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RAMACO Brook Mine 

MP.1 GENERAL DESCRIPTION OF MINING OPERATIONS 

Ramaco Wyoming Coal, LLC (RAMACO) intends to mine coal at the 

proposed Brook Mine within Sheridan County, Wyoming approximately 8.5 miles 

north of the City of Sheridan, Wyoming. The proposed Brook Mine is located 

within the Sheridan Coal Field of the Powder River Basin. A general location view 

of the Brook Mine is shown on Figure MP. 1-1. 

MP.1.1 Type of Mine 

The proposed Brook Mine will be a combination of highwall and surface 

mining operations to extract sub-bituminous coals. Sub-bituminous coals are 

intermediate in rank between lignite and bituminous coals. The sub-bituminous 

coals of the property have typically low sulfur and high moisture content. The 

coal seams on RAMACO's property are characterized as single-bench coal 

horizons with little in-seam parting material, or non-coal material within the 

seam. Coal seam thicknesses vary from 1 foot to 20 feet. Major coal seams on 

the Brook Mine include: Monarch, Upper Carney, Lower Carney, Carney, and 

Masters. The seams are primarily in the Fort Union Formation, Tongue River 

Member. Below the Tongue River Member is the Lebo Shale Member of the Fort 

Union Formation. 

The basic steps and sequence of activities for highwall operations of the 

Brook Mine operation are: 

• Removal of topsoil materials; 

• Removal of overburden material for trench mine; 

• Mining of coal in trench mine; 

• Mining of coal in highwall mine; 

• Replacement and contouring of spoil material; 

• Replacement of topsoil material; 

• Revegetation of the reclaimed surface. 
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The basic steps and sequence of activities for surface operations of the 

Brook Mine operation are: 

• Removal of topsoil material; 

• Removal of overburden in surface area mines; 

• Mining of coal in surface area mines; 

• Replacement and contouring of spoil material; 

• Replacement of topsoil material; 

• Revegetation of the reclaimed surface. 

MP.1.2 Method of Mining 

The mine will use two techniques to mme coal; highwall mmmg and 

surface mining. The highwall mining method using the continuous miner system 

(or equivalent) will be the primary method for mining coal. To prepare for 

highwall mining, the mine will initially construct a trench to allow for the 

continuous miner system. 

MP.1.2.1 Highwall Mining 

To prepare for highwall mining, the mine will first construct a trench to 

create working areas for highwall mining equipment. Excavated trenches are 

synonymous with box cuts or open pits. All coal except for what is left behind 

as coal dust on the trench floors , will be removed from the trench areas and 

mined. Trenches are generally located in areas of low strip ratios, or those 

locations where coal seams are closer to the existing surface. Trenches will be 

as straight as possible to minimize highwall continuous miner alignment 

changes. The minimum trench floor width will be 150 feet. This width is 

governed by the Mine Safety and Health Administration (MSHA). This pit floor 

width will also provide sufficient room during highwall mining to maneuver the 

highwall mining launch vehicle, store associated cars, and load stockpiled coal. 

Large equipment should be able to pass between the launch vehicle and the 

trench wall. The highwalls will have a 65-degree bench slope to provide a stable 

trench environment. Where the trench intersects the burnt Monarch 
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coal seam, a minimum 35-foot wide safety bench will be added. Benches will be 

constructed with a width appropriate to soil type and conditions, and will comply 

with all MSHA design and safety standards. A schematic of a generalized trench 

cross section is shown on Figure MP.1-2. The ground control plan exhibit is 

shown on Exhibit MP.1-2. 

The trench mining operations will attempt to maintain a consistent 

distance in front of the high wall mining activities. Trench construction activities 

will primarily be in a separate part of the trench away from the highwall mining 

activities. As overburden is removed, it will be hauled to a location in the trench 

behind the continuous miner and placed as spoil. The initial trench material 

may need to be stockpiled and stockpiling will be necessary when there is 

insufficient backfill room. After the highwall miner has completed mining, the 

surface mining equipment will switch places with the highwall mining equipment 

within the same trench. The highwall mining equipment will mine in the newly 

excavated trench, and the surface mining equipment will replace spoil where the 

highwall mining equipment has completed mining activities. 

To minimize stockpiling, spoil may be hauled from the initial excavation in 

one trench to the final highwall area of another pit. Ramps will generally be 

constructed of spoil material end-dumped at a 6-percent to 8-percent grade to 

the trench surface depending on haul equipment used. A dozer will assist spoil 

dumping activities. End-dumping will connect with previous backfilling efforts 

and a dozer will complete leveling of the backfilling. 

A continuous miner, or a machine that mines remotely from the operator, 

will be used to mine the coal roughly perpendicular to the trench. The coal is 

transported from the continuous miner back to the open surface by a conveyance 

system that is incrementally increased in length as the continuous miner 

advances further into the coal seam. The conveyance cars transport the coal to 

a stacking conveyor in the trench. The continuous miner advances the tunnel 

to the maximum length allowed by equipment design and geologic conditions, 

usually up to penetration depths of approximately 1,500 to 2,000 feet. Cutting 
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heights for the tunnel vary with the coal seam and the cutter head chosen but 

typically range from 30" to 28'. The tunnel width will also vary based on the 

cutter head chosen but is typically 11.5'. After the continuous miner reaches 

the desired penetration depth, it is then retracted from the tunnel to mine 

another parallel to the previous. Protective coal pillars are left between the 

tunnels to support the weight of the overburden typically 5-8 ft thick with 

protective barrier pillars 6-12 ft thick which protect against collapse. When 

possible, continuous miner panels will be driven on both sides of the trench. 

Continuous miner tunnel's will usually be completed without delay once started. 

No workers are exposed to any underground workings at any time. Figure MP.1-

3 shows a generalized schematic of the highwall mining operation. The coal will 

be transported from the stockpiles created by the continuous miner using 

loaders and trucks. 

MP .1.2.2 Surface Mining 

The Brook Mine contains reserves of relatively low strip ratios (maximum 

of 5 to 1) where surface mining will be conducted. These surface mining areas 

are shown on Exhibit MP.1- 1. Existing Taylor Quarry access roads and haul 

roads shown on Exhibit MP.3-1 will provide access to the surface mining area. 

RAMACO will either directly hire personnel for the movement of overburden, or 

will hire an independent contractor who will operate under a license to mine. 

The method used for surface mining could include dozer push with loader and 

truck support, a scraper fleet, or a truck/shovel operation. Figure MP.1-4 is a 

generalized schematic showing the manner in which overburden will be moved 

to expose coal during the surface area mining operations. The Monarch and 

Carney coal seams will be targeted by surface mining operations. The coal will 

be removed using loaders and trucks. Additionally, surface mining will be 

conducted to expose the highwall for mining by the continuous miner. 

MP.1.3 Acreage to Be Affected Annually 

Surface disturbance acreage at the Brook Mine will result from trench 

mining activities, surface area mining activities, and construction of facilities. 
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Facility disturbances includes disturbance acreage caused by buildings, roads, 

diversions, and stockpiles. Highwall mining will not cause surface disturbance 

other than the associated disturbance caused by trench mining. Table MP.1-1 

lists the projected disturbance. Exhibit MP.1-1 provides a visual representation 

of the surface acreage to be disturbed. Exhibit MP.1-1 also shows the affected 

area boundary within the Brook Mine Permit Area. For purposes of this Permit 

Application, affected area boundary is synonymous with disturbance boundary. 

The affected area boundary shown on Exhibit MP. 1-1 includes all lands 

that will be physically disturbed by mining activities. Lands that are exclusive of 

the disturbance boundary but inclusive of the affected area boundary have the 

potential to be disturbed by mining. The majority of these include those lands 

which are above continuous miner activities with the potential for subsidence 

which is addressed in Section MP.13 . The area south of the Tongue River within 

the Big Horn Coal Permit Area in Sections 21, 22, 27 and the south half of 

Section 15 is designated as potential disturbance area. Based on operational 

needs, surface disturbance may occur in this area as may be necessary or 

convenient to mine. The only disturbance planned would be for topsoil stripping 

and stockpiling for potential laydown or staging areas. 

MP.1.4 Overburden Handling 

Initial overburden box cut material will be stockpiled for use as fill in 

adjacent void areas. Overburden will be hauled to the point of previous 

excavation adjacent to the ongoing highwall mining activity. The overburden will 

be pushed with bulldozers, loaded into trucks using rubber-tired front-end 

loaders or a shovel, or transported using a scraper fleet, depending upon 

RAMACO's or an independent contractor's choice. The trucks or scrapers will 

convey the overburden to the back fill or stockpiles. End-dumping will connect 

with previous backfilling efforts. A bulldozer will complete leveling of the backfill 

material. As new trenches are developed, overburden will be hauled to preceding 

trenches behind the continuing highwall mining activity. Some stockpiling of 

overburden outside of the trenches will be required until highwall mining has 
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been completed and the trench has been completely abandoned by highwall 

mining operations. By the end of mining activities, all spoil material will be 

backfilled into trenches or other surface mining excavation areas. 

MP.1.5 Mineral Handling 

Coal from both highwall and surface mining production will be crushed by 

portable, in-pit or out of pit crushers. Coal will either be temporarily stored in 

the pit or at the coal storage pad or directly hauled off site. The coal will be 

loaded into trucks using rubber-tired front-end loaders. 

MP.1.6 Permit Term 

Mining will occur over a 39-year period beginning in 2020 (corresponds to 

Year 1 in all Exhibits, Figures, Tables, and text), and completing in 2058. From 

2059 through 2062 , only reclamation activities will occur. The permit will be 

renewed on a five-year cycle based on the approval date of the permit. 

MP.1.7 Annual Production 

Estimated annual production (in tons) is shown in Table MP.1-2. The total 

estimated production over the life of the mine is also presented in Table MP.1-2. 

MP.1.8 Mine Equipment 

Similar equipment will be used for the construction of the trench and the 

surface mining. Table MP.1-3 lists the anticipated mining equipment used to 

construct the trench and surface mining. Table MP.1-4 lists the equipment 

anticipated for the highwall mining operation. Equipment manufacturers and 

types are shown for size or capacity reference only. Some of the equipment listed 

on table MP.1-3 will also be used for the highwall mining operation such as the 

bus and pickup trucks. 

MP.1.9 Relationship and Impact of Operations on Existing Structures 
and Adjacent Mining Operations 

The Brook Mine will only have marginal impact on existing man-made 

structures. Oil and gas wells, rights-of-way, roads, and surface ownership are 

listed in the Adjudication File. Refer to the Adjudication File for these locations. 
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Any structure within the Brook Mine Permit Area that is directly affected 

by mining activities will be properly abandoned and removed or relocated before 

mining activities commence. Relocation and/or abandonment criteria and 

procedures will be established to minimize significant impacts to the postmining 

land use plan. 

If mining operations are anticipated to disrupt power or phone lines, new 

lines will be relocated and put into service before the old lines are abandoned. 

This will be done to minimize power or phone interruptions. Residents who may 

be potentially affected by power or phone line interruptions will be notified in 

person a minimum of 48 hours in advance of an outage. A written notification 

with contacts number would be left for the residents that are not home. 

Relocation of roadways will be coordinated with Sheridan County or the 

road owner for design and relocation procedures. Interruption to traffic flow will 

be mitigated through previously formulated plans. 

The Brook Mine will mine lands within Taylor Quarry (Permit No. SP-757). 

The Taylor Quarry Permit Boundary is shown on Exhibit MP.1-1. Brook Mine 

has a cooperative agreement with Taylor Quarry for mining operations within 

Taylor Quarry's Permit Boundary. Details regarding dual permitted areas are 

provided in Section MP.22. 

The Brook Mine will not obstruct Big Horn Coal's (Permit 231-T8) Shop, 

Bridge, and Rail Road Siding as they exist in Big Horn Coal's most recently 

approved Annual report. An access road equivalent to the existing improved 

road will be provided if proposed stockpiles or pits should restrict the existing 

access as shown on Exhibit MP.1-1. 

MP.2 MINE FACILITIES 

The following subsections discuss mining facilities. This also includes 

potential mining facilities for future use. 
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MP.2.1 Personnel and Equipment Facilities 

The approximate locations of mine facilities are shown on Exhibit MP.2-1. 

As facilities are designed and constructed, they will be added to the exhibit. 

MP.2.1.1 Administration Building 

The administration building will be located m Sheridan. The 

administration building will contain offices, a conference room, and training 

facilities . 

MP.2.1.2 Change House and Equipment Service Shop 

The change house includes offices, shower facilities for employees, and a 

large meeting area and equipment service facility. Waste oil and lubricants will 

be temporarily stored in the equipment service facility until they can be 

transported to an off site disposal facility. The equipment facility area will include 

wash bays. Wash down water will be routed to wastewater impoundment. 

MP.2.1.3 Additional Facilities 

Additional facilities required for mine operation that will be located in the 

vicinity of the change house and shop facilities will include a truck tire shop, a 

lab/sample building, and a substation for power. A truck ready line will also be 

located near the change house. The truck ready line will be large enough to 

accommodate the number of rock trucks and coal trucks required to conduct 

operations. A parking lot near the entrance of this facility area will be used for 

employees and visitors to park personal vehicles. 

MP .2.1.4 Fuel Station 

The fuel station will store both diesel fuel and gasoline in above-ground 

tanks. Should the aboveground tanks store more than 1,320 gallons of 

petroleum products, the Spill Prevention, Control, and Countermeasure (SPCC) 

plan will be available onsite at the Brook Mine for review and inspection by the 

Environmental Protection Agency (EPA) according to 40 CFR Part 112. 
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MP.2.1.5 Cistern 

A cistern will be installed near the change house and equipment service 

facilities for storage of potable water. 

MP.2.1.6 Septic Tank and Leach Field 

Sewage wastewater will be handled by means of a septic tank and leach 

field. Leach field(s) will handle sewage wastewater from the change house and 

equipment service shop. The sewage wastewater will flow by gravity to the leach 

field(s). Holding tanks for sewage wastewater from any area away from the septic 

tank will be emptied and treated by approved waste disposal contractors. The 

septic tank and leach field will be designed and constructed in accordance with 

applicable WDEQ/Water Quality Division (WDEQ/WQD) rules and regulations. 

MP.2.2 Coal Handling Facilities 

Portable, in-pit and out of pit crushers will be used at the Brook Mine. A 

crusher facility will be constructed. The coal will either be temporarily stored in 

the pit or at the coal storage pad or directly hauled off site. A coal storage pad is 

depicted on Exhibit MP.2-2. A certified scale will measure coal tonnage. 

MP.2.3 Explosive Storage 

Prior to the receipt of explosives material and storage, the mine will be 

required to obtain a permit from the Department of Alcohol, Tobacco and 

Firearms. The permit will require a qualified person in compliance with Wyoming 

Statutes and WDEQ rules and regulations to conduct a pre-inspection of the 

explosive magazines construction and location specifications to meet the 

distance requirements for storage of explosives in 27 CFR 555. 

The explosives detonating material will be stored in two secure, and 

fireproof buildings, constructed on concrete pads to meet the Type 1 magazine 

specifications in 27 CFR Part 555. One magazine will contain boosters and the 

other magazine located at least 60 feet away will contain detonating cord, 

detonators, and other initiation products. 

December 2019 MP-9 

TF N6 2/025 
RE CD 0. C 13 ,2019 DEQ Ex. 5-020



RAMACO Brook Mine 

The explosive magazmes will be located in accordance with 27 CFR 

555.218, Table of Distances for Storage of Explosive Materials. This will ensure 

that the magazines will be located a safe distance from all inhabited buildings, 

public roads, and other explosive storage facilities. The buildings will be 

constructed with noncombustible and reasonably bullet-resistant material with 

screened ventilation openings near the floor and ceiling. The buildings will be 

locked and posted with danger signs showing the building is an explosive storage 

area in such a way that a bullet passing through the face of the sign will not hit 

the magazine. These magazines will be used exclusively for the storage of 

detonators and related materials, such as safety fuse and detonating cord. Bulk 

storage of ammonium nitrate-fuel oil (ANFO) components will be separated from 

the magazine area as required under 30 CFR 77.1301. Any emulsions, water 

gels, and slurry explosives will be stored separately from detonators, initiator 

products, and ANFO. Locations of explosive storage will be according to 

regulations. 

