Aerial Photographs (infrared) ..1L Inundated 
__ Other ..X Saturated ~ Upper 12 Inches 

_x_ No Recorded Data Available ...X. Water Marks 
_ DriftLines 

Field Observations _ Sediment Deposits 

_x_ Drainage _Patterns in Wetlands 

Depth of Swface Water 2 (in.) Secondaty Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. l 

l. 
Depth to Free Water in Pit 8 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 2 (in.) _ FAC-Neutral Test 

Other (Explain in Remarks) 

Remarks: 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Obseivations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

;frQfile :Qe§criJ2tiQn 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, . 
<inche§} Hmiron <Munsell MQiS} <Munsell MQist} Abundance/Qmtrast Structure. etc, 

0-1 10YR2ll LQam 

!+ 10 YR5ll 7,5 Y.B.4l6 10~ Cl3l'. 

Ql~2,5/N 25% 

Hydric Soil Indicators: 

- Histosol ....X Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- S1ilfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
..X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: , 

WETI..AND DETERMINATION 

Hydrophytic Vegetation Present? Yes ..X.. No_ 
Wetland Hydrology Present? Yes ..X.. No_ Is this Sampling Point Within a Wetland? Yes ..X. No_ 
Hydric Soils Present? Yes 1L No_ 

Remarks: Wetland is within natural channel that receives discharge water. 

I 
I 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Proiect/Site: Hamilton Dome. Date: 6-25-02 

Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

J:?o NormaFCircwtJ.stances exist on the site? Yes1 No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes - No]L Transect ID: 
Is ,the area a pot.eiltial Problem Area? 

Yes NoX Plot ID: 2 fTfnpprfp.il ' · .. nn rPvPrl:P ) 

VEGETATION 

·DoIDinant Plant Species %Cover Stratum Indicator 

L .. Scirpus maritimus (saltmarsh bulrush) 70 Herb OBL 

.2 .. Scirpus pungens (three-square bulrush) 15 Herb OBL 

3. Hordeumjubatwn (foxtail barley) 10 Herb FAC 

4, ,,Tamarisk chinensis (Chinese talliarisk) 
.. 

5 . Shrub FACW 

5. 
6. 

7 . . 

8. 
9. 

IO. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAG-). - 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
_ Recorded Data (Describe in Remarks) 

__ Stream, Lake or Tide Gauge 

__ Aerial Photographs (infrared) 
__ Other 

.Jr._ No Recorded Data Available 

Field Observations 

Depth of Surface Water __ -6 __ (in.) 

Depth to Free Water in Pit ____ (in.) 

Depth to Saturated Soil ____ (in.) 

Remarks: 

Wetland Hydrology Indicators: · 

Primary Indicators: 

..1L Inundated 

..X. Saturated in Up~r 12 ·.lnches 

...X.. Watel'. Marks 

- · Drift Lines 
- · Sediment Deposits 

...X.... I)rainag<; Patterns in Wetlands 

Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in up~r 12 in. 
_ Water-Stained Leaves 

_ Local Soil Survey Data 

_ FAC-Neutral Test 

Other (Explain in Remarks) 



SOILS 

Map Unit Name 
(Series and Phase): •. Drainage Class: 

Field Observations 
Taxonomy (Subgro1,1p): eonnnn Mapped Type? Yes No 

Erofile Desi;;riglion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
Cinches} Hm:iz<>u . (MunseH Moist} lMunsell Moist} Abundance/Contrast Structure, etc, 

Q-1 10 YR2Ll Loam 

l+ 10 YR5ll 7.5 YR4£6 10% . Clill'. · 

Glex 2,5/N 50% 

" I 

I 

Hydric Soil Indicators: 

_llist9sol ..X Concretions 
_ Histic Epipedon _ High Organic Content ip Swface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ AquicMoisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X Gleyed or Low-Chroma Colors _ Other (Explain jn Remarks) 

' 

Remarks: • 

.. , , , .. , _· .. , "" . :·:·· 

WETLAND DETERMINATIQN. 

Hydrophytic Vegetation Present? Yes .X.. No __ 
Wetland Hydrology Present? Yes.X.. No __ Is this Sampling Point Within a Wetland? Yes ..X. No_ 
Hydric Soils Present? Yes .X.. No __ 

Remarks: Wetland is within natural channel that receives discharge water. 

. r 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

... 

Project/Site: Hamilton Dome Date: 6-25-02 

Applicant/Owner: Merit Energy County: Hot Spri.JJ.gs 

Invest:igator: Greg Johnson, WEST State: Wyoming 

Do Normal.Circumstances exist on the site? Yes.X... No Community ID: shallow marsh 

Is the site significantly distwbed (Atypical situat. ?) Yes NoX Transect ID: 

ls the area a potential Problem Area? 
Yes NoX Plot ID: 3 

( I • • 4V1"11,J~~fl l'lft T'O..:rA~O' 

. , 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

J. Juncus balticus (baltic rush) 40 Herb FACW+ 

2. Scirpus pungens (three-square bulrush) 30 Herb OBL 

3. Polypogon monspeliensis (rabbitfoot polypogon) 30 Herb FACW+ 

+ 
5. 
6. . 
7. i 

8. 

9. 

10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC·} 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: ·· 

__ Stream, Lake or Tide Gauge Primacy Indicators: 

__ Aerial Photographs (infrared) _Inundated 

-- Other ..X.. S~ in Upper 12 Inches 

~ 'No Recorded Data Available ..X.. Water Marks 

- Drift Lines . }, 

Field Observations _ Sediment Deposits 
;.'., J _x_ pqililage Patte~ in Wetlands 

Depth of Surface Water (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in .. 

Depth to Free Water in Pit 4 (in.) _ Water-Stained Leaves 

_ Local Soil Swvey Data 

Depth to Saturated Soil 2 (in.) - FAC-Neutral Test 

Other (Explain in Remarks) 

Remarks: 

-·-·-··-----------------·-·-· .. ·- · -- .. - ---··· ····- · ·······-··--· .. 



SOILS 

Map Unit Name 
(Series and Phase): ' Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes_ No_ 

:frofile Qescrintion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches} Horizon <Munsell Moist} <Munsell Moist} Abundance/Contrast Structure, etc. 

0-4 lOYR.4/2 Sand! 1.lill'. 

!1;+ 10 YR4ll 7.5 :YB, 4£6 10% Sand! 1.l!ll'. 

Qlei 2.5/N 20% 

Hydric Soil Indicators: 

- Histosol ..X Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aguie Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes .:X... No __ 
Wetland Hydrology Present? Yes X No __ Is this Sampling Point Within a Wetland? Yes .X.. No_ 
Hydric Soils Present? Yes 1L No_ 

Remarks: Wetland is within natural channel that receives discharge water. 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Proiect/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 
Investigator: GregJohnson, WEST State: 

6-25-02 
Hot Springs 
Wyolllll!g -· 

po Normal Circumstances exist on the site? Yes.X. No_ .. ColDDltlllity ID: shallow marsh 
Is the site significantly disturbed (Atypical situat. ?) Yes - No.X. Transect ID: 

' -Is the area a potential Problem Area? Yes_ NoX Plot ID: 4 (Tf n_,1,.,1 Pvnl<>in nn TP.VP.N:P. ) 
.. 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

l. Scirpus acutus (hardstem bulrush) 85 Herb OBL 
2. Scirpus maritimus (saltmarsh bulrush) 10 Herb OBL 

t 

3. Typha latifolia (broad.leaf cattail) 5 Herb OBL 
. 4. 

5. 
6. 
7. 
8. 
9. 
10. .. 

Percent ofDominant Species that are OBL, FACW or FAC 
.(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in.Remarks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Primacy Indicators: 
__ Aerial Photographs (infrared) .X. Inundated 
__ Other ...X.. Satm:ated in Upper 12 Inches 

' .:X.. No Recorded Data Available ....X.. Water Marks 

..-"·· 
_. Drift Lines 

Field Observations _ Sedim.entDeposits 
;, 

..,.X_Drainage,Pattems.in Wetlands 
Depth of Swface Water 5 (in.) Secondary Indicators (2 or more requited) 

• 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 2 (in.) _ Water-Stained Leaves 
_ Local Soil Survey Data 

Depth to Saturated Soil Q (in.) I _ PAC-Neutral Test 
_ Other (Explain in Remarks) 

Remarks: 

.. 



sons 
Map Unit Name . 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): . . Confirm Mapped Type? Yes No 

fr2file D~crigtion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
finches} Hmizon {MU11Sell Moist) <Munsell MoisQ Aburuiance/Contrast Structure, etc. 

0-J 1QYRSL2 CJID'. 
3+ 10 YR 5/1 7,5 YR4L6 10% CIDI 

01~2,5/N JO% 

Hydric Soil Indicators: 

- Histosol ..X Concretiqns 
_ Ristic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
__ Reducing Conditions _ Listed on National Hydric Soils List 
.X Gleyed or I:..ow-Chroma Colors __ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes]L No __ 
Wetland Hydrology Present? Yes. X · No __ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes .X. No _ 

Remarks: Wetland is a pond that receives irrigation return flows. 
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DATAFORM · 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

.. 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-25-02 
Hot Springs 

Wyoming 

. . Do Normal Circumstances exist on the site? ·ves]L No_ Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat ?) Yes - No.X... Transect ID: 

Is the area a potential Problem Area? 
Yes No.X... Plot ID: 5 

(Tf nPPnPrl P.Ynlll1n nn · -·-·~- '\ -

- VEGETATION 

Dominant Plant Species %Cover Stratwn Indicator 

·· ,1. Scirpus pungens (three-square bulrush) 60 Herb OBL 

2. Typha latifolia (broadleaf cattail) 30 Herb OBL , . 

3. Alopecurus arundinaceus (creeping foxtail) 5 Herb FAC 

c: 4. Scirpus maritimus (saltmarsh bulrush) 5 Herb .. OBL 

5. 
6. 

7. 

8. 

9. 
10. 
Percent of Dominant Species that are OBL, FACW or PAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _Inundated 
__ Other ..X. Saturatedfo Upper 12 Inches 

t,, , -

:..X... No Recorded Data Available - Water Marks 

.. - Drift tines 

Field Obseivations _ Sediment Deposits 

..x._ Drainage Patterns' in Wetlands 

Depth of Swface Water (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 3 (in.) _ Water-Stained Leaves 
, 

_ Local Soil Swvey Data 

Depth to Saturated Soil 1 (in.) - F AC-Neutral Test 

Other (Explain in Remarks) 
Remarks: 

.. ~. ...... ··-



son,s 
Map Unit Name 

(Series and Phase): D~geClass: 
Field Obseivations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

f[Qfil~ I2esrnptign 
Depth Matrix Color Mottle Colors Mottle Te~. Concretions, 
Cinches} Horizgn CMunseu Moist} (Munsell Moist} Abundance/Contrast Structure, etc, 

Q-2 lQ YRS/4 Siltt ClaI 

z+ Gl~2,5/N Clill'. 

. .. 

Hychjc Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Swface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
__ _ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
____ Reducing Conditions _ . Listed on National Hydric Soils List 
..x_ Gl_eyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: top layer is oxidized 

-- . 

WETLAND DETERMINATION 

l!ydrophytic Vegetation Present? Yes..,X_No __ 
Wetland Hydrology Present? YC$JLNo_ Is this Sampling Point Within a Wetland? Yes .X. No ___ 
Hydric Soils Present? Yes]LNo_ 

Remarks: Wetland is a depression.that receives irrigation return flows. 

•·'. ' 
# ,,, ..... 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-25-02 
Hot Springs 

Wyoming 

Do Normal Circwnstances existon the site? YesX No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes No..x_ Transect ID: 
Is:the area a potential Problem Area? 

Yes_ No]L Plot ID: 6 
(Tf nP.P.cf P.tf 0 ~1,.;,.. ~"' .,..,,...,.,. ' 

~··· 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

_L Scirpus pungens (three-square bulrush) 80 Herb OBL 

2. Typha latifolia (broadleaf cattail) 20 Herb OBL 

3. 

4:· 

5. 
6. 
7. 

8. 

9. 
10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology 'Indicators: 
__ Stream, Lake or Tide Gauge Primmy Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 
__ Othe.r .X. Sa~ted in Upper 12 Inches 

' ',t No Recorded Data Available _x_ Water Marks 

_,,; _. " 
_ Drift Lines 

Field Observations _ Sediment Deposits 
.. .X.. Drainage Patterns in Wetlands 

Depth of Surface Water 1 (in.) Secondaiy Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 2 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ FAC-Neutral Test 

Other (Explain in Remarks) 
Remarks: 

.. 



son.s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped ,Type? Yes No 

Pmfil!;~ Descrigtion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches) Horiwn <Munsell Moist} CMuuseII Moist} Abundance/Contrast Structure, etc. 

2~ 12 YR4l'l:. l::!ilh, f"l<m 

~+ Ql~ 2,~LN Clill'. .. ,. 

; 

Hydric Soil Indicators: 

_mstosol _ Concretions. 
_ ffistic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors _ _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION ._ 

Hydrophytic Vegetation Present? Yes JL.No _ 
Wetland Hydrology Present? Yes 1l. No _ Is this Sampling Point Within a Wetland? Yes X No_ 
Hydric Soils Present? Yes ..X... No _ 

Remarks: Wetland is a depression that receives irrigation return flows. 

\ 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Pr<~ject/Site: Hamilton Dome Date: 

Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-25-02 
Hot Springs 

Wyoming 

Po Normal Circumstances exist on the site? YesX No - Community ID: shallow marsh 

is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 

.I~ the area a potential Problem Area? 
Yes NoX Plot ID: 7 

(Tf nPPrlPrl .. ,.. ................ \ 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scixpus pungens (three-square bulrush) 90 Herb OBL 

2. Hordeum jubatum (foxtail barley) 10 Herb FAC 

'3 . 

. f 
5. 
6. 
7. 
8. 
9. 

10. 
Percent of Dominant Species that ate OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
. __ Recorded Data (Describe in Remarks) WetlandHydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 

__ Aerial Photographs (infrared) _x_ Inundated 

-- Other ...X. Saturated in Upper 12 Inches 

~ No Recorded Data Available ...X. Water Marks 

_ Drift Lines 

·''.Field Observations _ Sediment Deposits 
.... _x_ Drainage Patterns in Wetlands 

Depth of Surface Water 2 (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 2 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ PAC-Neutral Test 

Other (Explain in Remarks) 

Remarks: 



son.s .. 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

.. 
frofile ;Qescri12tion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
finches) Horizon <MllllSCII Moist} (Munsell Moist} Abundance/Contrast Structure, etc, 

0-4 1QYR4/l Siltt Clax 

i+ 01~2,~/N Chn: 

Hydric Soil Indicators: 

- Histosol - Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
..X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

... 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes .X... No __ 
Wetland Hydrology Present? Yes ..x_ No __ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes .X... No __ 

Remarks: Wetland is within a drainage that receives discharge water. 

,. 
' ! 
! 

I 

I. 
I 



DATA FORM 
ROUTINE WETLAND DETERMINATION 

(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-25-02 
Hot Springs 

Wyoming 

Do Normal Circumstances exist on the site? Yes]C · ' No_ CoIWnunity ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes_ No.x_ Ti:ansect ID: 
Is the area a potential Problem Area? 

Yes_. No.x_ Plot ID: 8 
(Tf nPPrlPrl P.Ynli:iin nn rPvP.n:P. \ 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

+:· Typha latifolia (broadleaf cattail) 70 Herb OBL 

,Z.., Scirpus pungens (three-square bulrush) 30 Herb OBL 

3. 

4':' ' 

5. 
6. 

7. 

8. 

9. 

10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Rem.arks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
_ · Recorded Data· (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _JC Inundated 

.~.~ __ Other ;;.X Saturated in Upper 1-2 Inches 

_x_ No Recorded Data Available _ Water Marks 
;;.X Drift Lines 

Field Observations _ Sediment Deposits 
:..•, . 

' 

. 

_ Drainage Pattems1n·wet1aiias~-------- --
Depth of Surface Water 6 (in.) Secondary Indicators (2 or more required)' 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 2 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to. Saturated Soil 0 (in.) _ FAC-Neutral Test 

Other (Explain in Remarks) 
Remarks: 

.. 

' 
/ 



son.s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes_ No_ 

frofile De~rintion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
{inches} HoriZQn <Munsell Moist} <Munsell Moist} Abundance/Contrast · Structure, etc. 

0-2 lQ YR2Ll Cllll'. loam 

~+ lQ YR2Ll Qlel'.2,2lN 30% . C:l!U'. 

Hydric Soil Indicators: 

_Histosol _ Concretions 
_ Histic Epipedon _ ru·gh Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditioqs __ Listed on National Hydric Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present~ Yes X No_ 
Wetland Hydrology Present? Yes ..X... No_ Is this Sampling Point Within a Wetland? Yes ..X. No_, _ 
lfydric Soils Present? Yes ..X... No _ 

Remarks: Wetland is within a drainage that receives discharge water. The drainage has a patchwork of emergent 
vegetation and open water. 

) 

)· 

i 
1-
1-

i· 

1· 
I 

I 
I­
I 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
0987 COE Wetlands Delineation Manual) 

Pro.iect/Site: Hamilton Dome Date: 6-25-02 
Applicant/Owner: Merit Energy County: Hot Springs 
Investigator: Greg Johnson, WEST State: Wyoming 
.Do Normal Circiimst.ances exist on the site? Yes.X... No Community ID: shallow marsh 
Is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 
,Js the area a potential Problem Area? 

Yes NoX. Plot :a;>: 9 (lfna.AAorl Avnl.,.,n nn .... VPttP \ -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

,,l. Polypogon monspeliensis (rabbitfoot polypogon) 90 Herb FACW+ 
.7· Scirpus pungens (three-square bulrush) 10 Herb OBL 
3. 

14: 

5. 
6. 
7. 

8. 

9. 
·' 

. .. 

10. 
Percent of Dominant Species that are OBL, FACW or FAC 

( excluding F AC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. Total vegetative cover is around 10-
15% 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Prinuuy Indicators: 
__ Aerial Photographs (infrared) ..X. Inundated 

-- Other ..1l Saturated in Upper 12 Inches 
· ·"5c No Recorded Data Available _ Water MaJ:ks 

-~'-. 
..X. Drift Lines 

Field Observations ..X... Sediment Deposits 
··~, ~· 

_. _DrainagePattems in Wetlands 
Depth of Surface Water 2 (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) - · PAC-Neutral Test 
Other (Explain in Remarks) 

Remarks: 



sons 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

Profile DescrintiQD 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
Ouchesl Horizon <Munsen Moist} (Munsell Moist} Abundance/Contrast Structure, etc. 

Q-2 1Q YR5l4 Sandl'. clill'. 
2+ Yl~2.5/N Claxsand 

.· 

. 

Hydric Soil Indi~tors: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Swface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
__ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: . 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes . X No _ 
Wetland Hydrology Present? Yes JL No_ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes X No _ 

Remarks: Wetlandjs within a drainage that receives discharge water. The drainage has a patchwork of emergent 
vegetation and open water, 

I , 
I J 



\. 

;DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Proiect/Site: Hamilton Dome Date: 6-25-02 
Applicant/Owner: Merit Energy County: Hot Springs 
Investigator: Greg Johnson, WEST State: Wyoming 

,Do Normal CirCUlilStances exist on the site? YesX. 'No_ ·. Community ID: shallow marsh 

Is the site signifi~tly distwbed (Atypical situat. ?) Yes - No.X.. Transect ID: 
Is the area a potentiall>roblem Area? 

Yes NoX Plot ID: 10 
(Tf nP.P.tf P.cl • · ;" nn rP.vP.r~P. ) 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

·L Polypogon monspeliensis (rabbitfoot polypogon) 75 Herb FACW+ 
,2. Scirpus pungens (three-square bulrush) 15 Herb OBL 
3. Rorippa nasturtium (watercress) 10 -Herb OBL 
"4. Eleocharis palustris (creeping spikerush) 5 Herb 0131., 
5. i 

6. 
· •· 

7. 
8. 
9. 
10. 
Percent of Dominant Species that are OBL, FACWor PAC 

(excluding PAC-). 100 

Remarks: Dominance detennined using ocular estimate of percent cover. Very unique wetland based on plants. 

HYDROLOGY 

-- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 

f..~j ,;: ' -- Other _x_ Saturated inUpper 12 Inches 
_x_ No Recorded Data. Available _ Water Marks 

.. _x_ DriftLines 

,,.field Observations _ Sediment Depo~its 

L Drainage Patterns in Wetlands 
Depth of Surface Water 3 (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 
Depth to Saturated Soil 0 (in.) - F AC-Neutral Test "' ..... .. . , . .. 

_ Other (Explain in Remarks) 
Remarks: 

'• 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confinn Mapped Type? Yes No 

frofile :Qescrigtion 
:Oepth Matrix Color Mottle Colors Mottle TextQre, Concretions, 
<inches} Horiwn <Munsell Moist} <Munsell Moist} Abundance/Contrast Structure, etc 

0-3 1QXR2ll ~and)'.~lll'. 

J+ Gle)'. 2,5/N ~laisand 

... 

Hydric $oil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking. in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydtic Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

.. , 

' ,,•, 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes ..X... No_ 
Wetland Hydrology Present? Yes ..X... No_ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes .X... No _ 

Remarks: Wetland is at the point where upper discharge enters Cottonwood Creek. This wetland is veiy unique 
based on the large amount of Polypogon. 

I 

) . 



DATA FORM 
ROUTINE WETLAND DETERMINATION. 
(1987 COE Wetlands Delineation Manual) 

. Proiect/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 
Investigator: Greg Johnson, WEST State: 

6-25-02 
Hot Springs 
Wyoming 

:Po NonnafCircumst:ances eiist on the site? YesX. No - Community ID: shallow marsh 
Is the site significantly disturbed (Atypical situat. ?) Yes - No.X.. Transect ID: 
Is the area a potential Problem Area? 

Yes No.X.. Plot ID: 11 
(Tf nPPrlPil ,.vnJ..,,n nn rPvPr~P '\ -

.... .. 

-· ·VEGETATION 

· Dominant Plant Species %Cover Stratum Indicator 

.l. Scirpus acutus (hardstem bulrush) 80 Herb OBL 
,2., Scirpus pungens (three-square bulrush) IO Herb QBL 

3. Typha latifolia (broadleaftypha) 10 Herb OBL 
. •4·. 

5. 
6. 
7. 

8. 

9. 
10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover; 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Primacy Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 
__ Other ..X. Saturated in Upper 12 Inches 

·m'X No Recorded Data Available _. _ Water Marks 

,)::· _ . Drift Lines 

Field Observations _. _ Sediment Deposits 
... 

_ . Drainage Patterns in Wetlands 
Depth of Surface Water 4 (in.) Secondaiy Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water .in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 
Depth to Saturated Soil 0 (in.) _ FAG-Neutral Test 

Other (Explain in Remarks) 
Remarks: 



SOILS .• 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

frofile Descri121ion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
<inches} Horizon <Munsell Moist} <Munsen Moist} Abundance/Contrast Strugtm:e, etc. 

0-2 10 YR5l3 Smi{b'. 1e1Ii!I 

2+ Qlei2 5/N ClaI 

Hydric Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X.. Gl~yed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: . 

WETLAND DETERMINATION · .. 

Hydrophytic Vegetation Present?· Yes]LNo_ 
Wetland Hydrology Present? Yes.X..No_ Is this Sampling Point Within a Wetland? Yes X No_ 
Hydric Soils Present? Yes.X..No_ 

Remarks: Wetland fonned due to irrigation return flows. 
! 
I· 

' 



! 
r 

DATA FORM 
ROUTINE WETI..AND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 
Investigator: Greg Johnson, WEST State: 

6-26-02 
Hot Springs 

Wyoming 

Dc$.Normal Circumstances exist on the site? Yes.X. No Commui:u.ty ID: shallow marsh 
Is ihe site significantly disturbed (Atypical situat. ?) Yes - No]L Transect ID: 
Is Jlle area a potential Problem Area? Yes NoX Plot ID: 12 

(Tf npp.fip,i i=c I • I • nn rPVPNP '\ 

... ,. 
VEGETATION 

D<>µtinant Plant Species %Cover Stratum Indicator 

L Typha latifolia (broadleaf typlµi) 95 Herb OBL 

2. Scirpus pungens (three-square bulrush) 5 Herb OBL 
J.·•·:· 

4 ...... . .. 

5. 
6. 
7. 

8 . . . 
9. 

IO. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
- . Recorded Data (Describe in Remarks) Wetland Hydrology.Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 
__ Other ...X. Saturated in Upper 12 Inches 

· ·.){Vs ·No Recorded Data Available -·- Wat~r Marks 
, · .•.. .' - ·- Drift Lines 

Field Obseivatioils _ Sediment Deposits 
.,. ; ...X. Drainage Patterns in Wetlands 

Depth of Surface Water 3 (in.) Secondary Indicators (2 or more required) 

. 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ PAC-Neutral Test 

_ Other (Explain in Remarks) 
Remarks: 



SOILS 

Map Unit Name 
' 

(Series and Phase): Drainage Class: 
Field.Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes_ No_ 

frQfil~ U~crimion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
Ouches} Horizon (Munsell Moist} <Munsell Moist} Abundance/Contrast Structure; etc. 

Q-4 10YR4/l Gl~2.5/N 20% Clio: 
4+ ylei2-~/N Clio: 

Hydric Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Swface Layer in Sandy Soils 

- Stilfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: ,, 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present?. Yes .X.. No_ 
Wetland Hydrology Present? Yes .X.. No_ Is this Sampling Point Within a Wetland? Yes .X.. No_ 
Hydric Soils Present? Yes X No_ 

Remarks: Wetland fanned in drainage receiving seepage from discharge. 

I 
l 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-26-02 

Hot Spring~ 

Wyoming 

Do Normal Circumstances exist on the site? Yes.X. No - Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes - No]L Transect ID: 

Is the area a potential Problem Area? 
Yes No.X.. Plot ID: 13 (ff nP.P.ilP.il . . nn rP.vP.r~P. ) 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

L Typha latifolia (broadleaf typha) 100 Herb OBL 

2. 

3. 

4. •11:i,-

5. 
6. 
7. 
8. 
9. 

10. 

Percent of Dominant Species that are OBL, FACW or FAC 
(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

--· Recorded Data (Describe in Remarks) Wetland Hydfology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 

-- Other X Saturated in Upper 12 Inches 
_x_ No Recorded Data'Available _ Water Marks 

- DriftLines 

Field Observations __ Sediment Deposits 
.,.~. 

...X. Drainage Patterns in Wetlands 

Depth of Surface Water 3 (in.) Secondary Indicators (2 or more required) 

. 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ FAC-Neutral Test 

_ Other (Explain in Remarks) 

Remarks: 



son.s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

frQfile DescriptiQn 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
<inches) Horizon <Munsell MQistl <Munsell Moist) Abundance/Contrast . Structure, etc; 

Q~ 1QYR4l2 0:1~2.5/N 20~ Clax 

4+ Gl~2,5£N: ClaI 
l . 

Hydric Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X.. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

'WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes..X..No_ 
. Wetland Hydrology Present? Yes..X..No_ Is this Sampling Point Within a Wetland? Yes .X.. No_ 
Hydric Soils Present? Yes..X..No_ 

Remarks: Wetland formed in pit used to trap runoff. 

.. 



I 
J 

DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: . 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-26-02 
Hot Springs 

Wyoming 

Do Normal Circumstances exist on U,.e site? YesX No_ ·· Community ID: shallow marsh 

Is the site significantly distUibed (Atypical situat. ?) Yes NoX Transect ID: 
Is the area a potential Problem Area? 

Yes_ No.X.. Plot Jb: 14 
(Tf n-..lo..l .. Vl"ll<>~n nn r~v .. r., .. ' 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

I. Scirpus pungens (three-square bulrush) 70 Herb OBL 

2. Hordeum jubatum (foxtail barley) 30 Herb FAC 
3. 
4'. 

5. 
6. 
7. 
8. 

9. 
10. 
Percent of Dominant Species thafare OBL, F ACW or F AC 

.(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

-- Recorded Data (Describe in ~marks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _Inundated 

-- Other ...X. Saturated in Upper 12 Inches 
((·''·" 

.:.x_ N6Recorded Data Available _ Water:Marks 

;:· ·· -. - · I>riftLines 
Field Observations '- . Sediment Deposits 

7 "'1-' 

..X. Drainage Patterns in Wetlands 
Depth ofSwface Water (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 8 (in.) _ PAC-Neutral Test 

Other (Explain in Remarks) 
Remarks: 

, . 



SOll,S 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

f[Q:file ll~crigtion 
Depth Matrix Color Mottle Colors Mottle Te,rture, Concretions, 
<inches) Horizon <Munsell Moist} (Munsell Moist} Abundance/Contrnst Structure. etc. 

0-6 lQ YR 4[2. QIQ'. 2,5/N IO'M> Cle 

6+ lQ:x&~ll 01~2.5/N 20% Clu 

Hydric Soil Indicators: 

_Histosol _ Concretions 
_.ffistic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sul:fidic Odor _ Org;utlc S~g in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National H:ydric Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

" .. ,. 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes .X... No_ 
Wetland Hydrology Present? Yes X.. No_ Is this Sampling Point Within a Wetland? Yes .X No_ .. _ 
Hydric Soils Present? Yes X No_ 

Remarks: Wetland created due to seepage from discharge. 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-26;.o2 

Applicant/Owner: Merit Energy County: HotSpriµgs 

Inve~gator: Greg Johnson, WEST State: Wyoming 

Do Normal Circumstances exist on the site? Yes..X.. No - &>mmunity ID: shallowmarsh 

Is the site significantly disturbed (Atypical situat. ?) Yes_ Noll. Transect ID: 
.Is the area a potentialProblem Area? 

Yes NoX Plot ID: 15 
(Tf nPP.rfM .. vnl<111n nn TP.VP.T~P, ) -

. VEGETATION . . 

. Dominant Plant Species %Cover · Stratum Indicator 

) . Typha latifolia (broadleaf cattail) 60 Herb OBL 

2. Scirpus pungens (three-square bulrush) 30 Herb OBL 

3. Hordeumjubaturn (foxtail barley) 5 Herb FAC 

-.A. Puccinellia nuttalliana (Nuttall's alkaligrass) 5 Herb FACW+ 

5. 

I 6. 

7. 

8. 
9. 
10. 

Percent of Dominant Species that are OBL, F ACW or F AC 
(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
Recorded Data (Describe in Remarks) Wetland Hydrology lndicat<>rs: 
__ Stream, Lake or Tide Gauge Primaiy Indicators: 
__ Aerial Photographs (infrared) ..X. Inundated 

-- Other _x Saturated in Upper 12 Inches 
, (:·x No Recorded Data Available _ Water Marks 

-- _ Drift Lines ... 
Field Observations _ Sediment Deposits 

..... ...X. Drainage Patte~ in Wetlands 
I 

Depth of Surface Water llll m 3 (in.) Secondary Indicators (2 or more required) 

_ Oxidiud Root Channels in upper 12 in. 
Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 8 (in.) _ PAC-Neutral Test 

_ Other (Explain in Remarks) 

Remarks: 



son,s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

PrQ:file DescriptiQn 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches) HQriZQn <Munsell Moist} <Munsell Moist} Abundance/CQntrast Structure, etc, 

0-5 I0YR4l2 Qle:x2,5/N io~ Clm:; 

5+ 10YR4ll Ql~Z,5£'.N zo~ Clm:; 
\ 

c· •, 

Hydric Soil Indicators: 

' 
_Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_. Sul:fidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric SoilsList 
.X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

I• 

·Remarks: 

" 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes .x_ No _ 
Wetland Hydrology Present? Yes .x_ No __ Is this Sampling Point Within a Wetland? Yes .X No __ 
Hydric Soils Present? Yes .x_ No _ 

Remarks: Wetland created due to seepage from irrigation ditch supplied by discharge. 

I 

r 



DATA FORM 
ROUTINE WETLAND DETERMINATION· 
(1987 COE Wetlands Delineation Manual) 

Prc,ject/Site: Hamilton Dome Date: 6-26-02 

Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

:po Norma!Circumstances exist on the site? Yes.X.. No Community ID: shallow marsh 

Is the site significantly disturbed ( Atypical situat. ?) Yes NoX Transect ID: 

,Is the area a potential Problem Area? 
Yes No.X.. Plot ID: 16 (Tf flpprfprf pvnl.,;n "" r<>uo rr<> \ -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

.1 •. Scirpus pungens (three-square bulrush) 60 Herb OBL 

.2: Hordeumjubatum (foxtail barley) 30 Herb FAC 

3. Puccinellia nuttalliana (Nuttall ' s alkaligrass) 5 Herb FACW+ 

~4. 

5. 
6. 

7. 
8. 
9. 
10. 
Percent of Dominant Species thafare OBL, FACWor FAC 

(excluding FAC-). J 1)1) 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

-- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primacy Indicators: 

__ Aerial Photographs (infrared) _Inundated 
__ Other .X Saturated m. Upp¢r 12 In9bes 

'{,·, .· r _- -- ' 

.:1L No Recorded Data Available _ Water Marlcs 

~,';', 

_ PriftLines 

Field Observations _ Sediment Deposits 

.X Drainage Patterns in Wetlands 

Depth of Surface Water (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 8 (in.) _ PAC-Neutral Test 

Other (Explain in Remarks) 

Remarks: 



son,s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Obseivations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

Erofil~ Qescrin!ion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches} Horizon <Munsell Moist} <Munsell Moist) Abundance/Contrast Structure, etc. 

0-5 I0YR4l2 Glex2,5/N 10% Clm'. 

5+ 10 YR4ll Qlex2,5/N ZO% Clax 

Hydric Soil Indicators: 

_Histosol _ Concretions 
_ Histic Epipedon _High Organic Content in Swface Layer in Sandy Soils 
_ Sulfldic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION · 

Hydrophytic Vegetation Present? ·Yes ..x_ No_ 
Wetland Hydrology Present? Yes ..x_ No_ Is this Sampling Point Within a Wetland? Yes .X. No __ _ 
Hydric Soils Present? Yes 1L No_ 

Remarks: Wetland created due to seepage from irrigation ditch supplied by discharge. 

I I 

I 
I· 
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DATAFORM . 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

ProjCj;t/Site: Haqillton Dome Date: 6-26..02 
Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

D9 Normal Circumstances exist on: the.site? Yes]C. No - 'Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes_ No.X.. Transect ID: 
~ the area a potentialProblem Area? Yes_ No.X.. Plot ID: 17 fTf ..,,,.,,.,1,,.,1 Pvnh;n nn .--.,Pr<:P ) 

~ .. · 
VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scirpus pungens (three-square bulrush) 70 Herb OBL 

2. Scirpus maritimus (saltmarsh bulrush) IO Herb OBL 

:t Puccinellia nuttalliana (Nuttall's alkaligrass) 5 Herb FACW+ 

1,. Scirpus acutus {hardStem bulrush) 5 Herb OBL 
. ~. 

5. Hordeumjubatum (foxtail barley) 5 Herb FAC 

6. Polypogon monspeliensis (rabbitfoot polypogon) 5 Herb FACW+ 

7. •,. 
' 

8. 
9. 

. 
10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
Recorded Data (Describe in Remarks) Wetland Hydrology ltidicators: 
__ Stream, Lake or Tide Gauge Primacy Indicators: 
__ Aerial Photographs (infrared) _Inundated 

-- Other ...X. s.aturate4 m ·Upper'l2 Inches 
__x_ No Recorded Data Available _ Water Marks 

_ l;)riftLines 

Field Observations _ Sediment Deposits 

..X. Drainage Patterns in Wetlands 

Depth of Surface Water (in.) Secondmy Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 14 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 7 (in.) _ PAC-Neutral Test 

_ Other (Explain in Remarks) 
Remarks: 

.. 



J • 
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SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confinn Mapped Type? Yes No i 

l · 

PrQijle ;QescriJ21iQn 
Depth Matrix -Color Mottle Colors Mottle Texture, Concretions, 
linches} lfurizpo <Munsen M<>istl <Munsell Moist} Aburulance/Contrast Structure, etc, 

0-3 lQYR4/2 Ciro:: 

3+ Olex 2,5/N Clm'. . 

Hydric Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content iil _Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydiic Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
..X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: . 

, . 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes ..X... No __ 
Wetland Hydrology Present? .Yes ..X... No __ Is this Sampling Point Within a Wetland? Yes X No_ 
Hydric Soils Present? Yes ..X... No _ 

Remarks: Wetland created due to seepage from discharge channel. 

j ' 

.i 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 
Investigator: Greg Johnson, WEST State: 

6-26-02 
Hot Springs 
Wyoming 

Do Normal Circumstances exist on the site? Yes..X.. No - Community ID: shallow marsh 
Is the site significantly disturbed (Atypical situat. ?) Yes_ No.X... Transect ID: 
Is the area a potential Problem Aiea? Yes NoX PlotID: 18 (Tf n.,.,.,1.,,1 ~ ~ • .. n n rPVP.~P. \ . .. 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

''i. Scirpus maritimus (saltmarsh bulrush) 80 Herb OBL 
2.. Scirpus pungens (three-square bulrush) 20 Herb 0:BL 
3. 
'4:-
5. 
6. 
7. 
8. 
9. 

10. 
Percent of Dominant Species that are OBL, F ACW or F AC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

-- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Primazy Indicators: 
__ Aerial Photographs (infrared) _Inundated 

. ...~•r~: -- Other ._ Saturated in Upper 12 Inches 
...X... No Recorded Data Available _x_ WaterMarks 

..X Drift Lines ' 

Field Observations _x_ Sediment Deposits ,, 
__ . Drainage Patterns in Wetlands 

Depth of Surface Water 3 (in.) Secondary Indicators (2 or more required) 
_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 3 (in.) _ Water-Stained Leaves 
_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ PAC-Neutral Test 
_ Other (Explain in Remarks) 

Remarks: 



SOILS 

Map Unit Name . 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

J>rQfile DescrigtiQD 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inche§) HQrizon <Munsell Moist) <Munsell Moist) Abundance/Contrast Structure, etc. 

0-3 10 YRS/1 Sand! clu: 

3-6 10 YR2ll Sandvclm: .. 

6+ 10YR4ll Qle~2,5/N 20% 

Hydric Soil Indicators: I 
,· 
( . 

- Histosol _ Concretions 
_ ffistic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes]LNo_ 
Wetland Hydrology Present? Yes]LNo_ Is this Sampling Point Within a Wetland? Yes X No _ 
Hydric Soils Present? Yes.X..No_ 

Remarks: Wetland occurs in bottom of discharge channel. 