MP.2.4 Power Transmission and Communication Lines 

Electrical power will be transmitted to the mine property by a 3-phase 

4160-Volt line. 

Electric power will be purchased from Powder River Energy Corporation. 

Power distribution and electrical equipment will be constructed to comply with 

applicable federal, state, and local codes. Power lines within the Brook Mine 

Permit Area will be constructed to minimize impacts on raptors, as discussed in 

the Plan to Minimize Adverse Impacts on Fish and Wildlife. 

Telephone service will be installed by tapping into a local communications 

earner. Communications within the Permit Area will be by mobile business band 

radios. 
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MP.2.5 Stockpiles 

Separate topsoil and overburden stockpiles will be required for 

reclamation activities. The design of stockpiles is discussed in Section MP.4 . 

Stockpile locations are shown on Exhibit MP.4-3. 

MP.2.6 Access Control Features 

The mine will control access to the Brook Mine to protect the health and 

safety of the mine workforce, general public, wildlife , and livestock. A 

guardhouse will be installed at the entrance to the Brook Mine. Fencing will be 

constructed around mining activities to prevent wildlife, livestock, and the 

general public from mistakenly entering as shown on Exhibit MP.1-1. Access 

will be allowed for existing cattle operations as needed in the NWNE of section 

21 T57N R84W as shown on Exhibit MP.1-1. Fencing construction will follow 

recommendations found in WDEQ/LQD Guideline Number 10 and/or WYDOT 

standard 607- lA: Fencing, Signs and markers will be placed to alert the general 

public to the active mining area. Signs, markers, and buffer zones are discussed 

in Section MP.12. Locations of access control features are shown on Exhibit 

MP.2-1. 

MP.2.7 Hydrologic Control Structures 

Sedimentation, wastewater, and flood control reservoirs, diversion ditches, 

and mine pit dewatering are discussed in Section MP.5. 

MP.2.8 Solid Waste Disposal 

Refuse disposal is discussed in Section MP.10. 

MP.3 

MP.3.1 

ROADS, RAILROADS AND OTHER TRANSPORT SYSTEMS 

Roads 

Roads are defined in WDEQ/LQD Rules and Regulations (R&R) Chapter 1, 

Section 2(ds) (12/17/2012). All roads will be classified in one of two general 

road categories according to the WDEQ/LQD road classification system in 

Chapter 4, Section 2ti)(i)(12/ 17 /2012): primary roads or ancillary roads. 

Primary roads are any road used for transporting mineral or spoil, or frequently 
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used for access or other purposes for a period in excess of six months, or roads 

to be retained for postmining use. Ancillary roads are all other roads not 

classified as primary roads. The road system at and adjacent to the Brook Mine 

will consist of public access roads, primary access roads, primary haul roads, 

and ancillary roads. 

Roads will be designed and constructed as outlined in Chapter 4, Section 

20) of the WDEQ/LQD R&R (12/17/2012). Approval will be obtained from the 

WDEQ/LQD prior to new road construction activities outside of the immediate 

mining area which are not detailed in this document. Primary access roads 

located outside of the immediate mining area will be designed and constructed 

in accordance with good engineering and environmental practice, and will 

comply with applicable state and federal regulations. All roads will be closed to 

vehicular traffic when no longer needed, and then reclaimed unless retention is 

part of the approved post mining land use. 

MP.3.1.1 Public Access Roads 

Public roads are defined in WYDEQ/LQD R&R Chapter 1, Section 2(di) 

(12/17/2012). Public roads are: 1) designated public pursuant to laws of the 

jurisdiction; 2) maintained with public funds; 3) substantially used by the public 

(more than incidental use); and 4) subject to meeting road construction 

standards for other public roads of the same classification in the local 

jurisdiction. 

Wyoming State Highway 345 provides general access to the Brook Mine 

entrance. Wyoming State Highway 345 runs parallel to Interstate 90 (1-90) until 

it intersects Acme Road. The permit area is adjacent to 1-90. Wyoming State 

Highway 339 connects Wyoming State Highway 338 to 1-90 near an additional 

entrance to the mine. County roads that provide access to the permit area 

include Slater Creek Road, Ash Creek Road, Monarch Road, Acme Road, and 

Kleenburn Road. Public roads in the vicinity are described in detail in Appendix 

D 1 "Land Use." Public roads that provide access to the Brook Mine are shown 

on Exhibit MP.3-1. 
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MP.3.1.2 Primary Access Roads 

Access roads by WDEQ/LQD definition are primary roads. Being primary 

roads, design of access roads will be certified in a report by a registered 

professional engineer. Access to the Brook Mine will be provided by improved 

existing roadways. Locations of the access roads are shown on Exhibit MP.3-1. 

Access roads will be surfaced with adequate material considering volume 

of traffic, and weight and speed of vehicles using the road. Standards regarding 

location and drainage control for primary roads are outlined in WDEQ/LQD R&R 

Chapter 4, Section 2(j)(vii)(C & D) (12/17/2012) . 

Design and specifications of access roads joining with public roads will be 

coordinated with the Wyoming Department of Transportation (WYDOT) . 

MP.3.1.3 Primary Haul Roads 

By WDEQ/LQD definition m R&R Chapter 4, Section 2(j)(i)(B) 

(12/17/2012), any road used for transporting mineral or spoil is a primary road. 

Therefore, haul roads are classified as primary roads. Design of haul roads will 

be certified by a registered professional engineer. 

Haul roads will be designed with consideration for traffic volumes and the 

weight and speed of vehicles using the road, and will be surfaced accordingly 

with appropriate material. Standards regarding location and drainage control 

for primary roads are outlined in WDEQ/LQD R&R Chapter 4, Section 2(j)(vii)(C 

& D) (12/17/2012). 

Primary haul roads will vary in width, depending upon the vehicular traffic 

using the road. The width will be adjusted to provide sufficient passing room. 

Haul roads will be crowned with a high center and the travelled way generally 

sloping at a two-percent grade from the center to each respective drainage ditch. 

Shoulders will generally slope at a 3H: 1 V grade to the drainage ditch. Cut and 

fill slopes will be stable at no steeper than 2H: 1 V grades. Curves will be 

superelevated, and protective berms will be placed in required areas along the 

road surface edge. Profile grades will be no greater than eight percent. Exhibit 
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MP.3-1 shows the locations of primary haul roads at the Brook Mine. Exhibit 

MP.3-2 provides the designs for future haul roads showing the plans, profiles, 

and typical cross sections. The haul road designs for the first five years of mining 

in the SM-1 area are depicted in Exhibit MP.3-3, Exhibit MP.3-4, and Exhibit 

MP.3-5 for haul roads SM-1,SM-2 and SM-3 respectively, including plans, 

profiles and typical cross sections. 

MP.3.1.4 Ancillary Roads 

Ancillary roads are all roads not classified as primary roads according to 

WDEQ/LQD R&R Chapter 4, Section 2(j)(i)(C) (12/17/2012). Roads located 

within the immediate mining area are exempt from mine plan design 

considerations and include ramps, roads associated with the coal removal and 

spoil areas, roads where topsoil and overburden are being moved and areas 

undergoing active reclamation. These roads are generally considered ancillary 

roads, and move frequently as mining progresses. The roads will be developed 

with consideration given to the type of equipment operating on the road, safety 

considerations, and surrounding conditions. Safety berms will be installed on 

all elevated road edges. 

MP.3.2 Railroad 

The Burlington Northern Santa Fe (BNSF) railway borders and traverses 

through portions of the Brook Mine Permit Area. The location of the BNSF 

railway in relation to the Brook Mine Permit Area is presented on Exhibit MP.3-1. 

However, there are no currently planned railways in association with the Brook 

Mine 

MP.3.3 Conveyor System 

There are no currently planned conveyor systems at the Brook Mine. 

MP.4 

MP.4.1 

MINING METHODS, SCHEDULES, AND ASSESSMENTS 

Mining Sequence 

The expected coal removal sequence 1s displayed on Exhibit MP.4-1. 

Details regarding mining activities will be presented in the annual report. Exhibit 
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MP.15-1 shows the areas within the permit boundary that will be mined using 

surface mining techniques as well as the areas that will be mined using highwall 

mining methods. 

MP.4.2 Topsoil 

The composition and nature of topsoil within the Brook Mine Permit Area 

is detailed in the baseline soil assessment of Appendix D7. 

MP.4.2.1 Salvage and Handling 

All suitable topsoil will be salvaged by typical earth moving equipment. 

Topsoil will likely be salvaged and handled with dozers, loaders, and trucks. 

WDEQ/LQD Guideline Number 1: Topsoil and Overburden recommends three 

steps to guarantee all suitable topsoil is salvaged: 

1. Sampling will be conducted ahead of topsoil stripping activities. This 
will be accomplished through drilling or test pits. This data will be used 
to conduct depth staking prior to salvage operations. Staking will be 
conducted on 500 foot grid centers. 

2. The equipment operators will be trained in the proper soil salvage 
techniques such as recognizing color and texture changes that 
differentiate topsoil from overburden. 

3. As topsoil is salvaged, qualified personnel will supervise the stripping 
activities to ensure that all topsoil is being salvaged and unsuitable 
materials are being separated. 

According to WDEQ/LQD R&R Chapter 4, Section 2(c), topsoil may be 

mixed with subsoil if the subsoil is determined to be a suitable plant-growth 

medium, but topsoil must be segregated to prevent mixture with spoil and waste 

material. RAMACO will follow the recommendations provided in Appendix D7 

for the salvage depths of topsoil, and the separation of topsoil from subsoil if 

subsoil is considered unsuitable. As noted in Appendix D7, the topsoil and 

subsoil for Map Units A, B, C, G, H and U are recommended to be stockpiled 

separately as some areas of the subsoil exhibit characteristics that are close to 

a "marginal" rating as set by the WDEQ/LQD Guideline 1 Suitability Criteria. 

However, the subsoil is still considered "suitable" to the depths specified. 
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Therefore, the subsoil may be mixed with the topsoil according to WDEQ/LQD 

R&R Chapter 4, Section 2(c) . Separate topsoil and subsoil stockpiles will not be 

used. If subsoil is suitable, it will be salvaged and will be mixed with topsoil. If 

subsoil is not suitable, the subsoil will not be salvaged. If approved, topsoil may 

remain on areas of minor disturbance such as installation of signs, power poles, 

light traffic, fence lines, monitoring stations, or drilling. This is providing that 

such activities of minor disturbance do not destroy protective vegetation cover. 

The topsoil removal sequence is shown on Exhibit MP.4-2. The average suitable 

soil salvage depths can be found in Section D7.3.2 of Appendix D7. 

Suitable topsoil and subsoil salvage will be conducted in a manner that 

minimizes the area of the disturbances and soil handling. Digging pits to confirm 

the depth of topsoil before removal begins, as well as leaving small islands of 

topsoil to verify soil removal depth during the salvaging process will help ensure 

that only suitable soil is salvaged. Once the topsoil has been salvaged it shall 

remain in place until such time that it is needed for reclamation in order to 

reduce handling and disturbance. 

Topsoil salvage will be scheduled in such a way that removal during winter 

months will be minimized. Topsoil salvage that may occur during winter months 

will only commence if depth of the topsoil salvaged can be accurately determined 

to be the recommended depths of removal. Topsoil will not be salvaged in winter 

months if high antecedent moisture conditions have led to deep frost cementing 

the topsoil to the overburden. Topsoil will be salvaged ahead of planned winter 

mining activities to avoid complications with deep frost. 

MP.4.2.2 Volumetric Analysis 

Volumetric analysis for topsoil was completed usmg depths of topsoil 

provided in Appendix D7. The depth of topsoil was multiplied by the surface 

area to be stripped of topsoil to provide a volume of topsoil to be stockpiled. 

Table MP.4-1 provides a summary of the topsoil volume removed over the life of 

the mine, and the name of the destination stockpile. Table MP.4-2 anticipated 

end of year volume balance of topsoil stockpiles over the life of the mine. 
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MP.4.2.3 Stockpiles 

The locations of topsoil stockpiles are shown on Exhibit MP.4-3. 

Stockpiles will be placed on stable areas and in such a way to minimize wind 

and water erosion and unnecessary compaction. Stockpiles will not be 

constructed on unsuitable backfill. Additionally, no stockpiles will be 

constructed on areas of known cultural or wildlife significance that require 

protection or mitigation measures. Any accumulation of topsoil that meets the 

definition of a stockpile will be mapped with volumes accounted for in the Annual 

Report. 

Accumulations of topsoil less than six months will be considered 

temporary topsoil stockpiles. These stockpiles will be left in a roughened 

condition at the natural angle of repose to reduce wind and water erosion. 

Containment ditches will be constructed around the stockpile. Temporary signs 

saying "Topsoil" will be placed on all approaches to the topsoil stockpile at no 

more than 150 feet from the stockpile location. These signs must be in place 

before stockpiling begins and remain in place as long as the stockpile remains. 

Stockpiles left in place for greater than six months but less than one year 

will be considered short-term stockpiles. Stockpile slopes will be graded to 

3H: 1 V. Signs saying "Topsoil" will be placed on all approaches to the topsoil 

stockpile within 150 feet of the pile. These signs must be in place before 

stockpiling begins and remain in place as long as the stock pile remains. The 

stockpile will be seeded the first available seeding season, and have containment 

ditches running around them as necessary to prevent undo water erosion. 

Short-term stockpile volumes will be included in the Annual Report for bond 

calculation purposes. Careful record-keeping will ensure that all topsoil is 

accounted for. 

Topsoil stockpiles kept in place for more than one year will be considered 

long-term stockpiles. These stockpiles will be permitted and an identification 

number will be assigned. Slopes will be graded to a maximum of 3H: 1 V. Signs 

will be placed on all approaches to the topsoil stockpile within 150 feet of the 
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stockpile saying "Topsoil and the pile identification number". These signs must 

be in place before stockpiling begins and remain in place as long as the 

stockpile remams. Containment ditches will be constructed around the 

stockpile to prevent undo water erosion and permanent loss of topsoil. 

WDEQ/LQD approved vegetation will be seeded as the first available seeding 

season. Topsoil stockpile design parameters for each stockpile are provided in 

Table MP.4-3. 

MP.4.2.4 Stockpile Conservation and Erosion Control 

Topsoil stockpiles will be designed and placed to minimize wind and water 

erosion. Topsoil stockpiles will have associated sediment control established in 

advance of construction. Topsoil stockpiles in place for more than six months 

will be seeded with WDEQ/LQD-approved seed mixtures. Containment ditches 

will be placed around the base of stockpiles when necessary to prevent loss of 

topsoil. Stockpiles will not be placed in natural or man-made drainages. 

Vehicles and equipment will not be allowed to drive on topsoil stockpiles. The 

material will not be handled when it is excessively wet. Topsoil will be segregated 

from overburden and other unsuitable materials such as trees and large rocks. 

MP.4.3 Overburden 

The overburden assessment 1s contained in Appendix D5. Refer to 

Appendix D5 for a detailed description of overburden material. As required by 

WQD /LQD additional overburden suitability samples and analysis will be 

conducted prior to mining related disturbance. Sampling frequency will consist 

of at least one sample at both ends of a trench and at least one sample every 

1,500 feet of trench length. 

MP.4.3.1 Overburden Removal Methods 

Overburden removal begins after topsoil has been stripped and stockpiled. 

Overburden will be removed by equipment if it is not too hard or consolidated, 

or through the process of drilling, blasting, loading, and hauling if overburden 

hardness is beyond the capabilities of equipment removal. Standard drilling and 

blasting methods will be used. The drilling and blasting process is described in 
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detail in Section MP.14. Due to frequent movmg requirements, blasted 

overburden material will be moved by loading haul trucks using front-end 

loaders or shovels or by scraper. The trenches are located in relatively low strip 

ratios , to minimize the amount of overburden requiring movement to expose the 

coal seam to allow for highwall mining. Overburden will generally be hauled 

along the trench floor from the excavation area to the location of the last high wall 

mining activities. When the volume of excavated overburden exceeds that which 

can be backfilled behind the highwall mining activities, overburden will be 

stockpiled. Overburden materials will not be placed or allowed on to native 

topsoil during overburden removal operations. 