} 
l· 

I 

' 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-26-02 
Applicant/Owner: Merit Energy County: Hot Springs · 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Normal Circumstances exist on the site? YesX No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 
Is the area a potential Problem Area? 

Yes NoX Plot ID: 19 
(lf nooAoA PV1'1J::1in nn revP.r~P. ) -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

l. Scirpus pungens (three-square bulrush) 60 Herb OBL 

2. Scirpus maritimus (saltmarsh bulrush) 15 Herb OBL 

3. Hordeumjubatum (foxtail barley) 10 Herb FAC 

'4.' Typha latifolia (broadleaf cattail) 10 Herb OBL 

5. Polypogon monspeliensis (rabbitfoot polypogon) 5 Herb FACW+ 

6. 
7. 

8. 
9. 

10. 
Percent of Dominant Species that are OBL, F ACW or F AC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primacy Indicators: 
__ Aerial Photographs (infrared) _Inundated 

-- Other ...X. Saturateq. in Upper 12 Inches 
,..'{.:--, 

.1L No Recorded Data Available X Water Marks 

_ Drift Lines 

Field Observations __ Sediment Deposits 
·~1 : 

....X... D~ge Patterns in Wetlands ' 
j 

Depth of Surface Water (in.) · Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 12 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 4 (in.) _ PAC-Neutral Test 

Other (Explain in Remarks) 
Remarks: 



son.s 
Map Unit Name 

· (Series and Phase): Drainage Class: 
Field Obseivations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

frofile I.2e§crim,iQn 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
finches) Horizcm <Munsell Moistl <Munsell Moist) Abundance(CQntrast Structure, etc. 

Q-4 IO YR ~[2 -Clill'. 

~+ 10 YR2ll 01~:t~IN IO% Clill: -

Hydric Soil Indicators: 

- Histosol - Concretions 
_ Histic Epipedon _ _ High Organic Content in Swface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
..X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

··-. 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes]LNo_ 
Wetland Hydrology Present? Yes..X..No_ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes]LNo_ 

Remarks: Wetland occurs adjacent to discharge channel. 

' 

. \ I . 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: GregJohnson, WEST State: 

6-26-02 
Hot Springs 

Wyoming ' 

po Normal Circumstances existon the site? Yes.X.. No - Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes NoJL Transect II>_: 
-Is the area a potential Problem Area? 

Yes NoJL Plot.ID: 20 {Tf ~aa,l-'I · - ·- nn rP.vP.rl::P. ) 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

.i.. Scirpus pungens (three-square bUlrush) 60 Herb OBL 

f'.·.. Typha latifolia (broadleaf cattail) 20 Herb OBL 

3. Hordeumjubatum (foxtail barley) 10 Herb PAC 

4:, · Scirpus maritinms {saltmaish buinish) 10 Herb OBL 

5. 
6. 
7 . . , 

8. 
9. 

10. 
Percent ofDominant Species that are OBL, FACW orFAC 

( excluding FAC-). 100 

Remarks: Dominance determined using ocUlar estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 
__ Stream, Lake or Tide Gauge Primary Indicators: 

__ Aerial Photographs (infrared) ...X. Inundated 

-- Other ...X. Saturated in Upper 12 lnches · 
•"'#. ' . ··x No Recorded Data Available - WaterMarks 

·\\. _x DriftLines 

Field Observations ..X..·Sediment Deposits 
::· .. ~ 

__ _ Drainage Patterns in Wetlands 

Depth of Surface Water z (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 1 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ PAC-Neutral Test 

Other (Explain in Remarks) 
Remarks: 

.. 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Obsetvations 
Taxonomy (Subgroup): Cominn Mapped Type? Yes No 

. 

Erofile DeskriJllion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches} Horizon CMwell Moist} <Munsell Moist} Abundance/Contrast .structure. etc, 

0-J lQ YR4ll Sil!!~ Cl!O! 

J+ 10 YR 2ll GI~ 2,5lli 40~ Sa.nm,1ill'. 

Hydric Soillndicators: 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List . 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X.. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes lL No_ 
Wetland Hydrology Present? Yes .X... No_ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes.lL No_ 

Remarks: Wetland occurs within discharge channel that is entirely covered with wetland vegetation. 

1 · 

J 
I 
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DATA FORM 
ROUTINE WETLAND DETERMJNATION 

(1987 COE Wetlands DeJineatioo Manual) 

Proiect/Site: Hannlton Dome Pate: 
Applicant/Owner: Merit Energy County: 

Investigator: . Greg, Jo}µlson, WEST . . .State: 

6-26;.()2 
Hot Springs 

Wyoming 

Do Normal CircUIDStances cajst 0.11. the site? . ' Yes.X.. · :. No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes No.X. Transect ID: 

. Is ,the area a potential Problem Area? 
Yes No.X. Plot JD: 21 (Tfft=,14,I 4~1.,,;n ~ft:_ ______ ) -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1, , Scirpus pungens (three-square bulrush) 40 Herb OBL 

2 .. Scirpus maritimus (saltmarsh bulrush) 35 Herb OBL 

3. Scirpus acutus (hardstem bulrush) 20 Herb OBL 

4i •Juncus balticus (baltic rush) trace Herb FACW+ 

5. Typha latifolia (broadleaf cattail) trace Herb OBL 

6. Distichlis spicata (inland saltgrass) trace Herb FAC+ 

7. lfordeumjubatum (foxtail barley). trace Herb FAC 

8. Puccinellia nuttalliana (Nuttall's aj.kaligrass). trace Herb FACW+ 

9. 
10. 
Percent of Dominant Species that are OBL, FA.CW orFAC 

(excluding FAC-). - -· · ,.. ··~ 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- ,Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) - Inundated 

-- Other ...X. Saturated iitUpper 12 Inches 
t· . . .. . . 

...X:::"No Recorded Data Available _x_ Water Marks 

_ Drift Lines 

Field ObseIVations ..X. Sediment Deposits 
,. 

_x_ Draina8,e Patterns in Wetlan,ds 

Depth of Surface Water (in.) Secondary Indicators (2 or more required) 

' 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 6 (in.) _ FAC-Neutral Test 
! 

_ Other (Explain in Remarks) 

Remarks: 



son.s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Obseivations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

Profile DescriptiQn 
Depth Matrix Color Mottle Colors Mottle 'I'e~. Concretions, 
Ouches} Horizon lMunsell Moist} (Munsell Moist} Abundance/Contrast Structure, etc. 

0-4 JQ YR4/2 Cla1: loam 

~+ 1Q::i'.E.2ll QlQ:-2,!'!lN 20% Qlill'. 

7.5 YR~tf2 15% 

. 

IJydric Soil Indicators: . 

- Histosol _x Concretions 
_ Histic Epipedon _ High Organic Contentin Surface Layer in Sandy Soils 
__ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aqtiic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

·--. - --

Remarks: . 

' 

WETLAND DETERMJNATION 

Hydrophytic Vegetation Present? Yes]LNo_ 
Wetland Hydrology Present? Yes X No_ Is this Sampling Point Within a Wetland? Yes.X. No_:_ 
Hydric Soils Present? Yesll.No_ ·-

Remarks: Large wetland formed dtie to seepage from irrigation ditch with discharge water. 

·-- --- - · -· . 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Proiect/Site: Hamilton Dome Date: 6-26-02 

Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson. WEST State: Wyoming 

Do Nonna! Circumstances exist on the site? YesX No Community ID: shallow marsh 

Is the site significantly distwbed (Atypical situat. ?) Yes NoX Transect.I]): 

Is the area a potential-Problem· Area? 
Yes NoX Plot ID: . 22a (Tf nP.P.clP.cl Pvnfo;n nn ~c) 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

L Scirpus pungens (three-square bulrush) 40 Herb OBL 

2. Phragmites australis (common reed) 30 Herb FACW+ 

3. Scirpus acutus (bardstem bulrush) 30 Herb OBL 
4 .. , 

5. 
6. 
7. 
8. 
9. 
10. . 

Percent of Dominant Species that are OBL, FACW or PAC 
(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- Recorded Data (Describe in Remarks) wettandHydtology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 

__ Aerial Photographs (infrared) ...X. Inundated 
__ Other ...X. Sabu,1lted in :Upper 12 Inches 

_x_ · No Recorded Data Available _x WaterMarks 

_ Drift Lines .. 
Field Observations _ Sediment Deposits 

...X. Drainage Patterns in Wetlands 

Depth of Surface Water 3 (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit z (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _PAC-Neutral Test .. 

_ Other (Explain in Remarks) 

Remarks: 

-

•;1 ,::\; ~· 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Ma peel T ? p . ype Yes_ No_ 

frofile ;Qescrinrum 
.Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches} Horifon (Munsen Moist} <Munsell Moist} Abundance/Contrast Structurs, etc, 

Q-l 1QYR4/2 . ~lill'.loam 

J+ Glex Z,5/N Clill'. · 

Hydric Soil Indicators: 

- Histosol _ Copc:retions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Slilfidic Odor _ .· Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime - _ Listed on Local Hycliic Soils List 
-·· ._Reducing Conditions _ Listed on National Hycliic Soils List 
.X Gleyed or Low-Chroma Colors ·- · Other (Explain in Remarks) 

Remarks: 

. . .. 

WETLAND DETERMINATION .. 

Hydrophytic Vegetation Present? Yes 1L No_ 
Wetland Hydrology Present? Yes ..X.. No_ Is this Sampling Point Within a Wetland? Yes X No-. 
Hycliic Soils Present? Yes 1L No _ 

Remarks: Large wetland formed due to 'Seepage from irrigation ditch with discharge water. 
: ' ! 
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DATA FORM 
ROUTINE WETLAND DETERMJNATION 
(1987 COE Wetlands ~elineation Manual) 

Proiect/Site: Hamilton Dome Date: 6-26-02 
Applicant/Owner: Merit Energy County: Hot Springs 
Investigator: Greg Johnson, WEST State: Wyoming 
Do Normal Circumstances exist on the site? YesX No Community ID: shallow marsh 
Is the site significantly disturbed (Atypical situat. ?) Yes - No.X. Transect ID: 
Is the area a potential Problem Area? 

Yes No.X. Plot II): 22b (Tf npp,lp,I PYn)!'l;n nn ..,..,.,..,,..,. '\ -
VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 
.. 

1. Scirpus pungens (three-square bulrush) 65 Herb OBL 
2. Typha latifolia (broadleaf cattail) 20 Herb OBL 
3. Scirpus acutus (hardstem bulrush) 5 Herb OBL 
4. Distichlis spicata (i.nland saltgrass) 5 Herb FA.C+ 
5. Salicornia rubra (red saltwort) 5 Herb OBL 
6. 
7. 

8. 
9. 
10. 
Percent of Dominant Species that are OBL, FACW or PAC 

( excluding F AC-). 100 

Remarks: Dominance detennined using ocular estimate of percent cover. 

HYDROLOGY 
_ Recorded·Data (Describe.in Remarks) 

__ Stream. Lake or Tide Gauge 
__ Aerial Photographs (infrared) 
__ Other 

•.. ...· ... , 
_x_ No Recorded Data Available 

Field ObseJVations 

Depth of Surface Water 

Depth to Free Water in Pit 

Depth to Saturated Soil 

Remarks: 

______ 3..___ (in.) 

___ 2 __ (in.) 

___ o..___ (in.) 

Wetland Hydrology Indicators: 
Primaty Indicators: 

..X Inundated. . 

..X .Saturated in Upper 12 lnches 
K Water Marks 

_ Drift Lines 

-· .. Sediment Deposits 
..X..Drainage Patterns in Wetlands 

Secondary Indicators (2 or more required) 
_ Oxidized Root Channels in upper 12 in. 
_ Water-Stained Leaves 
_ Local Soil Survey.Data 
_ PAC-Neutral Test 
_ Other (Explain in Remarks) 



SOJLS 

Map Unit Name I . 
(Series and Phase): Drainage Class: 

Field Obseivations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

; 

I ' 
I 
: 
i ·. 

Profile Descrintign 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
Onches} Hgrizon <Munsell Moist} <Munsell Moist} Abundance/Ccmtrast Structure, etc. 

0-3 l0YR4l2 CliU;'.loam 

J+ Qlei 2,5/N ClaI. 

•· 

.. 
. ... 

Hydric Soil Indicators: 
.• 

- Histosol _ Concretions 
_ Histic: Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ llec;l11ci11g .Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes .X.. l'lo_ 
Wetland Hydrology Present? Yes . .X..No_ Is this Sampling Point Witllin a Wetland? Yes.X. No __ 
Hydric Soils Present? Yes.X..No_ 

Remarks: Large wetland formed due to seepage from irrigation ditch with discharge water. 

' 

;, ., 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-26-02 
Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Normal CireuntStances exist on the site? YesX No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 
Is the area a potential Problem Area? 

Yes NoX Plot ID: 23 
(Tf nP.P.nP.n nn revP.r!i:P. ) 

VEGETATION 

Dominant Plant Species % Cover Stratum Indicator 

I. Scirpus pungens (three-square bulrush) 50 Herb OBL 

2. Typha .latifolia (broadleaf cattail) 30 Herb OBL 

3. Scirpus maritimus (saltmarsh bulrush) 20 Herb OBL 

4. 
5. 
6. 
7. 
8. ~ 

9. 
10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excludin~ FAC-). 100 

Remarks: Dominance detennined using ocular estimate of percent.cover. 

HYDROLOGY 
_. _ · Recorded Data (Describe in Remarks) 

__ Stream, Lake or Tide Gauge 

__ Aerial Photographs (infrared) 

__ Other .,,,.,, 

_x_ No Recorded Data Available 

Field Obsetvations 

Depth of Surface Water 

Depth to Free Water in Pit 

Depth to Saturated Soil 

Remarks: 

3 

2 

0 

____ (in.) 

___ (in.) 

__ ..___ (in.) 

Wetland Hydrology Indicators: 

Prima.Iy Indicators: 

..X Inundated 

..X Saturated in Upper 12 Inches 

_ Water Marks 

_ Drift Lines 

_ Sediment Deposits 

X Drainage Patterns in Wetlands 

Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
_ Water-Stained Leaves 

_ Local Soil SUIVey Data 

_ PAC-Neutral Test-

- Other (Explain in Remarks) 



son,s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes_._ No_ 

fro:file D~scri12tion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
finches} Horizon CMJwell Moist) <Munsell Moist} Abundance/Contrast Structure. etc. 

Q~ 1QYR4ll Clax 
~+ lQYR~l 7,~ Y,R4[Q 20% Ciax 

... . 

Hydric Soil Indicators: 

- Histosol _x._ Concretions 
_ Histic Epipedon _ High Organic Content in Swface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils ' 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_. _. Reducing Conditions _ Listed on National Hydric ·soils List 
.X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes X No_ 
Wetland Hydrology Present? Yes .X. No_ Is this Sampling Point Within a Wetland? Yes ..X. No_ 
Hydric Soils Present? , Y ei; .X. No _ 

Remarks: Large wetland formed within channel that receives seepage from irrigation ditch with discharge water. 

1 . 

i ·., 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-26-02 
Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Nonnal Circumstances exist on the site? YesX.. No - Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes - NoX.. Transect ID: 
Is the area a potential Problem Area? 

Yes NoX.. Plot ID: 24 
(Tf n .... r1 .. r1 P.Ynh1in nn rP.VP.r~P. ) -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scirpus pungens (three-square bulrush) 50 Herb OBL 

2. Scirpus maritimus (saltmarsh bulrush) 50 Herb OBL 

3. 
4. ·-~-··· 

5. 

6. 
7. 
8. 
9. 
10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
__ Recorded Data (Describe in Remarks) 

__ Stream, Lake or Tide Gauge 

__ Aerial Photographs (infrared) 
__ Other 

...X... No Recorded Data Available 

Field Observations 

' · ., 

Depth of Surface Water 

Depth to Free Water in Pit 

Depth to Saturated Soil 

Remarks: 

__ 4...___ (in.) 

__ o __ (in.) 

___ o __ (in.) 

Wetland Hydrology Indicators: 

Primary Indicators: 

...X. Inundated 

X . Saturated in Upper 12 Inches 
_ Water Marks 

....X Drift Lines 

...X. SedimentDeposits 
__ Drainage Patterns in Wetlands 

Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
_ Water-Stained Leaves 

_ Local Soil Survey Data 

_ FAC-Neutral Test 

Other (Explain in Remarks) 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

Pro:fili. D1.scri121ism 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
<inches) Horizon (Munsell Moist} <Munsen Moist) Abundance/Contrast ( Structure etc, 

.J!±_ Gley 2;5/N SaqctyClay 

--

,,, 

llydric Soil Indicators: 

- Histosol - Concretions 
_ . Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
,X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks} 

Remarks: 

WETLAND DETERMINATION 
' 

Hydrophytic Vegetation Present? Yes]LNo_ 
Wetland Hydrology Present? Yes]LNo_ Is this Sampling Point Within a Wetland? Yes ,X. No _ 
Hydric Soils Present? Yes]LNo_ 

;Remarks: wetland is within bottom ofdrainage that carries discharge. 

' 

)-

., , ... . .._. .. ,, , .. L.._.,.,.,. ,_.,._, 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-27-02 

Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Nonna! Circumstances exist on the site? YesX. No - Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes - No..X.. Transect ID: 

Is the area a potential Problem Area? Yes_ No..X.. Plot ID: 25 
(Tf """"'""' ·P.mhiin nn rP.V""'" ) 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Juncus balticus (baltic rush) 85 Herb FACW+ 

2. Typha latifolia (broadleaf cattail) 10 Herb OBL 

3. Hordeum jubatum (foxtail barley) 5 Herb FAC 

4. 
5. 
6. 
7. 
8. 
9. 

10. 

Percent of Dominant Species that are OBL, FACW or FAC 
"(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
__ Recorded Data (Describe in Remarks) 

__ Stream, Lake or Tide Gauge 

__ Aerial Photographs (infrared) 
__ Other 

..X.. No Recorded Data Available 

Field Observations 

Depth of Surface Water ____ (in.) 

Depth to Free Water in Pit __ 4..___ (in.) 

Depth to Saturated Soil __ o __ (in.) 

Remarks: 

Wetland Hydrology Indicators: 

Primaiy Indicators: 

_Inundated 

X Saturated in Upper 12 Inches 
_ Water Marks 

_ Drift Lines 

_ Sediment Deposits 

..X.. Drainage Patterns in Wetlands 

Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
_ Water-Stained Leaves 

_ Local Soil Survey Data 

_ PAC-Neutral Test 

_ Other (Explain in Remarks) 



son.s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

Er2fil~ Descdgiion 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
(inches) Horizon <Munsell Moist} <Munsell Moist} Abundance/Contrast Structure, etc. 

Q-2 lQ YR ~/2 Clill'. 

2+ 1QYB4ll QI~ 2.:lltf 30% Clax 
7 :i YR ~l§ 10% 

Hydric Soil Indicators: 

- Histosol .....X Concretions 
_. Histic Epipedon - ·- High Organic Content in Swface Layer in Sandy Soils 
_ Sul:fidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
..X. Gleyed or Low-Chroma Colors - . Other (Explain in Remarks) 

Remarks: 

•· 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes ..X.. No __ 
Wetland Hydrology Present? Yes ..X.. No __ Is this Sampling Point Within a Wetland? Yes .X No_ 
Hydric Soils Present? Yes lL No __ 

Remarks: wetland is adjacent to irrigation ditch that carries discharge water. 

\ 
I.-. 

i 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Proiect/Site: Hamilton Dome Date: 6-27-02 
Applicant/Owner: Merit Energy County: Hot Springs 
Investigator: Greg Johnson, WEST Stat.e: Wyoming 
Do Normal Circumstances exist on the site? YesX. No - Community ID: shallow marsh 
Is the site significantly disturbed (Atypical situat. ?) Yes No..K... Transect ID: 
Is the area a potential Problem Area? 

Yes No..K... Plot ID: 26 
(Tf nPPrlPrl .,.,...1,.;n. nn ·""""""" \ -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scirpus acutus (hardstem bulrush) 80 Herb OBL 
2. Scirpus pungens (three-square bulrush) 10 Herb OBL 
3. Juncos balticus (baltic rush) 5 Herb FACW+ 
4. Hordeum jubatum (foxtail barley) 5 Herb FAC 
5. 

6. 

7. 
8. 

9. 
10. 
Percent of Dominant Species that are OBL, F ACW or F AC 

(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
__ Recorded Data (Describe in Remarks) 

__ Stream, Lake or Tide Gauge 
__ Aerial Photographs (infrared) 
__ Other 

_x_ No Recorded Data Available 

Field Obseivations 

Depth of Surface Wat.er Up to 3 (in.) 

Depth to Free Water in Pit 3 (in.) 

Depth to Saturated Soil 0 (in.) 

Remarks: 

Wetland Hydrology Indicators: 

Primary Indicators: 
..X. Inundated 
..X. Saturated in Upper 12 Inches 
_ Wat.er Marks 
_ Drift Lines 

_ Sediment Deposits 

_x_ Drainage Patterns in Wetlands 
Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
_ Wat.er-Stained Leaves 
_ Local Soil Survey Data 
_ FAC-Neutral Test -- ·· .. 

_ Other (Explain in Remarks) 



son.s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confum Mapped Type? Yes_ No_ 

ErQfile I2escri12ti12n 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
finches) Hmizon <Muusen Moist) <Munsell Moist) Abundance/Ccmtrast Structure, etc. 

0-2 lil YR 5/'l,. Clm: lQIIID 

2+ Ql~2,5/N Clm: . 

. 

Hydric Soil Indicators: 

- Histosol _ Concretions 
-. _ Histic Epipedon _ High Organic Content in Swface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
- ··· Reducing Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: . 

' ' ' 
. . 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? · Yes 1L No_ 
Wetland Hydrology Present? Yes.lL No_ Is this Sampling Point Within a Wetland? Yes ..X. No _ 
Hydric Soils Present? Yes 1L No_ 

Remarks: Wetland is fringe around excavation on irrigation ditch that carries discharge water. 

l!::::======================================!l--- - 1 
I 
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DATAFORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Proiect/Site: Hamilton Dome Date: 6-27--02 
Applicant/Owner: Merit Energy County: Hot Sptings 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Normal Circumstances exist on the site? YesX.. No Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 
Is the area a potential Problem Area? 

Yes No..X. Plot ID: 27 (Tf nPPrlPrl Pvnl<>in nn ,.,..,,.,.,.,. '\ -.. ~ .. 

VEGETATION 

Dominant Plant Species .. %Cover Stratum Indicator 

1. Juncus balticus (baltic.rush) 80 Herb FACW+ 

2. Typba latifolia (broadleaf cattai_l) 15 Herb OBL 

3. Scirpus acutus (hardstem bulrush) 5 Herb OBL 

4. ., .. 

5. 
6. 

7. _, 

8. 

9. 

10. 
Percent of Dominant Species that are OBL, FACW or FAC 

(excluding FAC-), 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

-- Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 
__ Other ..X. Saturated in Upper 12 Inches 

_..x_ No Recorded Data'Available _ __ Wate~ Marks 

_ Drift Lines 
~; -··· 

Field Observations _ Sediment Deposits 
·-- _x__ Drainage Pat,te~ in Wetlands 

Depth of Swface Water 1 (in.) Secondai:y Indicators (2 or more required) 

_ Oxidized Root Chamiels in upper 12 in. 

Depth to Free Water in Pit 3 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ FAC-Neutral Test 

' _ Other (Explain in Remarks) 
Remarks: 

' 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

frofile Des£rimi!m 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 

finches} Horizon tMunseu Moist} <Munsell Moist} Abundance/Contrast Structure, etc. 

Q-2 lQ YR Sl'l:. Cllll'. loam 

2+ 01~:t~/N ~liU'. 

Hydric Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epipedon - · High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: . 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes X No_ 
Wetland Hydrology Present? Yes 1LNo __ Is this Sampling Point Within'a Wetland? Yes .X No_ 
Hydric Soils Present? Yes lL No_ 

Remarks: Wetland is adjacent to irrigation ditch that carries discharge water . 

.,. I· ... 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Ma_.ual) 

Profoct/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson, WEST State: 

6-27,-02 
Hot Springs 
Wyoming 

Do Normal Circumstances exist on the site? Yes](_ No Community ID: shallow marsh· 
Is the site significantly disturbed (Atypical situat. ?) Yes NoX Transect ID: 
Is the area a potential ·J>re>blem Area? 

Yes Noll. Plot ID: 28 iif ,, __ ,:_, • ---•-i .. nn .. ,..,,....,,. \ 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Juncos balticus (baltic _rush) 85 Herb FACW+ 

2. Tamarix cbinensis (Chinese tamarisk) 10 Shrub FACW 

3. Alopecurus arundinaceus (creeping foxtail) 5 Herb FAC 

4. 
5. 
6. 
7. 

8. 
9. 
10. 
Percent of Dominant Species that are OBL, FACW or F.AC 
.. (e~cluding FAC-) . ... . .. 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
Recorded Data (Describe in Remarks) 
__ Stream, Lake or Tide Gauge 
__ Aerial Photographs (infrared) 
__ Other 

_x_. No Recorded Data Available 

Field Observations 

Depth of Swface Water 

Wetland Hydrofogy Indicators: 
Primary Indicators: 

_Inundated 

...X. Saturate.d _in Upper 12 Inches 
_. _ Water Marks 
_ Drift Lines 
_ Sediment Deposits 

_x_ Drainage Patterns in Wetlands 
Secondary Indicators (2 or more required) 

. 

Depth to Free Water in Pit 

____ (in.) 

____ (in.) 
_ Oxidized Root Channels in upper 12 in. 
_ Water-Stained Leaves 
_ Local Soil Survey Data 

Depth to Saturated Soil _ ___,5.___ (in.) _ PAC-Neutral Test 

.-., - _ Other (E~lain in Remarks) 
Remarks: 



son,s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapp(ld Type? Yes No 

Erofile Description 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
<inches) Horizon (Munsell Moist} (Munsell Moist} Abundance/Contrast Structure, etc. 

0-2 10YR5/2 Clm:Ioam 

2+ Qlel'.2,5lN Clal'.' r . 

Hydric Soil Indicators: 

- Histosol _ Concretions 
_ Histic Epip(ldon __ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listecfon Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

1,. 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes .X.. No __ 
Wetland Hydrology Present? Yes X No __ Is this Sampling Point Within a Wetland? Yes X No __ 
Hydric Soils Present? Yes .X.. No _ 

~marks: Wetland is adjacent to irrigation ditch that carries discharge water. 

l==========:::;;:===========================!L--- ·-i -
( 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-27-02 
Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Normal Circumstances exist on the site? Yes](_ No Contmunity ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes_ NoX Transect ID: 
Is the area a potential Problem Area? 

Yes NoX Plot ID: 29 nf npp,lp,I """''"' in nn .............. \ -
VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scirpus pungens (three-square bulrush) 85 Herb OBL 

2. Juncus balticus (baltic fUSh) 10 Herb FACW+ 

3. Typha latifolia (broadleaf cattail) 5 Herb OBL 

4. H ~ ,. 

5. 
6. 
7. 
8. 
9. 
10. 

Percent of Dominant Species that are OBL, FACW or FAC 
(excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 
_ Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) ....X. Inundated 

-- Other ....X. Saturated in Upper 12 Inches 
, .. ., 

_x_ No Recorded Data Available _ Water Marks 
1 :' ~.'; _ Drift Lines 

Field Observations _ _ Sediment Deposits 

....x._ Drainage Patterns in Wetlands 

Depth of Surface Water 1 (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 
Depth to Free Water in Pit 2 (in.) _ Water-Stained Leaves 

- _ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ FAC-Neutral Test 

_ Other (Explain in Remarks) 

Remarks: 

·-- .. ····- -··- -· ······~ ... . ... ..... ..... 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

ftQfil~ Q~li!illll2DQD 
Depth Matrix Color - Mottle Colors Mottle Texture, Concretions, 
(iru;hes) Hgrizon <Munsell Moist} <Munsell Moist} Abundance/Contrast Structure, etc, 

r 
I 

0-J lQ YR StJ,. Ciax loam 

3+ lQ YR~/2 GI~2.2ll'::! 12% Clax 

12 YR4L4 2Q% 

Hydtic Soil Indicators: 

_Histosol _x Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 

- Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydtic Soils List 
X Gleyed or Low~Chroma Colors _ Other (Explain in Remarks) 

Remarks: . 

' , . , 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes 1L No __ 
Wetland Hydrology Present? Yes 1L No_ Is this Sampling Point Within a Wetland? Yes .X. No _ 
Hydtic Soils Present? Yes 1L No_ 

Remarks: Wetland is adjacent to irrigation ditch that carries discharge water. 



DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 
Applicant/Owner: Merit Energy County: 

Investigator: Greg Johnson. WEST State: 

6-27-02 
Hot Springs 

Wyoming 

Do Normal Circumstances exist on the site? Yes_K_ No - Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes No]L Transect ID: 

Is the area a potential Problem Area? 
Yes NoX Plot ID: 30 

fTf nf'P.nP.ti um nn rP.VP.r~P. ) 

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Scirpus pungens (three:-square bulrush) 100 Herb OBL 

2. 
3. 
4. 
5. 
6. 
7. 

8. 

9. 

10. 
Percent of Dominant Species that are OBL, FACW or FAC 

( excluding F AC:-). 100 

Remarks: Dominance detennined using ocular estimate of percent cover. 

HYDROLOGY 

-- Recorded Data (Descnbe in Remarks) Wetland Hydrology Indicators: 

__ Stream, Lake or Tide Gauge Primary Indicators: 
__ Aerial Photographs (infrared) _x_ Inundated 
__ Other ..X. Saturated in Upper 12 Inches 

_x_ No Recorded Data X;;ailable _ Water Marks 

J): . 
_ Drift Lines. 

Field Observations _ Sediment Deposits 

_ Drainage Patterns in Wetlands 

Depth of Surface Water 4 (in.) Secondary Indicators (2 or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ FAC-Neutral Test 

_ Other (Explain in Remarks) 

Remarks: 

.. 



SOILS 

Map Unit Name 
(Series and Phase): Drainage Class: 

Field Observations 
Taxonomy (Subgroup): Confirm Mapped Type? Yes No 

frQfile D~criruiQn 
Depth Matrix Color Mottle Colors Mottle Texture. Concretions. 

<inch~} HoriZQn £Munsell Moist} (Munsell Moist} AbundancelCQntrast Structure,· et9, 

0-3 10 YR4ll Qlax loam 

3+ 10 YR4ll g1ex2,s1N 25% Qiax 

Hydric Soil Indicators: 
I 

- Histosol _ Concretions 
_ Histic Epipedon _ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfidic Odor _ Organic Streaking in Sandy Soils 
_ Aquic Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
.X. Gleyed or Low-Chroma Colors __ Other (Explain in Remarks) 

Remarks: 
I 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes..X...No _ 
Wetland Hydrology Present? Yes..X..No_ Is this Sampling Point Within a Wetland? Yes .X. No_ 
Hydric Soils Present? Yes..X..No_ 

Remarks: Wetland is fringe around excavation on irrigation ditch that carries discharge water. 

: . 
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DATA FORM 
ROUTINE WETLAND DETERMINATION 
(1987 COE Wetlands Delineation Manual) 

Project/Site: Hamilton Dome Date: 6-27-02 

Applicant/Owner: Merit Energy County: Hot Springs 

Investigator: Greg Johnson, WEST State: Wyoming 

Do Nonna! Circumstances exist on the site? Yes.X. No_ Community ID: shallow marsh 

Is the site significantly disturbed (Atypical situat. ?) Yes - No-X_ Transect ID: 
Is the area a potential Problem Area? 

Yes No-X_ Plot ID: 31 
(Tf nP.P.tlP.tl P.Ynfain nn TP.V"'""" ) -

VEGETATION 

Dominant Plant Species %Cover Stratum Indicator 

1. Juncus balticus (baltic .. rush) 85 Herb FACW+ 

2. Typha latifolia (broadleaf cattail) 10 Herb OBL 

3. Carex nebraskensis (Nebraska sedge) 5 Herb OBL 

4. ,,: , 

5. 
6. 

7. 
8. 

9. 

10. 
Percent of Dominant Species that are OBL, FACW or F AC 

- . (excluding FAC-). 100 

Remarks: Dominance determined using ocular estimate of percent cover. 

HYDROLOGY 

- ·- · Recorded Data (Describe in Remarks) Wetland Hydrology Indicators: · 

__ Stream, Lake or Tide Gauge Primary Indicators: 

__ Aerial Photographs (infrared) ..X. Inundated 

-- Other ..X. Saturated, m Upper 12 Inell.es 

...x.. No Recorded Data Available _ Water Marks 

.. . : _ Drift Lines 

Field Observations _ Sediment Deposits 

_ Drainage Patterns in Wetlands 

Depth of Surface Water 6 (in.) Secondary Indicators (2 .or more required) 

_ Oxidized Root Channels in upper 12 in. 

Depth to Free Water in Pit 0 (in.) _ Water-Stained Leaves 

_ Local Soil Survey Data 

Depth to Saturated Soil 0 (in.) _ FAC-Neutral Test 

_ Other (Explain in Remarks) 

Remarks: 

- ·-·· 



son..s 
Map Unit Name 

(Series and Phase): Drainage Class: 
Field Observations 

Taxonomy (Subgroup): Confirm Mapped Type? Yes_ No_ 

Profile Descrin!i2n 
Depth Matrix Color Mottle Colors Mottle Texture, Concretions, 
<inches} H2rizon <Munsell Moist} <Munsell M2ist} Abundance/C2ntrast Structure, etc. 

0-3 10 YR 4ll ClaIIQam 

3+ 10 YR4/l Qle;y:2.5/N 25~ ClaI 

\ 

Hydric Soil Indicators: 

_Histosol _ Concretions 
_ Histic Epipedon __ High Organic Content in Surface Layer in Sandy Soils 
_ Sulfi.dic Odor _ Organic Streaking in Sandy Soils 
_ Aguie Moisture Regime _ Listed on Local Hydric Soils List 
_ Reducing Conditions _ Listed on National Hydric Soils List 
X Gleyed or Low-Chroma Colors _ Other (Explain in Remarks) 

Remarks: 

WETLAND DETERMINATION 

Hydrophytic Vegetation Present? Yes JL No_ 
Wetland Hydrology Present? Yes lL No_ Is this Sampling Point Within a Wetland? Yes X No_ 
Hydric Soils Present? Yes lL No_ 

Remarks: Wetland is adjacent to irrigation ditch that carries discharge water. 



. I Appendix B. Photographs of wetlands created by Hamilton Dome discharge 



Wetlands along west discharge drainage ( data point I) 

Wetlands along west discharge drainage ( data point 2) 



Wetlands along west discharge drainage (data point 3) 

Wetland receiving irrigation return flows from west discharge (data point 4) 



Depressional wetland receiving irrigation return flow from west discharge (data point 5) 

Depressional wetland receiving irrigation return flow from west discharge ( data point 6) 



Wetland along west discharge drainage (data point 7) 

Wetland along west discharge drainage (data point 8) 



Wetland where west discharge drainage enters Cottonwood Creek (data point 10) 

Wetland where west discharge drainage enters Cottonwood Creek ( data point I 0) 



Wetland receiving irrigation return flows from west discharge ( data point 11) 

Wetland in drainage receiving seepage from east discharge (data point 12) 



Wetland in pit receiving seepage from east discharge (data point 13) 

Wetland receiving seepage from east discharge (data point 14) 



Wetland receiving seepage from east discharge (data point 15) 

Wetland receiving seepage from east discharge ( data point 16) 



Wetland receiving seepage from east discharge ( data point 17) 

Wetland along east discharge drainage ( data point 18) 



Wetland adjacent to east discharge drainage ( data point 19) 

Wetland along east discharge drainage (data point 20) 



Wetland formed by seepage from east discharge ( data point 21) 

Wetland formed by seepage from east discharge ( data point 21) 



Wetland formed by seepage from east discharge (data point 22) 

Wetland formed by seepage from east discharge ( data point 22) 



Wetland formed by seepage from east discharge (data point 23) 

Wetland formed by seepage from east discharge (data point 23) 



Wetland along east discharge drainage (data point 24) 

Wetland formed by seepage from west discharge irrigation ditch ( data point 25) 



Wetland fringe around excavated pond on west discharge irrigation ditch (data point 26) 

Wetland formed by seepage from west discharge irrigation ditch ( data point 27) 



Wetland formed by seepage from west discharge irrigation ditch ( data point 28) 

Wetland formed by seepage from west discharge irrigation ditch ( data point 29) 



Wetland fringe around excavated pond on west discharge irrigation ditch ( data point 30) 

Wetland formed by seepage from west discharge irrigation ditch ( data point 31) 



Appendix C. Photographs of wetlands along Cottonwood Creek above and below the discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek above Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



Cottonwood Creek below Hamilton Dome discharge 



APPENDIXD 

LANDOWNER TESTIMONY AND AFFIDAVIT 



BEFORE THE WYOMING DEPARTMENT OF 

r 
ENVIRONMENTAL QUALITY, WATER QUALITY DIVISION 

RENEWAL OF MERIT ENERGY ) 
COMPANY'S PERMITS TO ) 
DISCHARGE, PERMIT NUMBERS ) 
WYOOOOl 75 AND WY0000680 ) 

AFFIDAVIT OF FRANK RHODES 

I, Frank Rhodes, being duly sworn upon his oath, being of lawful age and otherwise 

I competent to testify and having personal knowledge of the matters contained herein do state: 
· I 

1. I was a rancher on six to eight miles of Cottonwood Creek from 1948 to 1993, 

just north of Hamilton Dome, Wyoming. 

2. During this time, I ranched approximately 13,000 acres of deeded land, and 

approximately 26,000 acres of land leased from the Bureau of Land Management. 

3. I ranched on Cottonwood Creek prior to the time when produced water was 

discharged from the Hamilton Dome oil field into Cottonwood Creek. 

4. Prior to produced water being discharged, Cottonwood Creek would only flow 

from approximately March to July or August, and would sometimes be dry as early as June. For 

the rest of the year, Cottonwood Creek was dry with the exception of intennittent flows of rain or 

snow melt. 

5. Prior to the discharge of produced water, I had to use well water to water my 

livestock. 

6. After produced water was discharged into the Cottonwood Creek, the creek would 

flow year-round. 

7. My ranch, which was sold in 1993, has water rights for water out of Cottonwood 

Creek and one of the unnamed tributaries into which the produced water is discharged. 

8. I used the produced water to water my livestock and irrigate hay. The produced 

water was extremely valuable to my ranching operations. 

9. Additionally, after produced water was discharged, I witnessed a large increase in 

the number of ducks, geese, pheasants, and mule and white-tail deer on or around Cottonwood 

Creek. 

1 



10. The produced water from the Hamilton Dome oil field has been invaluable to my 

ranching operations as well as the other ranches and farms that are along Cottonwood Creek 

below the confluence the produced water with Cottonwood Creek, and has created a very 

beneficial environment for the area's wildlife. 

11. Without the produced water, Cottonwood Creek and the surrounding area would 

return to the dry, arid condition that existed prior to Cottonwood Creek being a year-round 

stream due to produced water, and ranchers, farmers, and the wildlife would suffer greatly. 

FURTHER AFFIANT SAYETH NAUGHT. 

Frank Rhodes 

STATE OF WYOMING ) 
)SS: 

COUNTY OF HOT SPRINGS ) 

The foregoing instrument was subscribed and sworn to before me by Frank Rhodes on 

the ~ l, day of tJ. ~!:}-c,? -t , 2002. 

My Commission Expires: Otf>"; l 24, z.oot.-

2 
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HAM1L TON DOME WATER DISCHARGES 
TO COTTONWOOD CREEK: 

LANDOWNER ASSESSMENTS 

GROUNDWATER HYDROLOGY ISSUES 

1. Does the current flow of Cottonwood Creek affect the water table level on your 
property? If yes, do you see increased vegetation in areas of high groundwater table? 
(i.e. along stream banks) How much? ( 5 feet, 5 yards, 20 yards, etc.) 

2. How many additional livestock can you operate with due to this increased vegetation 
from the raised groundwater table? (None, 5%, 10%, 20%, etc.) 

3. Have you seen any affect of the water table in any water wells in the area? If yes, 
"What is the depth of the well(s)?" 

SURFACE WATER HYDROLOGY ISSUES 

States West will assess the current hydrology of Cottonwood Creek and predict 
the hydrology if the discharges were to cease. 

1. Do you have any knowledge of conditions of Cottonwood Creek before 1950? If 
Yes: How many years out of 10 would it normally be dry at some time during the 
year? What month would it normally go dry? In the spring, when would water start 
running in the stream above Hamilton Dome? 

2. Do you irrigate with water solely from Hamilton Dome discharges? 

3. Do you irrigate with water that is mixed with runoff? If yes: How do you determine 
if the water quality is adequate for irrigation? 

4. How many times a year do you irrigate? 

5. Have you seen any impact to your fields from irrigating with Cottonwood Creek 
water? 

6. Have you ever seen any adverse health effects on livestock or wildlife from 
Cottonwood Creek? 



ECONOMIC ISSUES 

1. What is your typical season/period of use of water from Cottonwood Creek? 

Begin: ___ _ 
End: -----

2. For what purpose(s) is the water used? (May indicate more than one answer) 

Livestock watering (immediate use): __ _ 
Livestock watering (stored/impounded for later use): __ _ 
Irrigate Pastures: ____ _ 
Irrigate Cropland: ____ _ 

3. How long has your operation used this water? 

4. If you checked livestock watering in Questi~n #2, what kind and how many head of 
livestock are supported by the water? 

I I ------ ---~--
Cattle / Sheep / Horses 

( cow-calf pairs) 

5. Does the livestock watering occur on your own land, leased private land, or 
federal/state grazing allotments? 

6. If you checked irrigation in Question #2, please describe the type and use of the 
irrigated acreage. 

Acres: / -----
Pasture I cropland 

If cropland, the type of crop grown: ______ _ 

Average productivity/acre over the past 3 seasons: ___ _ 

If the crop is alfalfa or grass hay, is it used as winter feed for your herd or is it 
sold? ------'-----

7. How many people, including family members, work or are employed by your 
operation? 

Year-round: -----
Seasonal~ ------



) 

) 
I 

Please review the analysis of the effects of the loss of Hamilton Dome produced water on 
Cottonwood Creek (i.e., reduced average flow volumes by month). Then address 
questions 8-12: 

8. How would a reduction/loss of the water affect your operation, (e.g., reduce herd size 
by reduce crop production by %, or ? 

9. Estimate the reduction in your operations annual net income associated with the 
effects identified in Question #8 above? -----------

10. Is there an alternative source of water available to replace this water? If yes, please 
describe, including the costs associated with obtaining water from the alternative 

source. --------------------------

11. How would you adjust your operation's labor to deal with the effects associated with 
the reduction in water? ---------------------

12. Would your operation remain viable with the reduction in volume or the loss of this 
water? 

ECOLOGICAL ISSUES 

1. What changes have you noticed with regard to wildlife use of the area since the 
stream became perennial rather than intermittent? 

2. Has the ability to produce alfalfa using discharge water increased use of the area by 
wildlife, especially big game and game birds? 

3. What would become of the irrigated hayfields if you could no longer irrigate? 

4. Has there been a change in plants (more willows, cottonwoods, marshes, etc.?) 



HAMILTON DOME WATER DISCHARGES 
TO COTTONWOOD CREEK: 

LANDOWNER ASSESSMENTS 

GROUNDWATER HYDROLOGY ISSUES 

1. Does the current flow of Cottonwood Creek affect the water table level on your 
property? If yes, do you see increased vegetation in areas of high groundwater table? 
(i.e. along stream banks) How much? ( 5 feet, 5. yards, 20 yards? etc.) 

2. How many additional livestock can you operate with due to this increased vegetation 
from the raised groundwater table? (None, 5%, 10%, 20%, etc.) 

3. Have you seen any affect of the water table in any water wells in__j;he ·area? If yes, 
"What is the depth of the well( s )?" . 
I er1ji t:!.t.A lh/ Ar\JS())(Jl., 1},,{...$G .(, fl.ST l1,H2C G q11cs .J.,of')S e~ca vse.. 

The. e~~GK has A lwai.(S /<.()N f31,vcc:, we., have.. ()tv/1/d /VI~ 
P,zop-eie~ 

SURFACE WATER HYDROLOGY ISSUES 

States West will assess the cilrrent hydrology of Cottonwood Creek and predict 
the hydrology if the discharges were to cease . 

.. 

1. Do you have any knowledge of conditions of Cottonwood Creek before 1950? If 
Yes: How many years out of 10 would it normally be dry at some time during the 
year? What month would it normally go dry? In the spring,.when·would water start 
running in the stream above Hamilton Dome? 

2. Do you irrigate with water solely from Hamilton Dome discharges? 

3. Do you irrigate with water that is mixed with runoff? If yes: How do you determine 
if the water quality is adequate for irrigation? 

4. How many times a year do you irrigate? 

5. Have you seen any impact to your fields from irrigating with Cottonwood Creek 
water? · 

6. Have you ever seen any adverse health effects on livestock or wildlife from 
Cottonwood Creek? rJ o 

., 



ECONOMIC ISSUES 

1. What is your typical season/period of use of water from Cottonwood Creek? 

Begin: J"wie.., 
End: (Je,fd;,ee_ 

2. For what purpose(s) is the water used? (May indicate more than one answer) 

Livestock watering (immediate use): i--, 
Livestock watering ( stored/unpounded for later use): __ _ 
Irrigate Pastures: ____ _ 
Irrigate Cropland: ____ _ 

3. How long has your operation used this water? 

·3l/e,atlS 

4. If you checked livestock watering in Questi<?n #2, what kind and how many head of 
livestock are supported by the water? 

____ ! ___ / -2~ 
Cattle / Sheep / Horses 

( cow-calf pairs) 

5. Does the livestock watering occur on your own land, leased private land, or 
federal/state grazing allotments? f1t1J/~ {,,,lfNJ · 

6. If you checked irrigation in Question #2, please describe the type and use of the 
irrigated acreage. 

Acres: 320 I -----
Pasture I cropland 

If cropland, the type of crop grown: ______ _ 

Average productivity/acre over the past 3 seasons: ___ _ 

If the crop is alfalfa or grass hay, is it used as winter feed for your herd or is it 
sold? --------

7. How many people, including family members, work or are employed by your 
operation? 

Year-round: -----
Seasonal: _ __.f'-----



Please review the analysis of the effects of the loss of Hamilton Dome produced water on 
Cottonwood Creek (i.e., reduced average flow volumes by month). Then address 
questions 8-12: 

8. How would a reduction/loss of the water affect your operation, (e.g., reduce herd size 
by I 00 'la reduce crop production by %, or ? 

9. Estimate the reduction in your operations annual net income assQciated with the 
effects identified in Question·#8 above? 5o<XJ lo 12 ddo" 

1 Q. Is there an alternative source of water available to replace this water? If yes, please 
describe, including the costs associated with obtaining water from the alternative 
source. fbsstb/e- wt??. 8, ooo 

I 

11 . How would you adjust your operatiop';, labor to deal with the effects associated with 
the reduction in water? WL Wovld Be CWT of 6f59;vt-5S 

12. Would your operation !emain viable with the reduction in volume or the loss of this 
water? f\}O 

ECOLOGICAL ISSUES 

1. What changes have you noticed with regard to wildlife use of the area since the 
·stream became perennial rather than intermittent? N~ hci v e,rJf' 0 l,U rv -eel TlA..u 
lA-Nd ldNC, £tvo"1"1 t6 ;4(1.)51)/"t~ 11,,,,~ ()cJlr;+ioyJ 

2. Has the ability to produce alfalfa using discharge water increased use of the area by 
wildlife, especially big game and game birds? 

3. What would become of the irrigated hayfields if you could no longer irrigate? 

4. Has there been a change in plants (more willows, cottonwoods, marshes, etc.?) 

No th:uJye,. iBuT ~ hau~ 60 T<:: of wl //c,-w5 
0.. rv d /,,2. e es 6 ,,v ~ u R- f 12° /1.e,e,,4! • 

·,C<.b"{ true-k Mui<. fo. 

:] e +.f Ve. rJ A,v+we,p 
d-9-4 6. q "H1 S1'f2Ut 

,7i,e.,e v\l\ opo{ 1 5, ()\Jl-1_0 . ·z 
- _ r ~ . , - .., -,~- 4 ?1i/ __, 
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HAMILTON DOME WATER DISCHARGES 
TO COTTONWOOD CREEK: 

.LANDOWNER ASSESSMENTS 

GROUND\VATERHYDROLOGY ISSUES 

I. Does the current flow of Cottonwood Creek affect the water table level on your 
property? If yes, do you see increased vegetation in areas ofhioh oundwatertable? 
(i.e. along stream banks) How much? ( 5 feet, 5. yard O yards, etc. y "'i. 'S) y t..g 

2. How many additional livestock can you operate with due to this increased vegetation 
from the raised groundwater table? (None, 5%, .10%@, etc.) 

3. Have you seen any affect of the water table in any water wells in the area? If yes, 
"What is the depth of the well(s)?" f\ C) · 

SURFACE WATER HYDROLOGY ISSUES 

States West will assess the current hydrology of CottorIWood Creek and predict 
the hydrology if the discharges were to cease. 

,, 

I. Do you have any knowledge of conditions of Cottonwood Creek before 1950? If 
Yes: How many years out of 10 would it normally be dry at some time during the 
year? What month would it normally go dry? In the spring, when would water start 
running in the stream above Hamilton Dome? f\ () 

2. Do you irrigate with water solely from Hamilton Dome discharges? l( 'lS 

.3 . Do you irrigate with water that is mixed with runoff? If yes: How do you determine 
if the water quality is adequate for irrigation? l\. "i..5 . \i\ \ ~ \ o <- ;, c. \,\.$ "L O ~ \ "~ S\ l_ 

SC\~'L \.0G\.'.\..t'l ~~o\J1.S (~ ,-s e\otKu", 
4. How many times a year do you irrigate? W\ o S .\ ~ "l '. \~s 9 ~ ..\ (l Q , t- vt '( I\ ~ 
5. Have you seen any impact to your fields from irrigating with Cottonwood Creek 

water? Y\ 0 

6. Have you ever seen any adverse health effects on livestock or wildlife from 
Cottonwood Creek? n O 



'I 

l 

I i 

ECONOMIC ISSUES 

1. What is your typical season/period of use of water from Cottonwood Creek? 

Begin: ~ r-c \.. 
End:ou 

2. For what purpose(s) is the water used? (May indicate more than one answer) 

Livestock watering (immediate use): ,/ / 
Livestock watering (storegtimpounded for later use): _¥_ 
Irrigate Pastures: ¥ L 
Irrigate Cropland: V: 

3. How lo~g has your operation used this water? VV\ ; 'r\ "L Q o {' ~ '-\ 6t. I\ R. J..._ b \.,\-\ \. ~ \ i 
ra.." C. \\ h.ctS US ,_i k \-.. i.. wo,:\4{ r S : I'\ C. "'L l I!:\ 0 S -\- "'-~ \- ·~ \< 1'-0 ..0 o -i. 

O.."'- &. Q t-o \)"- \, \ ~ \ o I'\'\ 'i. r 
4. If you checked livesfock watering in Questi~n #2, what kind and how many head of 

livestock are supported by the water? 

'-I 5CJ 1___,4.f_v __ 1_2-. ,_c_ 
Cattle / Sheep / Horses 

( cow-calf pairs) 

5. Does the livestoc~ watering occur on your own land, leased private land, or \ P J \ \\ \ 
federal/state grazmg allotments? M. t.f o c.0 n. + S' '\-C\. ~ ~ q Yl. c:l. ~ ,:_ <' ~ C{ O""\ ~ 

6. If you checked irrigation in Question #2, please describe the type and use of the 
irrigated acreage. 

Acres: ~ ~ } gc,11.S~---
Pasture I cropland 

If cropland, the type of crop grown: _____ _ 

Average productivity/acre over the past 3 seasons:~ -Ion f?1 r a O''L het ~ 
If the crop is alfalfa or grass hay, is it used as winter feed for your.herd or is it 
sold? £"i..'(. o.- . 

7. How many people, including family members, work or are employed by your 
operation? 

Year-round: _7 ____ _ 
Seasonal: _q ____ _ 



Please review the anafysis of the effects of the loss of Hamilton Dome produced water on 
Cottonwood Creek (i.e., reduced average flow volumes by month). Then addr-ess 
questions 8-12: 

8. How would a reduction/loss of the water affect your operation, (e.g., reduce herd size 
by SO , reduce.crop production by 60 %, or ma rC)? 

9. Estimate the reduction in your operations annual net income associated with the 
effects identified in Question·#s above? //20, 600 ec:!J O" ma.,. :t.. 

7 

10. Is there an alternative source of water available to replace this water? If yes, please 
describe, including the costs associated with obtaining water from the alternative 
source. n.C>, no \ :\~:\ :t,'vv\ ~ tNc:u-:r. 0£ 

11. How would you adjust yo~operation' s labor to deal with \e f ects associated with 
the reduction in water? _J.. L06\l \ c\ Y\.o.. \)j_ -\o i \\.j M g \\ :JO~ 

12. Would your operation remain viable with the reduction in volume or the loss of this 
water? f\o 

ECOLOGICAL ISSUES 

1. What changes have you noticed with regard to wildlife use of the area since the 
·stream became perennial rather than intermittent? I\J) A 

2. Has the ability to produce alfalfa using discharge water increased use of the area by 
wildlife, especially big game and game birds? 16 -t1s e J::' vo ·. \.~ \, ~ "L 
\ 'I'\. ~ ~ \ ~ <:l.. 't' "t. P-. 

3. What wqll\d b~come of the irrigated hayfields µyouAould {lO~onger irrigate? Th. 'i-. 

\,() 0 U.. \ ~ 'o "L Cc.6 'Vv"\. "\._ \.0 ~ 4-_ d ~ '\. 1
1 \ c;l S 

4. Has there been a change in plants (more willows, cottonwoods, marshes, etc.?) I\) }A 
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HAlv.lILTON DOME WAlER DISCHARGES 
TO COTTONWOOD CREEK: 

LANDOWNER ASSESSMENTS 

GROUNDWATER HYDROLOGY ISSUES 

1. Does the current flow of Cottonwood Creek affect the water table level on your 
property? If yes, do you see increased vegetation in areas of high groundwater table? 
(i.e. along stream banks) How much? ( 5 feet, 5. yards, 20 yards, etc.) 

C4E-5 .a..:. /6 4dS 
2. How many additfonal livestock can you operate ~ue to this increased vegetation 

from the raised groundwater table? (None, 5%,~20%, etc.) 

3. Have you seen any affect of the water table in any water wells in the area? If yes, 
"What is the depth of the well( s )?" y ES g't) / 

SURFACE WATER HYDROLOGY ISSUES ~- ~J ,, .... · .. :: . ~::·: ; , t 
• •. t 

. " 
States West will assess the current hydrology of Cottonwood Creek and predict 
the hydrology if the discharges were to cease.. . .· 

1. Do you have ~y knowledge ~f conditions of Cottonwood Creek before 1950?/rr N ° 
Yes: How many years out of 10 would it normally be dry at some time during the 
year? What month would it normally go dry? In the spring, when would water start 
running in the stream above Hamilton Dome? 

2. Do you irrigate with water solely from Hamilton Dome discharges? NO - "Bu~ 
..?;;o( ~ lf ~ Co-tf~~)/-u~b c;t'<'.ee.K , . . 

3. Do you IIT1gate with water that 1s II11Xed-with runoff? If yes: How do you detenrune 
if the water quality is adequate for irrigation? YE 5 .-- C/ 1/-f!.f+y <f, t,_,,A./-e'( M,'1;" 

4. How many times a year do you irrigate? g .-9 V\(\.p ~Th 5 

5. Have you seen any impact to your fields from irrigating with Cottonwood Creek 

water? . . Po~i~tttf J mp/J--~c-r e;{.}y. . 
6. Have you ever seen any adverse health effects on livestock or wildlife from 

·-.Cottonwood Creek?· - /JO · ., ,.· 



. \ 
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ECONOMIC ISSUES 

1. What is your typical season/period of use of water from Cottonwood Creek? 

Begin: A?fhlL#: 
End: /0,Je.-wi be.IL 

2. For what purpose(s) is the water used? (May indicate more than one answer) 

Livestock watering (immediate use): 'i. e5 
Livestock watering (storedfunpounded for later use): Vv1/ I 
irrigate Pastures: y 12,7 
Irrigate Cropland: , / ~? 

r 
3 . How long has your operation used this water? 

;11,, ftrof)..u--fy Art? !VSc.J ~ 4/VWD/:>j_ r YLcf!_ lup.+e-v ;} ,x.e, ic;ci{ 
4. If.you checked livestock watering in Question #2, what kind and how many head of 

livestock are supported by the water? 

1--ee> I O I ;;l_ -----
Cattle / Sheep / Horses 

( cow-calf pairs) 

5. Does the livestock watering occur on your own land, leased private land, or 
federal/state grazing allotments? 6 LVAI l ,4-u_b 

6. If you checked irrigation in Question #2, please describe the type and use of the 
irrigated acreage. 

Acres: '.Qtf D I ?60 
Pasture / cropland 

If cropland, the type of crop grown:_~1/z+-___ . ~-+V __ _ 
/ 

If the crop is alfalfa or grass hay, is it used as winter fee 
sold? 'l?p'"l,h 

7. How many people, including family members, work or are employed by your 
operation? 

Year-round: __ ,' __ _ 
Seasonal: ___ k, __ 



Please review the anarysis of the effects of the Zoss of Hamilton Dome produced 1,1,·ater on 
Cottonwood Creek (i.e., reduced average flow volumes by month). Then address 
questions 8-12: 

8. How would a reduction/loss of the water affect your operation, (e.g., reduce herd size 
by it, '/o , reduce crop production by ]20 %, or ? 

9. Estima~e the_ redu~on in four operations annual net inco;1lle ~ssq~iated ~th !}le J 
effects identified m Quest1on·#8 above? {] Au'$ e £. v L, tu tc:L;z Tio . 

10. Is there an alternative source of water available to replace this water? If yes, please 
describe, including the costs associated with obtaining water from the alternative 
source. f,.I of..) e-

11. How would you adjust your o eration's labor to deal with the effects associated with 
the reduction in water? 1 cl ;;J..~ 

/J-L .. L-__ J/..1'>oet4--t-e:.J.- .;jZ>&S &Joe.,{. &e... lo-01, 

12. Would your operation remain viable with the reduction in volume or the loss of this 
water? 1 / ,. / 

f\f O - /}-LL b)erz-floJ1YS 000/& C~a&e. 

ECOLOGICAL ISSUES 

1. What changes have you noticed with regard to wildlife use of the area since the 
·stream became perennial rather than intermittent? 

//7~ tt, iJL,. Fe tJ F e.,oery 12, d 
2. Has the ability to produce alfalfa using _discharge water increased use of the-area by 

wildlife, especially big game and game birds? Y&S "(O -,?o-r--h . 

3 What would become of the irrigated hayfields if you could no longer irrigate? 

\)<:2..lf Lcl-Nd... {) ~:5.fur...e_... - lt;/t-Sf-e La.A..:>cL 

4. Has there been a change in plants (more willows, cottonwoods, marshes, etc.?) 

1rJo~ f 1 "{e:;; 



HAMIT.,TON DOME WATER DISCHARGES 
TO COTTONWOOD CREEK: 

LANDOWNER ASSESSMENTS 

. GROUNDWAIBR HYDROLOGY ISSUES 

1. Does the current flow of Cottonwood Creek affect the water table level on your 
property? If yes, do you see increased vegetation in areas of high groundwater table? 
(i.e. along stream banks) How much? ( 5 feet; 5 yards, 20 yards, etc.) 

-a::> e, es tv't:: Ru.. oJ .b I" fYL t" L ,4tf J. ~ 

2. How many additional livestock can you operate with due to this increased vegetation 
from the raised groundwater table? ~ 5%, 10%, 20%, etc.) 

3. Have you seen any affect of the water table in any water wells in the area? If yes, 
"Wpat. is the clepth of the well( s )?" r. h <IL, v e- t: w o w e..l Is a> v e..te. :3" 0 , d e-e-f', 

.S 1 11Tt!..e_ t:t..e... d.&e.0:-4-d"h+, '6?i..e...Y h.tLve..vt
1t .b~e..,J G-oad, t.Jde..Ji'_ 

1-2l--l/ t> F he.<>-11 't' WI, ).(.e.ttJs ~Pte..h/s, Su./ /2h.4.JL ..)._. ~ ~ 

SURF ACE WAIBR HYDROLOGY ISSUES 

States West will assess the current hydrology of Cottorrwood Creek and predict 
the hydrology if the discharges were to cease. 

1. Do you have any knowledge of conditions of Cottonwood Creek before 1950? If 
Yes: How many years out of 10 would it normally be dry at some time during the 
year? What.month would it normally go dry? In the spring, when would water.start 
running in the stream above Hamilton Dome? PI'! I v .£ e,~Jt tt SI N '} S' "e. e.... • 

a..,b o u -f I c_t. 7 4- .c.v 1.s-- ~·e.. s~,e:/- a..s Set> >1. ,4s -1-h~e-s .u/a,.,le..Je . ;d' S l'btlf, -,.1 , 

2
-1 Di:ui,ell. l-.a.1/.1 l.thf -/-he..,r

1
4 'se u/~il;,11-V /s di/.S Se .. d!~,rd, 13 a_d V/l.l)~cjlt .. fl/ 1 L-_\le. 

. o you IIT1gate WI water so e1y .1,1om · . ton Dome scharges7 · rrd.<1.-
.• .S<i I e. / '< F Rei M --wha .. ,+- .5 J J-J C!...cP tfo ti W sod, Q....~-

3_ Do you irrigate with water that is mixed with runoff? If yes: How do you determine 
if the water quality is adequate for irrigati?n? 

4 _ How many times a year do you irrigate? :f Y"o W) f} p ..e , / di ;e. I,( t) 0 -I-.•t.Yv r( o ,I -
.f/--5 J...o r1g a..-s w L. C!..-a...11 /o<!...F()R.e.. F>t-e.e...z....,!!.,s J.J..,fl. 

5. Have you seen any-impact to your fields from irrigating with Cottonwood Creek 
water? .. N ° · 

6. Have you ever seen any adverse health effects on livestock or wildlife from 
Cottonwood Creek? ({ a , 



! ' 
I 

.... 

E CONOMIC ISSUES 

1. What is your typical season/period of use of water from Cottonwood Creek? 

Begin:~~~ 
End:ydx,r~ 

2. For what purpose(s) is the water used? (May indicate more than one answer) 

Livestock watering (immediate use): {lio± I/-J/1Jtt.Jul 
Livestock watering ( storedfunpounded for later use): 4& ,4,/fedt!/£ 
Irrigate Pastures: ' 

Irrigate Cropland: -4'----

4. If you checked livestock watering in Questi<?n #2, what kind and how many head of 
livestock are supported by the water? 

I I -------' -----
Cattle / Sheep / Horses 

( cow-calf pairs) 

5. Does the livestock watering occur on.,your own land, leased private land, or 
federal/state grazing allotments? ff/ Ir 

6. If you checked irrigation in Question #2, please describe the type and use of the 
irrigated acreage. 

Acres: ____ ! 3 J/ fYP{ ,4d.<fud,·c!~-kJ F"rz. ~e.s-f pf ~lfof.z.e,fy-_ 

Pasture / cropland 
' 

If cropland, the type of crop grown: D..l:j~ti,, t/.7-- .sl;M~ 

Average productivity/acre over the past 3 seasons: ~ , ck uw .v.Jd - ;;, I!) 
0 

/ ... ~ ~ 
' -.I o u]~ c,::f;;-0-U -. a..£-£. - H~ '1UJ 

If the crop is alfalfa or grass hay, is it used as winter feed for your herd or is it 
sold? UsJ .fofl Lt{e.,,Sfo<:!.-k:.. 

7. How many people, including family members, work or are employed by your 
operation? 

Ye~-round: I -I- t.J ~ 
Seasonal: ~----



l 

Please review the analysis of the effects of the loss of Hamilton Dome produced water on 
Cottomvood Creek (i.e., reduced average flaw volumes by month). Then address 
questions 8-12: 

8. How would a reduction/loss of the water affect your operation, (e.g., reduce herd size 
by reduce crop production by %, or ? 

I_ f h ~.,, e.. /lC l~cl. e.~ I"" /1,1, \:" <!..a.,.-t;- le d.12 t',/ Jc.. t.d e.-/j u},:t.;~eA!.,-- s.--f / /}/;;_d 
~~e.- ~.l'Ce-,e.,fe{ I oc .% t,R,,v cU--p P"'-~ . . 

9. Estimate the reduction in your operations annual net income assqciated with the 
effects identified in Question·#8 above? ------~----

10. Is there an alternative source of water available to replace this water? If yes, please 
describe, including the costs associated with obtaining water from the alternative 
source. Ne Ne..- • . 

11. How would you adjust your operation's labor to 'Wtal with the effects associated with 
the reduction in water? M r {)k-R;f /Ufl., Cu_ I cL f {?o b .q.. h I y h a., V ~ 

to_ "j_.e..ce..~~r>?flfo)(~e-rJ-j-- /1-T.tJR"( P.R..om. <7?..a..l'Je_A ,d 
W I N ;-e..~ · · I I V1'1 -e.. -

12. Would your operation remain viable with the reduction in volume or the loss of this 
water? J/o .. 

ECOLOGICAL ISSUES 

1 What changes have you noticed with regard to wildlife use of the area since the 
-stream became perennial rather than intermittent? '13 £.. Fo Je ~ -t £ e- V~c u 'i J.. f­
iJ e.. h~ve.- Kofs o P w ,'/cl/, ·F-e- ..J Atidd ~ -

2. Has the ability to produce alfalfa using discharge water increased use of the area by 
wildlife, especially big game and game birds? ·y~ 1 ~ ~--J.-~ 

3. W1¥tt would become of~i}f irrigated hayfields if you could no longer irrigate? 
H~ -ii- .J.d. ~~~ -

4. Has there been a change in plants (more willows, cottonwoods, marshes, etc.?) 

. ..vtl €...- d~ --A~ tv ~ hv ~ 5 ,;)_e, _ ~OJ -



. . 

RAMIL TON DOME WATER DISCHARGES 
TO COTTONWOOD CREEK: 

LANDOWNER ASSESSMENTS 

GROUNDWATER HYDROLOGY ISSUES 

I . Does the current flow of Cottonwood Creek affect the water table level on your 
property? If yes, do you see increased vegetation in areas of high groundwater table? 
(i.e. along stream banks) How much? ( 5 feet, 5. yards, 20 yards, etc.) V11~ ;,. s. -f:t,,.... I G -l 5 y/s. 

2. How many additional livestock can you operate with due to this increased vegetation 
from the raised groundwatertable? (None, 5%, 10%, 20%, etc.) /S410 

3. Have you seen any affect of the water table in any water wells in the area? If yes, ) 
"What_isthedepthofthewell(s)?" 'y./~//@ hovsc /$ '15 

1 
,,,_p{ /'-<' · fl'v£..S .,,..., 

E;cC~&S o7 ',L{J fj /7_, • 

SURFACE WATER HYDROLOGY ISSUES 

States West will assess the current hydrology of Cottorrwood Creek and predict 
the hydrology if the discharges were to cease . 

.. 

1. Do you 11.ave any knowledge of conditions of Cottonwood Creek before 1950? ~ N ° 
Yes: How many years out of 10 would it normally be dry at some time during the 
year? What month would it normally go dry? In the spring, when would water start 
running in the stream above Hamilton Dome? 

2. Do you irrigate with water solely from Hamilton Dome discharges? - /v t7 
y~$ . 

3. Do you irrigate with water that is mixed with ru.riofl:'? If yes: How do you determine J 
if the water quality is adequate for irrigat1on? - V~1.., -f'1-c- h ~ -,115~ 1,VA-T<'~ y Iv 

V {i f;z e l-f - h~vr. 1,-,,/ Nd )"";£/,,,-,,$, 
4. How many times a year do you irrigate? 2 - , j el";.._,/;_1 0 ,..,.. 1;v,,, f .. ,,,c 

5. Have you s~en any im~act to your fields from irµ,gating with Cottonwood Creek 
water? wi-f"ov-f ,f flitty c.,v; // 4/1, 

6. Have you ever seen any adverse health effects on livestock or wildlife from 
Cottonwood Creek? ,4 k~o / u -fe. ly Nt>tv.C 



ECONOMIC ISSUES 

1. What is your typical season/period of use of wa,ter from Cottonwood Creek? - /vow. ,l, .,,,4. f 'I'" . 

Begin: fl,,?,.; ( 1-ztJ _ . ____ - s..,1. 1-3 r, 
End: trl,.,1 ZO -.J; ... e. 3 D _ _ _ •• • • dc..f. (-3 0 

2. For what purpose(s) is the water used? (May indicate more than one answer) 

Livestock watering (immediate use): Yr-1..c. tc o 11.v / 

Livestock watering ( stored!rmpounded for later use): __ _ 
Irrigate Pastures: s;." :-, , {;,1 / 
Irrigate Cropland: s /IC: ..... , " 'f ,,.tr . 

3. ~ow lon:g has your operation u:sed this water? - l.,v' e J, A- v, CJ i...... ,v ,,J .A _/ v ~ c / 

-ft,;s f',<P/e,i{.., 'hA- 5 y.r-1,._s, 

4. If you checked livestock watering in Questiqn #2, what kind and how many head of 
livestock are supported by the water? 

2~-¥0 1~~0~~1--~2~-_¥ __ _ 
Cattle / Sheep / Horses 

( cow-calf pairs) 

5. Does the livestock watering occur on your own land, leased private land, or 
federal/state grazing allotments? 0 wv I A,,.,.I 

6. If you checked irrigation in Question #2, please describe the type and use of the 
irrigated acreage. 

Acres: ~2~5~_/ 30 - 3 5 
Pasture / cropland 

If cropland, the type of crop grown: ;/ A 7' 

Average productivity/acre over the past 3 seasons: / - / Y.z.. T {!;f. ",.,, /,. f y~ .., ... J 
If the crop is alfalfa or ~ass hay, is it used as winter feed for your herd or is it 
sold? 'vJ; ,,,.A,._ . 6 « -;I 

7. How many people, including family members, work or are employed by your 
operation? 

Year-round: 2..., [w;fr.. .. -.ys•!J 
Seasonal: _ _ -0 __ _ 



/ 

I 

Please review the analysis of the effects of the loss of Hamilton Dome produced water on 
Cottomvood Creek (i.e., reduced average flow volumes by month). Then address 
questions 8-12: 

8. How would a reduction/loss of the water affect your operation, (e.g., reduce herd size 
by Jo -/ o o 1,, , reduce crop production by , 5 CJ %, or ? 

9. Estimate the reduction in your operations annual net income associated with the 
effects identified in Question·#8 above? If /3, .5 0 0 -~;...;,c-=-~..c..-------

10. Is there an alternative source of water available to replace this water? If yes, please 
describe, including the costs associated with obtaining water from the alternative 
source. ___.._._.. _______________________ _ 

11. How would you adjust your operation's labor to deal with the effects associated with 
the reduction in water? ?c()~,-.: c.,117 u«61t:~A£k fo r>/&"-,,,,/1:... _ 

12. Would your operation remain viable with the reduction in volume or the loss of this 
water? tJ p - c ·~ ,4-r- ,_ ti/ -e ,,_,,,.,;/; ,-'I.; s • 

ECOLOGICAL ISSUES 

1. What changes have yo?' noticed with.regar~ to wildlife use of the area since.the
1
L, /' . 

··stream became perenmal rather than mternnttent? /V1 v c. ~ M "~ ~ i.v I I#( r , T z. u > ,-, 
5{/le,,..-. l'f-S if. ,,_..-/ev.. ~llt'A..Ct'- ..1,· /ic. ;e_i;,,~,u·~..., /ll'tr:-r.s. 

2. Has the ability to produce alfalfa using discharge water increased use of the area by ,1 
1 

wildlife, especially big game and game birds? /I ls fl/ ,r( z ( y - I u/s , f' d'; < ,< , c 4 " I,,."" 
A,_) ~4.,,1-5,,.,,.,is 

3. What would become of the irrigated hayfields if you could no longer irrigate? T4 ~Y i.,v, vi,/ );. 

4. Has there been a change in plants (more willows, cottonwoods, marshes, etc.?) 

-/- 4 -e t.,v ,,,_ -f e ~ fl,-c. C 11 i/rJ,_.-,,/ 
s f/f(,t O 11-1 ;-, 

YH, ..,..,.t-14., vf 

,'J.,,_J 
io l'>o :sf'. 
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INTRODUCTION 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field located in Hot 

Springs County, Wyoming. Merit Energy Company applied for and received two NPDES permits 

to discharge produced water from the Hamilton Dome Field into unnamed tributaries that eventually 

flow into Cottonwood Creek. The Water Quality Division (WQD) of the Wyoming Department of 

Environmental Quality (DEQ) recently updated Water Quality Rules and Regulations, Chapter 1, to 

comply with the federal Clean Water Act that requires all surface water be swimrnable and fishable. 

Wyoming WQD was required to make changes to their statewide water classification system. Until 

the recent update of Chapter 1, the classification of the tributaries and Cottonwood Creek was Class 

4. The tributaries are now class 3B and Cottonwood Creek is now class 2C. 

The new classifications require a chloride limit in Cottonwood Creek of 23 0 mg/L where a limit had 

not previously existed. This chloride limit of 230 mg/Lis more than 200 mg/L less than the current 

levels of chlorides being discharged at MEC permitted discharge points. Values for selenium are also 

above existing WQD criteria. Section 33 of Chapter 1 sets up a process where the WQD 

Administrator may allow site specific criteria. Therefore, MEC has decided to petition the WQD 

Administrator to establish site-specific criteria for chlorides and selenium because correcting the 

existing human-caused conditions ( oil field discharge) would cause more environmental damage to 

correct (i.e., remove) than to leave in place. One of the major environmental benefits of Hamilton 

Dome discharge is the continuous support of an aquatic environment for fish and aquatic 

invertebrates, creation of riparian and other wildlife habitat, and provision of a year-round water 

supply in an otherwise arid environment. The purpose of this report is to characterize the benefits 

of Cottonwood Creek to the terrestrial and aquatic wildlife resources in the area. 

METHODS 

Information on terrestrial wildlife use of the area was obtained through searching the Wiidlife 

Observation System database maintained by the Wyoming Game and Fish Department (WGFD­

WOS). The WGFD-WOS computer search included all species and all years for the sections 

through which Cottonwood Creek flows from Hamilton Dome to the Bighorn River. The WGFD-
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WOS is a computer database of wildlife observations made by WGFD personnel since 1975. 

Additional information was obtained by interviewing the WGFD biologist in Thermopolis (Kevin 

Hurley). This report also includes observations of wildlife and habitat in the project area made 

while conducting field visits to obtain data for this use attainability analysis. Potential impacts of 

losing a water source were identified based on availability and distance to alternative sources of 

water. 

Available data on aquatic invertebrates were obtained from the Wyoming Department of 

Environmental Quality Water Quality Division (WDEQ-WQD). This agency routinely monitors 

water quality of Wyoming streams, and sampling usually includes collection of data on aquatic 

macroinvertebrates. Data on fish in Cottonwood Creek were obtained from the Wyoming Game 

and Fish Department (WGFD). These data were supplemented with data collected during other 

portions of the current study to evaluate selenium levels in fish and aquatic invertebrates. 

RESULTS 

Threatened, Endangered, Pro.posed, and Petitioned Species 

The Cottonwood Creek riparian corridor and surrounding area provides habitat for threatened, 

endangered, and other sensitive species. The Wildlife Observation System (WOS) contains 6 

records of the threatened bald eagle. Bald eagles likely forage for fish along the stream during 

the winter months. There are also records of three mountain plovers, which have been proposed 

for listing as threatened. Although not typically associated with riparian areas, they have been 

known to stage as well as nest in cultivated areas and mountain plovers may use the agricultural 

fields adjacent to the stream in early spring. Two species documented along the stream have been 

petitioned for listing as threatened, includ'ing the northern sage-grouse and yellow-billed cuckoo. 

Yellow-billed cuckoos are rare residents of cottonwood riparian zones and there is one observation 

along Cottonwood Creek in the WOS records. The Cottonwood Creek riparian area and 

associated agricultural areas are apparently very important for sage grouse in this region. The 

WOS database contains 88 records totaling 385 sage grouse. The riparian zone along the creek and 

associated crop fields, especially alfalfa, provide excellent sage grouse brood-rearing and late 
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summer foraging habitat. Availability of this habitat may be important to maintenance of this sage 

grouse population. There have also been observations of western small-footed myotis (a bat) along 

the stream. This species is considered sensitive in the western U.S. due to low populations. With 

perhaps the exception of sage grouse, continued discharge of produced water in Cottonwood Creek 

is not likely crucial to the survival of any populations of these species; however, it does provide 

some habitat for sensitive species at certain times of the year and may be important to the 

continued survival of some individuals. 