MP .4.3.2 Overburden Removal Sequence 

The overburden removal sequence is shown on Exhibit MP.4-4. This 

exhibit shows overburden removed for trenches and surface mine areas. 

MP.4.3.3 Compaction and Stabilization 

Overburden will be compacted through heavy equipment traffic . 

Operating history in the Powder River Basin area has indicated that stability is 

achieved in the spoil through heavy equipment traffic without any special 

compaction efforts. 

MP .4.3.4 Volumetric Analysis 

Table MP.4-4 presents the overburden mass balance for the life of mine 

while Table MP.4-5 presents the overburden stockpile summary. The 

overburden thickness is shown on Exhibit D5-4, Exhibit 1. The overburden 

thickness is above the Carney coal seam as opposed to the Monarch coal seam 

in the surface mining (SM-1) area. The surface mining has an average strip ratio 

of 2. 0: 1 bank cubic yards of overburden per ton of coal removed (bey/ t). The 

average strip ratio is 10.5: 1 bey /t for the trench cuts. No strip ratio is calculated 

for highwall mining. 

A swell factor of 16 percent was assumed for the Brook mine and is taken 

from the standard handbook of Civil Engineers. Table MP.4-9 lists typical swell 
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and load factors of materials. Using this swell factor, postmining contours were 

developed. Subsequent calculations using the postmining pit volume and 

available backfill material were run to adjust and verify the postmining contours. 

The mine will monitor the backfilling operation to compare bank volumes with 

backfilled volumes, and also to determine the amount of settling as a function of 

time. The mine will also establish a system of bench marks, or other suitable 

reference points, on the reclaimed surfaces in order to determine if uneven 

settling is occurring. Within 12 months after an area of at least 120 acres in 

surface area has been rough graded to final design, the mine will evaluate the 

swell for the backfill. If the swell significantly differs from the anticipated swell 

factors , the postmining topography will be revised. Revising the postmining 

topography will not require a permit revision to the Reclamation Plan unless the 

revised postmine topography differs from the approved topography by 20 feet or 

greater. Data collected from the monitoring programs will be submitted to 

WDEQ/LQD in the Annual Report. 

MP .4.3.5 Stockpiles 

Standard procedures for overburden handling are outlined in WDEQ/LQD 

R&R Chapter 4, Section (2)(c)(xi). Overburden stockpiles will be segregated from 

all topsoil and subsoil materials. Overburden stockpiles will be placed to 

facilitate reclamation activities. Overburden stockpiles will avoid obstructing 

ephemeral, intermittent and perennial drainages to minimize loss 

by water erosion. Overburden stockpiles will only block ephemeral drainages if 

runoff control and sediment control measures are made and approved by 

WDEQ/LQD. Any overburden materials determined to be unsuitable, as 

discussed in Section MP.4.6, will be stored in separate stockpiles from suitable 

materials. Overburden determined to be suitable as a topsoil substitute will be 

segregated from topsoil and overburden piles and shall be identified as 

substitute material by signs no more than 150 feet from the stockpiles of 

substitute material. Material from temporary stockpiles will be placed as soon 

as possible in accordance with the Reclamation Plan. 
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Temporary overburden stockpiles will be in place less than a year. 

Stockpiles will not be placed on slopes that exceed 20 degrees; or with proof that 

the factor of safety of the stockpile stability will be greater than 1.5, and approved 

by WDEQ/LQD. The side slope of temporary stockpiles will be the natural angle 

of repose. 

Overburden stockpiles in place longer than a year will have additional 

measures made to ensure stability such as benching. The locations of proposed 

longer term stockpiles are shown on Exhibit MP.4-3. The locations will be on 

moderately sloping and naturally stable areas. The side slopes will be the 

natural angle of repose. 

MP.4.4 Coal 

Coal targeted by the Brook Mine operation primarily exists in the Fort 

Union Formation, Tongue River Member. The two major coal seams within the 

Tongue River Member of the Fort Union Formation are the Carney (including the 

Upper and Lower Carney) and the Masters. The Carney seam lies above the 

Masters seam. At this time, Brook Mine will not be targeting the Masters coal 

seam. The coal of the property is sub-bituminous in rank. The coal has typically 

low sulfur and high moisture content. The coal seams are characterized as 

single-bench coal horizons with little in-seam parting material. Coal seam 

thicknesses vary from 1 foot to 20 feet. Geology is discussed in detail in 

Appendix D5. Figure MP.4-1 contains two generalized stratigraphic sections, 

one depicting the Carney coal seam and one depicting the Upper and Lower 

Carney Coal seams. 

MP .4.4.1 Reserves 

At the Brook Mine, reserves can be split into several categories. Table 

MP.4-6 breaks the coal reserves down by seam. The coal seams targeted at the 

Brook Mine are: Monarch, Upper Carney, Lower Carney and Carney. 
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MP.4.4.2 Removal and Recovery 

Exhibit MP.4-1 displays the coal removal sequence for the life of the mine. 

Coal will be removed from the trenches excavated to prepare for the highwall 

mining; from the highwall mining tunnels; and from surface mining. Any seams 

greater than 4 feet in thickness encountered during either trench mining 

activities or surface mining activities will likely require drilling and blasting to 

induce breakage of the coal prior to removal. The coal will be crushed using 

portable in-pit crushers, and screened to ensure consistency. It will be loaded 

using a front-end loader with a coal bucket. The front-end loader will load the 

coal into trucks. The trucks will haul the coal offsite. Any coal not immediately 

hauled from the site will be temporarily stored in the pit. It is assumed the 

mineable recovery efficiency for surface area mining and trench mining will be 

ninety percent. The process flow diagram for surface mining is shown on Figure 

MP.4-2. 

In the highwall mmmg operation, coal will be recovered by a remote

controlled continuous miner and conveyor system. A variety of cutting heads 

can be used with the continuous miner depending upon the thickness of the 

coal seam. The recovery efficiency for the highwall mining operation is assumed 

to be forty to forty-five percent. Recovery efficiency for highwall mining is 

dependent upon seam thickness and reserve area. Recovery efficiency for 

highwall mining is reduced from surface mining because protective web pillars 

of coal are left in place between each tunnel to support the overburden. The 

process flow diagram for highwall mining is shown on Figure MP.4-3. 

MP.4.5 Other Minerals 

Scoria is the only other mineral anticipated to be recovered at the Brook 

Mine. Scoria is created when a coal seam burns underground and the heat from 

the burning coal bakes the minerals and rocks above the coal. The baking 

results in an erosion-resistant, natural brick-like material. A majority of the 

Monarch seam is burnt, which led to the formation of scoria. Scoria will be used 

as a base or sub-base material for roads. Scoria will be obtained from Taylor 
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Quarry {Permit No. SP-757). Brook Mine and Taylor Quarry will have a 

cooperative agreement for mining within the Taylor Quarry Permit Boundary. 

The Taylor Quarry Permit Boundary is located within the proposed Brook Mine 

Permit Boundary see Section MP.22 for the discussion of the dual permitted use. 

MP.4.6 Unsuitable Overburden Materials 

Sampling procedures will be performed at the Brook Mine to ensure that 

overburden materials that exhibit toxic-forming or acid potential characteristics 

will be separated from plant growth media. Such overburden materials are 

considered unsuitable for revegetation and reclamation purposes. WDEQ/LQD 

specifies specific constituent concentrations in soils that deem the soils 

unsuitable. The following subsections discuss the manner in which unsuitable 

overburden materials will be identified and isolated from plant growth media, 

aquifers, ephemeral drainages, permanent impoundments, and 100-year flood 

plains. 

MP.4.6.1 Overburden Sampling Program 

Overburden quality sampling was conducted at the Brook Mine during 

baseline investigations. These baseline studies were discussed in Appendix D5. 

Any additional overburden quality sampling will be submitted to WDEQ/LQD in 

the mine's annual reports. Table MP.4-7 lists constituents and the 

concentrations, levels, or properties of these constituents that make overburden 

materials unsuitable for revegetation purposes. 

During mining operations, an overburden sampling program will be used 

to identify the presence of unsuitable material. The sampling program will 

include one drill hole sample taken every 40 acres (16 sample locations per 

square mile) within areas where surface operations will cause removal of 

overburden down to the level of the coal seam to determine if mining operations 

will encounter unsuitable materials when overburden are excavated. If an area 

of unsuitable material is encountered during this sampling program, then 

additional holes will be drilled to delineate the zone of unsuitable material. 
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Samples will be taken and analyzed for each 40-acre sampling unit 

(WDEQ/LQD, 1994). Samples will be obtained by using a drill rig to sample the 

overburden directly in front of the advancing face of the mine area. Samples 

may also be obtained from developmental drilling. For cored drill holes, a sample 

will be obtained to represent each 10 feet of overburden depth. Drill holes where 

chip samples are collected, a composite sample for each 5 feet of overburden will 

be collected. 

Each sample will be analyzed for the constituents listed in Table MP.4-7. 

WDEQ/LQD Guideline Number 1 lists the recommended procedures for 

analyzing soils and overburden. Should any strata be considered unsuitable 

based upon the criteria, overburden stripping and backfilling operations will 

then be scheduled so that the identified unsuitable strata are not placed in the 

uppermost four feet (rooting zone) of the final backfill thickness; not within six 

feet of the spoil surface beneath ephemeral channels; and not within 10 feet of 

the spoil surface beneath permanent impoundments or major channels and their 

100-year floodplains. 

Baseline data will be used as a general guide to locations and suspect 

strata for the overburden sampling program. The primary purpose of overburden 

sampling is to further delineate suspect strata and supplement baseline data. 

Based on the baseline investigations presented in Appendix D5, it is anticipated 

that no unsuitable overburden will be encountered. If unsuitable overburden 

materials are encountered, they will be immediately placed outside of the 

aforementioned zones during ongoing reclamation activities or stockpiled for 

future placement to ensure that the materials won't be placed within the 

aforementioned root zones, drainages, and floodplains. 

MP.4.6.2 Backfill Sampling Program 

The quality of the replaced backfill will be monitored pnor to the 

replacement of topsoil to ensure that unsuitable materials have been 

successfully excluded from the surface four feet of backfilled overburden for 

uplands, six feet for ephemeral channels, and 10 feet for permanent 
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impoundments or major channels and their 100-year floodplains. Sampling will 

include the collection of two composite samples taken over a depth of four feet 

(0-2 foot and 2-4 foot intervals), with the sampling grid set on 500-foot centers. 

The total depth of suitable material in stream channels and impoundments will 

be sampled by 2-foot increments in the first four feet , and 3-foot increments for 

any sample depths greater than four feet. The samples will be analyzed for the 

constituents mentioned in the previous section, and according to the methods 

listed in WDEQ/LQD Guideline Number 1. 

If any spoil located in the surface four feet of the backfilled spoil, or within 

the other critical depths described previously, is found to exceed the suitability 

limitations in Table MP.4-7, an enhanced sampling program will be implemented 

to determine the extent of unsuitable material. The enhanced sampling program 

will collect additional samples using a 100-foot grid radiating away from the hole 

where unsuitable materials were found until the extent of the unsuitable 

materials can be determined. A mitigation program will be implemented to treat 

the unsuitable material in-place, cover the material with sufficient suitable 

material to bring the depth into compliance, or remove the unsuitable material 

and replace it with a comparable amount of suitable backfill material. Following 

mitigation, the sampling and analysis will be repeated to assure the mitigation 

was successful. 

The results of the overburden sampling and backfill sampling programs 

will be included in the annual report to WDEQ/LQD. Details reported will 

include the following: 

1. The location of the overburden and backfill sampling sites, 

2. The lithology of the overburden at the sampling site, and 

3. The results of all chemical and physical analyses run on the samples. 

MP.4.7 Spoil Backfilling 

Spoil backfilling will occur progressively during mining to reduce the time 

required for final reclamation, and to return the land to more natural 

topography in an expedient manner. The spoil backfilling sequence is shown on 
December 2019 MP-25 

TF N6 2/025 
RE CD D G 13,2019 DEQ Ex. 5-036



RAMACO Brook Mine 

Exhibit MP.4-5. Spoil will be backfilled primarily within the trench from which 

it was originally removed and/ or in areas in which the spoil has similar 

characteristics to the surrounding material. 

Using WDEQ/LQD's recommended calculation m the Coal Standard 

Operating Procedure (SOP) 3 .1 (March 1998) , the Brook Mine is considered an 

Approximate Original Contour (AOC) mine. The Brook Mine's volume 

replacement ratio has been calculated at 1.04. The calculations to determine 

this ratio are shown in Table MP.4-8. 

Postmining topography (PMT) is discussed in the Reclamation Plan, and is 

illustrated on Exhibit RP.3-1. The PMT was developed to conform to the 

postmining land use plan, to facilitate natural drainage, to be erosionally stable, 

to be physically stable, and to blend with the natural topography. 

MP.5 MINING HYDROLOGY 

Premining hydrology is described in detail in Appendix D6. The following 

subsections describe hydrology during mining activities at the Brook Mine. 

MP.5.1 Surface Drainage and Erosion Control Plan 

Surface drainage plans have been prepared so that runoff from disturbed 

lands passes through sedimentation controls before being discharged in the 

Tongue River, Goose Creek, or undisturbed portions of Slater Creek, Hidden 

Water Creek, and East Fork Early Creek. Runoff from disturbed lands will be 

treated by sediment control measures before leaving the permit area. Reservoir 

sizes will be minimized by, where practical, conveying undisturbed runoff away 

from disturbed areas. Exhibit MP.5-1 shows the hydrologic control plan. 

Erosion from small areas will be controlled using alternative sediment control 

measures (ASCMs) as discussed in Addendum MP-1. In addition to ASCMs, 

mine trenches will also serve as sediment control. As required by WDEQ rules 

and regulation, detailed certified designs of hydrologic control measures will be 

submitted during the permit term of the proposed disturbance year. The 

locations of ASCMs and the appropriate type used according to conditions, as 
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well as mme trench locations are also shown on Exhibit MP.5-1. As per 

Guideline Number 15, ASCMs will not be used for drainage areas that are within 

one-half mile (channel distance) of any Class 1 or Class 2 streams, which include 

the Tongue River and Goose Creek. Traditional treatment methods will be used 

for drainage from facilities areas, coal stockpiles, mine pits, and other sources of 

process water regardless of their distance from a stream channel. Exhibit MP.5-

1 shows the half-mile buffer from the Tongue River and Goose Creek in which 

ASCMs will not be used as the primary sediment control. 

As stated in Addendum MP-1, ASCMs with drainage areas of greater than 

30 acres will require additional design information submitted to WDEQ/LQD, as 

specified by Guideline Number 15. Any ASCMs with drainage areas greater than 

30 acres are shown with the associated drainage areas on Exhibit MP.5-1. If any 

ASCMs have drainage areas greater than 30 acres, the designs are provided in 

Addendum MP-2. According to Guideline Number 15, any ASCMs that drain to 

large receiving streams with a drainage area of greater than 1.0 square mile, 

additional monitoring will be required to include one, or both, of the following: 

a. Repeat surveys of representative permanently benchmarked stream 
channel cross sections located within the disturbed reach of the 
channel and continuing into the receiving stream channel. 

b. Upstream and downstream sediment yield monitoring stations. 

For ASCMs that drain to large receiving streams such as Slater Creek, the 

Tongue River, of Goose Creek (providing ASCMs are further than a half-mile from 

the Tongue River or Goose Creek) , RAMACO commits to monitoring the stream 

channel cross sections or having upstream and downstream sediment yield 

monitoring stations to ensure the ASCMs are functioning properly. 

MP.5.2 Sedimentation and Wastewater Impoundments 

Sediment and wastewater impounds at the Brook Mine will be designed as 

described in the following subsections that describe the typical design criteria 

and construction standards for sediment and wastewater impoundments. The 

designs for sedimentation and typical wastewater reservoirs required for mining 
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operations within five years of ensuing operations are provided in Addendum 

MP-2. The locations of sedimentation impoundments in relation to the permit 

area are shown on the hydrologic control plan in Exhibit MP.5-1. The location 

for the wastewater impoundment is not shown on Exhibit MP.5-1 and has not 

been determined yet, but the typical design is shown in Exhibit 12 in Addendum 

MP-2. 