Big Game 
In a letter to WDEQ dated June 20, 1990, the WGFD stated their opposition to eliminating 

discharge to Cottonwood Creek (see Appendix H). Their primary concern at that time was with 

the large number of mule deer that concentrate along Cottonwood Creek in the winter. Several 

hundred deer can be found along the crucial winter range riparian zone associated with 

Cottonwood Creek, and Cottonwood Creek supports one of the major concentrations of mule deer 

in Management Areas 119 and 120. During post-season classifications, 200-300 mule deer are 

routinely found along a two-mile stretch of the creek. The WGFD believes that these deer 

concentrations are directly tied to the produced water from Hamilton Dome. The WGFD stated 

that although they are not as directly tied to the produced water as are the mule deer, 50-75 

pronghorn antelope are commonly found in and around the Hamilton Dome complex throughout 

the year. The WGFD concluded their letter by stating that the water produced at Hamilton Dome 

"does provide substantial benefits to the wildlife resource which is using this area." Mr. Kevin 

Hurley, the WGFD biologist stationed in Thermopolis, stated that he has reviewed the 1990 letter 

and believes that its contents are still applicable to today's situation. In addition to the 1990 letter 

specific to Cottonwood Creek, the WGFD also submitted another letter to WDEQ dated June 10, 

2002 (see Appendix H) , The purpose of this letter was to state that the WGFD believes that 

historic discharges by oil and gas production facilities provide a beneficial use to fish and/or 

wildlife. The importance of this area to big game can be found in the Wildlife Observation 

System (WOS) records for those sections through which Cottonwood Creek flows from Hamilton 

Dome to the Bighorn River. These records include 649 observations totaling 2,564 mule deer, 
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702 observations totaling 5,664 pronghorn, 7 observations of single white-tailed deer, and one 

observation of a moose (Table 1). If Hamilton Dome discharge were to cease, the lack of water 

would likely severely impact big game as well as other terrestrial wildlife species dependant on 

this water source, as there are no other perennial water sources available in the area. The lack 

of an alternative water source is illustrated by the National Wetland Inventory map on Figure 1, 

which shows a nearly complete lack of other water sources within 5 miles of Cottonwood Creek 

throughout much of its length. Without the produced water, big game populations, especially 

those of mule deer, would likely be reduced. 

Upland Gamebirds 

The relationship between sage grouse (also an important game bird) and Cottonwood Creek is 

discussed above in the sensitive species section. In addition to sage grouse, the Cottonwood Creek 

riparian area and associated irrigated croplands provide excellent habitat for ring-necked pheasant, 

gray partridge, and other upland game birds. The WOS records contain 11 observations totaling 

73 gray partridge, 59 observations totaling 819 chukar, 24 observations totaling 139 ring-necked 

pheasants, and 11 observations totaling 22 mourning doves. Large numbers of game birds are 

present in this area primarily due to the availability of Hamilton Dome produced water. Irrigated 

crop fields provide foraging habitat as well as some nesting habitat and cover. High water tables 

associated with a perennial stream, irrigation water return flows, and overflows of irrigation water 

off of cropfields onto adjacent areas provide substantial vegetative cover for upland game birds. 

Loss of produced water would eliminate or greatly reduce habitat for upland game birds through 

elimination of irrigated crops and dense vegetative cover. 

Raptors 

Due to the presence of cottonwood trees , which provide nesting substrate, and excellent riparian 

and cropland habitat for prey, numerous raptors have been documented along Cottonwood Creek. 

Several small mammals used as prey by many raptor species have been documented in this area, 

including masked shrew, desert cottontail, least chipmunk, Wyoming ground squirrel, montane 

vole, and long-tailed· vole (Table 1). Golden eagle appears to use this area the most. The WOS 
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contains records of 49 golden eagles. As mentioned above, 6 bald eagles have also been observed 

in this area. Other species of raptors documented include northern harrier (2 records), red-tailed 

hawk (4 records), prairie falcon (2 records), merlin (1 record), American kestrel (5 records), great 

horned owl (5 records), and burrowing owl (1 record) (Table 1). Elimination of the produced 

water would reduce habitat for raptor prey species and likely result in reduced habitat available 

for both breeding and wintering raptors in the area. 

Waterfowl and Waterbirds 

Large flocks of waterfowl have been observed using crop fields adjacent to Cottonwood Creek in 

the area, including flocks containing 65 Canada geese and 57 sandhill cranes. According to Kevin 

Hurley, Cottonwood Creek is used by many waterfowl. Duck species documented along 

Cottonwood Creek on WOS records include observations of 26 mallards and 12 blue-winged teal. 

Other species of waterbirds documented by the WGFD along the creek include great blue heron, 

Wilson's phalarope, spotted sandpiper, and killdeer (Table 1). 

While conducting activities for this project, Canada geese were observed in Lake Charlie in the 

spring of 2002. In June 2002, several adult American coots and one group of young coots were 

observed on ponds adjacent to Lake Charlie that are supported indirectly by Hamilton Dome 

discharge, and spotted sandpipers and killdeer were observed along the discharge canal. There 

is a large open water/wetland complex where discharge from Hamilton Dome enters Cottonwood 

Creek across from Legend Rock. In late June 2002, there were approximately 20 gadwall using 

this area. Other waterbirds at the site included killdeer, spotted sandpipers, and Wilson's 

ph~laropes. In late August, a female gadwall and four young were observed on Lake Charlie; up 

to 15 Wilson's phalaropes and a pair of eared grebes were also present on the lake. Numerous 

waterfowl (15-25), primarily mallard and blue-winged teal, were using the ponds adjacent to Lake 

Charlie. Several killdeer were observed in and near wetlands created by discharge water before 

it entered · Cottonwood Creek. Elimination of the produced water would also result in the 

elimination of a substantial amount of waterfowl and waterbird habitat, especially in late summer 

after natural spring runoff flows in Cottonwood Creek have ceased. 

5 



Neotropical Migrant Birds 

Thirty species of neotropical migrant birds have been identified along Cottonwood Creek by the 

Wyoming Game and Fish (Table 1). Neotropical migrants breed in the United States and Canada but 

spend in the winter in Central and South America. Due to loss of habitat and other mortality factors, 

many species of neotropical migrants are showing dramatic population declines. Riparian habitats 

support the highest density of nongame birds of any habitat in the arid west, and maintaining this 

habitat is considered critical to maintaining healthy populations of many nongame birds. 

During field activities conducted for this project, several species of neotropical migrant birds were 

observed in and near wetlands created by the discharge from Hamilton Dome prior to it entering 

Cottonwood Creek. These species included Brewer's blackbird, red-winged blackbird, common 

yellowthroat, savannah sparrow, and song sparrow. All of these species were breeding in 

wetlands created by produced water. 

Other Wildlife 

During surveys for this project, several recent beaver dams were located along Hamilton Dome 

discharge channels prior to the channels entering Cottonwood Creek. The WGFD has records of 

coyote, red fox, long-tailed weasel, badger, bobcat, and mountain lion along Cottonwood Creek. 

No amphibians have been documented in the project area. The only reptile documented is bull 

snake (Table 1). 

Aquatic Fish and Invertebrates 

Cottonwood Creek supports a diverse assemblage of fish. It is managed by the WGFD as a 

unique species fishery, with emphasis on management of native nongame species and Yellowstone 

cutthroat trout (Welker, M. 2000. Basin Management Plan: Middle Big Horn River. Wyoming 

Game and Fish Department, Cheyenne. 9 pp.). Native fish species documented in Cottonwood 

Creek by the WGFD include flathead chub, fathead minnow, lake chub, longnose sucker, 

mountain sucker, stonecat, white sucker, and Yellowstone cutthroat. Introduced species 

documented in Cottonwood Creek include carp, plains killifish, and rainbow trout. 

6 



The Wyoming Game and Fish Department sampled five locations along Cottonwood Creek 

downstream of Hamilton Dome discharge in May 1990, and documented the presence of plains 

killifish, flathead chub, and longnose sucker. More recently, the WGFD sampled fish at two 

locations along Cottonwood Creek downstream of the discharge in the spring of 1999. At one 

station located approximately 14 miles downstream of the discharge, two species of game fish 

(rainbow trout and Yellowstone cutthroat trout) were documented along with several species of 

nongame fish, including white sucker, longnose sucker, mountain sucker, carp, longnose dace, 

fathead minnow, and plains killifish. At the other station located near the confluence with the 

Bighorn River, several species of nongame fish including white sucker, longnose sucker, mountain 

sucker, carp, lake chub, flathead chub, fathead minnow, and plains killifish were documented. 

During sampling conducted by WEST, Inc. in August 2002 at three locations along Cottonwood 

Creek, nongame fish were documented at each location sampled. Several species were present 

including longnose dace, plains killifish, longnose sucker, fathead minnow, flathead chub, and 

white sucker. The native fish in Cottonwood Creek have their own intrinsic value, but presence 

of fish in Cottonwood Creek is also important because the fish provide forage for a variety of 

wildlife. Elimination of produced water would convert Cottonwood Creek from a perennial 

stream with a unique species fishery to an ephemeral stream incapable of supporting fish for most 

of the year. 

Aquatic invertebrate data are available from three sampling locations along Cottonwood Creek. 

The stream supports a diverse and abundant macro invertebrate community. Densities at the three 

sites ranged from 641 to 1196 individuals per square meter. The number of invertebrate taxa 

identified at each site ranged from 29 to 35. At each station, the proportion of the invertebrates 

comprised ofEphemeroptera (mayfly), Plecoptera (stonetly), and Trichoptera ( caddisfly) taxa ranged 

from 28% to 49% and averaged 42% (Table 2). Presence oflarge numbers of these taxa is important 

because they are generally considered to be pollution sensitive and good indicators of overall 

water/habitat quality. Ponds supported by produced water either directly (i.e., Lake Charlie) or 

indirectly (ponds receiving irrigation return flows) were also found to have a diverse aquatic 

invertebrate community during sampling to document selenium concentrations. A list of taxa 
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documented in these ponds is in Table 2, During extremely dry years, as occurred in 2002, 

Cottonwood Creek is the only stream with flowing water within several miles, and loss of this 

resource could impact population levels of wildlife that depend on aquatic invertebrates and fish 

in the stream. 

Wildlife Habitat 

Based on results of the wetland impact study conducted for this project, if the discharge from 

Hamilton Dome and associated irrigation of crop fields were to cease, it was estimated that 

approximately 600 acres of high-quality wetlands would likely be lost, including 100 acres 

supported directly by discharge and another approximately 500 acres along Cottonwood Creek that 

are indirectly supported by Hamilton Dome discharge. Wetlands are very valuable wildlife 

habitats and this extensive loss would result in population declines and displacement of wildlife 

species associated with wetlands. Conversion of Cottonwood Creek from a perennial to an 

ephemeral stream would also impact riparian vegetation and further reduce habitat for those 

species of wildlife within the riparian corridor. Al though some of the more mature trees such as 

the larger cottonwoods with well-established roots would continue to survive within the watershed, 

the lack of a water source throughout the entire growing season would result in substantial changes 

in the riparian plant community. The community would become less diverse with the loss of 

wetlands and other mesic plant communities. This change would reduce habitat effectiveness for 

many species of wildlife dependant on riparian communities. The expected impact to wetlands 

and other riparian plant communities if discharge of produced water were to cease can be seen by 

examining pictures of Cottonwood Creek in the wetland report that clearly show reduced habitat 

effectiveness upstream of the discharge vs. below the discharge. 
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Table 1. Wildlife documented by the Wyoming Game and Fish in sections along Cottonwood Creek 
from Hamilton Dome downstream to the confluence with the Bighorn River 

Species No. Groups No. Individuals 

Birds 

Mallard 5 26 

Blue-winged teal 4 12 

Canada goose 1 65 
Great blue heron 1 4 

Sandhill Crane 1 57 
Wilson' s phalarope 7 33 
Spotted Sandpiper 2 14 

Killdeera 3 11 

Mountain Plovera 2 3 
Gray partridge 11 73 
Chukar 59 819 
Sage Grouse 88 385 
Ring-necked Pheasant 24 139 
Mourning Dove" 11 22 

Northern harriera 2 2 

Red-tailed hawka 3 4 
Golden eagle" 40 49 
Bald eagle 5 6 
Prairie falcona 2 2 
Merlina 1 1 

American kestrela 5 5 
Great horned owl 2 2 
Burrowing owla 1 1 

Yellow-billed cuckooa 1 1 

Belted kingfishera 1 1 

Common nighthawka 1 2 

Western kingbirda 1 2 

Cassin' s kingbird a 1 1 

Horned larka 6 8 
Black-billed magpie 3 5 
Western meadowlark3 27 97 
Brewer ' s blackbirda 6 11 

9 
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Table 1. Wildlife documented by the Wyoming Game and Fish in sections along Cottonwood Creek 
from Hamilton Dome downstream to the confluence with the Bighorn River 

Species No. Groups No. Individuals 
Pine siskina 7 11 

Vesper sparrowa 6 9 
Savannah sparrowa 3 4 

Grasshopper sparrowa 2 2 
Lark sparrowa 1 1 
Song sparrowa 1 1 
Lark buntinga 27 155 
Cliff swallowa 6 10 
Sage thrashera 2 7 
Rock wrena 2 2 
American robina 1 1 
Mountain bluebirda 1 1 

Mammals 

Masked shrew 2 2 
Western small-footed myotis 2 2 
Desert cottontail 4 4 

Least chipmunk 1 1 

Wyoming ground squirrel 1 1 

Montane vole 2 2 

Long-tailed vole 2 2 
Coyote 11 13 
Red fox 2 2 
Long-tailed weasel 1 1 

Badger 1 1 
Bobcat 59 61 

Mountain lion 2 2 

Moose 1 1 

Mule deer 649 2564 

White-tailed deer 7 7 

Pronghorn 702 5664 

Reptiles 
Bullsnake 1 1 
a neotropical migratory bird 

10 



Table 2. Data on aquatic invertebrates in Cottonwood Creek and ponds associated with Hamilton 
Dome discharge 
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L,OTionwooa c~reeK - lower, 225-1 ME, }ugust 13, 1998 
WY: DEQ-Water Qu!...y' Division. Deter. by Aquatic Biology···· \ssociates, Inc. 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD058 

,,,·,mtti\,ttmc1~='A,,,:t.!f.m'ti::i''''l:':'imm~~,P.=,,;,=-,,,, 98WD058 
'.1 .1~!~!::~/~.J)f=::tWQ.it.:Wi~:=~?@:~4~. :: ~----1 

'!O.:i.t!S.111.f@fflfttllilL.: ... .. J!!il! 2.24 

:fililQ.tt[~Jfl;J~h:::~ .. ··"".:--:~, ~,;,1iMt1']l W' l§,ggjj~¢.t: iif lM~ll i1ik 
Enchytraeidae 13 1 .12 
Mesenchytraeus minutus 4 0.37 
Nais bretscheri 2 0.19 
Nais communis 4 0.37 
Uncinais uncinata 7 0.56 
lmma. Tubificid with cap. setae 13 1.12 
Rhyacodrilus coccineus 2 0.19 
Acari 16 1.31 
TOTAL: NON INSECTS 63 5.24 
Ophiogomphus 16 1.31 
TOTAL: ODONATA 16 1.31 
Baetis tricaudatus 4 0.37 
Tricorythodes minutus 408 34.08 
TOTAL:EPHEMEROPTERA 412 34.46 
Hydro psyche 16 1.31 
Hydroptila 25 2.06 
Ochrotrichia 36 3.00 
TOTAL: TRICHOPTERA 76 6.37 
Optioservus 2 0.19 
TOTAL:COLEOPTERA 2 0.19 
Ceratopogoninae 4 0.37 
Empididae 4 0.37 
Hemerodromia 13 1.12 
Simulium 65 5.43 
Tabanidae 2 0.19 
Dicranota. 2 0.19 
TOT AL: DIPTERA 92 7.68 
Chironomidae-pupae 125 10.49 
Cricotopus 164 13.67 
Cricotopus Bicinctus Gr. 119 9.93 
Eukietferiella 4 0.37 
Orthoc/adius Com pf ex 9 0.75 
Polypedilum 25 2.06 
Rheotanytarsus 9 0.75 
Saetheria 81 6.74 
TOTAL: CHIRONOMIDAE 535 44.76 
GRAND TOTAL 1196 100.00 
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Cottonwood Creek - lower, 225-lME, August 13, 1998 
WY: DEQ-Water Quality Division Deter by Aquatic Biology Associates, Inc 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD058 

Total invertebrate abundance= 1196.1 EPT abundance 
Total number of taxa = 29 Number EPT taxa 
Hilsenhoff Biotic Index = 5.41 Brillouin H 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

#TAXA 
8 

ABUNDANCE PERCENT 

FEEDING GROUP 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Tricorythodes minutus 
Cricotopus 
Chironomidae-pupae 
Cricotopus Bicinctus Gr. 
Saetheria 
SUBTOTAL 5 DOMINANTS 
Simulium 
Ochrotrichia 
Hydroptila 
Polypedilum 
Acari 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant snails 
B Tolerant mayflies 
C Intolerant mayflies 
D Intolerant stoneflies 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant midges 
L 
M 
N 

62.7 5.23 
1 15 . 7 1.31 
2 412 2 34.45 
a a.a 0.00 
0 0.0 o.oo 
a 0.0 0.00 
3 76.2 6 37 
0 0.0 0.00 
1 2.2 0.19 
6 91.8 7 . 67 
8 535.3 44.76 

#TAXA 
6 

ABUNDANCE PERCENT 

1 
13 
3 
0 
2 
1 
0 
0 
2 
1 

42.6 
15.7 
831. 0 
89.6 
0 0 
60.5 
2.2 
0.0 
0.0 
29 1 
125.4 

ABUNDANCE 
407 *7 
163 5 
125.4 
118.7 
80.6 
895 9 
65.0 
35.8 
24.6 
24.6 
15.7 
1061. 7 

3.55 
1.31 
69.46 
7 .49 
0.00 
5.06 
0.19 
0.00 
0.00 
2 43 
10.49 

PERCENT 
34.08 
13.67 
10.49 
9.93 
6.74 
74.91 
5.43 
3.00 
2.06 
2.06 
1.31 
88.77 

#TAXA ABUNDANCE PERCENT 
0 0.0 o. oo 
l 407.7 34.08 
o· 0.0 0.00 
0 0.0 0.00 
2 60.5 5.06 
a o.o 0.00 
l 2.2 0.19 
0 o.o o.oo 
2 15 . 7 1.31 
a o.o o.oo 
0 o.o 0.00 
a 0 0 0.00 
0 a .a 0.00 
0 0 0 0.00 

= 488.3 
= 5 
= 2.27 
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Cottonwood Creek - lower, 225-1ME, August 13, 1998 
WY: DEQ-Water Quality Division. Deter by Aquatic Biology Associates, Inc. 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD058 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C, -filterer) 
Shredder/Total organisms 

Biotic Condition Index 
Community Tolerance Quotient (a) = 
Community Tolerance Quotient (d) = 

DIVERSITY MEASURES 
Shannon H (loge) = 2.32 
Shannon H (log2) = 3.34 
Evenness 
Simpson D 

= 0.69 
= 0 .17 

COMMUNITY 
TYPE 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multi vol tine 
Uni vol tine 
Semi vol tine 

469.8 39.28 
708.4 59.23 
17.9 l..50 

= 0 91 
= 0.21 
= a. 01 

102.83 
105.61 

= 0.03 
= 0.02 
= 0.00 
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Cottonwood C(~ek @ Baird, 225-2ME, /.\1..''lLJSt 13, 1998 
, WY: DEO-Water Quality Jivision. Deter. by Aquatic Biology Assb~,ates, Inc. · 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD059 

:io.Jit&ttmh?.@IJ~fucm.OJ1;1;:,.:: _ _.J\t 9swoo59 
lifilBPP.lt.t@.&Iif.AJt.mt ia;;.:,:,.,., .... JIB 1.92 

T.$.x&ftf] :ittf:KW··~, ., / ;,,"',.; ~~,::.':,,;::~?.1SI AOOJ.b.tf.oo.t#,f filtf'.fi12?:L:@f 
Nematoda 4 0.39 
Nais variabilis 4 0.39 
Ophidonais serpentina 10 0.97 
lmma. Tubificid with cap. setae 4 0.39 
lmma. Tubificid w/o cap. setae 6 0.58 
TOTAL:NONINSECTS 27 2.72 

Ophiogomphus 13 1.36 

TOTAL. ODONATA 13 1.36 
Baetidae 8 0.78 
Acentrella insignif icans 2 0.19 
Baetis tricaudatus 10 0.97 
Tricorythodes minutus 136 13.81 
TOTAL: EPHEMEROPTERA 156 15.76 
Hydro psyche 23 2.33 
Hydroptila 54 5.45 
Ochrotrichia 46 4.67 
Oecetis 2 0.19 
TOTAL: TRICHOPTERA 125 12.65 
Microcylloepus 4 0.39 
TOTAL.COLEOPTERA 4 0.39 
Ceratopogoninae 2 0.19 
Empididae 4 0.39 
Hemerodromia 6 0.58 
Limnophora 2 0.19 
Simulium 56 5.64 
Dicra.nota 2 0.19 
TOTAL: DI PTERA 71 7.20 
Chironomidae-pupae 148 14.98 
Cricotopus 169 17.12 
Cricotopus Bicinctus Gr. 13 1.36 
Cricotopus Trifascia Gr. 27 2.72 
Eukieff eriella 13 1.36 
Larsia 4 0.39 
Orthoc/adius Complex 36 3.70 
Paratanytarsus 4 0.39 
Polypedi/um 106 10.70 
Rheotanytarsus 4 0.39 

Saetheria 33 3.31 
Stictoch,ronomus 27 2.72 
Thienemanniel/a 4 0.39 
Thienemannimyia Gr. 4 0.39 
TOTAL. CHIRONOMIDAE 591 59.92 

GRAND TOTAL 987 100.00 
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Cottonwood Creek@ Baird, 225-2ME, August 13, 1998 
WY: DEQ-Water Quality Division. Deter. by Aquatic Biology Associates, Inc. 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron) . 
Abundance per square meter, 500+ organism subsample. FILE: 98WD059 

Total invertebrate abundance= 986.9 EPT abundance 
Total number of taxa = 35 Number EPT 
Hilsenhoff Biotic Index = 5 *80 Brillouin H 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

#TAXA 
5 

ABUNDANCE PERCENT 

FEEDING GROUP 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Cricotopus 
Chironomidae-pupae 
Tricorythodes minutus 
Polypedilum 
Simulium 
SUBTOTAL 5 DOMINANTS 
Hydroptila 
Ochrotrichia 
Orthocladius Complex 
Saetheria 
Cricotopus Trifascia Gr. 
TOTAL 10 DOMINANTS 

26.9 2.72 
1 13.4 1.36 
4 155.5 15.75 
0 a.a o.oo 
o a.a o.oo 
0 0.0 0.00 
4 124.8 12. 64 
o o.o o.oo 
1 3.8 0 .39 
6 71.0 7.18 
14 591.4 59.92 

#TAXA 
8 

ABUNDANCE PERCENT 

1 
15 
3 
o 
2 
1 
0 
0 
3 
2 

36.5 
3.8 
487.7 
82.6 
0.0 
99.8 
3.8 
0.0 
0 0 
121.0 
151 ,. 6 

ABUNDANCE 
169.0 
147. 8 
136. 3 
105.6 
55.7 
614.4 
53.8 
46.1 
36.5 
32.6 
26.9 
810.2 

3.68 
0.39 
49.40 
8 .36 
0.00 
10.12 
0.39 
o.oo 
o.oo 
12.25 
15 ~37 

PERCENT 
17.12 
14.98 
13. 81 
10.70 
5.64 
62.25 
5.45 
4.67 
3.70 
3 .31 
2.72 
82.10 

taxa 

INDICATOR ASSEMBLAGE #TAXA ABUNDANCE PERCENT 
A Tolerant snails 
B Tolerant mayflies 
C Intolerant mayflies 
D Intolerant stoneflies 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant midges 
L 
M 
N 

0 
1 
0 
0 
3 
0 
1 
0 
2 
0 
1 
0 
0 
o 

o.o 0 00 
136.3 13. 81 
0.0 0.00 
0.0 0.00 
101. 8 10 31 
0.0 0.00 
3. 8 0.39 
0.0 0.00 
7.7 0.77 
o. o 0.00 
26.9 2.72 
0.0 0.00 
0.0 0.00 
o. o 0.00 

= 280.3 
= 8 
= 2.65 
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Cottonwood Creek@ Baird, 225-2ME, August 13, 1998 
WY: DEQ-Water Quality Division, Deter. by Aquatic Biology Associates, 
Benthic invertebrate biomonitoring Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD059 

RATIOS OF TAX . GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C , -filterer) 
Shredder/Total organisms 

Biotic Condition Index 

= 0 47 
= 0.18 
= 0.12 

Community Tolerance Quotient (a) = 100 11 
Community Tolerance Quotient (d) = 104 21 

DIVERSITY MEASURES 
Shannon H (loge) = 2.72 
Shannon H (log2) = 3.92 
Evenness 
Simpson D 

= 0 177 
= 0.10 

COMMUNITY 
TYPE 

VOLTINISM ANALYSIS 

Multi vol tine 
Uni vol tine 
Semi vol tine 

ABUNDANCE PERCENT 
542.4 54.96 
427.2 43.29 
17'.3 1.75 

= a.as 
= 0.04 
= 0.00 

Inc. 
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Cottonvvood Ct·"ek@ Legend Rock, 224t-rv1E, Aug. 12, 1998 
WY: DEQ-Water Quality i.Jivision. Deter. by Aquatic Biology Assoi.;1ates, Inc. 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD057 
'.!lffilfmil@Al@t.fi.I@IIS!/{{!!W' l:, , 98WD057 
l@B@llmf@iiFAJP:1@:: ··· ········-· -,, 1.3s 

;ti{!ittr M!fJ!Ii!lf!IIf!:ifilJJJ.ft@flf --, ;_,,:, Ilb.Uffiiffiw.At/: ,ftt: '.!E:.:'l:i%.l 
Nematoda 1 0.21 
Enchytraeidae 3 0.42 
Enchytraeus albidus 5 0.84 
Nais communis 3 0.42 
Pristina jenkinae 8 1.26 
Uncinais uncinata 19 2.95 
lmma. Tubificid with cap. setae 8 1.26 
lmma. Tubificid w/o cap. setae 16 2.53 

Umnodri/us hoff meisteri 5 0.84 
Rhyacodrilus coccineus 58 9.05 
Tubitex 3 0.42 
Physel/a 1 0.21 
Acari 28 4.42 
TOTAL:NONINSECTS 159 24.84 
Ophiogomphus 1 0.21 
TOTAL: ODONATA 1 0.21 
Baetidae 3 0.42 
Acentrella insignit icans 84 13.05 
Baetis tricaudatus 32 5.05 
Rhithrogena 3 0.42 
Tricorythodes minutus 142 22.11 
TOTAL:EPHEMEROPTERA 263 41.05 
Skwa/a 3 0.42 
TOTAL: PLECOPTERA 3 0.42 

Hydro psyche 39 6.11 

Ochrotrichia 11 1.68 
TOTAL: TRICHOPTERA 50 7.79 
Chelifera 5 0.84 

Hemerodromia 1 0.21 

Limnophora 1 0.21 
Simulium 18 2.74 
TOTAL: DIPTERA 26 4.00 

Chironomidae-pupae 22 3.37 

Cricotopus 39 6.11 
Cricotopus Tritascia Gr. 19 2.95 

Eukiefferielfa 4 0.63 

Orthoc/adius Complex 26 4.00 

Parametriocnemus 1 0.21 

Rheotanytarsus 27 4.21 

Thienemannimyia Gr. 1 0.21 

TOTAL: CHIRONOMIDAE 139 21.68 

GRAND TOTAL 641 100.00 
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Cottonwood Creek@ Legend Rock, 224-lME, August 12, 1998 
WY: DEQ-Water Quality Division. Deter. by Aquatic Biology Associates, Inc. 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD057 

Total invertebrate abundance= 641. 3 EPT abundance 
Total number of taxa = 34 Number EPT taxa 
Hilsenhoff Biotic Index = 5.65 Brillouin H 

TAXONOMIC GROUP 
Non-insects 
Odonata 
Ephemeroptera 
Plecoptera 
Hemiptera 
Megaloptera 
Trichoptera 
Lepidoptera 
Coleoptera 
Misc. Diptera 
Chironomidae 

FEEDING GROUP 
Predator 
Parasite 
Collector-gatherer 
Collector-filterer 
Macrophyte-herbivore 
Piercer-herbivore 
Scraper 
Shredder 
Xylophage 
Omnivore 
Unknown 

DOMINANT TAXON 
Tricorythodes minutus 
Acentrella insignificans 
Rhyacodrilus coccineus 
Hydropsyche 
Cricotopus 
SUBTOTAL 5 DOMINANTS 
Baetis tricaudatus 
Acari 
Rheotanytarsus 
Orthocladius Complex 
Chironomidae-pupae 
TOTAL 10 DOMINANTS 

INDICATOR ASSEMBLAGE 
A Tolerant snails 
B Tolerant mayflies 
C Intolerant mayflies 
D Intolerant stoneflies 
E Tolerant caddisflies 
F Intolerant caddisflies 
G Tolerant beetles 
H Intolerant flies 
I Tolerant flies 
J Intolerant midges 
K Tolerant midges 
L 
M 
N 

#TAXA 
13 
1 
5 
1 
0 
0 
2 
0 
0 
4 
8 

#TAXA 
6 
2 
19 
3 
0 
1 
1 
0 
0 
1 
1 

ABUNDANCE 
159 3 
1.4 
263.3 
2.7 
0.0 
0.0 
so.a 
0.0 
0.0 
25.6 
139.0 

ABUNDANCE 
13 . 5 
29 ~7 
475.2 
83.7 
0.0 
10 8 
2.7 
0.0 
o.o 
4.0 
21.6 

PERCENT 
24 . 83 
0.21 
41. 05 
0.42 
a.co 
0.00 
7.79 
0 00 
0 00 
4.00 
21. 69 

PERCENT 
2.10 
4.63 
74.10 
13. 06 
o.oo 
1. 68 
0.42 
0.00 
0.00 
0.63 
3. 37 

ABUNDANCE 
141.8 
83 . 7 

PERCENT 
22.11 
13.05 

58.0 
39.1 
39.1 
361.8 
32.4 
28.4 
27.0 
25.6 
21. 6 
496.8 

#TAXA 
1 
1 
0 
0 
1 
0 
0 
0 
2 
0 
0 
0 
0 
0 

9 05 
6 . 11 
6.11 
56.43 
5.05 
4.42 
4.21 
4.00 
3.37 
77.48 

ABUNDANCE 
1.4 
141. 8 
0.0 
o.o 
10.8 
0.0 
0.0 
0.0 
2.7 
o.o 
0.0 
0.0 
0.0 
0 0 

PERCENT 
0.21 
22.11 
0.00 
0.00 
1. 68 
0 ~00 
o.oo 
0.00 
0 . 42 
0 00 
o. oo 
0.00 
0.00 
0 . 00 

= 315.9 
= 8 
= 2.69 
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Cottonwood Creek@ Legend Rock, 224-lME, August 12, 1998 
WY: DEQ-Water Quality Division. Deter. by Aquatic Biology Associates, Inc. 
Benthic invertebrate biomonitoring. Composite 8 Surbers (500 micron). 
Abundance per square meter, 500+ organism subsample. FILE: 98WD057 

RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae 
Hydropsychidae/Total Trichoptera 
Baetidae/Total Ephemeroptera 

RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter 
Scraper/(Scraper + C. -filterer) 
Shredder/Total organisms 

Biotic Condition Index 

= 2.27 
= 0.78 
= 0 45 

Community Tolerance Quotient (a) = 98.85 
Community Tolerance Quotient (d) = 100.52 

DIVERSITY MEASURES 
Shannon H (loge) = 2.78 
Shannon H (log2) = 4.01 
Evenness 
Simpson D 

= 0.79 
= 0.09 

COMMUNITY 
TYPE 

VOLTINISM ANALYSIS 
ABUNDANCE PERCENT 

Multi vol tine 
Uni vol tine 
Semi vol tine 

241.0 37.58 
399.0 62.21 
1.4 0.21 

= 0.03 
= 0.03 
= 0.00 



Aquatic invertebrates documented in three ponds receiving produced water from Hamilton Dome, 
August 2002 

Location Invertebrate Composition 

Pond 1 (NW of Lake Charlie - receives snails (Gastropoda) 
irrigation return flows comprised of produced 

mayfly larvae (Ephemeroptera) water) 

stonefly larvae (Plecoptera) 

water boatman (Corixa sp.) 

water flea (Daphnia sp.) 

fly larvae (Diptera) 

midge larvae (Chironomidae) 

snails (Gastropoda) 
Pond 2 (immediately west of Lake Charlie -

mayfly larvae (Ephemeroptera) also receives irrigation return flows 
comprised of produced water) stonefly larvae (Plecoptera) 

diving beetle (Dytiscidae) 

water boatmen (Corixa sp.) 

beetles (Coleoptera) 

midge larvae (Chironomidae) 

fly larvae (Diptera) 

copepods (Copepoda) 

Pond 3 mayfly larvae (Ephemeroptera) 
(Lake Charlie - excavation receiving direct 

stonefly larvae (Plecoptera) mput of produced water) 

midge larvae (Chironomidae) 

water boatmen (Corixa sp.) 

snails (Gastropoda) 

beetles (Coleoptera) 

scud ( Gammarus sp.) 



Figure 1. National Wetland Inventory Map showing location of other water sources within 
five miles of Cottonwood Creek 
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WATER QUALITY SUMMARY 

Introduction 

Cottonwood Creek originates in the Owl Creek Mountains in the Southwestern Big Horn 

Basin and traverses northeast across the semi-arid high plains until its confluence with 

the Bighorn River. 

The following summarizes the status of the water quality of NPDES discharges, and 

Cottonwood Creek water quality upstream and downstream of the discharges. There are 

three subsequent self-contained reports in this appendix: 

1. Water Quality Criteria Exceedence Report 
2. Chloride Report 
3. Selenium Report 

Available USGS and BLM water quality data on Cottonwood Creek as well as 2002 

sampling conducted by States West Water Resources Corporation have been compiled in 

spreadsheet and graphic forms. These documents follow the "Water Quality Criteria 

Exceedence Report," and includes a map of sampling sites (Figure I). Complete data 

sheets obtained from the Water Resource Data Systems website are available on request. 

Water Quality upsteam ofMEC Hamilton Dome Field 

Flows above Hamilton Dome Field are dependent on springs, snowmelt, precipitation 

runoff, evaporation, evapotranspiration and infiltration. The conductivity (EC) of the 

pristine water upstream of the Hamilton Dome Field is in the range of 60 to 790 

µmhos/cm, Ambient aluminum concentrations exceed DEQ/WQD Chapter I chronic 
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water quality standards for fish and aquatic life. Chloride concentrations are very 

minimal. Selenium concentrations are less than the chronic limit of 5 micro grams/L 

except for samples collected on August 29, 1983. All sampling locations upstream of 

Hamilton Dome Field exceeded the limit of 5 micro grams/L on that date. (The first 

2002 sampling location labeled as Sample A and dated 3/20/02 was not above the MEC 

discharges from the hay field). 

MEC Hamilton Dome Field NPDES Discharges 

The produced water discharged by MEC at the Hamilton Dome Field is generally 

classified for livestock water use and has an EC ranging from 4, I 00 to 4,500 µmhos/cm. 

This water has chlorides and selenium that exceed the DEQ/WQD Chapter I water 

quality standards for fish and aquatic life. Theoretically, this discharge water would not 

fall under an agricultural use classification for alfalfa irrigation due to the high EC. 

However, water in this qrainage is at a premium and the ranchers want the water to 

irrigate alfalfa and pastures. One rancher has invested a large amount of capital into a 

sprinkler irrigation system. The irrigated soils on the High Island property, which is only 

irrigated by MEC discharges, show an increase in soil salts to an EC level consistent with 

the MEC produced water. The surface has an SAR of 4.66 while the EC has a high of 

6,130 µmhos/cm at a depth of 18-24 inches below the surface and 4,290 µmhos/cm at the 

surface. The photos on the following page reveal the sustained health of the alfalfa in 

this area. 

Water downstream ofMEC Hamilton Dome discharges 

The water quality of Cottonwood Creek below Hamilton Dome Field is influenced by the 

soils environment of the watershed, the weather ( evaporation and infiltration), the quality 

of MEC discharges, snowmelt runoff and precipitation runoff events, and irrigation 

diversions and return flows. The natural runoff from snowmelt consists of pristine 

quality water. Runoff from other precipitation events is generally of pristine quality; 

however, these events have a tendency to transport large amounts of sediment that 
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chemically react and dissolve in the water. The high aluminum concentrations that are 

evident upstream of the discharges, which exceed Wyoming Water Quality standards 

contained in Chapter I for fish and aquatic life use, result from this natural process. 

Alfalfa Fields Along Cottonwood Creek 

3 



The water quality at sample point Bon Cottonwood Creek downstream of the Hamilton 

Dome discharges is consistent with the water quality of MEC discharges in the absence 

of natural runoff. Under these circumstances, evaporation and irrigation return flows 

tend to increase concentrations of EC, chlorides and selenium from sample point B to the 

Bighorn River. 

On the contrary, during periods of rainfall or snowmelt runoff, concurrent dilution of the 

MEC discharges will tend to bring the selenium and chloride concentrations within the 

DEQ/WQD Chapter I water quality standards for fish and aquatic life. 

Water Quality of the hot spring at Hot Springs State Park 

The MEC Hamilton Dome Field discharges originate primarily from the Phosphoria and 

Tensleep formations. (The State Park Hot Springs at Thermopolis also originate from the 

Phosphoria). A sample taken at the large hot spring on June 21, 2002 had an EC of2,850 

µmhos/cm. The chloride concentration was 245 mg/L and the selenium concentration 

was 11 µg/L. Both of these parameters exceed the DEQ/WQD Chapter I water quality 

standards for fish and aquatic life. (The sample also indicated a radium 226 

concentration of 17.5 pico curries per liter). 