MP.5.2.1 General Design Criteria 

The designs of sedimentation and wastewater reservoirs are based on the 

following criteria: 

• WDEQ/LQD regulations, WDEQ/WQD regulations, Office of Surface 
Mining (OSM) regulations, and Wyoming State Engineer's Office (SEO) 
regulations. 

• Provide the required storage volume to contain the runoff volume from 
the 10-year, 24-hour precipitation event and three years of sediment 
accumulation. If the reservoir is associated with a discharge permit 
(the storage volume is not categorically required to contain the 10-year, 
24-hour event), any storm smaller than the 10-year, 24-hour event 
resulting in discharge must attain either the Total Suspended Solids 
effluent limits or the Total Settleable Solids effluent limits (WDEQ/LQD 
2003). 

• Provide an emergency spillway that is capable of safely passing the peak 
discharge from a 25-year, 6-hour precipitation event (WDEQ/LQD, 
2003) . 

• Maintain a minimum of 1.5 feet of freeboard. 

• Trap the sediment as near the source as possible. 

• Bypass surface runoff from undisturbed areas to avoid contamination 
from disturbed areas where practical. 

• Minimize the number of reservoirs which receive mine pit water. 

• Segregate sewage from industrial pit water. 

• Demonstrate that wastewater ponds cause no impact to groundwater 
and/ or line wastewater ponds and institute a monitoring regime to 
reduce the impact to groundwater (WDEQ/LQD, 2003). 
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Runoff hydrographs for reservoir design are generated using rainfall runoff 

models based on Soil Conservation Service (SCS) triangular hydrograph methods. 

Precipitation duration-frequency information used is shown in Table D6.1-4. 

Versions of the Universal Soil Loss Equation (USLE), and an appropriate 

sediment delivery ratio, are used to determine sediment accumulation. A 

discussion regarding the USLE method is provided in Section MP.6.1.1. 

Reservoirs are designed to settle out sediment by gravity separation. Stored 

water may be used for dust suppression. 

MP.5.2.2 General Construction Standards 

Topsoil will be removed from the sediment storage level and dam foot print 

and stored in topsoil stockpiles prior to construction of reservoirs. Suitable fill 

material for embankments will generally be obtained by excavating within the 

reservoir basin and/ or facilities area. Fill will be free of all vegetative matter, 

trash, and frozen soil. Suitable material for earth-fill embankments consists of 

the following: 

• materials of relatively low compressibility and low permeability, 

• no rocks larger than 6 inches within 5 feet of the interior slope surface 
of the embankment, 

• rocks larger than 6 inches, but smaller than 12 inches in the largest 
dimension, may occur in the remainder of the embankment if their 
overall volume is less than 25% of the total volume, and 

• embankment faces and surrounding areas will be vegetated unless 
riprapped (WDEQ/LQD, 2003). 

The embankment, its foundation, and its abutments will be designed to be 

stable. The fill material will be compacted at optimum moisture content until a 

specified soil density is achieved. Anti-seep collars or seepage control drains will 

be provided around pipe spillways to avoid piping. Additional design details will 

follow the minimum design standards contained in Guideline 13 (WDEQ/LQD, 

2003) . 
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Reservoirs will be inspected during construction by a professional engineer 

(P.E.) registered in the state of Wyoming. A post-construction P.E. certification 

must be on file at the mine site. If the P.E. determines the reservoir was 

constructed according to the original designs and follows prudent engineering 

practices, an as-built engineering drawing is not required. If the post

construction inspection determines the reservoir was not constructed according 

to the original P.E.-certified designs, the P.E. must determine if the difference is 

within prudent engineering practices. If this is the case, a simple post

construction P.E. certification statement is adequate. Should post-construction 

deviations exceed normal engineering practices, P.E .-certified as-built drawings 

will be required. The as-built drawings will then replace the original designs via 

the WDEQ/LQD revision process (WDEQ/LQD, 2003). 

MP.5.3 Flood Control 

Flood control structures have no sediment control or process water 

functions. They receive no waters from lands disturbed by mining activities. 

According to WDEQ/LQD Guideline Number 13, flood control structures are not 

required by LQD or WQD statutes, and therefore have no specific design 

standards. Flood control structures are only required to be designed with 

current and prudent engineering practices. Topsoil protection, road construction, 

and design criteria will be incorporated in the Permit to Mine. Topsoil will be 

salvaged below the high water line (WDEQ/LQD, 2003). The mine may request 

to salvage topsoil to the normal water line when water is held above the normal 

water level for less than 30 days. 

Flood control reservoirs will be designed for appropriate precipitation 

events based on their expected lifespan and other risk factors. Should a flood 

control reservoir be used for sediment control, all regulations regarding sediment 

control structures will apply (see Section MP.5.2). The reservoirs will be 

dewatered following significant runoff events to maintain the desired flood 

capacity. The water may be used for dust control and other purposes within the 

mine area, or captured in pit sumps and pumped to sedimentation reservoirs for 
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treatment and discharge. Each reservmr will have an emergency spillway 

capable of safely discharging the peak flow from a 25-year, 6-hour precipitation 

event, unless the impoundment is completely incised. The general construction 

standards for flood control reservoirs will follow those outlined in Section 

MP.5.2.2 for sediment control reservoirs. Designs for flood control reservoirs 

required within the five years of ensuing mining operations are provided in 

Addendum MP-2. The locations of flood control reservoirs in respect to the permit 

area are provided in Exhibit MP.5-1. 

MP.5.4 Diversions 

Diversions may be used to control runoff, prevent uncontaminated runoff 

from entering disturbed areas, and prevent the flow of natural streams from 

entering the trenches or pits. The reasons for using diversions include 

controlling water pollution; controlling unnecessary erosion; protecting the on

going operation; and protecting the water rights of downstream users. 

Diversions will be designed to assure public safety, prevent material damage 

outside of the permit area, and minimize adverse impacts to the hydrologic 

balance. Any permanent diversions of intermittent and perennial streams will 

be designed to be erosionally and geomorphically compatible with the natural 

drainage system. Permanent diversion designs will be certified by a P.E. All 

currently planned diversions within the Brook Mine permit boundary are 

temporary. Whenever diversions are no longer needed for the original purpose, 

the diversion will be removed and the disturbed land will be regraded and 

revegetated (WDEQ/LQD, December 2012). WDEQ/LQD Guideline 8 

recommends that the design flow for diversions be chosen based on the 

diversion's expected lifetime. Table MP.5-1 lists the recommended storm event 

return period based on the expected life of the diversion ( see Appendix D6 for 

precipitation duration-frequency values specific to the Brook Mine). Diversions 

with a design life greater than 20 years but not permanent, the mine will submit 

design methodology, criteria, assumptions, and calculations. The erodibility of 

channel materials will be evaluated. If the design life is less than 20 years, the 

mine will demonstrate that the design discharge will not exceed permissible 
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velocities (WDEQ/LQD, 2005). Permissible velocities are 5.0 feet per second (fps) 

in non-erosive material and 3.0 fps in erosive material. Should velocities exceed 

the recommended velocities, diversions will be protected or armored in various 

ways to prevent erosion of the channel. When practical, a minimum velocity of 

2.0 fps will be designed for to prevent sediment deposition in the channel. 

According to WDEQ/LQD R&R Chapter 4, Section 2(e)(iv), the steepest allowable 

sideslope is one-and-a-half horizontal to one vertical (1 ½H: 1 V) in soils or other 

unconsolidated material. However, diversions will normally be designed with 

3H: 1 V sideslopes to ensure structural integrity. Diversions will typically be 

trapezoidal or triangular in cross-sectional shape. Design diversions are 

presented on Exhibit MP. 5- 1. When required by WDEQ Rules and Regulations, 

diversion designs will be submitted to WDEQ for approval prior to diversion 

construction. 

As presented on Exhibit MP. 5-1 , diversion ditches are planned for Hidden 

Water Creek. As shown on this exhibit, all three diversions on Hidden Water 

Creek will be needed for less than 2 years. The second diversion will have an 

anticipated life of less than 6 months. Since these diversions are required for 

such short periods, they are designed according to the storm event return period 

based on the life of the diversion found in Guideline 8. Also, it should be noted 

that the native channel slope for Hidden Water Creek is approximately 0.01 ft/ft. 

Therefore, obtaining non-erosive slopes for the diversion is almost impossible, 

since the native slope is capable of producing erosive velocities exceeding 5.0 

ft/ s. Exhibit MP.5-2 provides the designs for the diversions showing the plan, 

profile, and typical cross section. Hidden Water Creek is located in pre

consolidated material that is capable of being non-erosive at velocities of 5.0 ft/ s 

or less. In areas where design velocities will exceed 5.0 ft/s, armoring methods 

such as erosion control fabric will be used to stabilize the diversion reach and 

will be illustrated on the design drawings. The use of drop structures is 

anticipated for the Hidden Water Creek diversions. The blocking dikes associated 

with the diversion will be constructed using minimum construction standards 

as discussed in Guideline 13. These structures will not impound water or 
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sediment, and therefore will not be considered as sediment control structures. 

These diversion structures will convey only undisturbed flow around the active 

mine areas, and therefore are exempt from sediment control. As stated earlier, 

the design velocities for these structures will be at a minimum 2 fps as practical 

to prevent sediment deposition in the channel. Structures will be designed to 

minimize erosion using energy dissipation and scour protection such as rock 

aprons or designed at non-erosive velocities. Structures will be designed for the 

return interval based on the structure life as indicated in Guideline 8. Design 

details such as flow depths, velocities, and flow rates are included on Exhibit 

MP.5-2. As required or necessary, hydraulic control structures for antivortexing, 

energy dissipation, and scour protection will be included as part of diversion 

designs. Inspections for diversions and ditches are described in Section MP.5.7.6. 

If any inspection finds sediment accumulations which affect the operation of the 

diversion, then the sediment will be removed as outlined in Section MP.5.7.6. 

MP.5.5 Ditch and Culvert Design 

MP.5.5.1 Collector Ditches 

Collector ditches will be used to collect disturbed runoff and convey the 

water to other sediment control structures. Ditches constructed in non-erosive 

material will have a maximum design velocity of 5.0 fps. Ditches constructed in 

erosive material will have a maximum design velocity of 3.0 fps. When practical, 

ditches will be designed with a minimum velocity of 2.0 fps to avoid sediment 

deposition in the channel. The steepest allowable sideslope is 1 ½H: 1 V in soils 

or other unconsolidated material. However, ditches will normally be designed 

with 3H: 1 V sideslopes to ensure ditch structural integrity. The cross-sectional 

shape of collector ditches will be either trapezoidal or triangular. 

Collector ditches will be vegetated as much as possible. Topsoil will be 

salvaged before constructing any collector ditch. At locations where maximum 

allowable velocities will be exceeded, riprap or erosion control matting will be 

used to line the channel. 
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MP.5.5.2 Bypass Ditches 

Bypass ditches will be constructed, where practical, to divert runoff from 

undisturbed areas away from disturbed areas. The design event for each ditch 

will depend upon the anticipated life of the ditch, but will be no less than the 2-

year, 6-hour event. Design velocities will match those for collector ditches 

discussed in Section MP.5.5.1. Ditch sideslopes will be no steeper than 1 ½H: 1 V 

according to WDEQ/LQD R&R Chapter 4 , Section 2(e)(iv). Generally, bypass 

ditch sideslopes will be designed at 3H: 1 V. Bypass ditches will be either 

trapezoidal or triangular in shape. No bypass ditches are planned for 

construction at the time however if future operations require a bypass ditch, 

designs will be submitted to WDEQ/LQD prior to construction. 

MP.5.5.3 Culverts 

Culverts are designed to conform to the terrain, and to avoid unnecessary 

disturbance. The design of culverts will help prevent erosion by reducing the 

opportunity for ponding of runoff in unnatural and undesirable areas, and to aid 

in natural drainage where mining activities have interrupted flow. 

Culverts will be designed to pass the design flood peak flow using the head 

available at the entrance. The minimum design event for culverts will be the 2-

year, 6-hour event. However, culverts with longer lifespans will normally be 

designed for larger events. The general method for choosing the appropriate 

design event will follow that outlined for diversions in Table MP.5-1. The 

minimum culvert diameter suggested by WDEQ/LQD is 18 inches. When 

appropriate, trash racks will be placed at or near the entrance of culverts to 

prevent clogging (WDEQ/LQD, 2005) . Culvert design parameters and locations 

for haulroads are shown on the haulroad exhibits (Exhibit MP.3-2 through 

Exhibit MP.3-5) . 

The selection and design of culverts will be completed through numerous 

computer runoff programs, culvert sizing utilities, and industry-accepted design 

guidelines. The type of culvert will be selected based upon economics, expected 

lifespan, and physical conditions. If flow velocites exceed those discussed in the 
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previous sections for ditches, additional protection measures will be required to 

prevent erosion, such as riprap or erosion control matting. Periodic inspection 

and maintenance of all culverts installed will take place in order to ensure 

culverts are able to function properly. 

MP.5.6 Impoundment Maintenance Plan 

All total-containment impoundments (i.e ., those designed to contain the 

10-year, 24-hour event and not to spill) will be maintained with a minimum of 

one year's available sediment storage capacity and enough capacity to contain 

the 10-year, 24-hour event's volume. These impoundments will be equipped 

with a 10-year, 24-hour event and sediment storage marker (staff gauge) to 

signify when sediment must be removed or when the impoundment should be 

dewatered. Sediment accumulation will be monitored on an annual basis as per 

WDEQ/LQD rules and regulations. 

If any of the inspections detailed m Section MP.5.7 find water and/or 

sediment elevations which exceed the elevation of the 10-year, 24-hour event 

and/ or sediment storage marker in total containment ponds, the following 

methods will be used to restore the 10-year, 24-hour event and sediment storage 

capacity: 

• Provide adequate detention for all impoundments receiving mine pit 
pumpage to meet applicable effluent standards. 

• Dewater the 10-year, 24-hour volume from total containment 
sedimentation reservoirs as soon as possible but not prior to the time 
the discharge will comply with effluent standards. 

• Sediment removed from impoundments servicing the mine facilities, 
overburden stockpiles, or disturbed areas void of topsoil will be 
disposed of in the highwall trenches or surface area mine pits or on 
overburden stockpiles. Sediment removed from impoundments 
servicing only topsoil stockpiles, undisturbed lands, or other topsoiled 
areas will be salvaged for reuse if the material is found suitable. The 
method used for removal of sediment from the impoundment will be the 
most practical method available to minimize environmental damage to 
surrounding areas. 
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• A written log documenting repairs made to impoundments will be filed 
at the mine site and submitted in the Annual Report. 

MP.5.7 lmpoundment Inspection Plan 

The following section addresses impoundment certification and inspection 

procedures to be followed at the Brook Mine. 

MP.5.7.1 Regulations 

WDEQ/LQD regulations pertaining to impoundment inspections are 

described in R&R Chapter 4, Section 2(g) (12/17/2012). 

Impoundments requiring inspection by federal regulations will meet size 

and other criteria of Title 30: Mineral Resources Code of Federal Regulations 

(CFR) 77.216(a). Inspections of impoundments will conform to 30 CFR 

77.216-3. 

MP.5.7.2 Facilities 

Facilities covered under this program include all impoundments 

constructed during the entire mining operation. Also addressed under this 

program are associated spillways, outlet facilities, flow monitoring equipment, 

and associated ditches. 