Despite DEQ having indicated that they will not consider the case of the hot springs 

water quality as justification for increasing the selenium and chloride criteria on 

Cottonwood Creek, it is a peculiar irony that the natural hot spring flows, which exceed 

radium, selenium and chloride criteria, are discharged directly into the Bighorn River 

while the MEC discharged flows are put to beneficial uses on Cottonwood Creek before 

ever reaching the Bighorn River. 
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INTRODUCTION 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field located in Hot 

Springs County, Wyoming. Merit Energy Company applied for and received two NPDES permits 

to discharge produced water from the Hamilton Dome Field into unnamed tributaries that 

eventually flow into Cottonwood Creek. The Water Quality Division (WQD) of the Wyoming 

Department of Environmental Quality (DEQ) recently updated Water Quality Rules and 

Regulations, Chapter 1, to comply with the federal Clean Water Act that requires all surface water 

be swimmable and fishable. Wyoming WQD was required to make changes to their statewide 

water classification system. Until the recent update of Chapter 1, the classification of the 

tributaries and Cottonwood Creek was Class 4. The tributaries are now class 3B and Cottonwood 

Creek is now class 2C. The new classifications require a chloride limit in Cottonwood Creek of 

230 mg/L where a limit had not previously existed. 

To obtain detailed information on water quality, States West Water Resources collected water 

samples on three different occasions in 2002. The first sampling on March 20, 2002 included the 

two Hamilton Dome discharge points. In addition, samples were collected at the following locations 

along Cottonwood Creek in March, April, and June 2002. Cottonwood A, upstream of the Hamilton 

Dome discharges; Cottonwood B, downstream of the Hamilton Dome discharges; and Cottonwood 

@ BHR, a sampling location on Cottonwood Creek downstream of the Hamilton Dome discharges 

and just prior to the confluence with the Big Horn River (see Figure 1). The Cottonwood A sample 

collected in March 2002 was later discovered to have come from a location that was not downstream 

of the Hamilton Dome discharges. As a result, the Cottonwood A location was moved further 

upstream for the April and June sampling events. In June 2002, a sample was also collected from 

the large mineral hot spring in Hot Springs State Park to provide a comparison to produced water 

m the Hamilton Dome oil field . The purpose of this report is to summarize water quality data for 

those parameters that exceeded Wyoming Department of Environmental Quality Aquatic Life 

Criteria. 
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METHODS 

Water samples collected by States West Water Resources personnel were analyzed for the following 

36 parameters: Bicarbonate, Boron, Calcium, Chlorides, Dissolved Cadmium, Dissolved Chromium, 

Dissolved Copper, Dissolved Iron, Dissolved Lead, Dissolved Manganese, Dissolved Mercury, 

Dissolved Nickel, Dissolved Silver, Dissolved Zinc, Fluoride, Magnesium, Potassium, pH, Phenol, 

Radium 226, Sodium Adsorption Ratio (SAR), Sodium, Specific Conductance, Sulfates, Total 

Dissolved Solids (TDS), Total Alkalinity, Total Aluminum, Total Antimony, Total Arsenic, Total 

Barium, Total Beryllium, Total Cyanide, Total Hardness, Total Selenium, Total Thallium, and Total 

Petroleum Hydrocarbons (TPH). Prior to sampling, a sampling kit for each sampling location was 

obtained from the Inter-Mountain Laboratories, Inc. (IML) facility it:1 Gillette, Wyoming. Each kit 

included 7 bottles necessary to analyze for all 36 parameters. The sampling bottles for Phenols, 

Radium 226, Total Cyanide, and TPH all contained an acid preservative. Acid preservative was also 

added to the dissolved metals sampling bottle by IML personnel at the lab prior to filtering and 

analysis. For those bottles that did not contain preservatives, each bottle was rinsed twice with 

sampling water prior to obtaining the sample. For those bottles that did contain preservatives, 

samples were gathered with the raw sample bottle (part of the 7 bottle set with no preservatives), and 

then poured into the bottles containing preservatives. The raw sample bottle was also rinsed twice 

with sampling water prior to pouring into the other bottles. Field parameters for temperature, 

conductivity, and pH were then immediately taken with a Corning CheckMate II pH/conductivity 

meter. The meter was rinsed with distilled water prior to taking field measurements. Field 

measurements were recorded onto the raw sample bottle and chain-of-custody forms, and other 

sampling bottles were labeled with client information (date, time, site, and client name). The sampling 

kits were then stored in a cooler, and h<\lld-delivered the same day to the IML laboratory in Sheridan, 

Wyoming. 

RESULTS 

Values for three of the parameters sampled (chloride, aluminum, selenium) exceeded WYDEQ 

aquatic life criteria on at least one of the locations sampled (Table 1). At the station in Cottonwood 

Creek upstream of all discharge, chloride levels were .:S 8.5 mg/Lall three sampling occasions (the 
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chronic criteria is 230 mg/L). Selenium concentrations were <5 µg/L all three occasions (the chronic 

! criteria is 5 µg!L). However, aluminum values in Cottonwood Creek above the discharge were 1700 
! 

µg!L in both March and April and 100 µg!L in June. All of these values exceeded the chronic criteria 

of87µg/L. 

At the two sampling locations on Cottonwood Creek downstream of the discharge, cWoride values 

ranged from 356 to 803 mg/L, with an average of 503 mg/L. All values were above the chronic 

criteria of230 mg/L. Selenium values ranged from 25 to 67 µg/L with an average of36 µg!L . The 

current chronic criteria for .selenium is 5 µg/L . At Cottonwood B, aluminum values were above the 

chronic criteria in March (590 µg/L) and April (150 µg!L), but were below the criteria in June (80 

µg/L). At the BHR Cottonwood Creek station, aluminum values were above the criteria all thee 

sampling occasions, ranging from 190 to 3,960 µg!L. 

Chloride values were 392 mg/Lat both Hamilton Dome discharge sample points. Historical data for 

chloride values at these two discharges indicate levels ranging from 369 to 540 mg/L (Table 2). 

Selenium values were 
0

25 µg/L at one of the discharge points and 37 µg/L at the other. Aluminum 

values in the two discharge points were <50 and 70 µg/L, both of which are below the chronic criteria 

and substantially lower than aluminum levels in Cottonwood Creek. 

Produced water from Hamilton Dome likely comes from some of the same formations that water at 

the Hot Springs in Thermopolis comes from. CWoride (245 mg/L) and selenium ( 11 µg/L) levels in 

water from the Hot Springs also exceeds chronic criteria. The value for aluminum ( <50 µg/L) does 

not exceed the criteria. 

CONCLUSIONS 

Because the values for chloride and selenium are far below chronic criteria in Cottonwood Creek 

above Hamilton Dome discharge, but are higher than the criteria in Hamilton Dome discharge as well 

as in Cottonwood Creek below the discharge, the elevated levels of both chloride and selenium in 

Cottonwood Creek are likely due to discharge into the creek. However, because aluminum values 
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in Hamilton Dome discharge are very low (ranging from <50 to 70 µg/L), and because aluminum 

values in Cottonwood Creek above the discharge are greatly elevated, it does not appear that 

exceedence of the aluminum criteria in Cottonwood Creek is caused by Hamilton Dome discharge. 
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Table 1. Water quality values for parameters exceeding State of Wyoming Aquatic Life Criteria in 
Hamilton Dome discharge, Cottonwood Creek, and the Thermopolis Hot Springs ( exceedences are 
in bold) 

Cottonwood Creek A (upstream of discharge) 

Date Aquatic Life Criteria• 
Parameter 3-20-02 4-17-02 6-21-02 Acute Chronic 

Chloride (mg/L) 8.5 8.5 <5.0 860 230 

Aluminum (µg/L) 1700 1700 100 750 87 

Selenium (µg/L) <5 <5 <5 20 5 

Cottonwood B (downstream of discharge) 

Chloride (mg/L) 430 373 492 860 230 

Aluminum (µg/L) 590 150 80 750 87 

Selenium (µg/L) 31 26 25 20 5 

Cottonwood at BHR (downstream of discharge) 

Chloride (mg/L) 356 563 803 860 230 

Aluminum (µg/L) 3,960 190 310 750 87 

Selenium (µg/L) 29 36 67 20 5 

Discharge 680 (Hamilton Dome discharge) 

Chloride (nig/L) 392 -- -- 860 230 

Aluminum (µg/L) <50 -- -- 750 87 

Selenium (µg/L) 25 -- -- 20 5 

Discharge 175 (Hamilton Dome discharge) 

Chloride (mg/L) 392 -- -- 860 230 

Aluminum (µg/L) 70 -- -- 750 87 

Selenium (µg/L) 37 -- -- 20 5 

Thermopolis Hot Springs 

Date Aquatic Life Criteria• 
Parameter 

3-20-02 
I 
' 4-17-02 6-21-02 Acute Chronic 

Chloride (mg/L) -- -- 245 860 230 

Aluminum (µg/L) -- -- <50 750 87 

Selenium (µg/L) -- -- 11 20 5 

-- = no data 
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Table 2. Historical data for chloride levels in Hamilton Dome discharge 

Discharge Point, Permit# WY0000175 . Discharge Point, Pem1it # WY0000680 

Date Chlorides Mg/L Date Chlorides Mg/L 

1/19/81 460 4/29/69 540 

6/11/81 470 12/24/74 464 

12/16/81 428 1/10/75 460 

3/12/82 460 1/30/75 460 

3/22/82 490 3/30/76 500 

5/28/82 460 5/31/77 530 

12/9/82 484 7/14/83 412 

6/23/83 460 

5/2/84 450 

11/21/84 446 

4/8/86 416 

11/18/86 417 

4/29/87 463 

4/13/88 462 

10/25/88 465 

4/18/90 438 

2/23/01 429 2/23/01 415 

4/30/01 393 4/30/01 369 

6/29/01 410 6/29/01 378 

2/27/02 438 2/27/02 386 

4/29/02 432 4/29/02 386 

6/25/02 446 6/25/02 396 

8/12/02 420 8/12/02 382 

10/17/02 435 10/17/02 396 
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Figure 1. Locations for collecting Hamilton Dome discharge arid Cottonwood Creek 
water quality samples 
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Attachment A Water quality results for all parameters measured in Hamilton Dome discharge, 
Cottonwood Creek, and the Thermopolis Hot Springs. 

Sample ID: Cottonwood A= upstream of discharge 
Sample ID Cottonwood B = downstream of discharge 
Sample ID Cottonwood @ BI-IR = downstream of discharge 
Sample ID WY0000680 = discharge 
Sample ID WY00175 = discharge 
Sample ID Hot Springs = Thermopolis Hot Springs 
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States West Water 
Resources Corporation 
2002 MEC Sample Results 

2002 Lab Conductivity 
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i Nov 14 02 02:00p States West 3076347851 f>. 3 I 
Inter-Mountain Laboratories, Inc. 

Client Merit Energy 1633 Terra Avenue 
Sheridan. WY 82801 

Project: Hamilton Dome Cottonwood Creek 

Sample ID: Cottonwood A 
Date Received: 04/17/02 

Lab ID: 0102W06214 
Date Reported: 05/03/02 

Matrix: Water 
Date Sampled: 04/17/02 

Condition: Cool/Intact 
Time Sampled: 0750 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lniL 

General Parameters 
Lab pH 8.1 s .u. 0.1 EPA 150.1 04/19/02 2040 DB 
Lab Conductivity @ 25"C 354 µmhos/cm 1 SM2510 B 04/19/02 2040 DB 
Total Dissolved Solids@ 180°C 260 mg/L 10 SM 2540 C 04/19/02 1345 RM 
Total Alkalinity as CaC03 130 mg/l 1.0 SM2320 B 04/19/02 2040 DB 
Total Hardness as CaC03 69.0 mg/L 1.0 SM 309A 04/23/02 1502 

Boron <0.1 mg/l 0.1 EPA 200.7 04/23/02 1553 BA 
Total Cyanide <5 µg/L 5 EPA335.4 05/01 /02 1336 KB 
Phenols <10 µg/L 10 EPA 420.2 04/24/02 1206 KB 
Radium 226 <0.4±0.2l pCi/L 0.2 EPA 903 05/02/01 0922 MW 
TPH 418 1 <1 mg/L 1 EPA418.1 04/25/02 1349 LA 
Sodium Adsorption Ratio 2.7 NIA N/A 04/23/02 1502 

Anions 
Bicarbonate as HC03 159 mg/L 2.60 meci/L 1.0 SM2320 B 04/19/02 2040 DB 
Chloride 8.5 mg/l 0.24 meq/l 50 EPA 300.0 04/19/02 0730 DB 
Fluoride 0.39 mg/L 0.02 meq/L 0.08 SM4500-F 04/19/02 2040 DB 
Sulfate 218 mg/L 4.54 meq/L 10 EPA 300.0 04/19/02 0730 DB 

Cations 
Calcium 

I 
19.8 mg/L 0.99 meq/L 1.0 EPA200.7 04/23/02 1502 BA 

Magnesium 4.7 mg/L 0.39 meq/L 1.0 EPA200.7 04/23/02 1502 BA 
Potassium 1.4 mg/L 0.04 meq/l 0 .2 EPA 200.7 04/23/02 1502 BA 
Sodium 51 .0 mg/L 2.22 meq/L 0.2 EPA200.7 04/23/02 1502 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater". 19th ed., 1995. 
EPA 500/R94/111 , "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600/R93/100. "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug. 1993. 

Reviewed By: vJ ,.., . 
Wade Nieuwsma, Water Lab Supervisor 



Nov 14 02 02:00p St~tes West 

Inter-Mountain Laboratories, Inc. 
Client: 

Project: 

Sample ID: 

Lab ID: 

Matrix: 

Condition: 

Merit Energy 

Hamilton Dome Cottonwood Creek 

Cottonwood A 

0102W06214 

Water 

Cool/Intact 

Analytical 
Parameter Result 

Dissolved Metals 
Cadmium <0.1 

Chromium <1 

Copper 2 
Iron 240 
Lead <=2 

Manganese <10 
Mercury <0.06 

Nickel <10 
Silver <3 
Zinc <10 

Total Metals 
Aluminum 1.700 
Antimony <=5 

Arsenic 2 

Barium <100 
Beryllium <0.9 

Selenium <5 
Thallium <10 

Units 

µg/L 

µg/l 

µg/L 

µg/l 

µg/L 

µg/L 

µg/l 

µg/L 

µg/l 

µg/l 

µg/L 

µg/L 

µg/L 

µg/l 

µg/L 

µg/L 

µg/L 

3076347851 p.4 

1633 Terra Avenue 
Sheridan. WY 8280 

Date Received: 04/17/02 

Date Reported: 05/03/02 

Date Sampled: 04/17/02 

Time Sampled: 0750 

Analysis 
Units POL Method Date Time lnit. 

0.1 EPA200.8 04/25/02 0941 MS 

EPA 200.9 04/19/02 0926 MH 

EPA200.8 04/25/02 0941 MS 
30 EPA200:7 04/23/02 1553 BA 
2 EPA200.8 04/25/02 0941 MS 
10 EPA200.7 04/23/02 1553 BA 

0.06 EPA 245.1 04/24/02 1039 MS 
10 EPA200.7 04/23/02 1553 BA 
3 EPA200.8 04/25/02 0941 MS 

10 EPA200.7 04/23/02 1553 BA 

50 EPA200.7 04/23/02 1502 BA 
5 EPA200.8 04/25/02 0933 MS 

EPA200.8 04/25/02 0933 MS 

100 EPA20D.8 04/25/02 0933 MS 
0.9 EPA200.7 04/23/02 1502 BA 
5 EPA200.8 04/25/02 0933 MS 
10 EPA200.8 04/25/02 0933 MS 

Reference: EPA 600/R94/111, "Methods for !tle Determination of Metals in Environmental Samples-Supplement I". May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 



! Nov 14 02 02:03p States West 3076347851 p.9 

lnte,·ffiounto.in Lo.bomtorfes, Inc. 

Client; Merit Energy 1633 Terra Avenue 
Sheridan. WY 82801 

Project: Hamilton Dome 

Sample ID: Cottonwood A 
Date Received: 06/21/02 

Lab ID: 0102W12295 
07/15/02 

Matrix: Water 
Date Reported: 

Date Sampled: 06/21/02 
Condition: Cool/Intact 

Time Sampled: 0926 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Field Parameters 
Field pH 6.34 s.u. 0.1 EPA 150.1 

Field Conductivity 678 µmhos/cm 0.1 SM 2510 B 

Field Temperature 19.8 ·c 0.1 Field 

General Parameters 
Lab pH 8.5 S. U. 0.1 EPA 150.1 06/25/02 0037 DB 

Lab Conductivity @ 25°C 717 µmhos/cm 1 SM 2510 6 06/25/02 0037 DB 

Total Dissolved Solids@ 180°C 450 mg/L 10 SM 2540 C 06/24/02 1330 DB 
Total Alkalinity as CaC03 244 mg/L 1.0 SM 2320 B 06/25/02 0037 DB 
Total Hardness as CaC03 176 mg/L 1.0 SM 309A 07 /03/02 1125 

Boron <0.1 mg/L 0.1 EPA 200.7 07/03/02 1237 BA 
Total Cyanide <;5 µg/L 5 EPA 335.4 07/01/02 1345 KB 
Phenols 10 µg/L 10 EPA 420.2 06/26/02 1519 KB 
Radium 226 <0.3±0.1L pCi/L 0.2 EPA 903 07 /02/02 1144 cs 
TPH 418 1 <1 mg/L EPA 418.1 07/01/02 1210 LA 
Sodium Adsorption Ratio 2.9 N/A NIA 07/03/02 1125 

Anions 
Bicarbonate as HC03 276 mg/L 4.52 meq/L 1.0 SM2320 B 06/25/02 0037 DB 

Chloride <5.0 mg/L 0.08 meq/L 5.0 EPA 300.0 06i25/02 0710 LH 
Fluoride 0.73 mg/L 0.04 meq/L 0.08 SM 4500-F-C 06/25/02 0037 DB 
Sulfate 109 mg/L 2.26 meq/L 10 EPA 300.0 06/25/02 0710 LH 

Cations 
Calcium 45.7 mg/L 2.28 meq/L 1.0 EPA 200.7 07/03/02 11 25 BA 
Magnesium 15.0 mg/l 1.23 meq/L 1.0 EPA 200.7 07/03/02 1125 BA 
Potassium 1.9 mg/L 0.05 meq/L 0.2 EPA 200.7 07/03/02 1125 BA 
Sodium 87.9 mg/L 3.82 meq/L 0.2 EPA 200.7 07/03/02 1125 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S .E.P.A 600/4-79-020, "Methods for Chemical Analysts of Water and wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater". 19th ed., 1995. 
EPA 600/R94/11 ~, "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug . 1993. 

Reviewed By: W I\) 
Wade Nieuwsma, Water Lab Supervisor 
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lnte,·ffiountoin Labo,ato,ies, Inc. 
1633 Terra Avenue 
Sheridan, WY 8280· 

Client: Merit Energy 

Project: Hamilton Dome 

Sample ID: Cottonwood A 
Date Received: 06/21/02 

Date Reported: 07/15/02 
Lab ID: 0102W12295 

Matrix: Water 
Date Sampled: 06/21/02 

Time Sampled: 0926 
Condition: Cool/Intact 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA 200.8 07/09/02 1029 . MS 
Chromium < 1 µg/L EPA 200.9 06/25/02 0904 MH 
Copper 2 µg/L 1 EPA 200.8 07 /09/02 1029 MS 

Iron <30 µg/L 30 EPA 200.7 07/03/02 1237 BA 
Lead <2 µg/L 2 EPA 200.8 07/09/02 1029 MS 
Manganese <10 µg/L 10 EPA 200.7 07/03/02 1237 BA 
Mercury <0.06 µg/L 0 .06 EPA 245.1 06/28102 1004 MS 
Nickel <10 µg/L 10 EPA200.7 07/03/02 1237 BA 
Silver <3 µg/L 3 EPA 200.8 07/09/02 1029 MS 
Zinc <10 µg/L 10 EPA 200.7 07/03/02 1237 BA 

Total Metals 
Aluminum 100 µg/L 50 EPA 200.7 07/13/02 1125 BA 
Antimony <5 µg/L 5 EPA 200.8 07/09/02 0921 MS 
Arsenic 1 µg/L 1 EPA 200.8 07/09/02 0921 MS 
Barium <100 µg/L 100 EPA200.8 07109102 0921 MS 
Beryllium 2.4 µg/L 0.9 EPA 200.7 07/13/02 1125 BA 
Selenium <5 µg/L 5 EPA 200.8 07/09/02 0921 MS 
Thallium <10 µg/L 10 EPA 200.8 07/09/02 0921 MS 

Reference: EPA 600/R94/111, "Methods for tile Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: WIV 
Wade Nieuwsma. Water Lab Supervisor 



Inter-Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 82801 

Sample ID: Cottonwood B 
Date Received: 03/20/02 

Lab ID: 0102W04326 
Date Reported: 04/09/02 

Matrix: Water 
Date Sampled: 03/20/02 

Condition: Cool/Intact 
Time Sampled: 1002 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Field Parameters 
Field pH 8.26 s.u. 0.1 EPA 150.1 

Field Conductivity 4,160 µmhos/cm 0.1 SM 2510 B 

Field Temperature 4.6 ·c 0.1 Field 

General Parameters 
Lab pH 8.1 s.u. 0.1 EPA 150.1 03/21 /02 1923 DB 

Lab Conductivity @ 25°C 4,380 µmhos/cm 1 SM 2510 B 03/21 /02 1923 DB 

Total Dissolved Solids@ 180°C 3,210 mg/L 10 SM 2540 C 03/22/02 1300 RM 
Total Alkalinity as CaC03 461 mg/L 1.0 SM 2320 B 03/21/02 2005 DB 

Total Hardness as CaC03 1,200 mg/L 1.0 SM 309A 03/27 /02 1442 

Boron 1.5 mg/L 0.1 EPA 200.7 03/27/02 1719 BA 

Total Cyanide <5 µg/L 5 EPA 335.4 04/01/02 1051 KB 
Phenols 30 µg/L 10 EPA420.2 04/02/02 1136 KB 
Radium 226 1T7±0:1L pCi/L 0.2 EPA 903 04/04/02 1627 TR 
TPH 418.1 <1 mg/L 1 EPA418.1 03/27/02 1315 LA 
Sodium Adsorption Ratio 6.5 N/A NIA 03/27/02 1442 

Anions 
Bicarbonate as HC03 562 mg/L 9.22 meq/L 1.0 SM 2320 B 03/21 /02 2005 DB 
Chloride 430 mg/L 12.14 meq/L 5.0 EPA 300.0 03/21/02 0820 LH 
Fluoride 2.0 mg/L 0.11 meq/L 0.1 SM 2540 F 03/21/02 2005 DB 
Sulfate 1,180 mg/L 24.58 meq/L 10 EPA 300.0 03/21/02 0820 LH 

Cations 
Calcium 304 mg/L 15.17 meq/L 1.0 EPA 200.7 03/27/02 1442 BA 
Magnesium 108 mg/L 8.89 meq/L 1.0 EPA 200.7 03/27/02 1442 BA 
Potassium 77.4 mg/L 1.98 meq/L 0.2 EPA 200.7 03/27 /02 1442 BA 
Sodium 517 mg/L 22.49 meq/L 0.2 EPA 200.7 03/27 /02 1442 BA 

L Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater'' , 19th ed ., 1995. 
EPA 600/R94/111 , "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug . 1993. 

Reviewed By: Le} N 
Wade Nieuwsma, Water Lab Supervisor 



Inter-Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 82801 

Sample ID: Cottonwood B 
Date Received: 03/20/02 

Lab ID: 0102W04326 
04/09/02 

Matrix: Water 
Date Reported: 

Date Sampled: 03/20/02 
Condition: Cool/Intact 

Time Sampled: 1002 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA 200.8 03/25/02 1108 MS 
Chromium <1 µg/L EPA 200.9 03/25/02 0945 MH 

Copper 2 µg/L 1 EPA 200.8 03/25/02 1108 MS 
Iron <30 µg/L 30 EPA 200.7 03/27/02 1719 BA 
Lead <2 µg/L 2 EPA 200.8 03/25/02 1108 MS 
Manganese 40 µg/L 10 EPA 200.7 03/27/02 1719 BA 
Mercury <0.06 µg/L 0.06 EPA 245.1 03/26/02 0916 MS 
Nickel <10 µg/L 10 EPA 200.7 03/27/02 1719 BA 
Silver <3 µg/L 3 EPA 200.8 03/25/02 1108 MS 
Zinc <10 µg/L 10 EPA 200.7 03/27/02 1719 BA 

Total Metals 
Aluminum 590 µg/L 50 EPA 200.7 03/27/02 1607 BA 

Antimony <5 µg/L 5 EPA 200.8 03/25/02 1524 MS 

Arsenic 6 µg/L 1 EPA 200.8 03/25/02 1524 MS 

Barium <100 µg/L 100 EPA 200.8 03/25/02 1524 MS 

Beryllium <0.9 µg/L 0.9 EPA 200.7 03/27/02 1607 BA 

Iron 600 µg/L 30 EPA 200.7 03/27/02 1607 BA 

Manganese 90 µg/L 10 EPA 200.7 03/27/02 1607 BA 

Selenium 31 µg/L 5 EPA 200.8 03/25/02 1524 MS 

Thallium <10 µg/L 10 EPA 200.8 03/25/02 1524 MS 

Reference: EPA 600/R94/111, "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 
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Inter-Mountain Laboratories, Inc. 
Client: 

Project: 

Sample ID: 

Lab ID: 

Matrix: 

Condition: 

Merit Energy 

Hamilton Dome Cottonwood Creek 

Cottonwood B 

0102W06215 

Water 

Cool/Intact 

Analytical 
Parameter Result 

General Parameters 
Lab pH 8 .3 

Units 

s.u. 
Lab Conductivity @ 25°C 4 .080 µrnhos/cm 
Total Dissolved Solids@ rno·c 3.020 mg/L 
Total Alkalinity as CaC03 384 rng/L 
Total Hardness as CaC03 1,130 mg/L 
Boron 1.1 rng/L 
Total Cyanide <5 µg/L 
Phenols 10 µg/L 
Radium 226 3.3±0.4L pCi/L 
TPH 418.1 <1 mg/L 
Sodium Adsorption Ratio 6.4 

Anions 
Bicarbonate as HC03 4q_8 mg/L 
Chloride 373 mg/L 
Fluoride 1.47 rng/L 
Sulfate 1,260 mg/L 

Cations 
Calcium 279 mg/L 
Magnesium 106 mg/L 
Potassium 47.2 mg/L 
Sodium 498 mg/L 

L - Anaty:zed by a contract laboratory. 

Units 

7.67 meq/L 

10.52 meq/L 

0.08 meq/L 

26.14 meq/L 

13.91 meq/L 

8 .70 meq/L 

1.21 rneq/L 
21 .66 meq/L 

Reference: U.S.E .P.A 600/4-7S-020. "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater·. 19th ed ., 1995. 

1633 Terra Avenue 
Sheridan, WY 8280 1 

Date Received: 04/17/02 

Date Reported: 05/03/02 

Date Sampled: 04/17/02 

Time Sampled: 0822 

Analysis 
POL Method Date Time lnit.. 

0.1 EPA 150.1 04/19/02 21 08 DB 

1 SM 2510 B 04/19/02 2108 DB 

10 SM2540 C 04/19/02 1345 RM 
1.0 SM 2320 B 04/19/02 2108 DB 
1.0 SM 309A 04/23/02 1502 
0.1 EPA200.7 04/23/02 1553 BA 

5 EPA 335.4 05/01/02 1336 KB 
10 EPA420.2 04/24/02 1210 KB 
0.2 EPA 903 05/02/01 0922 MW. 

1 EPA418.1 04/25/02 1349 IA 
N/A NIA 04/23/02 1502 

1.0 SM2320 B 04/19/02 2108 DB 
5 .0 EPA300.0 04/19/02 0730 DB 
0.08 SM4500-F 04/19/02 21_08 DB 
10 EPA300.0 04/19/02 0730 DB 

1.0 EPA200.7 04/23/02 1502 BA 
1.0 EPA200 .7 04/23/02 1502 BA 
0 .2 EPA200.7 04/23/02 1502 BA 
0.2 EPA200.7 04/23/02 1502 BA 

EPA 600/R94/111 , "Methods for the Determination of Metals in Em,,ronmental Samples-Supplement I", May 1994 
EPA 600/R93/100. "Method~foi the Determination of Inorganic Substances in Environmental Samples", Aug . 1993. 

Reviewed By: It"~ 
Wade Nieuwsma, Water Lab Supervisor 
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Inter-Mountain Laboratories, Inc. 
Client: 

Project: 

Sample ID: 

lab ID: 

Matrix: 

Condition: 

Merit Energy 

Hamilton Dome Cottonwood Creel< 

Cottonwood B 

0102W06215 

Water 

Cool/Intact 

Analytical 
Parameter Result 

Dissolved Metals 
Cadmium <0.1 

Chromium <1 

Copper 3 

Iron <30 
Lead <2 

Manganese 120 , 

Mercury <0.06 
Nickel <10 

Silver <3 
Zinc <10 

Total Metals 
Aluminum 150 
Antimony <5 

Arsenic <1 

Barium <100 
Beryllium <0.9 
Selenium 26 
Thallium <10 

Units 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

3076347851 p.6 

1633 Terra Avenue 
Sheridan, Wf 8280 

Date Received: 04/17/02 

Date Reported: 05/03/02 

Date Sampled: 04/17/02 

Time Sampled: 0822 

Analysis 
Units POL Method Date Time lnil 

0.1 EPA 200.8 04/25/02 0943 MS 
1 EPA200.9 04/19/02 0926 MH 
1 EPA200.8 04/25/02 0943 MS 

30 EPA200.7 04123/02 1555 BA 

2 EPA200.8 04/25/02 0943 MS 
10 EPA200.7 04/23/02 1555 BA 

0.06 EPA 245.1 04/24/02 1039 MS 
10 EPA200.7 04/23/02 1555 BA 
3 EPA200.8 04/25/02 0943 MS 
10 EPA200.7 04/23/02 1555 BA 

50 EPA200.7 04123/02 1502 BA 

5 EPA200.8 04125/02 0935 MS 
1 EPA200.8 04/25/02 0935 MS 
100 EPA200.8 04/25/02 0935 MS 
0.9 EPA200.7 04/23/02 1502 BA 
5 EPA200.8 04/25/02 0935 MS 
10 EPA200.8 04/25/02 0935 MS 

Reference: EPA 600/R94/111 "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 
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lnter·mounto.in Lo.bo,o.torles, Inc. 

Client: Merit Energy 1633 Terra Avenue 
Sheridan, WY 8280 

Project: Hamilton Dome 

Sample ID: Cottonwood 8 
Date Received: 06/21/02 

Lab ID: 0102W12296 
Date Reported: 07/15/02 

Matrix: Water 
Date Sampled: 06/21/02 

Condition: Cool/Intact 
Time Sampled: 1003 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Field Parameters 
Field pH 8.10 s.u. 0.1 EPA 150.1 

Field Conductivity 4,840 µmhos/cm 0.1 SM 2510 B 

Field Temperature 18.8 ·c 0.1 Field 

General Parameters 
Lab pH 8.2 s .u. 0 .1 EPA 150.1 06/25/02 0049 DB 

Lab Conductivity @ 25°C 4,980 µmhos/cm 1 SM 2510 B 06125102 0049 DB 
Total Dissolved Solids@ 180°C 3,740 mg/L 10 SM 2540C 06/24/02 1330 DB 
Total Alkalinity as CaC03 308 mg/L 1.0 SM 23208 06/25/02 0049 DB 

Total Hardness as CaC03 1,310 mg/L 1.0 SM 309A 07/03/02 1125 

Boron 1.6 mg/L 0.1 EPA 200.7 07/03/02 1239 BA 
Total Cyanide <5 µg/L 5 EPA 335.4 07/01/02 1346 KB 
Phenols 250 µg/L 10 EPA 420.2 06/26/02 1519 KB 
Radium 226 1.8±0.4l pCi/L 0.2 EPA903 07/02/02 1144 cs 
TPH 418.1 <1 mg/L 1 EPA 418.1 07/01/02 1210 LA 
Sodium Adsorption Ratio 7.2 N/A NIA 07/03/02 1125 

Anions 
Bicarbonate as HC03 375 mg/L 6.15 meq/L 1.0 SM 2320 B 06/25/02 0049 DB 
Chloride 492 mg/L 13.88 rneq/L 5.0 EPA 300.D 06/25/02 0710 LH 
Fluoride 1.69 mg/L 0.09 meq/L 0.08 SM 4500-F-C 06/25/02 0049 DB 
Sulfate 1,700 mg/L 35.35 meq/L 10 EPA 300.0 06/25/02 0710 LH 

Cations 
Calcium 301 mg/L 15.02 meq/L 1.0 EPA 200.7 07 /03/02 1125 BA 
Magnesium 136 mg/l 11.19 meq/L 1.0 EPA 200.7 07 /03/02 1125 BA 
Potassium 64.5 mg/L 1.65 meq/L 0.2 EPA 200.7 07/03/02 1125 BA 
Sodium 597 mg/L 25.97 meq/L 0.2 EPA 200.7 07/03/02 1125 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater·. 19th ed., 1995. 
EPA 600/R94/111, "Methods for the Determination of Metals in Environmental Samples-Supplement I". May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Sc1mples", Aug . 1993. 

Reviewed By· W ('\} 
Wade Nieuwsma, Water Lab Supervisor 
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lnter·ffiountain Laboratories, Inc. 

1633 Terra Avenue 
Sheridan, WY 8280 

Client: Merit Energy 

Project: Hamilton Dome 

Sample ID: Cottonwood B 
Date Received: 06/21/02 

Date Reported: 07/15/02 
Lab ID: 0102W12296 
Matrix: Water 

Date Sampled: 06/21/02 
Condition: Cool/Intact 

Time Sampled: 1003 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time !nit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA200.8 07/09/02 1032 MS 
Chromium <1 µg/L 1 EPA200.9 06/25/02 0904 MH 
Copper 4 µg/l 1 EPA 200.8 07/09/02 1032 MS 
Iron <30 µg/L 30 EPA 200.7 07/03/02 1239 BA 
Lead <2 µg /l 2 EPA 200.8 07/09/02 1032 MS 
Manganese <10 µg/L 10 EPAZ00.7 07/03/02 1239 BA 
Mercury <0.06 µg/L 0.06 EPA 245.1 06/28/02 1004 MS 
Nickel <10 µg/l 10 EPA 200.7 07/03/02 1239 BA 
Silver <3 µg/L 3 EPA 200.8 07/09/02 1032 MS 
Z inc <10 µg/L 1.0 EPA 200.7 07/03/02 1239 BA 

Total Metals 
Aluminum 80 µg!L 50 EPA 200.7 07/13/02 1125 BA 
Antimony <5 µg/L 5 EPA 200.8 07/09/02 0924 MS 
Arsenic 3 µg/L 1 EPA 200.8 07/09/02 0924 MS 
Barium <100 µg/l 100 EPA 200.8 07/09/02 0924 MS 
Beryllium 2.4 µg/l 0.9 EPA 200.7 07/13/02 1125 6A 
Selenium 25 µg/L 5 EPA 200.8 07/09/02 0924 MS 
Thallium <10 µg/l 10 EPA 200.8 07/09/02 0924 MS 

Reference: EPA 600/R94/111 . "Methods for the Determination of Metals in Environmental Samples-Supplement I" May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 



Inter-Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 82801 

Sample ID: Cottonwood@ 8 . H. R. 
Date Received: 03/20/02 

Lab ID: 0102W04328 
Date Reported: 04/09/02 

Matrix: Water 
Date Sampled: 03/20/02 

Condition: Cool/Intact 
Time Sampled: 1139 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Field Parameters 
Field pH 8.16 s.u . 0.1 EPA 150.1 

Field Conductivity 3,840 µmhos/cm 0.1 SM 2510 B 

Field Temperature 1.6 ·c 0.1 Field 

General Parameters 
Lab pH 8.1 s.u. 0.1 EPA 150.1 03/21/02 1923 DB 

Lab Conductivity @ 25°C 3,920 µmhos/cm SM 2510 B 03/21/02 1923 DB 

Total Dissolved Solids@ 180°C 2,860 mg/L 10 SM 2540 C 03/22/02 1 300 RM 
Total Alkalinity as CaC03 351 mg/L 1.0 SM 2320 B 03/21/02 2031 DB 

Total Hardness as CaC03 999 mg/L 1.0 SM 309A 03/27 /02 1442 

Boron 1.1 mg/L 0.1 EPA 200.7 03/27 /02 1723 BA 
Total Cyanide <5 µg/L 5 EPA 335.4 04/01/02 1053 KB 
Phenols 10 µg/L 10 EPA 420.2 04/02/02 1144 KB 
Radium 226 2.3±0.3L pCi/L 0.2 EPA 903 04/04/02 1627 TR 

TPH 418.1 <1 mg/L EPA418.1 03/27/02 1315 LA 

Sodium Adsorption Ratio 7.0 NIA NIA 03/27 /02 1442 

Anions 
Bicarbonate as HC03 428 mg/L 7.02 meq/L 1.0 SM 2320 B 03/21/02 2031 DB 

Chloride 356 mg/L 10.05 meq/L 5.0 EPA 300.0 03/21/02 0820 LH 

Fluoride 1.3 mg/L 0.07 meq/L 0.1 SM 2540 F 03/21/02 2031 DB 

Sulfate 1,170 mg/L 24.41 meq/L 10 EPA 300.0 03/21/02 0820 LH 

Cations 
Calcium 239 mg/L 11.95 meq/L 1.0 EPA 200.7 03/27/02 1442 BA 

Magnesium 97.4 mg/L 8.02 meq/L 1.0 EPA 200.7 03/27 /02 1442 BA 

Potassium 44.0 mg/L 1.13 meq/L 0.2 EPA 200.7 03/27 /02 1442 BA 

Sodium 512 mg/L 22.25 meq/L 0.2 EPA 200.7 03/27 /02 1442 BA 

L -Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater' ', 19th ed., 1995. 
EPA 600/R94/1 11, "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug. 1993. 