MP.5.7.3 Embankment Inspections 

According to WDEQ/LQD R&R Chapter 4, Section 2(g)(iv), all 

impoundments will be inspected annually after completion of construction and 

until final bond release or removal by a qualified registered professional engineer 

in the state of Wyoming, or by a qualified professional specialist under the 

direction of a qualified professional engineer. The individual(s) responsible for 

inspecting the impoundments will be experienced in impoundment construction 

and structural integrity. In addition, all impoundments will be inspected during 

each of the intervening calendar quarters by a qualified individual. A qualified 

person is defined as one trained to recognize specific signs of structural 

instability and other hazardous conditions by visual observation and, if 

applicable, to monitor instrumentation. 
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Should an impoundment meet the criteria of 30 CFR 77.216(a), the 

embankments will be inspected in conformance with the requirements in 30 CFR 

77.216-3 at specified intervals for MSHA-regulated impoundments. The 

embankments will be inspected for signs of structural weakness or hazardous 

conditions. In addition, all instruments will be monitored at intervals according 

to the MSHA-regulated impoundment. These inspections will be conducted by a 

qualified person. Conditions observed during inspections will be documented 

and kept on file at the mine site. If any hazardous conditions are observed at an 

MSHA-regulated impoundment, the conditions will be immediately reported to 

the MSHA District Manager. 

MP.5.7.4 Reporting 

An Annual Inspection Report will be completed immediately following the 

annual inspection and submitted to WDEQ/LQD as part of the Brook Mine 

Annual Report. Additionally, a copy of this report and all of the following 

observations during inspections will be kept on file at the Brook Mine office. 

Each Annual Inspection Report will be certified by a registered professional 

engineer, and contain the following information on each impoundment within 

the Brook Mine permit area: 

1. Existing and required monitoring procedures and instrumentation to 
determine depth of water, existing storage capacity, and discharge flow 
rates; 

2. Elevation of the average and maximum depths of the impounded water 
over the annual report period; 

3. Depth and elevation of any water impounded and existing storage 
capacity with a comparison to the designed 10-year, 24-hour event 
volume storage capacity for total containment reservoirs; 

4. Aspects of the impoundment embankment that may affect its stability, 
and results of any previous stabilization methods; 

5. Condition of the internal embankment slope; 

6. Status of erosion control measures; 

7. Conditions of inlets and outlets of the impoundment describing any 
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hazardous conditions or maintenance items; and 

8. A statement that the annual and quarterly inspections were completed 
in accordance with the current WDEQ/LQD R&R Chapter 4, Section 
2(g)(iv). 

As stated in Section MP.5 .7.3, quarterly inspections will be conducted for all 

impoundments at the Brook Mine. The quarterly inspections will include the 

following information: 

1. Condition of the embankment with discussion of any observed 
instability or hazardous conditions, if applicable; 

2. Condition of internal slopes with regard to slope failure and erosion; 

3 . Conditions of inlets and outlets of the reservoir, and any maintenance 
required; and 

4. Depth of water in the impoundment (for use in determining average 
depth of water for the annual reports). 

The quarterly reports will be completed by a qualified inspector, and signed or 

cosigned by the mine foreman, the assistant superintendent of the mine, the 

superintendent of the mine, or the person designated by the mine as responsible 

for h ealth and safety at the mine . The quarterly inspections will be retained at 

the mine site for WDEQ/LQD inspection purposes. 

"Post-event inspections" will be performed after any significant runoff 

event as soon as possible. These inspections will evaluate any potentially 

hazardous conditions as a result of the significant event, and will verify that the 

proper storage capacity is maintained. Post-event inspections will use quarterly 

inspection criteria. Determination of a "significant runoff event" will consists of 

major snowmelts as well as rainfall events in excess of one inch of rain in a six

hour period. 

As specified by WDEQ/LQD regulations, inspections will be performed 

during and after construction of any new impoundments, or during changes to 

existing impoundments. These inspections will be conducted by, or under the 

supervision of, a registered professional engineer to ensure that the 
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construction is in compliance with WDEQ/LQD regulations and WDEQ/WQD 

effluent limitation standards. 

After the post-construction inspection, a registered professional engineer 

will certify that the impoundment has been constructed according to the designs 

and plans approved by the WDEQ/LQD. This will occur immediately (typically 

within 30 days) of completion of construction, and prior to the impoundment 

receiving disturbed area runoff or pumped water. If the impoundment has not 

been constructed according to the certified designs, the professional engineer 

will decide if the changes were made within current, prudent engineering 

practices. If this is the case, a simple post-construction certification statement 

by the professional engineer is adequate. If significant changes have been made 

to the impoundment which exceed current, prudent engineering practices, the 

professional engineer will also include with the post-construction certification 

as-built drawings detailing the changes (within 60 days of completion of 

construction). Reports detailing the construction inspections will be retained at 

the Brook Mine office and included in the Brook Mine Annual Report. 

If any inspection finds water or sediment elevations which exceed the 

designed volumes, and thus decreases the impoundment stability or efficiency, 

the impoundment will be dewatered or excavated as described in Section MP.5.6. 

MP.5.7.5 Hazardous Conditions 

Rigid criteria for determining when conditions are hazardous cannot be 

defined because safety must be evaluated by considering the conditions at each 

site, and specific factors involved. Effectively evaluating the specifics of each site 

will be accomplished through employment of competent, experienced personnel 

that can recognize the difference between hazardous and nonhazardous 

conditions. 

When a condition develops which the inspector considers hazardous to the 

stability of the embankment, a foreman or superintendent will be immediately 

notified through the most expedient method. The foreman, superintendent, or 

mining engineer will personally inspect the hazardous condition and advise the 
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General Mine Manager of remedial measures. In the absence of a foreman, 

superintendent, or mining engineer, the inspector will contact the General Mine 

Manager directly, and recommend corrective action. 

When a hazardous condition is thought to constitute an immediate hazard 

to life of property, evacuation of the affected area will be initiated immediately by 

the inspector or supervisor available. The most immediate concern will be with 

the safety of mining personnel in the affected area. If the situation is considered 

hazardous to any downstream property owners, the appropriate authorities or 

property owners will be notified immediately. In addition to these procedures, 

WDEQ/LQD will be notified within 5 days following the recognition of a 

hazardous condition. 

Permanent corrective measures will be initiated as early as possible. Plans 

will be submitted to the WDEQ/LQD, WDEQ/WQD, and the Wyoming SEO prior 

to initiating corrective measures for any enlargement, reduction in size, 

reconstruction, or other modification of embankments, unless the modification 

is necessary to eliminate an emergency condition constituting a hazard to public 

health, safety or the environment. If any hazardous conditions are observed at 

an MSHA-regulated impoundment, the conditions will be immediately reported 

to the MSHA District Manager. 

MP.5.7.6 Diversions and Ditches 

The inspection frequency for diversions and ditches will be at least twice a 

year, with additional unscheduled inspections after significant runoff events 

(defined in Section MP.5.7.4). The inspection will be performed in sufficient 

detail to determine that the ditches are functioning as intended, and that no 

severe erosion is occurring; that the drop structures or riprap areas are 

functioning properly; and that the ditch capacity has been maintained. Should 

sediment accumulations be observed during inspections of diversions or ditches 

that affects its designed function, sediment will be removed and either disposed 

or salvaged in accordance with WDEQ rules and regulations depending on the 

sediment source. The method used for removal of sediment from diversions and 
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ditches will be the most practical method available to minimize environmental 

damage to surrounding areas. 

MP.5.8 Mine Pit Dewatering Plan 

During the mining operation, groundwater inflow and surface water 

entering the pit will be treated within the trench. Any water in contact with ore 

is effectively wastewater and will be treated prior to discharge. 

A sump will be located in the pit bottom to collect groundwater inflow and 

surface runoff entering the pit. A pump located in the sump will operate to 

dewater the pit. The pump will be sized to dewater the maximum pit volume 

following the 10-year, 24-hour precipitation event within approximately 7 days 

of the event occurring. 

Pit sumps are considered to be wells by the Wyoming SEO, and therefore 

each sump requires its own groundwater permit. The permits and their current 

locations will be available for review at the mine site. 

Approximations of groundwater inflows over the course of mining were 

obtained from the groundwater model. A table is provided in the groundwater 

model report that approximates the pit inflows. The groundwater model report is 

provided in Addendum MP-3. It is assumed that these inflow rates are the rates 

the mine will need to dewater the pits. The highest dewatering rate according to 

the groundwater model will be approximately 24 gallons per minute (gpm). The 

lowest dewatering rate will be less than 1 gpm (approximately 0.2 gpm). 

If any permitted water rights are determined to be affected by the 

dewatering process of the Brook Mine, that water right will be replaced with a 

water source of similar quantity and quality as required by Wyoming Statute§ 

35-11-415(b)(xii), until such time that the original surface water right's 

functionality is restored. 

MP.5.9 Dewatering Wells 

A premine dewatering program may be implemented to reduce or nearly 

eliminate the inflow of groundwater into the excavation area during mining 
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operations to ensure continuity and efficiency of such operations, and to 

safeguard highwall stability and safety. Dewatering wells will be installed ahead 

of the mmmg operations at a distance designed to maximize the 

drawdown of the coal seam's potentiometric surface at the active pit. The 

groundwater drawdown analyses performed for the coal seam aquifer as a result 

of pit dewatering and mining are not expected to be unlike lowering the 

potentiometric surface prior to mining by means of a groundwater dewatering 

well field . In effect, the drawdown extent would not differ, although the timing 

at which the drawdown occurs may actually be somewhat sooner than 

predictions performed without the use of premine dewatering wells. 

A premine dewatering plan will be evaluated if necessary and as needed. 

The location of each dewatering well will be determined to obtain maximum 

interference with adjacent wells to efficiently lower the coal seam's (and/ or 

underburden's) potentiometric surface at the pit with a minimum rate of well 

discharge. It may become necessary to add or subtract wells and adjust 

pumping rates in response to actual conditions once mining activities have 

begun and the results of the dewatering program are observed. 

Groundwater that will be pumped from the dewatering wells, and the 

residual inflow to the pits that is collected in sumps and removed by sump 

pumps, will be used for dust suppression and/ or routed to sedimentation ponds. 

Currently, all water is intended to be used, and discharge from the permit area 

is not anticipated. It is anticipated that the quality of the groundwater removed 

for dewatering will be similar to that of the established baseline as discussed in 

Appendix D6. As discussed in Appendix D6 , the water quality in the coal can be 

somewhat variable. This is attributed to the strike and dip of the coal, the 

presence of faults, the location of coal recharge areas next to outcrops, and the 

transition of coal aquifers from confined to unconfined. However, even with the 

variability in water quality (which can be observed in Appendix D6), there are no 

constituents that are expected to pose a concern during dewatering and potential 

contact with the surface when used for dust abatement or other industrial 

purposes. The groundwater within the permit area is suitable for livestock 
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watering according to WDEQ/WQD Rules and Regulations Chapter 8. During 

mining operations, RAMACO will monitor the water quality to confirm it matches 

the trends observed during baseline studies to ensure that there are no 

constituents of concern that could cause issues while dewatering the mine pits 

into potential surface containment. 

The basic construction of the dewatering wells will be similar to that of the 

coal monitoring wells, although well casings will likely be 5-inch PVC. The total 

depths will equal the depth to the base of the coal seam, and the perforation 

interval will be from the top of the coal seam to the base of the coal seam. 

Perforations will likely be 0 .020 inch factory saw slots, and an 8-12 size sand 

pack will be provided around the entire perforation interval. 

The dewatering field will be installed similar to developmental drilling sites. 

Whenever possible, wells will be accessed over native ground, and construction 

of roads will be avoided to minimize environmental effects. Similarly, drill pads 

and mud pits are not generally constructed. If either of these structures is 

needed, the topsoil will be salvaged from the site prior to construction. If roads 

are deemed necessary, approximately 6 inches of the surface topsoil will be 

windrowed to the protected side of the roadbed. Drilling will be conducted by a 

truck- or track-mounted rotary drill rig. Excess non carbonaceous drill cuttings 

will be spread to a depth of less than one inch, or removed from the site. All 

excess carbonaceous drill cuttings will be removed from the site or placed in the 

pit. Drilling fluid will be minimized where possible and fluid collection points 

will be diluted by final wash down operations at each site. If necessary, disturbed 

areas will be scarified and seeded within one year using the seed mixtures 

described in the Reclamation Plan. Access ruts will be scarified and seeded if, 

after one season, vegetation has not naturally been reestablished. The minimum 

amount of stripping necessary to develop the field, including well sites, pipelines 

and access corridors, will be conducted so that the potential for erosion is 

minimized. If topsoil removal is necessary, the stripping will be conducted as 

discussed in Section MP.4.2. Appropriate sediment control will be utilized 

during and after construction. 
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Prior to initiating a dewatering plan, WDEQ will be notified by a letter 

describing the plan, including the number of wells, well construction details, well 

types (i.e. active or passive), and anticipated total production. A map will be 

included showing the locations of the wells , access corridors, and pipeline routes. 

The dewatering activities will be summarized in the Annual Report including a 

map showing the location of the wells. The annual report bond calculations will 

also be updated to reflect the abandonment of these wells. Abandonment 

procedures for dewatering wells that won't be mined out will be similar to those 

for monitor wells (monitor well reclamation is described in Section MP.9). 

The appropriate SEO permits will be obtained for the wells included in any 

dewatering program initiated by the mine. 

MP.6 

MP.6.1 

PROBABLE HYDROLOGIC IMPACTS 

Surface Water 

The impacts to surface water at the Brook Mine will be considerably less 

than those at a conventional surface, or strip, mine in the Powder River Basin. 

As previously discussed, the highwall mining operation will open trenches from 

which the highwall continuous miner will extract coal from underneath the 

undisturbed overburden. Therefore, this method of mining leaves a majority of 

the surface undisturbed. With a majority of the surface undisturbed, runoff 

characteristics, infiltration, sediment yield and geomorphology will remain 

unchanged in most of the watershed. However, some temporary surface water 

impacts will likely occur in response to the trenches and the limited areas of 

surface mining, as can be seen on Exhibit MP.1-1. During any case in which 

sediment transport is expected, the Universal Soil Loss Equation (USLE) 

(Wischmeier & Smith, 1978) will be used to quantify sediment yield. Table MP.6-

1 tabulates the estimated soil erodibility (K) factors for each soil type presented 

in Appendix D7 for the Brook Mine Permit Area. The following text discusses the 

potential impacts to surface water from the operations at the Brook Mine, and 

the manner in which these impacts will be mitigated. Exhibit MP.5-1 shows the 

hydrologic control plan. 
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As seen on Exhibit MP.1-1, to the west of Slater Creek, a surface mine 

(SM-1) will target the Monarch Seam in Section 13, T57N, R85W. Production 

during the first five years of mining will be primarily from coal removal in SM-1. 

SM-1 will be near the top of a hill near a drainage divide and will have little 

impact on the hydrologic balance other than water which is captured directly 

during precipitation events. The surface disturbance activities adjacent to the 

Slater Creek channel will have temporary impacts on the Slater Creek drainage 

including temporary loss of ground cover and a slight increase in soil erodibility. 

However, these impacts will not be in the Slater Creek channel itself, and the 

bed and banks will be undisturbed by mining operations in SM-1. The temporary 

increase in soil erodibility and loss of ground cover in disturbed locations will be 

controlled with ASCMs and other sediment and runoff control measures to 

prevent sediment transport to Slater Creek. 

The first trench will be mined during Year 5 in Section 15, within the 

Hidden Water Creek drainage. Three trenches (TR-1, TR-2, and TR-3) will be 

mined along Hidden Water Creek. The trenches will be oriented parallel to the 

flow in Sections 9 and 15, T57N, R84W. Streamflow from Hidden Water Creek 

will be controlled to avoid contact with the trench mines as much as possible 

through the use of a diversion ditch. This diversion ditch will be designed as 

discussed in Section 5.4. This ditch will maintain flow, and will minimize impacts 

to the geomorphology of Hidden Water Creek. Any surface runoff to come in 

contact with mining disturbance will be treated in the pits or retained in 

sedimentation control structures in the vicinity of Hidden Water Creek to meet 

water quality standards before being discharged from the Permit Area. The 

appropriate WDEQ/WQD discharge permits will be obtained prior to the 

discharge of any water. 

Also in years 6-10, based on operational needs, surface disturbance may 

occur south of Tongue River within the Big Horn Permit area. The only 

disturbance planned would be for topsoil stripping and stockpiling. Any stripped 

area will be controlled using sediment control measures. Since no mining is 
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planned int his area at this time, no groundwater impacts are anticipated in this 

area. 

Mining occurs east of the Slater Creek watershed and west of the Hidden 

Water Creek watershed as the mining progresses from east to west. Mining will 

occur primarily in minor drainages of the Tongue River in Sections 8, 1 7, and 

18, T57N, R84W, as seen on Exhibit MP.1-1. Trench cut TR-4 will primarily be 

oriented perpendicular to the flow path of the minor Tongue River drainages. 

The trench will capture runoff in these ephemeral drainages. Though flow to the 

Tongue River from precipitation events and snowmelt could be reduced slightly, 

the change will be minimal due to the ephemeral nature of the drainages. The 

trenches will be located near the upper reaches of the minor drainages. 

Therefore, the majority of the minor drainages in this area will remain unaffected 

by mining activities. As previously discussed, any runoff coming into contact 

with mining activities will be captured in a sedimentation impoundment or 

ASCM to meet water quality standards prior to discharge from the Permit Area. 

The appropriate WDEQ/WQD discharge permits will be obtained prior to the 

discharge of any water. Minimal, if any, changes will be made to infiltration in 

this area. Ground cover will only be altered in the area of the trench. The 

geomorphology of these ephemeral channels will not be altered significantly. The 

open trench will be promptly backfilled behind the ongoing highwall mining 

activities. 

Surface disturbance will occur in the Slater Creek drainage later in the life 

of mine, as shown on Exhibit MP.1-1. Trenches (TR-5, TR-6, and TR-7) will be 

oriented parallel to Slater Creek's flow. Trenches will capture some runoff from 

minor tributaries of Slater Creek, which will tend to attenuate flows to Slater 

Creek and reduce the total runoff volume. 

Trench TR-6 will be re-disturb a portion of the SM-1 surface mining area. 

The trench will be located near the top of a hill near a drainage divide and will 

have little impact on the hydrologic balance other than water which is captured 

directly during precipitation events. Another trench (TR-7) will be oriented 
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parallel to Slater Creek's flow nearer the channel bottom in Sections 11, 12, and 

13, T57N, R85W, but still outside of the Slater Creek channel. This will only 

obstruct a moderate amount of runoff in the Slater Creek drainage. Slater Creek 

will still flow naturally around all of the trenches. Measures will be taken to 

ensure that the trench is protected from storm event flows in the Slater Creek 

channel. During mining, runoff from the undisturbed portions of the Slater 

Creek watershed will be diverted from mining activities as much as possible to 

avoid contamination through WDEQ approved means of conveyance such as a 

bypass ditch (Section MP.5.5.2). Sedimentation impoundments will capture 

runoff that has come in contact with mining activities, and will treat the water 

to meet water quality standards before discharge. The appropriate WDEQ /WQD 

discharge permits will be obtained prior to the discharge of any water. The 

surface disturbance activities adjacent to the Slater Creek channel will have 

temporary impacts on the Slater Creek drainage including temporary loss of 

ground cover and a slight increase in soil erodibility. However, these impacts 

will not be in the Slater Creek channel itself, and the bed and banks will be 

undisturbed. The temporary increase in soil erodibility and loss of ground cover 

in disturbed locations will be controlled with ASCMs and other sediment and 

runoff control measures to prevent sediment transport to Slater Creek. The only 

anticipated direct disturbance to the Slater Creek channel is in Section 13, T57N, 

R85W, where the channel will be redirected to flow through a culvert under a 

proposed haul road. However, these changes will be temporary. A 100 foot buffer 

boundary of the Slater Creek channel will be marked in the field at select 

locations prior to commencing mining related disturbances. Those areas within 

the Slater Creek channel and watershed affected by surface mining activities will 

be restored according to the Reclamation Plan. Because Slater Creek's flow will 

not come into contact with surface or highwall mining activities, no impact will 

be made to water quality. The existing Permanent Impoundment # 1 Reservoir 

(SEO Permit P12986R and Certificate Record CRCR22074) and Legerski #1 Stock 

Reservoir (SEO Permit P2290S) will be impacted by mining activities during this 

time period. Permanent Impoundment #1 will be impacted by facilities 
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disturbance activities such as topsoil removal in the area. Legerski # 1 Stock 

Reservoir will be removed by the construction of the proposed haul road. As 

described in Section MP.6.3.1, alternate water sources may be provided for 

impacted reservoirs as agreed upon with surface owners. These impoundments 

will be reclaimed as detailed in Section RP.8 Final Hydrologic Restoration of the 

Reclamation Plan. Exhibit MP. 7-1 depicts the locations of those reservoirs being 

impacted and monitored during mining operations. 

As seen on Exhibit MP.1-1, mining activities at the Brook Mine will 

conclude in the western portion of the Permit Area with highwall mining trenches. 

These trenches (TR-8, TR-9, TR-10, and TR-11) will be oriented parallel to and 

along the channel of an ephemeral drainage that empties into the Tongue River 

Ditch. This minor drainage basin is designated "TRDS" on Exhibit D6-2 of 

Appendix D6. Due to the relatively small area of trench open at any one time, 

surface water impacts will be minimal. Surface water runoff from undisturbed 

lands will either be diverted before entering the trench, or will be allowed to enter 

the trench and will be treated in the trench. Waters that don't enter disturbed 

lands will continue draining to the Tongue River. Because these waters will not 

enter the trench or other disturbed lands associated with mining, the sediment 

yield and chemical make-up will be nearly identical to that before mining. The 

infiltration rate throughout the majority of the watershed will remain unchanged 

because most topsoil and overburden will remain unchanged throughout mining 

operations. Through runoff being diverted to avoid disturbed areas, or by small 

quantities of runoff being allowed to enter the trench, the peak flow and storm 

volume will tend to be slightly reduced or remain nearly identical to that modeled 

in Appendix D6. Any runoff that does enter disturbed areas will be captured in 

a sedimentation pond or treated in the trenches to meet water quality 

requirements before being discharged from the Permit Area. The appropriate 

WDEQ/WQD discharge permits will be obtained prior to the discharge of any 

water. The existing Upper 10 Stock Reservoir (SEO Permit P8206S) and Welch 

#4 Stock Reservoir (SEO Permit P8133S) will be impacted by surface mining 

during this phase. The Upper 10 Stock Reservoir will be removed by the 
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construction of the proposed haul road. Welch # 4 Stock Reservoir is planned to 

be mined through. Alternate water sources may be provided for these impacted 

reservoirs as agreed upon with surface owners as described in Section MP.6.3.1. 

At the conclusion of mining operations, they will be reclaimed as detailed in the 

Reclamation Plan. 

As described above, the Brook Mine is expected to have an extremely small 

effect on surface water quality in the Tongue River and other major streams 

adjacent to the permit boundary of the Brook Mine. As such, no effect on the 

designated uses present on major streams adjacent to the permit boundary is 

expected. There is no anticipated impact to water rights downstream of the 

permit boundary either. The implementation of ASCMs and sediment 

impoundments as discussed in Section MP.6.3 will be an important part of 

minimizing any possible impacts to surface water quality in the surrounding area 

that the Brook Mine may have. Additionally, the minimal reduction of any 

surface water runoff in the upper reaches of drainages in the Brook Mine permit 

area will not likely have any impact on downstream water rights. Any surface 

water right that is affected by the mining operations of the Brook Mine, shall 

have that water right replaced with a water source of similar quantity and quality 

as provided by Wyoming Statute § 35-11-415(b)(xii), until such time that the 

original surface water right's functionality is restored. 

Discussion of the potential mining impacts to the alluvial valley floors 

(AVFs) within the Permit Area and adjacent areas is presented in Mine Plan 

Section MP.25. 

MP.6.2 Groundwater 

MP .6.2.1 Introduction 

Mining activities will affect the groundwater within and outside of the 

Permit Area. The Target Coal seams are predominantly dry in the western 

portion of the Permit Area and eastern portions have been affected by CBNG 

development. Appendix D6 and Addendum MP-3 provide maps illustrating the 

premine areas within the permit that are dry and partially saturated. Mining will 
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remove portions of the coal aquifer. There will be groundwater inflow into the 

contour /trench cuts and well as the highwall miner (HWM) cuts where the 

aquifers are saturated and partially saturated. Drawdown of the potentiometric 

surfaces in the aquifers surrounding the contour /trench cuts is expected. The 

impacts of the drawdown in the coal aquifers and the expected rate of inflows 

are discussed in Addendum MP-3, which contains the groundwater modeling 

investigation conducted in 2018, and are summarized in this section. An earlier 

2013-2014 groundwater model has been superseded by the 2018 groundwater 

model report and results. The effects of possible drawdowns on groundwater 

and the hydrologic system are minimal during mining operations as the area 

where drawdowns would be most likely to occur will be dewatered during 

operation. Once mining operations are completed, any drawdown that occurs 

would have a minimal, temporary impact on groundwater quality before 

stabilizing after a number of pore volumes passes through the material. 

Alterations to recharge rates are expected to be minimal. However, RAMACO will 

monitor groundwater levels according to the monitoring plan in Section MP.7, 

and will provide in the annual reports any significant fluctuations m 

groundwater levels that could be attributed to altered recharge rates. 

The results of the 2018 groundwater modeling effort are presented in 

Addendum MP-3. The first 2013-2014 groundwater model prepared for the 

original submittal of the permit application has been superseded. The second 

2018 groundwater model was prepared in response to concerns from the 

Environmental Quality Council (EQC). The results of the 2018 groundwater 

model are presented in Addendum MP-3. The potential impacts discussed within 

this section are based on the model prepared in 2018 in response to EQC 

concerns. The report in Addendum MP-3 discusses how the 2018 model is 

different from the original model, and why those changes were made. 

MP.6.2.2 Drawdown in the Coal 

Drawdown in the coal was predicted using the numerical groundwater 

model utilizing the USGS modular finite-difference groundwater model 
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MODFLOW and the pre/post processor Groundwater Vistas Version 6. A 

detailed discussion of the modeling process is presented in Addendum MP-3. 

Figures depicting the extent of the drawdown for 5-year, 10-year, 20-year, and 

SO-year recovery are presented in Addendum MP-3. In addition select wells were 

included in the groundwater model to evaluate potential impacts to the wells. 

The discussion of these wells and the model predicted drawdowns are discussed 

in Addendum MP-3. 

Appendix D5 provides geologic cross sections of the permit and adjacent 

area. These cross sections indicate that a fault exists along the north side of the 

Tongue River valley and the coal on the north where mining is occurring has 

been down thrust and the same coals are under the valley. This would indicate 

that there is a hydrologic barrier along the southern permit boundary which 

would reduce any potential to impacts of wells along the Tongue River. The 

mining panels in the Carney seam are shown in relation to the faults on Exhibits 

MP.6-1 and MP.6-2. As the locations of mining panels show, mining will 

generally end at a fault. At each fault location, there will be claystone hanging 

or footwall adjacent the coal aquifer. The highwall miner will not continue into 

the claystone. Mining will be on one side of the fault or the other. Therefore, the 

hydrologic function of the fault acting as a no-flow boundary will not be altered. 

As shown on Exhibits MP.6-1 and MP.6-2 , there is one primary location where 

mining will occur on both sides of a fault in Section 11 of T.57N. , R.84W. The 

fault in this location is inferred, so the presence of the fault will not be verified 

until mining begins. If a fault is verified in this location, mining will occur in the 

Carney at the two separate levels of the coal on opposite sides of the fault . The 

fault will not be mined through; therefore, the hydrologic function of the fault 

(i.e., a no-flow boundary) will remain intact. The trench will be placed along the 

Slater Creek channel where the fault no longer exists because it and the Carney 

coal seam have been eroded by Slater Creek. 

Exhibits MP.6-1 through MP.6-3 have been prepared to show the 

maximum extent of drawdown for the coal as predicted by the 2018 groundwater 

model. The exhibits show the 5-foot drawdown contours. As shown, some areas 
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have no predicted drawdown as anticipated in the dry areas. As discussed in 

Addendum MP-3, some of the drawdown is an effect of dry cells in the model. 

MP.6.2.3 Drawdown in the Overburden 

The overburden encountered when installing the monitoring network was 

primarily dry and is indicative of the Tongue River Member of the Fort Union 

Formation in this area. Exhibits MP.6-4 and MP.6-5 show the maximum extent 

of the 5-foot drawdown for the overburden and interburden, respectively. 

MP.6.2.4 Groundwater Rights 

Groundwater rights within and adjacent to the Permit Area are discussed in 

Appendix E of the Adjudication File. Wells completed within and adjacent to the 

Permit area provide water for stock and domestic uses. The majority of private 

wells are completed in geologic structures below the coals proposed to be mined 

and impacts to domestic users are expected to be low. In the Groundwater model 

(Addendum MP-3) any well that could potentially be completed in the Carney or 

Master's coal was evaluated and the model provided drawdown predictions for 

each of the wells which are described in MP-3 Table 4 .9-2. Six wells evaluated 

in the groundwater model had a predicted drawdown of 1 foot or more. As 

discussed below, after a more detailed analysis and/ or site visits, some of these 

wells were later found to be completed outside of the Carney and Master's coal 

so the predicted well drawdowns will not occur due to limited hydraulic 

connection between the mined areas and the aquifers in which the wells are 

completed . . Table MP.6-2 provides a tabulation of all the groundwater rights 

that fall within the maximum extent of model predicted drawdowns in Exhibits 

MP.6-1 , MP.6-2 , MP.6-3, MP.6-4, or MP.6-5, within the proposed mine pit areas, 

or wells in Addendum MP-3 Table 4 .9-2 with a model predicted drawdown 1 foot 

or greater. Impacts to any wells not included in Table MP.6-2 are predicted to be 

negligible (less than 1 foot). As shown on Table MP.6-2 , there are 68 water rights 

that have the potential to be impacted. However, this table includes 17 water 

rights that have been canceled or abandoned; 35 water rights that are used as 

monitor wells; and 2 water rights associated with the same well. Therefore, of 
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this list of wells, only fourteen wells are actively permitted to be used as stock or 

domestic water supply wells. Brook Mine evaluated these fourteen wells to 

determine the likelihood they are completed within zones that may be impacted 

by mining activities and found only eleven wells had potential to be within 

impacted aquifers. Brook Mine sent certified letters to three potentially affected 

landowners requesting permission to conduct site visits and obtain the most 

recent information on these wells. Responses granting permission have been 

received from two of the landowners. Their wells were tested and the most recent 

information on these wells were added to Addendum D6-9 and Addendum D6-

10. Five of the eleven wells potentially impacted are completed in the Tongue 

River alluvium. As discussed in Mine Plan Section 25, there is limited hydrologic 

connection between the coal being mined and the Tongue River alluvium in this 

area. As described in Section 4.9 of Addendum MP-3, drawdowns in the Tongue 

River alluvium due to mining are estimated to be low. Therefore, no impacts to 

these wells are anticipated due to mining operations. Based on well logs in 

Addendum DS-8 and geologic cross sections in Addendum DS-3 , one of the six 

remaining wells (P841 OW) indicates a completion interval beneath the Carney 

and Masters coal seams. Therefore, there should be no impacts due to mining 

on this well. This leaves five remaining wells with potential to be impacted which 

are summarized in Table MP.6-2A. Based on further analyses, Brook Mine has 

determined that the well completions for each of the five wells are likely as follows: 

• P144442W (Overburden/ Alluvial) 
• P71814W (Coal) 
• P63975W (Coal) 
• P83047W (Coal) 
• P98281W (Coal) 

Well P144442W is completed to a depth of 170 feet. The log indicates the 

well is completed in alluvial gravels from a depth of 125 feet to 170 feet. This well 

appears to be located within a mine panel. The log does not indicate that it 

bisected a coal interval. This well will likely be impacted due to the proximity to 

the mine panel either causing the well to be disturbed or removed. Section 
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MP.6.3.2 further describes the procedures for groundwater rights disturbed or 

affected by mining operations. 

Well P71814 is completed in both the Carney and Masters coal as indicated 

by the log and as shown on Cross Section F-F' in Appendix D5. As shown on this 

geologic cross section, the coal to be mined is located higher in elevation and 

north of an inferred fault . Therefore, there should be limited impacts in this well 

due to mining. The model conservatively predicted a maximum drawdown in the 

well of 3.3 feet during mining which represents a 4.7% decrease in the available 

water column. With such a small change in the water column, it is unlikely that 

yield from the well will be negatively impacted. 