Reviewed By: We 
Wade Nieuwsma, Water Lab Supervisor 



Inter-Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 82801 

Sample ID: Cottonwood @ a. H. R. 
Date Received: 03/20/02 

Lab ID: 0102W04328 
04/09/02 

Matrix: Water 
Date Reported: 

Date Sampled: 03/20/02 
Condition: Cool/Intact 

Time Sampled: 1139 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA 200.8 03/25/02 1113 MS 
Chromium <1 µg/L EPA 200.9 03/25/02 0945 MH 

Copper 2 µg/L 1 EPA 200.8 03/25/02 1113 MS 

Iron <30 µg/L 30 EPA 200.7 03/27 /02 1723 BA 
Lead <2 µg/L 2 EPA 200.8 03/25/02 1113 MS 
Manganese 30 µg/L 10 EPA 200.7 03/27 /02 1723 BA 

Mercury <0.06 µg/L 0.06 EPA 245.1 03/26/02 0916 MS 
Nickel <10 µg/L 10 EPA 200.7 03/27/02 1723 BA 

Silver <3 µg/L 3 EPA 200.8 03/25/02 1113 MS 
Zinc <10 µg/L 10 EPA 200.7 03/27/02 1723 BA 

Total Metals 
Aluminum 3,960 µg/L 50 EPA 200.7 03/27/02 1611 BA 

Antimony <5 µg/L 5 EPA 200.8 03/25/02 1529 MS 

Arsenic <1 µg/L EPA200.8 03/25/02 1529 MS 

Barium <100 µg/L 100 EPA 200.8 03/25/02 1529 MS 

Beryllium <0.9 µg/L 0.9 EPA 200.7 03/27/02 1611 BA 

Iron 4,420 µg/L 30 EPA 200.7 03/27/02 1611 BA 

Manganese 240 µg/L 10 EPA 200.7 03/27/02 1611 BA 

Selenium 29 µg/L 5 EPA 200.8 03/25/02 1529 MS 

Thallium <10 µg/L 10 EPA 200.8 03/25/02 1529 MS 

Reference: EPA 600/R94/111 , "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 
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lnter~Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Sheridan, WV 82801 
Project: Hamilton Dome Cottonwood Creek 

Sample ID: Cottonwood @BHR 
Date Received: 04/17/02 

Lab ID: 0102W06216 
Date Reported: 05/03/02 

Matrix: Water 
Date Sampled; 04/17/02 

Condition; Cool/Intact 
Time Sampled; 1319 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

General Parameters 
lab pH 8.3 s.u. 0 .1 EPA 150.1 04/19/02 2119 DB 

lab Conductivity @ 2s·c 6 ,560 µmhos/cm 1 SM 2510 B 04/19/02 2119 DB 
Total Dissolved Solids@ 180°C 4,970 rng/l 10 SM 2540 C 04/19/02 1345 RM 
Total Alkalinity as CaC03 413 rng/l 1.0 SM 2320 B 04/19/02 2119 DB 
Total Hardness as CaC03 1,540 mg/L 1.0 SM 309A 04/23/02 1502 
Boron 1.4 mg/L 0.1 EPA200.7 04/23/02 1 553 BA 
Total Cyanide <5 µg/L 5 EPA335.4 05/01/02 1336 KB 
Phenols 30 µg/l 10 EPA420.2 04/24/02 1214 KB 
Radium 226 0.9±0.2L pCi/L 0.2 EPA903 05/02/01 0922 MW 
TPH 418.1 <1 mg/L 1 EPA418.1 04/25/02 1349 LA 
Sodium Adsorption Ratio 10.7 N/A NIA 04123102 1502 

Anions 
Bicarbonate as HC03 503 mg/L 8.25 meq/L 1.0 SM 2320 B 04/19/02 2119 DB 
Chloride 563 mg/L 15.87 meq/L 5.0 EPA 300.0 04/19/02 0730 DB 
Fluoride 0:99 mg/L 0.05 meq/L 0.08 SM 4500-F 04/19/02 2119 DB 
Sulfate 2,410 mg/L 50.12 meq/L 10 EPA 300.0 04/t 9/02 0730 DB 

Cations 
Calcium 286 rng/L 14.27 meq/L 1.0 EPA 200.7 04/23/02 1 502 BA 
Magnesium ?01 mg/L 16.54 meq/L 1.0 EPA200.7 04/23/02 1 502 BA 
Potassium 24.7 mg/L 0.63 rneq/L 0.2 EPA200.7 04/23/02 1 502 BA 
Sodium 964 mg/L 41.93 meq/L 0.2 EPA200.7 04/23/02 1502 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater", 19th ed., 1995. 
EPA 600/R94/111 , "Methods for the Detemiination of Metals in Environmental Samples-Supplement I". May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug. 1993. 

Reviewed By: (&J rJ 
Wade Nieuwsma, Water Lab Supervisor 
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Inter-Mountain Laboratories, Inc. 
Clien1: 

Project: 

Sample ID: 

Lab ID: 

Matrix: 

Condition: 

Merit Energy 

Hamilton Dome Cottonwood Creek 

Cottonwood @BHR 

0102W06216 

Water 

Cool/Intact 

Analytical 
Parameter Result 

Dissolved Metals 
Cadmium <0.1 

Chromium <1 

Copper 3 

Iron <30 

Lead <2 

Manganese 150 

Mercury <0.06 

Nickel <10 

Silver <3 

Zinc <10 

Total Metals 
Aluminum 190 

Antimony <5 

Arsenic <1 

Barium <100 
Beryllium <0.9 

Selenium 36 
Thallium <10 

Units 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

µg/L 

ug/L 

3076347851 p.8 

1633 Terra Avenue 
Sheridan. WY 828( 

Date Received: 04/17/02 

Date Reported: 05/03/02 

Date Sampled: 04/17/02 

Time Sampled: 1319 

Analysis 
Units PQL Method Date Time lnit 

0.1 EPA 200.8 04/25/02 0946 MS 
1 EPA 200.9 04/19/02 0926 MH 

EPA200.8 04/25/02 0946 MS 
30 EPA200.7 04/23/02 1557 BA 
2 EPA 200.8 04/25/02 0946 MS 
10 EPA 200.7 04/23/02 1557 BA 
0.06 EPA 245.1 04/24/02 1 039 MS 
10 EPA 200.7 04/23/02 1557 BA 
3 EPA200.8 04125102 0946 MS 
10 EPA 200.7 04/23/02 1557 BA 

50 EPA 200.7 04123/02 1502 BA 

5 EPA200.8 04/25/02 0938 MS 
EPA 200.8 04/25/02 0938 MS 

100 EPA200.8 04/25/02 0938 MS 
0.9 EPA200.7 04/23/02 1502 BA 
5 EPA200.8 04/25/02 0938 MS 

10 EPA 200.8 04/25/02 0938 MS 

Reference: EPA 600/R94/111 , "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 
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lnte,·ffiountoin Lobo,ato,ies, Inc. 

Client: Merit Energy 1633 Terra Avenue 
Sheridan. WY 8280 

Project: Hamilton Dome 

Sample ID: Cottonwood @ BHR 
Date Received: 06/21/02 

Lab ID: 0102W12298 
Date Reported: 07/15/02 

Matrix: Water 
Date Sampled: 06/21/02 

Condition: Cool/Intact 
Time Sampled: 1144 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time . lnit. 

Field Parameters 
Field pH 8.05 s.u. 0.1 EPA 150.1 
Field Conductivity 8.900 µmhos/cm 0.1 SM 2510 8 
Field Temperature 25.9 ·c 0.1 Field 

General Parameters 
Lab pH 8.2 s.u. 0.1 EPA 150.1 06/25/02 0135 DB 
Lab Conductivity @ 2s·c 9,310 µmhos/cm 1 SM2510 B 06/25/02 0135 DB 
Total Dissolved Solids@ rno·c 7.320 mg/L 10 SM 2540 C 06/24/02 1330 DB 
Total Alkalinity as CaC03 520 mg/L 1.0 SM 23206 06/25/02 0135 DB 
Total Hardness as CaC03 1,680 mg/L 1.0 SM 309A 07/03/02 1125 
Boron 2.1 mg/L 0.1 EPA200.7 07/03/02 1245 BA 
Total Cyanide <5 µg/L 5 EPA 335.4 07/01/02 1348 KB 
Phenols 210 µg/L 10 EPA420.2 06/26/02 1519 KB 
Radium 226 0.3±0.2L pCi/L 0.2 EPA903 07/02/02 1144 cs 
TPH 418. 1 <1 mg/L 1 EPA 418.1 07/01/02 1210 LA 
Sodium Adsorption Ratio 17.2 N/A NIA 07/03/02 1125 

Anions 
Bicarbonate as HC03 634 mg/L 10.40 meq/L 1.0 SM 2320 B 06/25/02 0135 DB 
Chloride 803 mg/L 22.67 meq/L 5.0 EPA 300.0 06/25/02 0710 LH 
Fluoride 1.21 mg/L 0.06 meq/L 0.08 SM4500-F-C 06/25/02 0135 DB 
Sulfate 3,270 mg/L 68.02 meq/L 10 EPA 300.0 06/25/02 0710 LH 

Cations 
Calcium 340 mg/L 16.96 meq/L 1.0 EPA 200.7 07/03/02 1125 BA 
Magnesium 202 mg/L 16.60 meq/L 1.0 EPA 200.7 07/03/02 1125 BA 
Potassium 22.8 mg/L 0.58 meq/L 0.2 EPA 200.7 07/03/02 1125 BA 
Sodium 1,620 mg/L 70.32 meq/L 0.2 EPA200.7 07/03/02 1125 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes·. 1983. 
"Standard Methods For The Examination of Water and Wastewater" , 19th ed., 1995. 
EPA 600/R94/111, "'Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600/R93/100. "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug. 1993. 

Reviewed By: [;} I\.} 
Wade Nieuwsma. Water Lab Supervisor 
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lnte,·ffiountnin LobofQtories, Inc. 

Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 828( 

Sample ID: Cottonwood @ BHR 
Date Received: 06/21/02 

Lab ID: 0102W1229& 

Matrix: Water 
Date Reported: 07/15/02 

Date Sampled: 06/21/02 
Condition: Cool/Intact 

Time Sampled: 1144 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA200.8 07/09/02 1037 MS 

Chromium <1 µg/L EPA 200.9 06/25/02 0904 MH 
Copper 9 µg/L EPA 200.8 07/09/02 1037 MS 
Iron <30 . µg/L 30 EPA 200.7 07/03102 1245 BA 
Lead <2 µg/L 2 EPA 200.8 07/09/02 1037 MS 
Manganese <10 µg/L 10 EPA 200.7 07/03/02 1245 BA 
Mercury <0.06 µg/l 0.06 EPA 245.1 06/28/02 1004 MS 
Nickel <10 µg/L 10 EPA 200.7 07/03/02 1245 BA 
Silver <3 µg/L 3 EPA 200.8 07109102 1037 MS 

Zinc <10 µg/L 10 EPA200.7 07/03/02 1245 BA 

Total Metals 
Aluminum 310 µg/L 50 EPA 200.7 07/13102 1125 BA 

Antimony <5 µg/L 5 EPA 200.8 07/09/02 0929 MS 
Arsenic <1 µg/L 1 EPA 200.8 07/09/02 0929 MS 
Barium <100 µg/L 100 EPA200.8 07/09/02 0929 MS 
Beryllium <0.9 µg/l 0.9 EPA 200.7 07/13/02 1125 BA 

Selenium 67 µg/L 5 EPA 200.8 07/09/02 0929 MS 
Thallium <10 µg/l 10 EPA 200.8 07/09/02 0929 MS 

Reference: EPA 600/R94/111, "'Methods for the Determination of Metals in Environmental Samples-Supplement I'', May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 



Inter-Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 82801 

Sample ID: WY0000680 
Date Received: 03/20/02 

Lab ID: 0102W04324 
04/09/02 

Matrix: Water 
Date Reported: 

Date Sampled: 03/20/02 
Condition: Cool/Intact 

Time Sampled: 0843 

Analytical Analysis 
Parameter Result Units Units POL Method Date Time lnit. 

Field Parameters 
Field pH 7.80 s.u. 0.1 EPA 150.1 

Field Conductivity 4,180 µmhoslcm 0.1 SM 2510 B 

Field Temperature 42.2 ·c 0.1 Field 

General Parameters 
Lab pH 8.0 s.u. 0.1 EPA 150.1 03121102 1923 DB 

Lab Conductivity @ 25°C 4,430 µmhoslcm 1 SM 2510 B 03121102 1923 DB 

Total Dissolved Solids@ 180°C 3,310 mglL 10 SM 2540 C 03122102 1300 RM 
Total Alkalinity as CaC03 1,050 mglL 1.0 SM 2320 B 03121102 1923 DB 

Total Hardness as CaC03 1,650 mglL 1.0 SM 309A 03127/02 1442 

Boron 1.4 mglL 0.1 EPA 200.7 03127102 1715 BA 

Total Cyanide <5 µglL 5 EPA 335.4 04101102 1049 KB 

Phenols 50 µglL 10 EPA420.2 04102102 1127 KB 

Radium 226 38.6±3.8L pCilL 0.2 EPA 903 04104102 1627 TR 

TPH418.1 4 mg/L EPA 418.1 03127102 1315 LA 
Sodium Adsorption Ratio 4.4 NIA NIA 03127102 1442 

Anions 
Bicarbonate as HC03 1,270 mglL 20.90 meqlL 1.0 SM 2320 B 03121102 1923 DB 

Chloride 392 mglL 11 .05 meq/L 5.0 EPA 300.0 03/21102 0820 LH 

Fluoride 3.3 mglL 0.17 meqlL 0.1 SM 2540 F 03121102 1923 DB 

Sulfate 878 mglL 18.29 meqlL 10 EPA 300.0 03121102 0820 LH 

Cations 
Calcium 514 mglL 25.65 meqlL 1.0 EPA200.7 03127102 1442 BA 

Magnesium 89.7 mglL 7.38 meqlL 1.0 EPA 200.7 03127102 1442 BA 

Potassium 88.2 mglL 2.26 meqlL 0.2 EPA 200.7 03127102 1442 BA 

Sodium 413 mglL 17.94 meqlL 0.2 EPA 200.7 03127102 1442 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater", 19th ed., 1995. 
EPA 600IR941111, "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600IR931100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug. 1993. 

Reviewed By: (J/ rJ 
Wade Nieuwsma, Water Lab Supervisor 



! Inter-Mountain Laboratories, Inc. l 
I 

Client: Merit Energy 1633 Terra Avenue 
Sheridan, WY 82801 

{ Project: Hamilton Dome 

~ 
I Sample ID: WY0000680 ) 

Date Received: 03/20/02 
Lab ID: 0102W04324 \ 

Date Reported: 04/09/02 
Matrix: Water 

Date Sampled: 03/20/02 
Condition: Cool/Intact 

Time Sampled: 0843 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 

r 
Cadmium <0.1 µg/L 0.1 EPA 200.8 03/25/02 1103 MS 

Chromium <1 µg/L EPA 200.9 03/25/02 0945 MH 

Copper 4 µg/L EPA 200.8 03/25/02 1103 MS 

Iron <30 µg/L 30 EPA 200.7 03/27 /02 1715 BA 

Lead <2 µg/L 2 EPA 200.8 03/25/02 1103 MS 

Manganese 30 µg/L 10 EPA 200.7 03/27/02 1715 BA 

,, Mercury <0.06 • µg/L 0.06 EPA 245.1 03/26/02 0916 MS 

! Nickel <10 µg/L 10 EPA 200.7 03/27/02 1715 BA 

Silver <3 µg/L 3 EPA 200.8 03/25/02 1103 MS 

Zinc <10 µg/L 10 EPA 200.7 03/27 /02 1715 BA 

Total Metals 
Aluminum <50 µg/L 50 EPA 200.7 03/27 /02 1603 BA 

Antimony <5 µg/L 5 EPA 200.8 03/25/02 1519 MS 

Arsenic 6 µg/L EPA 200.8 03/25/02 1519 MS 

Barium <100 µg/L 100 EPA 200.8 03/25/02 1519 MS 

Beryllium <0.9 µg/L 0.9 EPA 200.7 03/27/02 1603 BA 

Iron <30 µg/L 30 EPA 200.7 03/27 /02 1603 BA 

Manganese 30· µg/L 10 EPA 200.7 --··-·-03/27/02 1603 BA 

Selenium 25 µg/L 5 EPA 200.8 03/25/02 1519 MS 

Thallium <10 µg/L 10 EPA 200.8 03/25/02 1519 MS 

Reference: EPA 600/R94/111, "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 
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Inter-Mountain Laboratories, Inc. 
Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 82801 

Sample ID: WY0000175 
Date Received: 03/20/02 

Lab ID: 0102W04327 
04/09/02 Date Reported: 

Matrix: Water 
Date Sampled: 03/20/02 

Condition: Cool/Intact 
1020 Time Sampled: 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Field Parameters 
Field pH 7.32 s.u. 0.1 EPA 150.1 

Field Conductivity 4,630 µmhos/cm 0.1 SM 2510 B 

Field Temperature 44.0 ·c 0.1 Field 

General Parameters 
Lab pH 7.9 s.u. 0.1 EPA 150.1 03/21/02 1923 DB 

Lab Conductivity @ 25°C 4,830 µmhos/cm SM 2510 B 03/21/02 1923 DB 

Total Dissolved Solids@ 180°C 3,660 mg/L 10 SM 2540 C 03/22/02 1300 RM 

Total Alkalinity as CaC03 1,040 mg/L 1.0 SM 2320 B 03/21/02 2020 DB 

Total Hardness as CaC03 1,650 mg/L 1.0 SM 309A 03/27/02 1442 

Boron 1.6 mg/L 0.1 EPA 200.7 03/27/02 1721 BA 
Total Cyanide <5 µg/L 5 EPA 335.4 04/01/02 1052 KB 

Phenols 30 µg/L 10 EPA 420.2 04/02/02 1140 KB 

Radium 226 43.6±4.0L pCi/L 0.2 EPA 903 04/04/02 1627 TR 

TPH 418.1 5 mg/L 1 EPA418.1 03/27/02 1315 LA 

Sodium Adsorption Ratio 5.4 N/A NIA 03/27/02 1442 

Anions 
Bicarbonate as HC03 1,270 mg/L 20.87 meq/L 1.0 SM 2320 B 03/21/02 2020 DB 

Chloride 392 mg/L 11 .06 meq/L 5.0 EPA 300.0 03/22/02 0942 RM 

Fluoride 3.3 mg/L 0.17 meq/L 0.1 SM 2540 F 03/21/02 2020 DB 

Sulfate 1,250 mg/L 25.98 meq/L 10 EPA 300.0 03/21/02 0820 LH 

Cations 
Calcium 513 mg/L 25.60 meq/L 1.0 EPA 200.7 03/27 /02 1442 BA 

Magnesium 88.9 mg/L 7.32 meq/L 1.0 EPA 200.7 03/27/02 1442 BA 

Potassium 95.2 mg/L 2.43 meq/L 0.2 EPA 200.7 03/27/02 1442 BA 

Sodium 504 mg/L 21 .92 meq/L 0.2 EPA 200.7 03/27/02 1442 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P.A 600/4-79-020, "Methods for Chemical Analysis of Water and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater", 19th ed ., 1995. 
EPA 600/R94/111, "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug . 1993. 

Reviewed By: t ,J fV 
Wade Nieuwsma, Water Lab Supervisor 



I' Inter-Mountain Laboratories, Inc. i 
I, 

1633 Terra Avenue Client: Merit Energy 

Project: Hamilton Dome 
Sheridan, WY 82801 

\ Sample ID: WY0000175 
Date Received: 03/20/02 

Lab ID: 0102W04327 
04/09/02 

Matrix: Water 
Date Reported: 

Date Sampled: 03/20/02 
Condition: Cool/Intact 

Time Sampled: 1020 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA 200.8 03/25/02 1110 MS 

Chromium <1 µg/L EPA 200.9 03/25/02 0945 MH 

Copper 3 µg/L EPA 200.8 03/25/02 111 0 MS 

Iron <30 µg/L 30 EPA 200.7 03/27/02 1721 BA 

Lead <2 µg/L 2 EPA 200,8 03/25/02 1110 MS 

Manganese 30 µg/L 10 EPA 200.7 03/27/02 1721 BA 

Mercury <0,06 µg/L 0.06 EPA 245.1 03/26/02 0916 MS 
(I Nickel <10 µg/L 10 EPA 200.7 03/27/02 1721 BA 
i 
I Silver <3 µg/L 3 EPA 200.8 03/25/02 1110 MS 

Zinc <10 µg/L 10 EPA 200.7 03/27/02 1721 BA 

Total Metals 
Aluminum 70 µg/L 50 EPA 200.7 03/27/02 1609 BA 

Antimony <5 µg/L 5 EPA 200.8 03/25/02 1526 MS 

Arsenic <1 µg/L EPA 200.8 03/25/02 1526 MS 

Barium <100 µg/L 100 EPA 200,8 03/25/02 1526 MS 

Beryllium <0,9 µg/L 0,9 EPA 200.7 03/27 /02 1609 BA 

Iron <30 µg/L 30 EPA 200.7 03/27/02 1609 BA 

Manganese 30 µg/L 10 EPA 200.7 03/27/02 1609 BA 

Selenium 37 µg/L 5 EPA 200.8 03/25/02 1526 MS 

Thallium <10 µg/L 10 EPA 200.8 03/25/02 1526 MS 

Reference: EPA 600/R94/11 1 "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By: 

Wade Nieuwsma, Water Lab Supervisor 
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lnter·ffiountoln LGbomtorles, Inc. 

Client: Merit Energy 1633 Terra Avenue 

Project: Hamilton Dome 
Sheridan, WY 828( 

Sample ID: Hot Springs 
Date R"eceived: 06/21/02 

Lab ID: 0102W12297 
Date Reported: 07/15/02 

Matrix: Water 
Date Sampled: 06/21/02 

Condition: Cool/Intact 
Time Sampled: 1106 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit 

Field Parameters 
Field pH 6 .40 s.u. 0.1 EPA 150.1 

Field Conductivity 2,850 µmhos/cm 01 SM 2510 B 
Field Temperature 48.8 ·c 0.1 Field 

General Parameters 
Lab pH 7.7 s .u. 0 .1 EPA 150.1 06/25/02 0123 DB 
Lab Conductivity @ 25°C 2,810 µmhos/cm 1 SM 2510 6 06/25/02 0123 DB 

Total Dissolved Solids@ 180°C 1,920 mg/L 10 SM 2540 C 06/24/02 1330 DB 

Total Alkalinity as CaC03 549 mg/L 1.0 SM 2320 B 06/25/02 0123 DB 
Total Hardness as CaC03 1,040 mg/L 1.0 SM 309A 07/03/02 1125 

Boron 0.6 mg/L 0.1 EPA 200.7 07/03/02 1241 BA 

Total Cyanide <5 µg/L 5 EPA 335.4 07/01/02 1347 KB 
Phenols 30 µg/L 10 EPA420.2 06/26/02 1519 KB 
Radium 226 17.5±1 .1L pCi/L 0.2 EPA 903 07/02/02 1144 cs 
TPH 418.1 <1 mg/L 1 EPA418 1 07/01/02 1210 lA 
Sodium Adsorption Ratio 2 .7 NIA N/A 07 /03/02 11 25 

Anions 
Bicarbonate as HC03 669 mg/L 10.97 meq/L 1.0 SM 2320 B 06/25/02 0123 DB 
Chloride 245 mg/L 6.92 meq/L 5.0 EPA 300.0 06/25/02 0710 LH 
Fluoride 4. 12 mg/L 0.22 meq/L 0.06 SM 4500-F-C 06/25/02 0123 DB 
Sulfate 524 mg/L 10.90 meq/L 10 EPA 300.0 06/25/02 0710 LH 

Cations 
Calcium 315 mg/l 15.72 meq/L 1.0 EPA 200.7 07/03/02 1125 BA 
Magnesium 62.2 mg/L 5.12 meq/L 1.0 EPA 200.7 07 /03/02 1125 BA 
Potassium 37.4 mg/L 0.96 meq/L 0.2 EPA 200.7 07/03/02 1125 BA 
Sodium 199 mg/L 8.66 meq/L 0.2 EPA200.7 07 /03/02 1125 BA 

L - Analyzed by a contract laboratory. 

Reference: U.S.E.P .A 600/4-79-020, "Methods for Chemical Analysis of Waler and Wastes", 1983. 
"Standard Methods For The Examination of Water and Wastewater" ... 191h ed .. 1995. 
EPA 600/R94/111 , "Methods for the Determination of Metals in Envi~',nmental Samples-Supplement I" May 1994 
EPA 600/R93/100, "Methods for the Determination of Inorganic Substances in Environmental Samples", Aug. 1993. 

Reviewed By; W [\!) 
Wade Nieuwsma, Water Lab Supervisor 
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lnte,·ffiounto.in Lo.bomtories, Inc. 

Client: Merit Energy 1633 Terra Avenue 
Sheridan, VI/Y 8280 

Project: Hamilton Dome 

Sample ID: Hal Springs 
Date Received: 06/21/02 

Lab ID: 0102W12297 
Date Reported: 07/15/02 

Matrix: Water 
Date Sampled: 06/21/02 

Condition: Cool/Intact 
Time Sampled: 1106 

Analytical Analysis 
Parameter Result Units Units PQL Method Date Time lnit. 

Dissolved Metals 
Cadmium <0.1 µg/L 0.1 EPA 200.8 07/09/02 1035 MS 
Chromium <1 µg/L 1 EPA 200.9 06/25/02 0904 MH 
Copper 3 µg/L 1 EPA 200.8 07/09/02 1035 MS 

Iron <30 µg/L 30 EPA 200.7 07/03/02 1241 BA 
Lead <2 µg/L 2 EPA200.8 07/09/02 1035 MS 
Manganese 30 µg/L 10 EPA200.7 07/03/02 1241 BA 
Mercury <0.06 µg/L 0.06 EPA245. 1 06/28/02 1 004 MS 

,! Nickel 10 µg/L 10 EPA 200.7 07/03/02 1241 BA 
Silver <3 µg/L 3 EPA 200.8 07/09/02 1035 MS 

Zinc <10 µg/L 10 EPA 200.7 07/03/02 1241 BA 

Total Metals 
Aluminum <50 µg/L 50 EPA 200.7 07/13/02 1125 BA 
Antimony <5 µg/L 5 EPA zoo.a 07 /09/02 0926 MS 
Arsenic 5 µg/L 1 EPA 200.8 07/09/02 0926 MS 
Barium <100 µg/L 100 EPA 200.8 07/09/02 0926 MS 
Be,yllium <0.9 µg/L 0.9 EPA 200.7 07/13/02 1125 BA 
Selenium 11 µg/L 5 EPA 200.8 07109102 0926 MS 
Thallium <10 µg/L 10 EPA 200.8 07 /09/02 0926 MS 

Reference: EPA 600/R94/111. "Methods for the Determination of Metals in Environmental Samples-Supplement I", May 1994 

Reviewed By· 

Wade Nieuwsma. Water Lab Supervisor 
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Y-M-D CFS s.u. 
BEG REC END REC SOURCE STATION DISCH L DISCH H FPH L FPH H 
19850812 
19820812 
19820812 
19790613 
19760402 
19770510 
19770510 
19700930 
19790613 
19790613 
19700930 
19770411 
19760520 
19760402 
19830830 
19650626 

BEG_REC 
END_REC 
_l 
_H 
DISCH 
FPH 
LPH 
FCOND 
LCOND 
ALK 
TDS 
SAR 
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INTRODUCTION 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field located in Hot 

Springs County, Wyoming. Merit Energy Company applied for and received two NPDES permits to 

discharge produced water from the Hamilton Dome Field into unnamed tributaries that eventually 

flow into Cottonwood Creek. The Water Quality Division (WQD) of the Wyoming Department of 

Environmental Quality (DEQ) recently updated Water Quality Rules and Regulations, Chapter I, to 

comply with the federal Clean Water Act that requires all surface water be swimmable and fishable. 

Wyoming WQD was required to make changes to their statewide water classification system. Until 

the recent update of Chapter 1, the classification of the tnbutaries and Cottonwood Creek was Class 

4. The tributaries are now class 3B and Cottonwood Creek is now class 2C. 

The new classifications require a chloride limit in Cottonwood Creek of 230 mg/L where a limit had 

not previously existed. This chloride limit of230 mg/Lis more than 200 mg/L less than the current 

levels of chlorides being discharged at MEC permitted discharge points. Section 33 of Chapter I sets 

up a process where the WQD Administrator may allow site specific criteria. Therefore, MEC has 

decided to petition the WQD Administrator to establish site-specific criteria for chlorides because 

correcting the existing human-caused conditions ( oil field discharge) would cause more environmental 

damage to correct (i.e., remove) than to leave in place. The purpose of this report is to assess the 

potential effects of existing chloride concentrations on the Cottonwood Creek aquatic system. 

METHODS 

Available data on aquatic invertebrates were obtained from the Wyoming Department of 

Environmental Quality Water Quality Division (WDEQ-WQD) for three stations along Cottonwood 

Creek. Data on fish in Cottonwood Creek were obtained from the Wyoming Game and Fish 

Department (WGFD). These data were supplemented with data collected during other portions of 

the 2002 WEST study to evaluate selenium levels in fish and aquatic invertebrates. Data on aquatic 

invertebrate and fish abundance, composition, and sensitivity to chloride were used to assess potential 

effects of the existing chloride concentrations in Cottonwood Creek on the aquatic community. 
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RESULTS 

Aquatic invertebrate data collected by WDEQ are presented in the Terrestrial and Aquatic Wildlife 

Report (Appendix E). These data indicate that Cottonwood Creek supports a diverse and abundant 

macroinvertebrate community. Densities at the three sites ranged from 641 to 1196 individuals per 

square meter. The number of invertebrate taxa identified at each site ranged from 29 to 35. At each 

station, the proportion of the invertebrates comprised of Ephemeroptera (mayfly), Plecoptera 

(stonefly), and Trichoptera ( caddisfly) taxa ranged from 28% to 49% and averaged 42%. Presence of 

large numbers of these taxa is important because they are generally considered to be pollution 

sensitive and good indicators of overall water/habitat quality. Ponds supported by produced water 

either directly (i.e., Lake Charlie) or indirectly (ponds receiving irrigation return flows) were also 

found to have a diverse aquatic invertebrate community during sampling to document selenium 

concentrations ( see Selenium Report in this appendix, and Aquatic and Terrestrial Wildlife report in 

Appendix E). 

Cottonwood Creek supports a diverse assemblage of fish. It is managed by the WGFD as a unique 

species fishery, with emphasis on management of native nongame species and Yellowstone cutthroat 

trout (Welker, M. 2000. Basin Management Plan: Middle Big Hom River. Wyoming Grune and Fish 

Department, Cheyenne. 9 pp.). Native fish species documented in Cottonwood Creek by the WGFD 

include flathead chub, fathead minnow, lake chub, longnose sucker, mountain sucker, stonecat, white 

sucker, and Yellowstone cutthroat. Introduced species documented in Cottonwood Creek include 

carp, plains killifish, and rainbow trout. The Wyoming Game and Fish Department sampled five 

locations along Cottonwood Creek downstream of Hamilton Dome discharge in May 1990, and 

documented the presence of plains killifish, flathead chub, and longnose sucker. More recently 

( spring 1999), the WGFD sampled fish at two locations along Cottonwood Creek downstream of the 

discharge. At one station located approximately 14 miles downstream of the discharge, two species 

of game fish (rainbow trout and Yellowstone cutthroat trout) were documented along with several 

species ofnongame fish, including white sucker, longnose sucker, mountain sucker, carp, longnose 

dace, fathead minnow, and plains killifish. At the other station located near the confluence with the 

Bighorn River, several species ofnongame fish including white sucker, longnose sucker, mountain 
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sucker, carp, lake chub, flathead chub, fathead minnow, and plains killifish were documented. During 

sampling conducted by WEST, Inc. in August 2002 at three locations along Cottonwood Creek, 

nongame fish were documented at each location. Several species were present including longnose 

dace, plains killifish, longnose sucker, fathead minnow, flathead chub, and white sucker. 

Further evaluations of the effect of existing chloride concentrations in Cottonwood Creek can be 

made by examining chloride toxicity data for species present in Cottonwood Creek. The national 

chloride criterion are based on published toxicity data for 13 taxa representing 11 families (U.S. EPA. 

1988. Ambient Water Quality Criteria for Chloride - 1988, EPA 440/5-88-001). Of these 13 taxa, 

two species of fish and six species of aquatic invertebrates occur in Cottonwood Creek or a related 

taxa occurs in Cottonwood Creek (Table 1). Of the five species offish for which chloride toxicity 

data exist, only one species (bluegill) is more sensitive to chloride than the two species of fish that 

have been documented in Cottonwood Creek (rainbow trout and fathead minnow). All five 

invertebrate taxa considered the most sensitive to chloride ( caddisfly, midge, isopod, water flea, and 

snail) also either occur in Cottonwood Creek or have a related taxa present in Cottonwood Creek. 

CONCLUSIONS 

The aquatic invertebrate and fish abundance and composition data do not indicate that chloride 

concentrations are having a significant impact in the stream. The fact that several taxa considered the 

most sensitive to chloride toxicity are present in Cottonwood Creek appears to indicate that chloride 

levels are below levels of concern, indicating that the chloride water quality criteria is very 

conservative. 
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Table 1. Chloride toxicity in aquatic organisms ranked from least to most sensitive 

Species Species Mean Acute Value Chronic Value 
(mg/L) (mg/L) 

Fish 

American eel (Anguilla rostrata) 11,940 --
Goldfish (Carassius auratus) 8,906 --
Rainbow trout (Sa/mo gairdnerit 6,743 922.7 

Fathead minnow (Pimephales promelasl 6,570 433.1 

Bluegill (Lepomis macrochirus) 5,870 --

Aguatic Invertebrates 

Mosquito ( Cu/ex sp.) 6,222 --
Midge (Chironomus attenuatus) 4,900 --

Caddisfly (Hydroptila angustat 4,039 --
Midge (Cricotopus trifasciat 3,795 --
Isopod (Lireus fontinalist 2,950 --
Water flea (Daphnia magnat 2,650 --
Snail (Physa gyrinat 2,540 --
Water flea (Daphnia pulext 1,470 372.1 

a species that exists in Cottonwood Creek or has a related taxa in Cottonwood Creek 
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INTRODUCTION 

Merit Energy Company (MEC) produces crude oil at the Hamilton Dome Field located in Hot 

Springs County, Wyoming. Merit Energy Company applied for and received two NPDES permits 

to discharge produced water from the Hamilton Dome Field into unnamed tributaries that eventually 

flow into Cottonwood Creek. The Water Quality Division (WQD) of the Wyoming Department of 

Environmental Quality (DEQ) recently updated Water Quality Rules and Regulations, Chapter 1, to 

comply with the federal Clean Water Act that requires all surface water be swimmable and fishable. 

Wyoming WQD was required to make changes to their statewide water classification system. Until 

the recent update of Chapter 1, the classification of the tributaries and Cottonwood Creek was Class 

4. The tributaries are now class 3B and Cottonwood Creek is now class 2C. 

The new classifications require a chloride limit in Cottonwood Creek of 230 mg/L where a limit had 

not previously existed. To obtain detailed information on water quality, water in tributaries used to 

discharge water and water in Cottonwood Creek both above and below Hamilton Dome discharge 

points were sampled by States West Water Resources personnel in the spring and summer of 2002. 

Although the primary purpose of this sampling was to obtain detailed data on chloride levels, several 

water quality parameters were measured, including selenium. 

Selenium levels were also found to be above existing WQD criteria. The current water criteria for 

selenium are 20 µg/L for acute (one-hour average) levels and 5 µg!L for chronic (4-day average) 

levels. On March 20, 2002, selenium levels were 29 to 31 µg/L in Cottonwood Creek and 25 to 37 

µg!L in Hamilton Dome discharge. Selenium levels in Cottonwood Creek were 26 to 36 µg!L on 

April 17, 2002 and 25 to 67 µg!L on June 21 , 2002. The current water-based criteria were developed 

using data that are now 15 years old (U.S. Environmental Protection Agency [EPA] 1987). After 

reviewing more extensive and recent data, the EPA is proposing that selenium criteria be based on 

fish tissue concentrations, rather than concentrations in water. According to the new proposed 

criteria (EPA 2002), "freshwater aquatic life should be protected if the concentration of selenium in 

whole-body fish tissue does not exceed 7.9 µgig dry weight, and if the short-term average 

concentration of selenium dissolved in the water seldom exceeds 185 µg/L" 
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Selenium is a naturally occurring metalloid and occurs in many soil types. It enters the ground and 

sutface waters through natural weathering processes such as erosion, leaching and runoff. It is 

considered an essential trace element and aquatic and terrestrial organisms require 0.5 µgig dry 

weight of selenium in their diet (EPA 2002). However, at higher levels, selenium is toxic. Among 

the most sensitive aquatic organisms, death can occur at water concentrations of 60 to 600 µg/L, and 

sublethal effects including anemia and reduced hatch of rainbow trout have been shown to occur at 

selenium water concentrations of 47 to 53 µg!L . In areas where selenium concentrates through 

evaporation, it can also pose a threat to migratory birds. For example, severe reproductive effects 

were reported in aquatic birds nesting in irrigation drainwater ponds in California, where selenium 

concentrations in water were 300 µg!L (Eisler 1985). The most important aspect of selenium 

accumulation in aquatic food chains is not direct toxicity to the organisms themselves, but the dietary 

source of selenium that the organisms provide to fish and wildlife. Most selenium in fish tissues 

results from uptake through the diet rather than through water (Lemly 1996). For this reason, a 

water-based criterion is not appropriate for selenium (EPA 2002). 

Section 33 of Chapter 1 sets up a process where the WQD Administrator may allow site specific 

criteria. Therefore, MEC has decided to petition the WQD Administrator to establish site-specific 

criteria for chlorides and selenium because correcting the existing human-caused conditions ( oil field 

discharge) would cause more environmental damage to correct (i.e., remove) than to leave in place. 

As part of this petition, a detailed study of selenium was conducted to (1) obtain additional data 

on selenium levels in Cottonwood Creek; (2) obtain data on selenium levels in areas where 

selenium may be concentrated through evaporation; (3) measure selenium levels in fish tissue for 

comparison to the new proposed chronic criteria; and (4) measure selenium levels in fish and 

aquatic invertebrates to assess the potential for selenium to impact migratory birds in the project 

area. 
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METHODS 

Sampling Design 

The sampling design was developed in conjunction with Mr. Pete Ramirez of the U.S. Fish and 

Wildlife Service Ecological Field Services Office in Cheyenne, WY. The protocol required 

collection of fish, aquatic invertebrate, and water samples at three locations along Cottonwood 

Creek (upper 1/3, mid 1/3 and lower 1/3) (see Figure 1). If available, the protocol dictated 

collection of fish from two size classes ( < 3 and L 3 inches in length). The protocol also 

included collection of as many different invertebrate sample types as possible based on abundance 

and composition of the invertebrate population at each site. 

Collection of aquatic invertebrates and water was also required at three areas of standing Hamilton 

Dome discharge water that might concentrate selenium through evaporation. Fish were not 

present at any of these areas and therefore could not be sampled. No areas of standing water were 

located along Cottonwood Creek. Several old oxbows were examined, but none contained 

standing water. There are two main points of discharge from Hamilton Dome, one on the east 

and one on the west side of the oil field; both discharges contain water from the same formation. 

There were no areas of standing water associated with the east discharge. The only areas of 

standing water available for sampling were associated with the discharge on the west side of the 

oil field, where water is discharged through a natural drainage as well as through an irrigation 

ditch. Discharge through the natural drainage enters an excavated settling pond, known as Lake 

Charlie. The discharge water conveyed by an irrigation ditch is used to irrigate an adjacent 

pasture. Irrigation return flows from this pasture have collected in two ponds backed up by a 

Hamilton Dome access road (see Figure 2). Lake Charlie and these two ponds were selected as 

the standing water sites for sampling. 

Field Methods 

Sampling was conducted on August 21-23, 2002. During this time, Hamilton Dome discharge 

was the only source of water in Cottonwood Creek; there was no water in the stream above the 

discharge and there were no other inputs from tributaries below the discharge. At each 
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Cottonwood Creek station, one grab sample of stream water was collected. A seine was then 

pulled through the stream to collect fish. Both fish size classes ( < 3 and 2.. 3 ") were collected 

at the middle and lower stream reaches; only the smaller size class of fish were collected at the 

uppermost station. A minium of 100 m of stream was sampled with the seine at each location. 

No trout or other game fish were captured in Cottonwood Creek. The nongame fish captured 

included plains killifish, longnose dace, fathead minnow, white sucker, longnose sucker, and 

flathead chub (Table 1). A surber sampler was used to collect aquatic macroinvertebrates in riffle 

habitats. The sampler was seated firmly on the substrate and cobbles were overturned to dislodge 

any invertebrates present. Three invertebrates samples were obtained at each stream site. 

Invertebrates present in the samples were dragonfly nymphs, mayfly nymphs, fly larvae, beetles, 

rotifers, midge larvae, and snails. Because the minimum sample mass required for selenium 

analysis was 1 g, some insect groups were compiled to obtain the necessary sample mass. 

At the three ponds, one grab sample of water from the approximate center of each pond was 

collected. Aquatic invertebrates were collected using several methods. At the two ponds collecting 

irrigation return flows, abundant snail populations were present. One sample of snails was 

collected from each of those ponds by picking up individual snails until a sufficient sample mass 

was obtained. Additional invertebrates were collected in each of the three ponds using a sweep 

net. Transects through each pond were walked while slowly sweeping the net through the water 

column. Finally, light traps were used to passively collect insects on two nights in each pond. 

The light traps consist of a small battery-powered light which is positioned to attract invertebrates 

through a funnel and into a plastic container. Nine invertebrate samples were collected from the 

three ponds. In addition to snails, other invertebrates present in samples included mayfly larvae, 

stonefy larvae, water boatmen, daphnia, fly larvae, midge larvae, aquatic beetles, and copepods. 

In some cases several insect groups were compiled to obtain the minium sample mass required for 

analysis. 

Water grab samples were preserved with nitric acid and submitted for analysis. Fish were 

maintained on ice while in the field and frozen within 24 hours. All invertebrate samples were 
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maintained on ice, sorted into groups, frozen and submitted for analysis within 48 hours of 

collection. 

Laboratory Methods 

Water analyses were conducted by Intermountain Labs (IML), Sheridan, Wyoming. This lab was 

chosen to ensure consistency with earlier analyses IML conducted on water samples collected by 

States West in the spring of 2002. Total selenium levels were determined using EPA method 

600/R94/l l l , "Methods for the Determination of Metals in Environmental Samples-Supplement I", 

May 1994. Selenium concentrations in fish and aquatic .invertebrates were determined by the 

Wyoming State Veterinary Laboratory in Laramie, Wyoming. Each sample was weighed, oven dried, 

and re-weighed, then ground and mixed prior to digestion with a mixture of HN03 and H202. Fish 

samples were homogenized with a blender prior to drying. Digests were analyzed for selenium on 

an Elan ICP-MS by the method of standard additions. Quality control consisted of standard reference 

matenals (e.g. , NRCC DOLT) and selenium-fortified samples. 

RESULTS 

Selenium concentrations in water within Cottonwood Creek measured during this study were 22 

µg/L at the upper reach, 21 µg/L at the middle reach, and 29 µg/L at the lower reach (Table 1). 

Selenium concentrations previously determined at two Cottonwood Creek locations downstream 

of Hamilton Dome averaged 30 µg/L in March 2002, 31 µg/L in April · 2002 and 46 µg/L in June 

2002; the average in August 2002 was 24 µg/L. These data indicate relatively stable selenium 

concentrations in Cottonwood Creek over time. Selenium concentration in the three ponds was 

lowest in Lake Charlie (21µg/L); concentrations in the other two ponds receiving irrigation return 

flows were 32 µg/L and 34µg/L. Selenium concentrations at all stream and pond sampling 

stations were above the current chronic value criteria of 5 µg/L in water (Wyoming Department 

of Environmental Quality 1990). 

Whole body selenium concentrations in fish < 3" in length ranged from 4.69 to 5.49 µgig dry 

weight (dw), and averaged 5.15 µgig dw (Table 2). Concentrations in fish ..2.. 3" in length were 
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4. 76 µgig at the middle reach and 7. 77 µgig at the lower reach, for an average of 6.27 µgig. 

All whole body selenium concentrations in fish were below the new proposed criteria of 7.9 µgig. 

Within Cottonwood Creek, selenium concentrations in aquatic invertebrates ranged from 2.31 

µgig dw in fly larvae collected in the middle reach to 5.57 µgig in mayfly larvae collected in the 

upper reach (Table 3). Invertebrate selenium concentrations were similar along the entire steam 

reach, ranging from 3.34 µgig in the middle reach to 4.86 µgig in the lower reach. The mean 

value for all sampling locations and invertebrate types included in the samples was 4.18 µgig. 

In the three ponds, aquatic invertebrate selenium concentrations ranged from 1.27 µgig dw in a 

sample from Pond 3 (Lake Charlie) containing mayfly and stonefly larvae to 4.76 µgig in a diving 

beetle sample collected at Pond 2 (Table 3). The mean invertebrate selenium concentration in all 

three ponds combined was 3.01 µgig dw. 

CONCLUSIONS 

After reviewing selenium toxicity data for birds, the EPA (2002) concluded that the final chronic 

value of 7. 9 µgig dw in fish tissue is expected to be protective of birds dependent on an aquatic 

food chain. Because all selenium values in fish and aquatic invertebrates measured during this 

study were below this value, no unacceptable impacts should occur to migratory birds consuming 

fish or aquatic invertebrates in the study area. 

To develop the new selenium criteria, acceptable data on the acute effects of selenium in 

freshwater were available for 12 invertebrate species and 11 species of fish (EPA 2002). The 

most sensitive of the 12 invertebrates was a species of Daphnia, and the most sensitive of the 11 

species of fish was fathead minnow. Daphnia were extremely abundant in one of the irrigation 

return flow ponds (Pond 1) sampled during this study, and fathead minnow was documented 

within Cottonwood Creek during this study as well as by the Wyoming Game and Fish 

Department during earlier studies. Presence of these sensitive species provides further evidence 

that the selenium concentrations in Hamilton Dome discharge are below levels of concern. 
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Table 1. Selenium concentrations in water samples collected at invertebrate and fish sample sites 

. ! Sample Site Selenium concentration (µg/L) 

Pond 1 32 

Pond 2 34 

Pond 3 21 

Pond Mean 29 

Cottonwood Creek - upper reach 22 

Cottonwood Creek - middle reach 21 

Cottonwood Creek - lower reach 29 

Cottonwood Creek Mean 24 
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Table 2. Selenium concentrations m fish samples collected from Cottonwood Creek 

Stream Size Species No. in Selenium Concentration 
reach Class sample (µgig dry weight) 

longnose dace (Rhinichthys cataractae) 12 

plains killifish (Fundulus zebrinus) 3 5.26 

l 
Upper <3" 

longnose sucker (Catostomus catostomus) 2 

fathead minnow (Pimephales promelas) 1 

2: 3" none 0 --
plains killifish (Fundulus zebrinus) 15 

<3" longnose dace (Rhinichthys cataractae) 2 4.69 

I 
Middle 

flathead chub (Hybopsis gracilis) 1 

longnose sucker (Catostomus catostomus) 1 
•/ 

2:3" flathead chub (Hybopsis gracilis) 3 4.76 

plains killifish (Fundu/us zebrinus) 29 

white sucker (Catostomus commersoni) 24 5.49 
<3" 

flathead chub (Hybopsis gracilis) 17 

Lower longnose dace (Rhinichthys cataractae) 4 

flathead chub (Hybopsis graci/is) 3 
2: 3" 7.77 

white sucker (Catostomus commersoni) l 

FISH MEAN ( <3 ") 5.15 

FISH MEAN (2: 3 ") 6.27 
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Table 3. Selenium concentrations in aquatic invertebrate samples collected in Cottonwood Creek and at 
three ponds receiving Hamilton Dome discharge. 

Selenium Concentration 
Location Sample Composition (µgig dry weight) 

1 snails (Gastropoda) 1. 71 

mayfly larvae (Ephemeroptera) 4.62 
2 

Pond 1 
stonefly larvae (Plecoptera) 

water boatman (Corixa sp.) 3.66 

3 water flea (Daphnia sp.) 

fly larvae (Diptera) 

midge larvae (Chironomidae) 

Pond 1 Mean 3.33 

1 snails (Gastropoda) 1.75 

mayfly larvae (Ephemeroptera) 4.19 
2 

stonefly larvae (Plecoptera) 

3 
Pond 2 

diving beetle (Dytiscidae) 4.76 

water boatmen (Corixa sp.) 3.02 

beetles (Coleoptera) 

4 
midge larvae (Chironomidae) 

fly larvae (Diptera) 

copepods(Copepoda) 

Pond2Mean 3.43 

mayfly larvae (Ephemeroptera) 1.27 
1 

stonefly larvae (Plecoptera) 

Pond 3 
midge larvae (Chironomidae) 2.12 

water boatmen (Corixa sp.) 

2 
snails (Gastropoda) 

beetles (Coleoptera) 

scud (Gammarus sp.) 

Pond 3 Mean 1.70 

POND MEAN 3.01 
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Table 3 (Continued). Selenium concentrations in aquatic invertebrate samples collected in Cottonwood 
Creek and at three ponds receiving Hamilton Dome discharge. 

Selenium Concentration 
Location Sample Composition (µgig dry weight) 

I dragonfly larvae (Odonata) 4.63 

Cottonwood 2 mayfly larvae (Ephemeroptera) 5.57 

Creek - Upper 
beetles (Coleoptera) 2.78 

3 
snails (Gastropoda) 

Upper Reach Mean 4.33 

Cottonwood I dragonfly larvae (Odonata) 5.23 
Creek - Middle 

2 fly larvae (Diptera) 2.31 

beetles (Coleoptera) 2.48 

3 rotifers (Rotifera) 

fly larvae (Diptera) 

mayfly larvae (Ephemeroptera) 

Middle Reach Mean 3.34 

l dragonfly larvae (Odonata) 4.90 

2 water boatmen (Corixa sp.) 5.31 

Cottonwood 
water strider (Ger;is sp.) 4.38 

Creek - Lower 
3 

mayfly larvae (Ephemeroptera) 

beetles (Coleoptera) 

Lower Reach Mean 4.86 

COTIONWOOD CREEK MEAN 4.18 
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Figure 1. Location of sampling stations along Cottonwood Creek 
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Figure 2. Location of three ponds selected for selenium samples 
Pond 1 is furthest north, Pond 2 is west of Lake Charlie, and Pond 3 is Lake Charlie 
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The Economic Significance of the Hamilton Dome Oilfield 

EXECUTIVE SUMMARY 

Ongoing production of petroleum crude from Merit Energy Company's Hamilton Dome 
field is a significant source of economic stimulus for Hot Springs County and the State of 
Wyoming. This report provides an assessment of the contributions of Merit's Hamilton Dome 
oilfield to the economy of Hot Springs County and the State of Wyoming. In fact, these 
contributions are proxy measures of the adverse impacts that would result from the premature 
closure of the Hamilton Dome field. The report focuses on the following aspects of the economy: 

• the economic stimulus associated with Hamilton Dome employment, purchases of 
goods and services, payment of taxes and the associated multiplier effect, 

• the effect of Hamilton Dome tax payments on the Hot Springs County tax base and 
the taxing entities who rely on these payments to help fund services provided to 
residents, including students enrolled in local public schools, 

• hay and livestock production along Cottonwood Creek supported by the discharge of 
produced water from the Hamilton Dome; and, 

• the significance of Hamilton Dome crude oil to the Wyoming refining industry and 
the production of asphalt and road oil. 

The substantial negative economic impacts in Hot Springs County that would accrue to residents, 
businesses and local governmental entities with premature closure should be taken into account 
in the overall assessment of the benefits and costs associated with compliance with Class 2C 
water quality standards. 

Economic Contributions of Hamilton Dome 

Annual crude production from the Hamilton Dome field averaged 1.67 million barrels 
over the past five years. 

• Employment and Labor Income: Based on annual operating expenses averaged over 
the past five years, Hamilton Dome supports an estimated 186 jobs in the State of 
Wyoming including 136 jobs in Hot Springs County (about 4 percent of total 
employment in the county in 2000) and 50 jobs elsewhere in Wyoming. The 
associated Hamilton Dome labor income impact in Hot Springs County totals $4.07 
million (about 7 percent of total labor income in the county in 2000) and $2.54 
million elsewhere in Wyoming. 

• Overall Economic Output: The economic contribution of the Hamilton Dome oilfield 
is conservatively estimated at nearly $28.7 million annually, most of which occurs in 
Hot Springs County. 

Fiscal Contributions of Hamilton Dome 

Merit Energy Company is the largest taxpayer in Hot Springs County and the Hamilton 
Dome field is the county's largest source of property tax. 
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Property Tax 

Over the past 5 years, Hamilton Dome property tax revenue has averaged 29 percent of 
total property tax revenue for all countywide taxing entities ($1.9 million out of a total $6.6 
million). Property taxes are the largest source of locally-derived funding for local governmental 
entities and represent a major source of non-earmarked revenue subject to discretionary spending 
control. Counties are statutorily limited to a 12-mill cap for basic county operating purposes 
(general fund, hospital, library and fair board), limiting their capacity to increase property taxes 
to offset reductions in revenues. Hot Springs County's property tax rates are at the 12-mill limit. 
Consequently, a major reduction in revenues associated with the premature shutdown of the 
Hamilton Dome field would likely trigger reductions in basic service levels. 

Over the past five years, property taxes from Hamilton Dome have accounted for the 
following revenue contributions to major funds and entities: 

• County General Fund: 9 percent of total general fund revenues. 

• Library, Fair Board, Hospital: 27 percent of the library system's total revenues, 15 
percent of the Fair Board's total revenues and 2 percent of Hot Springs County 
Memorial Hospital's total revenues. 

• Hot Springs County Weed and Pest District: Two separate levies fund operations of 
the Weed and Pest District. Hamilton Dome property tax revenues provide 9 percent 
of the district's pest eradication budget and 29 percent of its mosquito control budget. 

• Hot Springs County Rural Fire Protection District: Hamilton Dome property tax 
revenues fund 29 percent of the district's budget. Because the district is staffed by 
volunteers, a loss of that revenue would not reduce services, but would delay the 
purchase of needed equipment, supplies and training. 

• Hot Springs County School District # 1: Over the past five years, Hamilton Dome 
property taxes for school-related funds averaged $1.4 million annually. Of that 
amount, $910,000 was for operational purposes and $188,000 for debt service. The 
Wyoming School Foundation Fund received an average of $325,000. The entitlement 
provisions of the state foundation program would offset any loss in Hamilton Dome 
property tax revenue on the operating budget. Based on the five-year average, the 
Wyoming School Foundation Fund would experience a net cost of$1.235 million 
from lost revenues and additional entitlement costs, assuming no change in 
enrollment levels. Reductions in the number of Hamilton Dome-related students 
would reduce School District # 1 's entitlement and revenue with little reduction in 
educational costs. Loss of the Hamilton Dome property tax revenues would increase 
the school debt service mill levy for other county taxpayers by 2.8 mills, based on the 
five-year average. 
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Severance Tax 

Over the last two years, severance taxes on Hamilton Dome production have averaged 
$1.8 million annually, 

Federal Mineral Royalties 

Over the past two years, federal mineral royalty payments for Hamilton Dome production 
averaged $4.4 million. Wyoming's share of these royalties averaged an estimated $2.2.million 
annually. 

Sales and Use Tax 

In 2001, MEC estimates that it paid over $400,000 in sales and use taxes on purchase of 
goods and services for the Hamilton Dome field. 

The Role of Hamilton Dome Produced Water in the Cottonwood Creek Ranching Economy 

Approximately 35 Cottonwood Creek-area landowners benefit directly or indirectly from 
water discharged from the Hamilton Dome field into the creek. These landowners use the water 
for irrigation and stock watering purposes. Based on a survey of several of these landowners, the 
loss of Hamilton Dome discharges into Cottonwood Creek would result in a corresponding loss 
of: 

• 1,600 acres ofirrigated cropland, 
• 4,000 tons of annual hay production, 
• 15 to 20% reduction in herd size (about 3,200 cows) and a $2 million reduction in 

related sales receipts (based on $650 head) and, 
• 20 full time and seasonal jobs in the ranching industry. 

Additional losses would be likely for ranches not included in the survey. Several 
ranchers contacted for the survey expressed concern for the economic viability of their 
operations without the Hamilton Dome water. 

The IMPLAN model was used to estimate the total economic losses in Hot Springs 
County, including the indirect and induced impacts on other sectors, associated with the direct 
reduction in annual livestock receipts. Those losses, which include a net reduction of $3.3 
million (1.7%) in the county's total annual economic output, a loss of $645,000 in annual labor 
income, and a net loss of 32 full and part-time jobs, would be in addition to tho8e impacts 
directly attributable to the cessation of Merit's Hamilton Dome production operations. 

The Role of Hamilton Dome in the Wyoming Ref"ming Industry 

Hamilton Dome crude production represents about 3.3 percent of the of the daily 
feedstock supply needed to sustain Wyoming's five refineries at full production. However, 
Hamilton Dome supplies more than 20 percent of the crude necessary to sustain asphalt and road 
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oil production. The loss of this production coupled with the absence of an alternate supply could 
threaten the economic viability of one or more Wyoming refineries. 
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INTRODUCTION 

The Hamilton Dome oil field, discovered in 1918, is located 25 miles northwest of the 
Town of Thermopolis in Hot Springs County, Wyoming. Through 2001, Hamilton Dome had 
produced 256 million barrels of oil and 1.59 billion cubic feet of natural gas (WOGCC 2001 ). 
Merit Energy Company (MEC), the operator of the field, anticipates 2002 production to total 
4,250 barrels of oil per day (BOPD), primarily from the Tensleep and Phosphoria reservoirs; the 
field no longer produces marketable quantities of natural gas. Over the last five years, the 
Hamilton Dome Field has been on average the eighth most productive oil field in the State of 
Wyoming, averaging 42 percent of total Hot Springs County oil production and 2.7 percent of 
total statewide oil production. Oil produced from the field is sold and transported by pipeline to 
refineries in Wyoming and adjacent states. 

Vicinity Map: Hamilton Dome Oilfield and Cottonwood Creek 
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Also during 2002, Hamilton Dome is anticipated to produce 285,000 barrels of water per 
day (BWPD). An average of 85,000 BWPD is re-injected to enhance oil recovery. The 
remaining 200,000 BWPD is discharged from two separate points into unnamed tributaries that 
eventually flow into Cottonwood Creek (MEC 2002). Discharges of water produced from 

11/06/02 I 



The Economic Significance of the Hamilton Dome Oilfield 

Hamilton Dome into the Cottonwood Creek drainage have occurred since the early 1970's. Two 
NPDES permits, WYOOOOl 75 and WY0000680, authorize these discharges. 

Cottonwood Creek flows generally eastward from its source in the Owl Creek Mountains 
at Cottonwood Peak in Township 45 North, Range102 West. It flows eastward 47 river miles 
into the Bighorn Basin to its confluence with the Bighorn River in Township 45 North, Range 94 
West. Hamilton Dome discharges enter Cottonwood Creek at approximately river miles 12 and 
19, measured from the upstream end (Jessen 2002). 

Until recently, Cottonwood Creek and the tributaries receiving the Hamilton Dome 
discharge were classified by the Wyoming Department of Environmental Quality, Water Quality 
Division (WQD) as Class 4 streams. The water discharged from Hamilton Dome meets 
standards for Class 4 waters. The WQD recently updated Chapter 1 of the Wyoming Water 
Quality Rules and Regulations to comply with the federal Clean Water Act. As a result of this 
reclassification, Cottonwood Creek is now classified as 2C and the tributaries that receive 
Hamilton Dome discharges are classified as 3B. The Hamilton Dome discharges exceed Class 
2C standards for several constituents including chloride and selenium. 

In order to renew its discharge permits, MEC could be required to treat the Hamilton 
Dome discharge wat.er to meet Class 2C standards. The company believes the financial impact 
of treating the discharge to meet Class 2C standards would result in closure of the field (Diem 
2002). MEC is working with the Wyoming DEQ/WQD to either reclassify the stream or 
establish site-specific criteria allowing discharge of the produced water to continue without 
additional treatment. The company also believes that closure of the field prior to the full 
recovery of the available crude oil resources would trigger significant economic distress on the 
local economy. The following regional economic analysis has been prepared to examine those 
economic implications. 

The objectives of this economic analysis are to describe the contributions of the 
Hamilton Dome oil field to the economies of Hot Springs County and the State of Wyoming, to 
the tax base of Hot Springs County and its relevant taxing entities, to the ranching economy 
along Cottonwood Creek, and to the Wyoming petroleum refining industry. The contributions 
described below are proxy measures of the adverse economic impacts that would result from the 
premature closure of the Hamilton Dome field. In other words, although the narrative typically 
discusses the economic contributions in positive or beneficial terms, these contributions are 
measures of what is "at-risk" from requiring compliance with the more stringent water quality 
standards, the anticipated result of which would be to halt production. 
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ECONOMIC CONTRIBUTIONS OF MERIT ENERGY COMP ANY'S HAMILTON 
DOME OPERATIONS 

On-going production of petroleum crude from the Hamilton Dome field is a source of 
significant economic stimulus for the Thermopolis and Hot Springs County economies. 
Moreover, the economic repercussions of that production extend to the broader statewide 
economy. 

With respect to the local economy, the primary economic stimulus encompasses the 
company's direct payroll and its purchases of goods and services from oil field service 
companies, utilities and other suppliers and the consumer purchases of its employees. These 
direct economic infusions indirectly support yet other local businesses and jobs through what is 
known as the "economic multiplier effect." Finally, production and ad valorem taxes paid by the 
company, as well as taxes paid by its employees and the businesses and employees whose jobs 
are supported indirectly by the company's operation help support public education and 
governmental functions. 

A second dimension of the field's economic stimulus derives from its linkages to local 
farming and ranching located along Cottonwood Creek. Oil production from the Hamilton 
Dome field yields a substantial quantity of water as a byproduct. Further production is supported 
by reinjecting a portion of that water into the oil-bearing formations. However, much of that 
water, about 6,700 acre-feet of water in 2001, discharges into the Cottonwood Creek drainage 
from where local ranchers subsequently use it for irrigation, stock watering and other agricultural 
purposes. That water is vital to helping sustain the local agricultural industry because of the 
region's semi-arid climate. The water also supports wildlife and wildlife habitat in the area. 

Yet a third dimension of the field's economic significance is its role in supplying crucial 
feedstock for the Wyoming refining industry. More specifically, crude from the Hamilton Dome 
field is transported via pipelines to refineries in Casper and Sinclair, supplying a portion of the 
total feedstock for those facilities. That supply not only helps sustain the operating viability of 
those refineries and the economies of the respective communities, but the refined products 
supply fuel and asphalt to help support the state's economy and highway infrastructure. 

Finally, the economic benefits associated with the Hamilton Dome field extend beyond 
the local communities. Economic linkages between local service firms and suppliers and 
wholesale and service firms located elsewhere in the state and the flows of consumer purchases 
to larger regional economies, result in a portion of the indirect and induced "multiplier" effects 
being captured elsewhere, such as in Cody, Riverton or Casper. 

This section of the report examines each of those key economic linkages, quantifying 
their significance in terms of the numbers of jobs, labor income and annual economic output 
supported. 
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Local Setting 

The Hamilton Dome field is located in Hot Springs County, Wyoming and is part of a 
broader region known as the Big Hom Basin. The field is 25 miles northwest of Thermopolis, 
the county seat and its largest community. 

Hot Springs County covers an area of more than 2,000 square miles (1,294,080 acres). 
Approximately 30 percent of the land in the county is in private ownership. Various federal or 
state agencies manage the remaining lands or hold them in trust for the Eastern Shoshone and 
Northern Arapaho tribes as part of the Wind River Indian Reservation. 

Hot Springs County is rural. 
response to energy and mineral 
e~ploration and development. 
Population peaked at 6,365 residents 
in 1960. By 1990, the county's 
population had declined to 4,809 
with little population growth in the 
ensuing decade as the county 
registered a population of 4,882 
residents in the 2000 census. 
Consequently, Hot Springs County 
ranked 22nd among Wyoming's 23 
counties in terms of population in 
2000. 

Its population has fluctuated over time, primarily in 

Hot Springs County Population, 1940 to 2000 
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Throughout its contemporary history, most of the county's residents have lived in 
Thermopolis. In 2000, Thermopolis had 3,172 residents compared to 1,710 residents in the 
outlying areas of the county. 

The economic mainstays of the county's economy include agriculture, energy and 
mineral production, and tourism/outdoor recreation. These "basic" industries generate much of 
the inflow of wealth into the economy through their sales of goods and services. In tum, the 
respending of business and employee incomes and local taxes support local retail trade, services 
and the local public sector. There is little manufacturing or regional wholesale trade activity 
based in Hot Springs County. Unlike the stagnation characterizing the county's recent 
population growth, total employment in Hot Springs County increased 334 jobs, nearly 12 
percent, between 1990 and 2000- see Table 1 below. Most of the increase was in the retail trade 
and services sectors. 
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TABLE1 
HOT SPRINGS COUNTY EMPLOYMENT, BY MAJOR CATEGORY 

Category 1990 1995 2000 
Farm 206 198 205 
Oil, Gas & Mining 230 150 200 
Other Private Sector 1,763 2,075 2,155 
Government 614 557 587 
Total 2,813 2,980 3,147 

Source: U.S. Bureau of Economic Analysis, 2002. 

Local retail trade and service businesses, as well as local government, gain additional 
support from consumer expenditures by the relatively large number of retirees living in the 
county. According to the 2000 census, more than one of every four local households depend on 
retirement, social security or some other form of government payments for their income. Income 

Personal Income In 2000, By Major Source 
Hot Springs County 

TrarJSEr payments 
22% 

Farm 
1% 

Priwte, exc. Farm 
38% 

Source: U.S. Bureau of 8::ooorric Analysis, Rsgimal 8::onarrt: lnfommiln System, 2002 

from such transfer payments 
accounted for 22 percent of the 
total personal income of 
$113.7 million in 2000. While 
such income serves an 
important function in 
supporting the local economy, 
it tends to be relatively fixed 
over time. \Vhen combined 
with the limited number of 
higher-paying jobs in the basic 
industries, this fact translates 
into comparatively low per 
capita income in Hot Springs 
County. In 2000, Hot Springs 

County ranked 15th among Wyoming counties with a per capita personal income of $23,393, 
nearly 15 percent below the statewide average of$27,372 per person. 

Other major sources of income in Hot Springs County include labor earnings, income 
derived from dividends, interest and rent, and miscellaneous other income. Private sector 
earnings, excluding local farming and ranching operations but, including education, is the largest 
contributor to total income, paying more than $43.4 million to employees and owners in 2000 
(38% of the total). That amount was nearly triple the aggregate government payroll of $15. 7 
million. Local farmers and ranchers had a combined income of $874,000 in 2000, less than 0.8 
percent of the total. Dividends, rent and other non-earnings sources of revenue accounted for the 
remaining $28.2 million in personal income oflocal residents. 

Merit Energy's Hamilton Dome Operations 

As described above, Merit Energy's primary economic stimulus arises from its 
production-related expenditures, including the consumer-related purchases of its employees, and 
its support of public education and government through the taxes it pays. Merit Energy's 
Hamilton Dome office is the operational base for eight oil fields in Wyoming's Big Horn Basin. 
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Presently, fifteen (15) of the employees in that office are directly associated with the Hamilton 
Dome field. Suspending production from the field prior to full recovery of the crude reserves 
would result in a premature loss of these jobs, their associated incomes and the business volume, 
jobs, incomes and state and local taxes supported indirectly by the company's operations. Those 
impacts would be significant. 

An analysis of the company's operations, completed using a regional economic model, 
demonstrates the economic significance of Merit Energy's Hamilton Dome operation. The 
model uses actual production and operating data for the company for the five-year period, 1997 
through 2001. The use of a multi-year data set to summarize the company's economic 
contributions compensates for much of the market induced year-to-year variability in operating 
and capital expenditures frequently associated with oil and gas production. 

The economic analysis completed for this study, used cost of production data supplied 
by Merit Energy and the IMPLAN economic modeling software. IM.PLAN (IMpact Analysis 
for PLANning) is an input-output based model originally developed to assist the U.S. Forest 
Service in land resource management planning. Subsequently, the model and related software 
were transferred into the private sector, where it is the subject of ongoing refinement and 
enhancements to provide the analytical capacity to address a broader range of economic and 
impact planning issues. IMPLAN is widely recognized and accepted in regional economic and 
economic impact assessment circles. Results of the analysis include direct and total jobs, income 
and output associated with the operation. 

Merit's annual crude production from the Hamilton Dome field averaged 1.67 million 
barrels of over the past five years. Average annual total costs of production over that same 
period were $18.98 million 
($2001 ). Royalties and taxes 
account for the single largest 
category of production costs, 
$8.31 million or 44 percent of 
the total. By comparison, the 
actual lease operating expenses, 
which include labor, chemical, 
equipment, etc., averaged $6.60 
million annually the 
distribution of costs, by major 
category, are shown in the 
accompanying figure. 

Total Average Annual Production Costs -
Merit Energy Company - Hamilton Dome Field 

Average Capital 
&pendituras 

$3.21 

Corporate 
Overhead 

$0.SII 

·.·· ~~~-.. ,-. 
-·- ~ $8.31 

** A vemges in millions of$2001, based on data for 1997 to 2001. 

Of primary relevance to this analysis are the $9.81 million in lease operating and capital 
expenses made by Merit Energy in a typical year. These expenditures represent the day-to-day 
purchases of goods and services and payroll outlays to staff that cycle into and through the local 
and statewide economies, supporting other businesses, jobs for Wyoming residents, and taxes to 
support government. Fuel and power are the company's single largest production expense 
category, about $3.70 million annually. Other major categories include labor, replacement 
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equipment, chemicals, and capital outlays - see the figure below for the direct production 
expenses by major category. 

Average Annual Direct Production Expenses -
Merit Energy Company - Hamilton Dome Field 

Capital Outlays 
$3.21 

Fuel&Power 
$3.70 

Other Operating 
$0.28 

Merit Labor 
$0.84 

01 lleld eq1111. & 
services 

$1.25 

0 Expenses are in millions of$2001, based on data for 1997 to 2001. Production expensesinlcude direct 

operating and capital expenditures bot exclude production taxes, royalties and corporate overhead. 

In addition to the annual volume of purchases, another key determinant of Merit's 
economic contribution is the extent to which local suppliers provide goods and services. In that 
regard, Merit Energy actively strives to support local business. It estimates that almost 99 
percent of all its annual purchases are from Wyoming businesses and the bulk of those, totaling 
more than $5.54 million annually, are from contractors and suppliers with an operational 
presence in Hot Springs County. Table 2 below presents the estimated distribution of Merit's 
annual operating and capital outlay expenses, by major industrial sector. 

TABLE2 
AVERAGE ANNuAL DIRECT PRODUCTION EXPENSES 
MERIT ENERGY COMPANY~S .HAMILTON DOME FIELD ($2001) 

Major Industrial Sector 

Oil-field Services, incl. capital 
outlays 
Electrical Power 
Wholesale Trade 
Retail Trade 
Other Services 
Merit Energy Payroll 

TOTAL 
Source: Merit Energy Company, 2002. 

Hot Springs Elsewhere In 
County Wyoming 

$ 3,365,100 
$ 167,100 
$ 1,125,700 
$ 6,900 
$ 117,200 
$ 760,100 
$ 5,542,100 

$ 558,300 
$ 3,342,600 
$ 47,300 
$ 59,200 
$ 55,000 
$ 84,500 
$ 4,146,900 

Total in 
Wyoming 

$3,923,400 
$3,509,700 
$1,173,000 
$ 66,100 
$ 172,200 
$ 844,600 
$9,689,000 

Oil field services is the largest category of expenditures, and most of the company's 
annual outlays for such services are to local contractors. With no major electrical generating 
facilities in Hot Springs County, electrical power is the single largest production expense from 
outside the local economy. 
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Merit Energy currently has 15 employees assigned to the Hamilton Dome operations. 
However, the significant volume of oil field services and repairs the company contracts to others 
and its other purchases combine with the jobs supported by employee spending to generate a 
much higher overall employment impact. Based on the average annual operating expenses, the 
IMPLAN model estimates a total employment impact from Merit's Hamilton Dome field of 186 
jobs statewide; 136 jobs in Hot Springs County and an additional 50 jobs elsewhere in Wyoming 
- see Table 3. The statewide estimate is exclusive of jobs supported by the expenditures of 
royalty payments and severance and sales taxes budgeted through the state. The total local jobs 
supported represents about 4% of total employment in Hot Springs County in 2000. 

TABLE3 
PRIVATE SECTOR JOBS SUPPORTED IN WYOMING BY MERIT ENERGY 
COMPANY'S HAMILTON DOME FIELD 

Merit Energy 
Oil-field services & suppliers 
Other private sector 
Government and Education 

TOTAL 

In Hot Springs 
County 

15 
36 
24 
61 

136 

Elsewhere In 
Wyoming 

0 
25 
23 

2. 
50 

Total Wyoming 
Jobs 

15 
61 
47 
63 

186 
Note: The numbers of jobs supported were derived using IMPLAN, based on Merit 
Energy Company's average annual expenditures for 1997 through 2001. 

The largest number of jobs supported is in local government and education (63 jobs). 
The strong support for these jobs stems from the company's substantial annual tax payments 
(these payments are discussed further in a later section.) 1Another 61 jobs in the oil field service 
and supply industries followed by 47 jobs in wholesale and retail trade, services, construction 
and other private sector industries. 

A corollary dimension of Merit's positive employment impacts is the beneficial impact 
on personal income. Over the past five years, Merit Energy Company's direct payroll has 
averaged about $844,000 annually, though it presently is at about $740,000 on an annual basis. 
The incomes supported by Merit's operations in government, education, oil field services and 
other industries magnify that direct impact. When summed across all industries, the estimated 
labor income impact in Hot Springs County totals $4.07 million annually, with another $2.54 
million elsewhere in the state -see Table 4 on the following page. The total local labor income 
represents nearly 7% of the corresponding total labor income in Hot Springs County in 2000. 

1 The IMPLAN estimates of the nwnber of jobs in education reflect the proportion of the district's total locally 
derived property truces paid by Merit. In reality, increases in state school foundation funds would offset much of the 
loss of Merit's taxes, resulting in a more limited reduction in staffing. Consequently, though the IMPLAN estimates 
likely overstate Merit's actual employment impacts, they are representative of the company's fiscal support for 
education. 
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TABLE4 

ANNUAL LABOR INCOME SUPPORTED BY MERIT ENERGY COMPANY'S 
HAMILTON DOME FIELD (MILLIONS OF $2002) 

Merit Energy Direct 
Oil-field services & suppliers 
Other private sector 
Government and education 

TOTAL 

In Hot Springs 
County 

$0.84 
$ 1.13 
$0.56 
$ 1.54 
$4.07 

Elsewhere In 
Wyoming 

$0.00 
$ 1.02 
$1.46 
$ 0.06 
$2.54 

Total 
$0.84 
$ 2.15 
$2.02 
$1.60 
$ 6.61 

Note: Estimated annual labor incomes were derived using the IMPLAN model and 
Merit Energy average annual expenditures for 1997 through 2001. 

Another measure of the economic contributions of Merit Energy's Hamilton Dome 
operation is its impact on overall economic output. A conservative estimate of the total 
statewide impact is nearly $28.7 million annually, most of which occurs in Hot Springs County. 
The largest portion of the total is represented by Merit's operations, including contracted services 
- see Table 5 below. By way of comparison, the total estimated 1999 economic output of Hot 
Springs County was about $195 million. The estimate is conservative as it does not account for 
the output associated with subsequent rounds of government spending and investments supported 
by the royalty and production tax payments or that associated with the subsequent refining and 
consumption of refined petroleum products across Wyoming supported by Merit's Hamilton 
Dome production. 

11/06/02 

TABLES 
ANNUAL STATEWIDE OUTPUT SUPPORTED BY MERIT ENERGY'S 

HAMILTON DOME FIELD (MILLIONS OF $2002) 
Category Annual Amount 

Direct Production Expenses $ 9.81 
Corporate Overhead $ 0.86 
Royalties, Taxes and Gross Net Revenue $ 13.59 
Indirect and Induced Private Sector Output $ 4.40 
Total Annual Statewide Output $ 28.66 
Note: The output estimates were derived using IMPLAN and Merit Energy 
expenditure data for 1997 through 200 I 
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FISCAL CONTRIBUTIONS OF THE HAMILTON DOME OILFIELD 

Wyoming oil producers pay ad valorem property taxes on production and on oilfield 
facilities, severance taxes on production, and sales and use taxes on some purchases of goods and 
services. Revenues from these taxes accrue to counties, school districts, and certain special 
districts, to the state general fund, and to a variety of other state funds and accounts. 
Additionally, the State of Wyoming receives half of the mineral royalties oil producers pay to the 
federal government and a portion of these revenues is distributed to local governments. 

Ad Valorem Property Taxes 

Oil producers pay property taxes on the assessed (taxable) value of production and 
oilfield facilities. Oil production is assessed at l 00 percent of the fair market value (wellhead 
sales price) and facilities are assessed at 11.5 percent of fair market value (depreciated 
replacement value). 