Well P63975W is drilled to a depth of 120 feet. The log indicates the well 

is completed in clay and coal from 110 feet to 120 feet. This well is located on 

the south side of the Tongue River and is completed in the Masters coal as shown 

on Geologic Cross Section G-G'. The Masters coal seam in the location of this 

well is geologically down dip of the coal that will be mined. Therefore, there 

should be no impacts on this well due to mining. 

Well P8304 7W is drilled to a depth of 260 feet. The log indicates the well 

is completed from 80 feet to 100 feet, 120 feet to 180 feet, and from 200 feet to 

240 feet. This well is located on the south side of the Tongue River and is 

completed in the Monarch, Carney, and Masters coals. The coals in the location 

of this well are geologically down dip of the coals that will be mined. Therefore, 

there should be no impacts on this well due to mining. 

Well P98281 W is drilled to a depth of 290 feet . The log indicates the well 

is completed from 270 feet to 290 feet. The well is completed in the Carney coal 

seam. The Carney coal seam in the location of the well is geologically down dip 

of the coal that will be mined. Therefore, there should be no impacts on this well 

due to mining. 
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MP.6.3 Plan to Mitigate Impacts on Surface Water and Groundwater 

MP.6.3.1 Plan to Mitigate the Impacts on Surface Water 

The surface water monitoring program discussed in Section MP. 7 .1 will 

provide evidence to determine the effect mining operations at the Brook Mine 

have on surface waters. The monitoring program includes surface flow recording 

stations and water quality sampling. 

Other methods to mitigate impacts to surface water will include the use of 

sediment impoundments and ASCMs. These methods are included on the 

hydrologic control plan on Exhibit MP.5-1. The use of sediment impoundments 

and ASCMs will reduce the potential of increase sediment loading downstream 

from the Brook Mine. This will be confirmed through the operational monitoring 

program discussed in Section MP. 7 .1. 

As soon as feasible, trenches and surface mines will be backfilled with 

spoil, topsoiled, and revegetated to conform to the approved Reclamation Plan. 

Ongoing and expedient reclamation will ensure that the surface water hydrologic 

balance and flow characteristics are returned to resemble premining conditions 
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as soon as possible. Postmining monitoring discussed in the Reclamation Plan 

will confirm the mitigation of impacts once mining and reclamation have 

concluded. 

In addition, surface water rights that are disturbed or affected by the 

mining operations of the Brook Mine, shall have an alternate water source of 

similar quantity and quality provided in accordance with Wyoming Statute§ 35-

11-415(b)(xii), until such time that the original water right's functionality is 

restored. Existing surface stock ponds were constructed subject to the reserved 

rights under the 1954 mineral deed or are the subject of surface use agreements 

for leased mineral. Surface use agreements or an order in lieu of consent exists 

with the following surface owners: 

• Trustees of the William J. Laya and Joyce J. Laya, William J. Laya 
Trust under Trust Agreement Dated November 19, 1993 
Trustees of the Joyce J. Laya and William J. Laya, Joyce J. Laya 
Trust under Trust Agreement Dated November 19, 1993, 
Trustee of the Thomas Charles Laya, Laya Land Trust Under 
Agreement Dated June 3, 2013 

• Taylor Investments, LLC, 
• Padlock Ranch Company, 
• Big Horn Coal Co. 

Surface water right replacement will be determined on a case by case basis 

subject to the deed or agreement. Surface water right replacement may include 

establishing new surface water impoundments outside mining disturbance areas, 

development of diversions of existing water rights, establishing a system of 

pipelines for stock tanks, etc. 

MP.6.3.2 Plan to Mitigate the Impacts on Groundwater 

Wells will be properly abandoned to prevent adverse changes in water 

quality or quantity and to prevent a hazard to people, livestock, and wildlife. 

Procedures outlined in Chapter 11, Section 70 of Water Quality Rules and 

Regulations will be utilized for well abandonment, as well as those methods 

described in Guideline No. 8. In addition, any permitted water right that is 
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disturbed or affected by the mining operations of the Brook Mine, shall have that 

water right replaced with a water source of similar quantity and quality as 

provided by Wyoming Statute § 35-11-415(b)(xii), until such time that the 

original water right's functionality is restored. Existing groundwater wells were 

constructed subject to the reserved rights under the 1954 mineral deed or are 

the subject of surface use agreements for leased mineral. Section MP.6.3.1 lists 

the surface owners for which surface use agreements or an order in lieu of 

consent exists. Groundwater right replacement will be determined on a case by 

case basis subject to the deed or agreement. Groundwater right replacement may 

include establishing new groundwater wells, providing water from pumped 

sources, etc. 

MP.7 

MP.7.1 

OPERATIONAL MONITORING PROGRAM 

Surface Water Monitoring 

Surface water monitoring during mining operations will be a continuation 

of the baseline monitoring program discussed in Appendix D6. Operational 

monitoring locations are shown on Exhibit MP. 7- 1. The surface water 

monitoring network will consist of surface water monitoring stations and 

reservoirs. Any downstream reservoir that could potentially be impacted by 

mining will have water quality data collected prior to disturbance. The data will 

be submitted in the Annual Reports. Table MP. 7-1 summarizes the sites for the 

surface water monitoring network. 

For establishment of any new surface water monitoring stations, several 

steps will be taken to choose a location and properly set the station up. The 

following procedure will be followed for the establishment of surface water 

monitoring stations: 

1. A field investigation will be conducted to determine the best location for 
the stations. Criteria to choose the best location will include: 

a. Straight reach of the channel; 

b. Reach of channel that is close to an elevated bank that has a fairly 
steep grade to ensure the instruments will not be flooded; 
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c. The distance from the center of the channel to the instruments is 
less than 50 feet (length of sensor cable); and 

d . Avoidance of submerged channel reaches (pools) . 

2. Instruments and equipment will be installed (instrument shelter, 
sampler, flow monitor, solar panel, battery, sensors, and sample 
tubing). 

3. A survey of the channel cross section and profile (channel geometry and 
slope) and an evaluation of the channel roughness. 

4. Development of a rating curve. 

5. Programming of the instruments (flow meter and sampler). 

Surface water quantity data in the form of peak daily flow rate will be 

measured continuously between April and October. The mine will conduct 

maintenance checks, and download data on a quarterly basis at all surface water 

monitoring stations. In addition, direct discharge measurements of surveyed 

cross sections (depicted in Appendix D6) will be obtained when possible. The 

discharge data collected will then be reported in the annual report and evaluated, 

when possible, to developed rating curves. Staff gages will be installed at surface 

water discharge measurement sites where appropriate. Rating curves at other 

sites will also be developed as appropriate. Discharge monitoring at 578420-TR-

1 (former USGS 06299980 station) will be conducted using the former USGS 

06299980 discharge rating table as depicted in Table MP. 7-1.A. Existing USGS 

gage site USGS 06305700 will be used to monitor surface water discharge 

upstream of the planned mine facilities on Goose Creek. Should this USGS 

station be discontinued, Brook will obtain direct instantaneous discharge 

measurements at either the discontinued USGS site or at surface water 

monitoring site, 578434-GC-l. Station 578401-TR-3 will be placed at the TR03 

(Sheridan County Conservation District) site. This location would be comparable 

to the TR2B80 Bighorn Coal site and the drainage area would be approximately 

½ percent more than the TR2B80 site. If direct discharge measurements cannot 

be obtained at the 578401-TR-3 site, a flow approximation will be obtained from 

the combined flows at USGS 06305700 Goose Creek near Acme, WY and 
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578420-TR-1 at the approximate sampling time. Assuming landowner 

permission can be obtained, site 578514-TR-1 will only be used as an alternate 

discharge measurement if discharge measurements cannot be obtained from site 

578524-TR-l. 

Water quality samples will be collected from a single surface water 

monitoring station during precipitation events via an ISCO automatic sampler 

located at station SM578418-SW-1 located on Slater Creek near the southern 

permit boundary. In addition, grab samples will be collected quarterly at 

monitoring stations and all other surface water monitoring. At the time of grab 

sample collection, direct instantaneous discharge measurement will be obtained, 

if it is safe to do so at the designated sites in Table MP. 7-1. All existing reservoirs, 

stockponds, and proposed reservoirs that will be disturbed by surface mining 

activities, as discussed in Section MP.6.1, will be monitored for water quality 

through grab samples to ensure mining minimizes disturbance, prevents 

material damage, ensures waters remain suitable for all uses for which they 

were suitable prior to mining, and that the water rights of other users are 

protected. The samples will be analyzed for the constituents listed in Table MP. 7-

2 based upon WDEQ/LQD Guideline Number 8, Appendix 7. Field parameters 

that will be measured during both grab sample events and from events activating 

the automatic sampler include: pH, electrical conductivity (EC), temperature, 

turbidity, dissolved oxygen, oxygen reduction potential (ORP), and discharge 

of water level (where appropriate). Field observations (including photographic 

documentation) will be recorded on the water quality sampling field forms. 

Laboratory analysis of collected grab and precipitation event water samples will 

be conducted by a contract laboratory. A quality assurance and quality control 

program will entail duplicate samples (approximately 10%), sample preservation 

blanks (approximately 10%), relative percent difference statistical analysis on 

duplicates, comparison of field EC to laboratory EC, comparison of field turbidity 

to laboratory turbidity, comparison of measured total dissolved solids (TDS) to 

calculated TDS, 10n balance analysis, and holding time/preservation 

evaluations. Baseline monitoring has not indicated any interactions between 
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surface water and groundwater. However, data will continue to be compared to 

groundwater monitoring data to determine if any surface water and groundwater 

interactions exist that weren't found in baseline studies. Surface water 

monitoring results will be presented to WDEQ/LQD in the Annual Report. The 

Annual Report will also include laboratory reports, field sheets, and chain of 

custodies (COCs) for the surface water monitoring samples. 

MP.7.2 Groundwater Monitoring 

Groundwater monitoring during mining operations will be a continuation 

of the monitoring program initiated during baseline monitoring, as discussed in 

Appendix D6. The operational groundwater monitoring locations are shown on 

Exhibit MP. 7-1. Specific site information for groundwater monitoring wells is 

listed in Table MP. 7-3. The site information for alluvial monitoring wells is listed 

in Table MP.7-4. Groundwater quality samples and static water levels will be 

obtained and measured quarterly. Water level data from alluvial monitor wells 

will also be obtained quarterly. Water quality samples will be tested for the 

constituents listed in Table MP.7-2 based upon WDEQ/LQD Guideline Number 

8 recommendations. 

The mine will adhere to the following procedures and protocols for 

groundwater quality and quantity monitoring: 

• A static water level, total depth measurement, and well head inspection 
will be completed during each monitoring event for each well monitored. 

• All wells will be pumped at the rate required to evacuate the casing of 
stagnant water and draw in at least three casing volumes of formation 
water. 

• In low yield wells (those that produce 0.5 gpm or less during well 
development), it may not be practical to purge three casing volumes 
prior to sampling. In low yielding wells, low flow sampling methods will 
be employed. 

• Field observations will be recorded on the water quality sampling field 
forms. 

Field parameters such as pH, EC, temperature, dissolved oxygen, and 
turbidity will be measured throughout purging to determine geochemical 
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stability. Three values with less than 10% difference will indicate that the 
water is stable, representative of the aquifer, and samples will thereby be 
collected. 

• Field filtered and preserved sampled will be collected in clean, unused 
plastic or glass containers provided by the contract laboratory. 

• Samples will be kept on ice until arrival at the laboratory (no more than 
two days following sample collection). 

• A quality assurance and quality control program will entail duplicate 
samples (approximately 10%), sample preservation blanks 
(approximately 10%), relative percent difference statistical analysis on 
duplicates, comparison of field EC to laboratory EC, comparison of field 
turbidity to laboratory comparison of measured TDS to calculated TDS, 
ion balance analysis, and holding time/preservation evaluations. All 
quality control data, including COCs, will be provided in the Annual 
Report. 

In the event that a groundwater monitoring well is discontinued or 

damaged during the mining process, it will be replaced with another monitoring 

well so that the total number of working groundwater monitoring wells remains 

the same. 

MP.8 WATER USE 

Water to be used at the Brook Mine will be supplied from various sources. 

Trucking water will be the source of potable water. Industrial water will be 

obtained from pit inflows, surface water rights, or water collected in sediment 

and flood control reservoirs . Water obtained will be used under appropriate 

permits from the State Engineers Office. 

Water used in the Brook Mine facilities will include potable water and 

industrial water. The potable water will be produced from trucking water on an 

as needed basis at points of use. 

Industrial water will be used for dust suppression on the haul roads, truck 

wash down, wash down of the facilities, and for the highwall miner. This water 

will be supplied from surface water rights using either temporary water haul or 

purchased from surface water right holders and from water which is collected in 

the pit and sediment and flood control reservoirs. 
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It is estimated that the total water use will be approximately 111 million 

gallons per year (approximately 304,200 gallons per day) with an expected 

variability of plus or minus 20 percent. This equates to approximately 341 acre

feet of water per year. According to the Task 1 B Report for the Powder River 

Basin Coal Review Current Water Resources Conditions (AECOM Environment, 

May 2014) submitted to the Bureau of Land Management, most mines in the 

Powder River Basin pump between 300 and 920 acre-feet of groundwater per 

year. If this is assumed to approximate the water usage of typical coal mines, the 

Brook Mine will be on the lower end of the average water usage for coal mines. 

This value may vary year to year depending on conditions, the mine plan, and 

other variables. Enough water will be available from future surface water rights 

and purchased water that variations in pit inflows, runoff in sediment or flood 

control reservoirs, or other sources will easily be supplemented or not taken from 

the existing surface water rights. Table MP.8-1 provides an estimate of the water 

used by specific use at the Brook Mine. Table MP.8-1 also provides the expected 

quantity of water taken from each source. Brook Mine will obtain the necessary 

water volume to meet the water usage needs of the mine. 

RAMACO is aware of the Yellowstone River Compact and will act in 

accordance with the guidelines outlined by obtaining WSEO permits for 

impoundments. 

MP.9 RECLAMATION OF EXPLORATION HOLES AND WELLS 

MP.9.1 Developmental Drilling and Plugging Plan 

All drilling activities within the permit area (and potential exploration 

activities) will be conducted according to the following procedures. Typical 

backfilling procedures for exploration holes or wells are illustrated on Figure 

MP. 9-1. Where procedural differences exist for developmental and exploration 

drilling, they are discussed separately. 

The mine will properly permit each drilling program with WDEQ/LQD and 

the Bureau of Land Management (BLM) prior to the initiation of the program. 
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The overburden analytical results from all drilling programs will be 

presented in the appropriate annual report to WDEQ/LQD. General information 

on site descriptions, drilling procedures, and reclamation procedures are 

discussed in the following subsections. 

MP.9.2 Drill Site Access and Initial Disturbance 

Whenever possible, sites will be accessed over native ground and 

construction of roads will be avoided, minimizing environmental effects. 

Similarly, drill pads and mud pits are not generally constructed. If either of these 

structures are needed, the topsoil will be salvaged from the site prior to 

construction. If roads are considered necessary, approximately 6 inches of the 

surface topsoil will be windrowed to the protected side of the roadbed. Roads 

will not be located on hillsides with greater than 40 percent slopes; roads will 

not exceed 10 percent; roads will not be constructed near or up a stream 

channel; any necessary stream crossings will be designed to minimize 

disturbance; adequately designed culverts and ditches will be installed as 

needed, and culverts will be covered with a minimum of 12 inches of material. 

Drill pads and mud pits will not be located on hillsides with greater than 

40 percent slopes. 

MP.9.3 General Drilling Procedures 

Drilling will be conducted by a truck- or track-mounted rotary drill rig. 