Property tax revenue 
from production and oil field 
facilities has accounted for 
two-thirds to three-quarters 
of the total property tax 
revenues received by county­
wide taxing entities in Hot 
Springs County in recent 
years, (WTA 1997 - 2001). 
Crude oil production alone 
accounted for 73 percent of 
Hot Springs County assessed 
valuation in 2001 and has 
averaged 65 percent of total 
valuation between 1997 and 
2001. 

Hamilton Dome Property Tax/ Percentage of Total 
Hot Springs County Property Tax: 1997 - 2001 
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Source: Hot Springs County Assesor's Office 

MEC is the largest taxpayer in Hot Springs County, and Merit's Hamihon Dome oil field 
is the county's largest single source of property tax. In 200 I, Hamilton Dome accounted for 33 
percent of total countywide property taxes paid in Hot Springs County ($2. 7 million out of a total 
$8.3 million). Property tax revenue from Hamilton Dome production averaged 29 percent of 
total property tax revenue over the last five years ($1.9 million out of an average $6.6 million) 
(Deromedi 2002). 

Property Tax Distribution 

Schools receive the lion's share of property tax revenue in Wyoming. In Hot Springs County, an 
average of75 percent of total countywide property tax revenue (including the state school 
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foundation program and the local school bond issue) has been distributed to schools over the last 
five years. 

Hot Springs County General Fund 

On a countywide basis, property tax revenues accrue to the Hot Springs County General 
Fund, and to the Library, County Fair and County Hospital funds. These entities are limited to a 
combined total levy of 12 mills, by state statute. 

The county general fund 
provides revenues for all major 
county functions. Property tax 
revenues accounted for 40 
percent of Hot Springs County 
general fund revenues during 
2001 2

, and averaged 37 percent 
of general fund revenues over 
the past four years3 (Hot 
Springs County Treasurer's 
Office). 

The relative importance 
of property tax revenue to the 
county general fund is greater 
than its percentage of total 

Hot Springs County Property Tax 
Distribution 

BLocal and 
State 

Schools 
75% 

3% 

Pest 
2% 

Source: Hot Springs County Assessor's Office 

liZI County 
General 

Fund 
14% 

a Library, 
Fair, 

Hospital 
4% 

OCemetery 
2% 

revenue however. Much of the county's non-property tax revenue is received from federal or 
state sources and is earmarked for specific programs or items. In Hot Springs County, property 
tax is the major source of 
revenue over which the 
commissioners exercise 
discretionary control. 
Consequently, any 
substantial reduction in 
property tax revenue will 
trigger reductions in basic 
county services because 
the commissioners cam1ot 
raise the mill levy above 
the 12-mill limit (Ford 
2002). 

Hamilton Dome 
property tax revenue 
accounted for 12 percent 

Percent Contribution of Hamilton Dome to Hot 
Springs County Taxing Entities 
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2 Total general fund revenues for 2001 were adjusted to account for an early federal PLT payment. 
3 County revenue data for 1997 were not readily available. 

11/06102 11 



The Economic Significance of the Hamilton Dome Oilfield 

Qf total Hot Springs County General Fund revenue in 20014 ($356,000 out of a total $2.986 
million), and averaged 9 percent of total revenues over the past four years ($241,000 out of 
average total $2.576 million). 

Hot Springs County Library 

The Hot Springs County Library receives property tax revenues from an average one-mill 
levy. Property tax revenues make up an estimated 95 percent of the library's budget (Bendlin 
2002). Based on that estimate, Hamilton Dome property taxes have accounted for an average of 
27 percent of the library's budget over the past five years ($27,000 out of an average total of 
$100,000). Because the library is included within the county 12-mill limit, a 27 percent 
reduction in revenues would result in a corresponding reduction in library services. 

Hot Springs County Fair Board 

The Hot Springs County Fair Board receives property tax revenues from a mill levy that 
has averaged six-tenths of one mill over the last five years. In 2002, property taxes received 
from a 0.79 mill levy will account for an estimated 52 percent of the fair board's total revenues 
(Smith 2002). Based on the 1997 through 2001 average property tax contributions, Hamilton 
Dome Property taxes would account for about 15 percent of the fair board's revenues ($16,000 
out of an average total of $108,000). 

Hot Springs County Memorial Hospital 

The Hot Springs County memorial Hospital receives property tax revenues from a mill 
levy that has averaged nine-tenths of one mill over the last five years. Property tax accounts for 
an average of about 6 percent of the hospital's total revenues (Nading 2002) and Hamilton Dome 
property tax revenue accounts for an average of about 2 percent of the hospital's total revenues. 

In addition to the entities identified above, whose property tax levies must fit under the 
12-mill cap, other local government entities (districts) also collect property tax revenues. These 
entities include the Hot Springs County Weed and Pest District, the Hot Springs County Rural 
Fire Protection District, and Hot Springs County School District # 1. 

Hot Springs County Weed and Pest District 

The Hot Springs County Weed and Pest District receives property tax revenues from two 
separate one-mill levies. A statutory one-mill levy funds 30 percent of the district's weed and 
pest eradication program, the remainder is funded through payment for services. A one-mill 
special levy funds 100 percent of the district's mosquito control program (Smith 2002). Over the 
past five years, Hamilton Dome property tax revenues account for about 9 percent of the 
district's weed and pest eradication budget ($27,000 out of an average total of $312,000) and 
about 29 percent of the district's mosquito control budget5 ($27,000 out of an average total of 
$94,000). 

4 Adjusted revenues as discussed in footnote #3. 
5 Based on 2002 budget 
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Hot Springs County Rural Fire Protection District 

The Hot Springs County Rural Fire District receives property taxes from a mill levy that 
has averaged 2.2 mills over the past five years. The rural portion of the district relies totally on 
property taxes for funding its operations6

• The department is staffed by volunteers. Property tax 
revenues are used to purchase equipment and supplies and to defray training costs. Hamilton 
Dome property taxes have funded an average of 29 percent of the rural fire district's budget over 
the past five years ($60,000 out of an average total $207,000). A reduction of 29 percent in total 
revenues would not result in a reduction of services, but it would mean that some needed 
equipment would not be purchased or replaced in a timely manner (Taylor, 2002). 

Hot Springs County School District # 1 

Hot Springs County School District # 1 receives property tax revenues from three 
different mill levies: a 26.5 mill special school levy, a 6 mill mandatory school levy, and a school 
levy to fund debt service on a bond issue. The latter has averaged 7.4 mills over the past five 
years. Property tax revenues from the special school and mandatory levies fund school district 
operations, and have comprised between 44 to 55 percent of the district's total operating budget 
in recent years (Cady 2002). The district also receives entitlement payments from the Wyoming 
school foundation fund. Revenues from the debt service levy go toward retiring a school bond 
issued for facilities construction. The bonds are scheduled to be retired in 2010. 

Revenues from a 12-mill levy are distributed to the Wyoming School Foundation Fund. 
The foundation program guarantees a minimum level of funding, known as entitlement, for all 
public school students in Wyoming. School districts that cannot raise the specified amount from 
local resources receive payments from the school foundation fund to make up the difference. 
School districts whose local property tax base yields revenues substantially above the specified 
amount are subject to recapture, and the excess funds are paid to the state foundation account by 
the district. In general, reductions in Hot Springs County School District # 1 property tax 
revenues from the special district and mandatory school levies would be made up by payments to 
the district from the school foundation fund. 

If the Hamilton Dome field were to cease production, the Wyoming School Foundation 
fund would lose the revenue associated with the Hamilton Dome field, which have averaged 
$325,000 annually over the past five years. Additionally, the state foundation fund would have 
to increase entitlement payments to makeup for the loss of Hamilton Dome-related revenues 
from the 26.5 mill special school levy and the 6-mill mandatory school levy. Combined revenue 
from these levies has averaged $910,000 over the past five years. Therefore, the annual net cost 
to the Wyoming School foundation fund would total $1.235 million, based on the five-year 
average. 

Because the school district's entitlement is based in large part on attendance, the district 
would lose revenue if Hamilton Dome employees moved out of Hot Springs County. The 
reduction in enrollment would likely be spread across a number of grades and schools; therefore, 

6 The district also provides coverage within the municipal areas, which is funded by contract, and on occasion 
receives grants to purchase equipment. 
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the loss in revenues would not be accompanied by a corresponding reduction in costs. If District 
# 1 were to lose enrollment, the net cost to the state foundation program would decrease. 

The Hot Springs School Bond levy is funded 100 percent by property tax. Over the past 
five years, the school bond levy would have been an average of 2.8 mills higher without 
Hamilton Dome property tax revenues. 

Wyoming Severance Tax 

Wyoming oil producers pay a 6 percent severance tax7 on oil produced in the state. In 
2000, the Hamilton Dome field generated about $2.1 million in severance tax revenues. In 2001, 
severance tax revenues from the field totaled about $1.6 million8

• These payments represent 
about 4 and 2 percent of total oil severance taxes for those years, respectively, and 0.08 and 0.04 
percent of total severance tax payments. 

Severance tax proceeds are distributed to the Mineral Trust Fund, Leaking Underground 
Storage Tank (LUST) account, the State General Fund, Water Development funds (I and II), 
Highway Fund, counties, county roads, cities and towns, capital construction, Budget Reserve 
Account. 

Royalty Payments 

Oil produced from the Hamilton Dome field generated about $5.1 million in federal 
mineral royalties in 2000, and about $3.7 million in 2001. The federal government distributes 50 
percent of federal mineral royalties to the state where the minerals were produced. Hamilton 
Dome federal mineral royalty revenues to the State of Wyoming totaled $2.55 million in 2000 
and $1.85 million in 2001. 

In Wyoming, Federal Mineral Royalties are distributed to many different entities and 
funds. These include the University of Wyoming, the Wyoming School Foundation Fund, the 
Highway Fund, the Highway Fund for County Roads, and local municipal entities. Funds are 
also provided to special district and school districts for capital construction, state aid to county 
roads, Legislative Impact Royalty Account, community colleges, transportation enterprise 
account, general fund administrative account and others. 

In 2000, federal mineral royalties generated by Hamilton Dome accounted for an 
estimated 1.7 percent of all federal mineral royalties to the state9

, in 2001, Hamilton Dome's 
contribution was about 0. 8 percent of total. 

7 Between 1/99 and 11/99 the severance tax rate was 4 percent. Severance tax rates are less for stripper oil, oil 
recovered from tertiary methods, new wells, incremental oil from workovers and completions and renewed 
production. 
8 Prior to 2000, Hamilton Dome was partially owned by another company, therefore total severance tax payments 
are not available for prior years. 
9 Including coal lease bonuses. 
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Sales and Use Tax 

In Wyoming, sales and use taxes are levied on gross receipts from sales of tangible 
personal property and selected services including receipts from public utilities. The state levies a 
4 percent sales and use tax; 28 percent of the revenues from this tax {less administrative costs) is 
distributed to the county and incorporated municipalities in the county of origin, according to a 
population-based formula. Hot Springs County also levies a 1- percent general revenue sales and 
use tax; proceeds from this tax are distributed to the county and its incorporated municipalities in 
the same manner as the local portion of the state tax. 

It is conservatively estimated that MEC paid $400,000 in sales and use taxes on 
purchases of goods used in the Hamilton Dome field during 2001 (Kobielusz 2002). This is 
about 12 percent of all sales and use taxes collected in Hot Springs County during fiscal year 
2001 . However, because some vendors may have reported sales and use tax collections in their 
home counties, it is likely that not all of the local share of these revenues were distributed to Hot 
Springs county and its incorporated municipalities. 
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ECONOMIC LINKAGES BETWEEN THE HAMIL TON DOME OILFIELD AND HOT 
SPRINGS COUNTY AGRICULTURE 

As across most of Wyoming, fanning and ranching in Hot Springs County is a way oflife 
and a mainstay of the local economy. Though constrained by the limited amount of land in 
private ownership, an arid climate, and the difficult economic market conditions affecting 
livestock and commodity producers, the county's agriculture sector supports the economic 
livelihood of many Hot Springs county households. 

Every five years the U.S. Census Bureau conducts a census of the nation's agriculture 
industry. Conducted at the end of those years ending with the nwnber "2" and "7", the census 
compiles and reports data on production, size and other operating parameters for all farms and 
ranchers. According to the 1997 census, results of which were published in 1999, a total of 147 
fanns and ranches operated in Hot Springs County. 

The census provides additional insights into these operations and the individuals and 
families who operate them. In terms of size, 64 of the 14 7 local fanning and ranching operations 
are small, less than 180 · acres. Another 42 are between 180 and 999 acres in size, with 41 
operating on 1,000 or more acres. Farming and ranching is the principal occupation of the 
operator in 85 of 147 cases, while 62 operators are part-time or hobby operators with a principal 
occupation other than farming. 

In tenns of tenure or ownership, most of the farms and ranches are family owned and 
operated; 99 of the farms and ranches are operated by full owners, with another 44 operated by 
part owners. Among the operators, 38 reported operating the present farm for less than 5 years, 
compared t 62 operators who had been on the present farm 10 years or longer. 

Most of the local agricultural operations engage in cattle ranching, with 17 raising sheep. 
In 1997, Hot Springs county farmers and ranchers reported a total inventory of 33,279 head of 
cattle, with sales of another 15,849 head during the previous year. Nearly a third of the total 
operations are fanns engaged primarily in growing alfalfa, barley and other crops. 

Local fanners and ranchers reported an aggregate total of 944,205 acres of land in use as 
part of their operations. The total includes land nearly 899,000 acres of private land and state 
and federal lands covered by grazing allotments used as pastureland or grazing range. Only 
about 38,000 acres of the total is irrigated, half of which is pastureland and the other half is 
cropland. Hay used for winter feed is the predominant crop raised in Hot Spring County. In 
1997, more than 30,000 ton~ of hay was grown on just over 17,300 acres. Because these 
irrigated lands provide vital winter and spring range and winter-feed for the cattle and sheep 
herds, they are vitally important to the economic viability of the local agriculture industry. 

The combined marketing receipts from livestock and commodity sales totaled $9.6 
million in 1997, an average of about $65,000 per operation. Of the total, $8.6 million was 
derived from livestock sales compared to $1.0 million from crop sales. However, operators 
incurred $7.6 million in production expenses to produce those sales. The major expenses 
included livestock, feed, fuel, hired labor, interest on loans, rent and property taxes. When these 
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expenses were combined with other costs, they left a residual net cash return of about $1.5 
million, or an average of only about $10,200 per operation. 

Cottonwood Creek 

Approximately 35 landowners have property on or near Cottonwood creek. Virtually all 
of these landowners benefit directly or indirectly from the water discharged from the Hamilton 
Dome field. Three ranches immediately adjacent Hamilton Dome have rights to the discharged 
water, which is used for irrigation and stock watering. Water unused by these ranches flows 
down Cottonwood Creek and is used by landowners who have rights to Cottonwood Creek 
water, again for irrigation and stock watering. 

Private Lands alon Cottonwood Creek 

. :~ . ') 

Source: States West Water Resources Corporation 

( 
~-~ .. _:~'!!!,:;, .. ~ ... l.. 

:f· 

The indirect benefits of the Hamilton Dome water are substantial. Cottonwood Creek is 
known to have an intermittent flow above the Hamilton Dome discharge points. Natural flow 
along the creek is strongest in spring and early summer, diminishing to a trickle in mid-summer 
and in some years, disappearing altogether during late summer and fall. 

Because the Hamilton Dome discharge provides a year-round flow, the water table along 
Cottonwood Creek is continually saturated and the resultant riparian growth stabilizes the 
streambed. This means that runoff into Cottonwood Creek from snowmelt and rainfall does not 
have to recharge the water table; virtually the full flow from these events is available for water 
users along the creek. Likewise, the stabilized streambed reduces siltation of the stream, 
resulting in more usable water during spring snowmelt and rainstorms. 
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Another important benefit of the Hamilton Dome discharge is that the temperature and 
constant volume minimizes icing of Cottonwood Creek in winter, particularly in the upper 
reaches. This allows year-round stock watering from the creek, enhancing its value for ranchers. 

Although it varies from parcel to parcel, it is likely that more than two thirds of the crop 
production on irrigated land along Cottonwood Creek is made possible by the availability of 
water discharged from Hamilton Dome. Most of the irrigated land along the creek is used to 
irrigate pastures and produce an alfalfa/hay/grass crop, which is used as winter feed for cattle 
that are grazed on BLM grazing allotments during summer. This ability to graze livestock on 
leased rangeland during summer, pasture livestock on deeded land along Cottonwood Creek 
during winter, feed them on hay grown using Hamilton Dome discharge and water them from 
creek water kept running and open because of Hamilton Dome is key to the continued economic 
viability of many of the ranches along the creek. 

Owners of several of the larger ranching operators along Cottonwood Creek were 
contacted to discuss the potential impact of curtailed water discharges on their operations. 
Collectively, these ranchers produce hay on approximately 2,250 acres of irrigated cropland, 
which in turn supports about 4,650 cows. These estimates reflect "normal" conditions, not the 
drought conditions that currently exist. In addition, they also create 29 full-time and seasonal 
jobs for ranch hands. On average, these ranchers estimated that 70% of their annual hay 
production was dependent on Hamilton Dome water. Prematurely cutting off the water flows 
would force the ranchers to cut back their herds and reduce the amount of hired labor they use. 

For the purposes of this analysis, the loss of Hamilton Dome water is assumed to have a 
direct, proportional impact on the annual hay and beef production and use of hired labor for these 
operations. The estimated direct impacts under such a scenario are as follows: 

1,600 acres converted from irrigated cropland to pasture or non-irrigated cropland 
4,000 tons less of hay per year (@net reduction of 2.5 tons per acre) 
A combined herd reduction of 3,200 cows 
An annual reduction of $2,000,000 in livestock sales receipts(@ $650 per head) 
A loss of 20 full-time and seasonal jobs in the ranching industry 

Additional losses would be likely for ranches not included in the survey 

The IMPLAN model was used to estimate the total economic losses in Hot Springs 
County, including the indirect and induced impacts on other sectors, associated with the direct 
reduction in annual livestock receipts. Those losses, which include a net reduction of $3.3 
million (1.7%) in the county's total annual economic output, a loss of $645,000 in annual labor 
income, and a net loss of 32 full and part-time jobs, would be in addition to those impacts 
directly attributable to the cessation of Merit's Hamilton Dome production operations. 

A further economic effect of the loss of produced water from the Hamilton Dome field 
would be a reduction in value of the agricultural property along Cottonwood Creek; the value of 
non-irrigated land is substantially less than the value of irrigated land. 
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THE SIGNIFICANCE OF HAMIL TON DOME PRODUCTION TO WYOMING'S 
REFINING INDUSTRY 

Wyoming is home to five operating petroleum refineries. With a combined daily average 
refining capacity of 140,386 barrels per day, Wyoming's refineries represent approximately 5% 
of the nation's domestic petroleum refining capacity. The refineries, their respective operators, 
location and daily distillation capacity are listed in the following table. 

TABLE6 
WYOMING PETROLEUM REFINERIES, JANUARY 2001 

Refiner 
Frontier Refining Inc. 
Little America Refining Co. 
Silver Eagle Refining 
Sinclair Oil Corporation 
Wyoming Refining Co. 

STATEWIDE TOTAL 

Location 
Cheyenne 
Evansville 
Evanston 
Sinclair 

Newcastle 

Daily Capacity 
(barrels per day) 

38,670 
24,500 

3,000 
62,000 
12,216 

140,386 
Source: U.S. Dept. of Energy, Energy Information Administration, 2001. 

In 1997, the refining industry produced more than $1.2 billion in output, accounting for 
about 40 percent of the total statewide manufacturing output. Direct employment at the 
refineries totaled more than 700 jobs in 1997, those jobs averaging about $50,000 in wages and 
salaries to yield a combined annual payroll of over $35 million. Many more jobs and additional 
payrolls were indirectly supported in the pipeline, trucking and other related industries, as well as 
through consumer expenditures by the households directly and indirectly employed by the 
industry. 

Crude oil from the Hamilton Dome field plays an important role in supporting the state's 
refining industry. Hamilton Dome crude is transported via pipeline to one of the in-state 
refineries via pipeline. Production presently averages about 4,600 barrels per day from the 
Hamilton Dome field. That production represents about 3.3% of the daily feedstock supply 
needed to sustain the in-state refineries at full production. In reality, Hamilton Dome's 
production is especially critical because the oil produced from Hamilton Dome is asphaltic 
crude, the primary source of asphalt and road oil. 

Asphalt is a crucial component of _highway construction and maintenance, airport 
runways and aprons and parking lots. As such, it is vital to sustaining Wyoming's economic 
health and that of surrounding states through its ties to the construction industry and by 
providing safe, efficient and reliable transportation capacity for residents, commercial traffic and 
tourists visiting the state. Furthermore, though accounting for only about 2% of the nation's 
asphalt and road oil refining capacity, asphalt and road oil production in the state has accounted 
for almost 10% of the nation's production in recent years. 

Having a "local" supply of asphaltic crude is, therefore, important to the economic 
viability of the in-state refining industry. It helps minimize transportation costs and is vital to 
maintaining the overall operating efficiency and, hence, the cost competitiveness of the existing 
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refineries. Without the supply from Hamilton Dome crude, the economic viability of one or 
more of the refineries could be threatened. 

Such a situation arises because petroleum refineries are not standardized industrial 
facilities, each able to process the same types of feedstock or produce the same outputs. Rather, 
refineries are built to different specifications with respect to inputs and outputs. The differences 
are manifest in the production capacity of different production streams. 

Across the nation, the asphalt and road oil production capacity accounts for 
approximately 5.2% of the total refining capacity. In Wyoming, such capacity represents more 
than 13% of the total statewide refining capacity and 15% when adjusted to reflect the capacity 
of the three refineries that produce asphalt. Hamilton Dome supplies more than 20% of the 
crude needed to sustain those operations. While the prospect of eliminating the Hamilton Dome 
production might appear of limited consequence, the loss of that supply, coupled with 
uncertainty regarding the availability and costs of alternative supplies, could adversely affect the 
operating economics and profitability sufficiently to curtail asphalt production or even 
undermine the long-term economic viability of one of more Wyoming refineries. Such an event 
would trigger substantial job and income losses in the affected community and significant 
negative fiscal impacts for the affected local governments and school districts. Increased 
reliance on out-of-state supplies risks higher costs and increased potential for delays or 
disruption of deliveries, both of which have broad economic implications for the state. 
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June 20, 1990 

John w~ 
tepartment of Emrironmental Quality 
water oualitv Division 
Herschler Build.i.Lg 
Clleyenre, WY 82002 

Dear Mr. Wagner; 

EIS 6138 
EPA/}E'J 
ARCO Graham Rescuroes 
Santa Fe Energy 
Hamilton Dool Oil Field Canplex 

'!he staff of the Wy~ Garre arrl Fish Department offers the following 
ccmnents for your consideration. 

OUr personnel took sarrples alan;J cotto~ Creek Cl'l 5/21/90, fran the 
IOOUth of the creek at the Bighorn River to approximately 8 miles above the 
d.ischal'.ge points at Hamil ton cane. Elect.ro-shocki.r, \iater sanples, water 
teixperatures, arrl visual observations of fish and wildlife were taken. 

Five sections of Cot:t:arl'NOOd Creek "Were electrofished on May 21, 1990. 
All sites were located damstream :fran the di.schaJ:ge point(s) associated 
with the oil field in questiC11. No game fish were captured at an;y of the 
sites and no fish species of any kini were captured at the site nearest the 
p:>int of disd1arge (Table 1). 

Table 1. SUrllllary of elec;trofishirg results at five sites on Cottonwocd 
Creek on May 21, 1990. 

location 
1/ 4 Mile Upstream Fran 

Bighorn River a:mfluenoe 

Putz Ranch (Four Miles Upstream 
Fram Highway 20) Flathead Olub 

Confluence with Grass Creek 

I..ower Sarrl Draw Road 

D.rarishkis Randl 

Species Present 
Plains Killifish 
Flathead OD.lb 
I.Drx;;Jl"l069 SUcker 

Plains Killifish 

Plains Killifish 

Plains Killifish 

No Fi.sh captured 
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Mr. Joon wagner 
June 20, 1990 
Page 2 - EIS 6138 

Several species of TJater:fa.r1, shorebil:ds, wadin;J birds, 
~ birds were also ooserved durin;J the inspectim. 
active beaver den 'W8r8 also obsaved in the i.Jmw=djate 
discharge points/ax>lirq pads. 

arrl a variety of 
A fax: den and an 
vicinity or the 

We urrlerstand EPA am,/or [EJ is ccnsider:ID;J forcing the oil cx:mpmies 
involved (ARro, Graham Rescul:ces, santa Fe Energy) to re.inject their 
produced waters instead of· dischaJ:ging than .into Cottonwood Creek. '!he ARCD 
di.sdlarge goes ~ a series of ax>lin;J/settlin:J pcms he.fare discharging 
into the creek itself. EPA m:nitor.irg is ag:,arentl.y dcme at the mi.ddl.e 
coolin;J pad, approximately l/2 mi.le above the point where t:he di scbarge 
water enters O:,ttonwood Creek. 

It is our further un3erst.aixlin; that radium levels are slightly atx::1Ve 
the EPA st:aroam at their naritorirxJ staticn at the exx>li.n;J parl, l::ut well 
bQl.c,wo stardard at tile point where the disdlarge water enters the stream. 

QJr primal:y calCel.n is with the large n:m:ber of Jll.11.e .deer wn.ic:h 
~te alc:bJ Cottonwood creek. Several hundred deer can be tcimn a1arg 
the crucial w.int.er ran:Je riparian zone. In fact, Cot:t.anl,,iood creek is one of 
the major concentrations of nule deer in Areas 119 am 120, an:1 pest-season 
c1assificaticns routinely find 200-300 or 100re deer al.on;J a COJPle-mile 
stretch of t:he creek. 

Although not as directiy tied to the produced water as 111lle deer, 50-75 
antelq:e are commonly famd i.n and around the Hamiltai. Dane oil field 
catplex thrcughout the year. 

Ole to the diversity am nnmer of te?:restrial species lilhi.ch zel.y en the 
cottonwocxl creek drainage, including the produced waters at vari.rus times 
durlig- the year, 'Wle reD 111,em a thOrollgh anal:ysis be llBde prior to forc.i.n;J 
these cxmpmies to re.inject this prcduoed water. Cl:wi.QJSJ..y, if aati.tiaial. 
sanpl.invuadtorilg tJy mQIEPA .indicates serious water quality problems, or 
stJ::aig f.isbe:cy a:n::::erns a:r:e discx:JVered, injectiai shculd be a future 
altez:native. Wittnrt: :fllrt.her evidence that points to haDdng the wildlife 
or· pccpls in tl-£ ar~, the water pa:x:locled does provide Sl)b;tantial benefits 
to the wildlife resouxoe which is using this area. 

'lhank you far the ogx>rb.mity to cament. 

FP:~J.as 
a:::~ Div. 

Fish Div. 
USF&~-<l"leyenne. 

sinoerely, 
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'WYOMING 
GAME AND FISH DEPARTMENT --- g., ___ _ 

"Corsserving Wildlife - Serving People" 

JW1e 10, 2002 

WER 10322 

Dennis Hemmer, Director 
Wyoming Department of Environmental Quality 
Herschler Building, 4 West 
Cheyenne, VvY 82001 

Dear Mr. Hemmer: 

In recent weeks, the Wyoming Game and Fish Department has received a number of 
requests for beneficial use statements from oil and gas operators- Most of these have been for 
permit renewals of historic, produced-water discharges. We understand that all oil and gas 
facility discharges now require a statement of beneficial use for either wildlife or agriculture. 

Approximately three years ago, Department personnel in the Powder River Basin were 
becoming inundated by requests from coal bed methane operators for beneficial use statements. 
We even received a request from the Wyoming Business Council to provide a statewide or 
regional statement of beneficial use for all discharges meeting water quality standards. The 
decision was made by the Department at that time to not issue such statements. We felt it would 
not be possible to easily determine if any given discharge would pTovide benefits or cause 
adverse impacts to fish and wildlife, or their habitats, without site-specific reviews and 
considerable analysis. Such reviews would create a huge burden on our personnel. Our position 
was stated in Department letters to your Water Quality Division as early as 1999 and was 
discussed with you by ow- former Director, John Baughman. 

Our position today is unchanged. We will not issue such statements unless the discharge 
is part of a project on which we partner with industry and on which there is a Department­
approved habitat enhancement plan. Given the many thousands of potential beneficial use 
statement requests, particularly for new discharges by the coal bed methane industry, it is not 
remotely possible for this Department to be involved. 

The Department would like to make one exception to our position on this matter. As J 
indicated, the recent requests have been for historic discharges that are being considered for 
permit renewals, with no changes in water quantity or quality. In these instances, we feel a 
beneficial use for fish and/or wildlife has been demonstrated over time. On a fow of these 
requests, our personnel have conducted site-specific reviews and we have provided two 
statements of beneficial use. However, this cannot continue as we are receiving more and more 
of these requests. Therefore, we wish to provide the following generic statement that will apply 
to all historic discharges for which there are no water quantity or quality changes: 

Hcadqu11rtc:n;: 5400 Bishop Boulevard. C:l'leyer,ne, WY 82006-0001 
Pax; (:307) 777-4610 Web Site: hnp://gf.,tate.wy.ua 

~00:-! 
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Mr. Dennis Hemmer 
June 10, 2002 
Page2 

WGFD HABITAT PROTECT I ON 

Tlie Wyoming Game and Fish Department recog1tizes that historic discharges by oil 
and gas production facilities have demonstrated a beneficial use to fish and/or wildlife. 
Provided there are no cl,a11ges to the quantity of discharge, and the water quality co11tinues to 
meet DEO standards for discharge, any permit renewal for these discharges will be considered 
by tl,e Department as having a beneficial us.e for fish and/or wild/if!!:. 

The Department will not issue additional beneficial use statements for these historic 
discharges. We will assume that the Department of Environmental Quality, Water Quality 
Division, will accept the above statement as applicable for all hjstoric discharges as described. 
We will advise all operators requesting statements under these conditions that DEQ has received 
our blanket statement. For new discharges or discharges that do not meet the conditions 
described above, we will not issue beneficial use statements except as noted for partnered 
projects. In these instances, we would appreciate DEQ personnel advising operators to either 
secure a beneficial use statement through a consultant or from the affected landowner, and not 
direct them to the Department as has happened on a number of occasions in the past. 

Please advise us if you have questions regarding this letter. We would be glad to meet 
with you and your staff if you so desire. Ifwe have not heard from you by July 12, we will 
assume our approach is acceptable. Thank you for your assistance in this matter. 

BW:TC:as 

cc: Gary Beach 
Leah Krafft 
Roland Peterson 

BILL WICHERS 
DEPUTY DIRECTOR 

~003 
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November 1, 2002 

Chris Jessen 
States West Water Resources Corporation 
1904 E. 15th Street 
Cheyenne, WY 82001 
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FOR COTTONWOOD CREEK 

Dear Chris: 

The purpose of this letter is to outline my attempt to calculate a site-specific chloride criterion for 
Cottonwood Creek using the EPA recalculation procedure (U.S. EPA. 1994. The Recalculation 
Procedure. Appendix Bin "Interim Guidance on Determination and Use of Water-Effect Ratios 
for Metals. 11 EPA-823-B-94-001 ). The recalculation procedure is intended to allow a site-specific 
criterion to differ from a national aquatic life criterion if justified by demonstrated pertinent 
toxicological differences between the aquatic species that occur at the site and those that were 
used in the derivation of the national criterion. 

The recalculation procedure basically involves deleting species used to develop the national 
criterion but that do not occur in Cottonwood Creek. Before EPA allows the recalculation 
procedure, available chloride toxicity data for the procedure must meet the "Eight Family Rule" . 
In accordance with the U.S . EPA 1985 (Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses, PB85-227049), the 
following eight families satisfy the minimal data requirements for the general recalculation 
procedure: 

1) The family Salmonidae in the class Osteichthyes (i.e., a trout or salmon) 
2) A second family in the class Osteichthyes, preferably a commercially or recreationally 

important warm water species ( e.g., bluegill, channel catfish, etc.) 
3) A third family in the phylum Chordata (may be in the class Osteichthyes [a fish] or may be 

an amphibian, etc.) 
4) A planktonic crustacean (e.g., cladoceran, copepod, etc.) 
5) A benthic crustacean (e.g., ostracod, isopod, amphipod, crayfish, etc.) 
6) An insect (e.g., mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, midge, etc.) 
7) A family in a phylum other than Arthropoda or Chordata (e.g., Rotifera, Annelida, 

Mollusca, etc.) 
8) A family in any order of insect or any phylum not already represented 

(Large to small: Kingdom, Phylum, Class, Order, Family, Genus, Species) 
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The national chloride criterion are based on published toxicity data for 13 taxa representing only 
11 families (U.S . EPA 1988. Ambient Water Quality Criteria for Chloride - 1988, EPA 440/5-88-
001). Of these 11, five do not occur in Cottonwood Creek (fingernail clam, mosquito, American 
eel, goldfish, and bluegill) and would therefore be removed during the deletion process. After 
deleting these five, however, orily chloride data for six families are left to calculate the new site­
specific criteria for Cottonwood Creek, but this does not meet the "8 family rule." When this 
occurs, the general recalculation procedure cannot be used, which means that the only possible 
option left is to use the Special Recalcula.tion Procedures. For the Special Recalculation 
Procedures, toxicity data are required for at least one species in each of the families that occur at 
the site. Between the Wyoming Department of Environmental Quality (WDEQ) aquatic 
invertebrate and Wyoming Game and Fish Department fish data for Cottonwood Creek, however, 
there are numerous families of fish and aquatic invertebrates present in Cottonwood Creek for 
which there are no chloride toxicity data. Therefore, neither the general nor special recalculation 
procedures can be used to recalculate a site-specific chloride criteria for Cottonwood Creek. The 
only remedy for this situation would be to develop chloride toxicity data for a host of organisms 
through labotato1-y toxicity tests, which I am assuming is beyond the scope of this project. 

After reviewing the available chloride toxicity data, I believe that even if one could recalculate a 
site-specific chloride criteria for Cottonwood Creek, it would not result in a higher site-specific 
criteria. This is because some of the most chloride-sensitive organisms are present in Cottonwood 
Creek. If the 13 taxa for which chloride toxicity data exist are ranked from least sensitive to most 
sensitive, the 5 taxa that could be deleted from the data set because they are not present in 
Cottonwood Creek are among the 7 taxa considered the least sensitive to chloride. None of the 5 
taxa considered the most sensitive to chloride can be deleted from the data set because either the 
same species or a closely-related species does occur in Cottonwood Creek. The fact that several 
taxa considered the most sensitive to chloride toxicity are present in Cottonwood Creek appears 
to indicate that chloride levels are below levels of concern, indicating that the chloride water 
quality criteria is very conservative. 

In the absence of recalculating a site-specific chloride criteria, another potential remedy for the 
problem is to raise the chloride criteria from 230 mg/L to 860 mg/L, which is currently being 
requested of the WDEQ by the Petroleum Association of Wyoming (see attached letter dated 
August 20, 2002). I am unaware of any response to this request by WDEQ. 

Please feel free to contact me if you have any questions or requests for additional information 
regarding the above. 

Sincerely, 

. ..-- '1 

:,eg2 
Ecologist/Project Manager 
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PETROLEUM ASSOCIATION OF WYOMING 

I "W"' ....... 
: l'C,i\(1:111,\\ 

-:-.:1.\Tlt"'·· I 
ol 

\\'\II!\-"•. 1 ___ ., 
951 Wemer Co1.11t, Suite 100 
Casper, Wyoming 82601 
(307) 234-5333 

August22,2002 

Mr. Gary Beach 
Administrator, Water Quality Division 
Department of Environmental Quality 
122 West 25th Street 
Cheyenne, Wyoming 82002 

Dear Mr. Beach: 

fax (307) 266-2189 
e-mail: psw@pewyo.org 
www.pawyo.org 

l4l oo.: ; ou:i 

The Petroleum Association of Wyoming (PAW) welcomes this opportunity to present to 
the Division information regarding the proposed revisions to the Water Quality Division 
Rules and Regulations, Chapter 1. 

PAW is Wyoming's largest oil and gas trade association, members of which account for 
over 90% of the natural gas and 80% of the crude oil produced in the state. 

PAW is in support of all the proposed revisions. PAW is particularly supportive of 
revision #10 in the Outreach Document dealing with aquatic life values of aluminum. 
The current aquatic life value for aluminum does not take into account soil and water 
conditions found in Wyoming. PAW believes the proposed rule change would be more 
representative of that fraction of aluminum that is biologically available. 

In addition to the current proposed revisions, PAW is asking for an increase in the 
chloride standards for Class 2C and all Class 3 water designations. 

PAW recommends DEQ revise the aquatic life standard for Class 2C and Class 3 
waters for chloride from the chronic value (230 mg/I) to the acute value (860 mg/I). 
Continued application of the chronic aquatic life value to Class 2C and Class 3 waters 
will likely result in a loss of discharge water to many Class 2C and Class 3 drainages. 
This loss of discharge could result in a net loss of wetlands and aquatic life as well as 
agricultural and wildlife beneficial uses that are currently sustained by the effluent 
discharged to many of these often dry drainages. 

In addition, most EPA Region 8 states do not have chloride standards in their water 
quality rules for lower water classifications such as Wyoming Class 2C and Class 3 
waters. These states include Montana, Utah, and Colorado. South Dakota has a 
chloride standard, but it only applies to cold-water fisheries, which are the equivalent of 
Class 1, Class 2AB and Class 2B waters in Wyoming. North Dakota's chloride standard 
only applies to waters designated as drinking water supplies, which are equivalent to 
Class 1, Class 2AB, and Class 2A waters in Wyoming. These other western states 
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have many of the same geographic, hydrologic, weather and water quality 
characteristics as Wyoming. 

Many Class 3 waters are not perennial water bodies and have very marginal associated 
wetlands. Supplemental discharge water from oil and gas operations enhances and 
creates additional wetlands on many Class 3 waters. The aquatic life and other 
beneficial uses {agriculture and wildlife) created by this water could be lost on a 
significant portion of water bodies, particularly in northwest Wyoming. 

PAW appreciates this opportunity to comment on the proposed Wat.er Quality Division 
Rules and Regulations, Chapter 1 revisions. Thank you in your consideration of these 
comments and suggestions. 

Sincerely, 

John Robitaille 
Vice President 
Petroleum Association of Wyoming 
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