The average hole diameter will generally be 5 1/a inches. Drill hole depths will 

vary, ranging from less than 25 feet to more than 375 feet for overburden; coal 

drilling will average an additional 15 feet . The time required to complete each 

hole varies substantially with total depth, material encountered, whether coring 

or auguring operations are being conducted, geohydrologic features encountered, 

experience of the drilling staff, and several other variables. Generally, equipment 

will be on any site less than a day; this may be extended when completing the 

hole for a monitoring well. 
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MP.9.4 General Drill Site Reclamation 

Excess noncarbonaceous drill cuttings will be spread to a depth of less 

than one inch or removed from the site. All excess carbonaceous drill cuttings 

will be removed from the site. Drilling fluid will be minimized where possible and 

fluid collection points will be diluted by final wash down operations at each site. 

If necessary, disturbed areas will be scarified and seeded within one year using 

approved WDEQ/LQD seed mixtures described in the Reclamation Plan. Access 

ruts will be scarified and seeded if, after one season, vegetation has not naturally 

been reestablished. 

Drill hole abandonment shall be completed within three months after 

drilling is completed on a site. During the time of open holes, surface plugs will 

be placed in the hole. See the following discussion for specific plugging methods 

and details of drill hole reclamation. 

Drill pads and mud pits generally are not required. Any drill pads needed 

will be recontoured, retopsoiled, and seeded. Mud pits will be filled, contoured, 

retopsoiled, and seeded. Predug pit specifications and revegetation details are 

discussed in greater detail in the following subsections. 

Road construction is avoided whenever possible; any necessary drill site 

access roads will be reclaimed by removal of any culverts, removal, and 

respreading of any fill onto cut areas, replacement of topsoil, and seeding. See 

the following discussion for revegetation specifications. 

Due to differences in the regulations of the different agencies and the 

distinction between developmental drilling and exploratory drilling, the following 

drill hole abandonment and reclamation methods will be used. 

MP.9.5 Drill Hole Locations 

Areas within One Year of Trench or Surface Mine Advance 

Developmental drill holes in areas within one year of the topsoil removal 

will not require any abandonment procedures due to the imminent alteration 

caused by advance of trenches or surface area mines. 
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Areas within Two Years of Trench or Surface Area Mine Advance 

Developmental drill holes in areas beyond a year but within two years of 

topsoil removal will be backfilled with drill hole cuttings, or when an aquifer is 

penetrated, the zone will be sealed with abandonment materials. A dry cement 

plug will be placed from two to seven feet below ground surface, and the hole 

backfilled with soil to original ground surface. 

Areas within the Perimeter Fence Surrounding the Active Mine Operations 

Developmental drill holes in areas within the perimeter fence and not 

included in the above areas will be filled with drill hole cuttings. A wet-mixed 

cement plug will be placed from two to seven feet below ground surface, and the 

hole will be backfilled to the original ground surface with topsoil. If a single 

aquifer is encountered, an abandonment material will be used in conjunction 

with drill hole cuttings (abandonment material is specified in Section MP.9.7). If 

two or more aquifers are encountered, the hole will be sealed off with 

abandonment materials. Reseeding will be conducted in areas outside the 

two-year mining advance. 

All Other Areas Outside the Perimeter Fence 

All other areas described in this discussion include exploration holes, 

monitoring wells, and production wells . All other drill holes that don 't meet the 

characteristics of the drill holes previously discussed in this section will follow 

these procedures: 

1. Holes that are known not to encounter aquifers as defined in Appendix 
D6 will be filled with drill hole cuttings to within seven feet of the 
surface and a wet-mixed cement plug will fill the hole to two feet below 
ground surface. The remainder of the hole will be filled with topsoil. 

2. Holes that are known to encounter non-artesian aquifers will be filled 
with abandonment material (as specified in Section MP.9.7) through 
the aquifer to within seven feet of the surface. A five-foot wet-mixed 
cement plug beginning at seven feet and filling to two feet below ground 
surface will be topped with two feet topsoil graded flush to match the 
existing ground. 

3. Holes that are known to encounter an artesian but not a surface flowing 
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aquifer will be filled with abandonment material (as specified in Section 
MP.9.7) throughout the aquifer to within seven feet of the surface. A 
five-foot wet-mixed cement plug beginning at seven feet and filling to 
two feet below ground surface will be topped with two feet of topsoil and 
graded flush to match the existing ground. 

4. Holes that are known to encounter a surface flowing artesian aquifer 
will be cemented from the bottom of the hole to within 2 feet of the 
surface and topped with topsoil graded flush to match the existing 
ground. 

MP.9.6 Monitor Wells 

Abandonment procedures for monitoring wells will be similar to those for 

exploration holes. The difference will be that casings will be cut off to a depth of 

at least two feet below ground surface, followed by backfilling with abandonment 

materials (as specified in Section MP.9.7), and utilizing the aforementioned 

reclamation procedures. A schematic illustrating the general abandonment 

procedure is shown on Figure MP.9-1. 

MP.9.7 Abandonment Material Specifications 

Abandonment material shall consist of bentonite chips and drill cuttings. 

Bentonite chips shall be placed in and around the zone(s) of aquifer(s) 

encountered to assure prevention of fluid communication between aquifers. Drill 

cuttings shall be placed in the intermediate zones. 

MP.9.8 Excess Cuttings Disposal 

If excess cuttings are composed of toxic material, the cuttings will be 

removed from the location and disposed of in proper areas of the backfill, or pits 

will be dug after drilling to bury the material at least four feet below the surface. 

MP.9.9 Predug Pit Specifications 

Pit locations will be stripped to the base of the topsoil to the extent that pit 

materials can be stock piled without encroaching on the native surface. Topsoil 

will be handled in accordance with Section MP.4.2. In areas where the use of 

drilling muds or additives require disposal, a pit shall be dug the width of a back

hoe bucket at least ten feet long and six feet deep. Any pit that will remain open 
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for a length of time will be fenced to exclude livestock. A minimum of four feet 

of suitable overburden material will be placed on the disposed material. Areas 

disturbed by pits will be scarified, topsoiled, and revegetated. Reclamation shall 

occur m a manner that will best restore the surface to its pre-disturbance 

condition. 

MP.9.10 Revegetation of Roads, Drill Pads, and Predug Pits 

Seeding will be performed in the fall or in the spring using WDEQ/LQD

approved seed mixtures and methods described in the Reclamation Plan. 

Seeding will not be conducted when the ground is frozen. 

MP.9.11 Bonding and Reporting 

Bonding and reporting for all drilling will be part of the Annual Report 

process. The bond estimate in the Annual Report will contain a line item for 

drilling. The drill sites for the report year and the anticipated drill sites for each 

forthcoming year will be illustrated on exhibits submitted as part of the Annual 

Report. Specific drill hole abandonment information will be presented in the 

Annual Report. Brook Mine will also complete federal reporting requirements 

under separate cover to the Bureau of Land Management. 

MP.10 REFUSE DISPOSAL 

A refuse disposal and solid waste management plan 1s presented m 

Addendum MP-4 . 

MP.11 FIRE CONTROL PLAN 

A fire control plan is presented in Addendum MP-5. 

MP.12 SIGNS, MARKERS AND BUFFER ZONES 

Clear, visible , and durable signs and markers will be placed in and around 

the permit area, applicable to the areas or activities to which they pertain. The 

following subsections discuss the various signs that will be utilized in the Brook 

Mine permit area. 
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MP.12.1 Mine Permit and Identification Signs 

Mine permit and identification signs will be located at the public entrance 

to the mine. Information on the sign will include the identification number of 

the Brook Mine Permit, the name of the mine manager, and the name, address, 

and telephone number of the mine operator. This sign will not be removed until 

the release of all bonds. 

MP.12.2 Perimeter Markers 

Signs or line-of-sight T-posts will be located around the perimeter of the 

Permit Area indicating the permit boundary. These signs or markers will be 

placed on a maximum ½-mile spacing so as to be visible from one to another. 

MP.12.3 Stockpile Markers 

Each topsoil and overburden stockpile will be marked with identification 

signs and will show the numerical designation of the stockpile. These signs will 

be placed no more than 150 feet from the stockpile. They will be located on 

the approach roads to stockpile locations and will be in place when stockpiling 

begins and remain until all such material has been redistributed. 

MP.12.4 Buffer Zones 

Buffer zones will be implemented around declared Alluvial Valley Floors 

identified in State Decision Documents included with the Permit. Monitoring of 

Alluvial Valley Floors within the Permit Area is described in Section MP.25. 

MP.12.5 Mine Facilities 

Mine facilities and features will be marked with appropriate identification 

signs . These identification signs will include, but are not limited to: 

• Sedimentation Pond 

• Wastewater Reservoir 

• Flood Control Reservoir 

• Reference Area 

• Explosives Storage 
December 2019 MP-68 

TF 6 2/025 
R~:o DE'G 13 ,2 19 

DEQ Ex. 5-079



RAMACO Brook Mine 

• Temporary Solid Waste Stockpile 

• Fuel Storage Area 

MP.12.6 Blasting Signs 

Blasting signs will be displayed at the edge of the blasting area within the 

trench or surface area mine, and when blasting area comes within 100 feet of 

any public road right-of-way and at the point where any other road provides 

access to the blasting area. A blasting sign explaining the blast warning signals 

and all-clear signals used at the Brook Mine will be posted at public entrances 

to the mine property. 

MP.13 SUBSIDENCE CONTROL 

Subsidence control was prepared by Cardno MM&A of Bluefield, Virginia 

and Agapito Associates, Inc. of Grand Junction, Colorado. Addendum MP-6 

contains the subsidence control measures at the Brook Mine. In addition, a 

subsidence control plan for the first highwall trench TR-1 is found as 

Attachment MP-6-A in Addendum MP-6. 

MP.14 

MP.14.1 

BLASTING PLAN AND SCHEDULE 

Introduction 

To help max1m1ze production and mm1m1ze loading equipment 

maintenance, both the coal and overburden will be blasted. Blasting fragments 

and displaces the ground for easier and faster material handling. Blasting 

practices will be conducted in a manner to prevent injury to persons, and prevent 

damage to private and public property outside the Permit Area. In order to 

ensure that explosives are safely used, the mine will comply with all federal, state, 

and local laws and their regulations pertaining to their storage, handling, 

preparation, and use. 

MP.14.2 Explosives 

A mixture of ammonium nitrate and fuel oil (ANFO) will be the principle 

blasting agent used at the Brook Mine. However, if blast holes are filled or 

partially filled with water, then slurries, water gels, emulsions, or prepackaged 
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ANFO may be used. Water gels or a high density ANFO may also be used in 

order to increase the degree of fragmentation. 

The blasting agents will be primed with Pentolite (PETN & TNT), or other 

types of cast boosters with or without bagged water gel, or a high explosive water 

gel. A sensitized slurry booster or cast booster may be used for proper detonation. 

A cast booster will not function as a primer for blasting agents until a detonator 

(blasting cap, detonating cord, etc.) is attached to it. Brook Mine will limit the 

amount of blasting agent to 100,000 lbs (50 tons) per shot. This value is small 

in comparison to other coal mines in the Powder River Basin which operate with 

limits at 2,000,000 lbs per shot and as high as 6,000,000 lbs per shot (Nelson 

Brothers 2018). 

MP.14.3 Blasting Operations 

The three basic operations for blasting in either coal or overburden are: 

• Drilling 

• Blasthole Loading 

• Explosive Detonation 

MP.14.3.1 Drilling 

Blast holes in coal will vary in diameter according to depth of the blast 

hole. Coal blast hole diameters will range from 3 inches to 9 inches. Depths will 

vary from 4 feet to 20 feet. 

Blast holes in overburden will also vary in diameter according to depth of 

the blast hole. Overburden blast hole diameters will vary from 6¾ inches to 12 ¼ 

inches. Overburden within the mine area can reach depths up to 375 feet, blast 

hole depths will be drilled to a depth to reduce excessive vibrations due to over 

confinement and deterioration of highwall stability. Blast holes may be drilled 

in lifts if necessary. 
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MP.14.3.2 Loading 

After the blast holes have been drilled, they will be loaded with priming 

systems (cast booster with detonator), explosives, and stemming. The stemming 

ratio will be approximately 0.7 to 1.0 (0.7 foot to 1.0 foot of stemming for every 

foot of burden). The stemming ratio used in blast design may be adjusted to less 

than O. 7 if experience at the Brook Mine indicates that air blast and flyrock 

control can be achieved with a lower stemming ratio. The powder factors used 

will be appropriate to adequately fragment coal or overburden, depending upon 

which is being blasted at the time. 

MP.14.3.3 Detonation 

Detonation of the explosives will be done by using non-electric systems. 

Non-electric delay blasting will limit air blast, dust, and coal fire hazards caused 

by detonating cord. 

MP.14.4 Explosive Storage and Transportation 

The explosive storage facilities will be constructed to comply with all 

applicable federal, state, and local laws and regulations. Explosive storage 

facilities for the Brook Mine may be as follows: 

• Elevated bins for bulk ammonium nitrate prills 

• Drop tank storage for emulsions and/ or prepackaged ANFO 

• Magazine storage for water gels and dynamite classified as high 
explosives 

• Magazine storage for caps and connectors 

• Magazine for other explosives (primers, primer cord, etc.) 

Explosives will be delivered to the mine site by trucks owned and operated 

by licensed, experienced contractors. The bulk ammonium nitrate and fuel oil 

may be mixed to make ANFO on the mine site or at the contractor facilities, and 

taken to the blast area by trucks. 
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MP.14.5 Applicable Laws and Regulations 

The Brook Mine will comply with all federal, state, and local laws and 

regulations pertaining to the storage, handling, preparation, and use of 

explosives. Applicable WDEQ/LQD R&R include the most current versions of 

Chapter 2 and Chapter 6. Additionally, blasting at the Brook Mine will meet 

requirements of the Surface Mining Control and Reclamation Act of 1977. 

All blasting operations will be supervised by certified personnel who 

understand the hazards involved and have demonstrated knowledge and a 

willingness to comply with all local, state, and federal laws and regulations 

pertaining to blasting operations. A certificate of completion of training and 

qualification will be obtained by all personnel supervising blasting operations 

before any blasting activities are engaged. These personnel will meet the 

requirements of WDEQ/LQD R&R Chapter 6, Section l(c). 

Proper permits for the transportation, storage, handling, and use of 

explosives which are not covered by licensed explosive suppliers will be obtained 

by the mine. 

MP.14.6 Preblast Survey 

It is anticipated there will be a need for preblast surveys at the Brook Mine. 

Several inhabited buildings (residences) exist within one-half mile of the Permit 

Area. Should any of the residents or owners of the man-made dwellings or 

structures within one-half mile of the mine request a preblast survey, or if the 

proper regulatory authority requests a preblast survey, one will be made. The 

blasting schedule will notify any resident or owner of a man-made dwelling 

within one-half mile of any part of the permit boundary to contact WDEQ/LQD 

to request a preblast survey. 

If a preblast survey 1s requested, the permittee is responsible for 

completing the survey. A qualified person will conduct the preblast survey that 

will include any preblast damage or other physical factors that may be 

reasonably affected by blasting operations. Assessments of structures such as 

pipes, cables, transmission lines, and wells and other water systems shall be 

limited to surface condition and other readily available data. A written report of 
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this survey will be submitted to the LQD Administrator and the person 

requesting the survey. Any recommendations of special conditions or proposed 

adjustments to blasting operations will be followed by the Brook Mine. 

MP.14.7 Blast Monitoring and Distance To Structures 

Oil wells, pipelines, and other engineered structures which are not owned 

by the mine will need to be protected through limiting peak particle velocity. 

Additionally, according to WDEQ/LQD R&R Chapter 6, Section 4(c), a blasting 

plan will be submitted if blasting operations will be conducted within 1,000 feet 

of any building used as a dwelling, public building, school, church, or 

community or institutional building; or if blasting activities occur within 500 feet 

of an active or abandoned underground mine. Flyrock will not be cast from the 

blasting vicinity more than half of the distance to the nearest occupied structure 

or beyond the Permit Area or the area of control. WDEQ/LQD R&R Chapter 6, 

Section 4(b)(iv) outlines the allowable scaled distance factors for structures 

should there be no seismic monitoring. Table MP.14-1 lists these distance 

factors for a range of distances from the blasting site. 

Airblast shall not exceed the values specified in WDEQ/LQD R&R Chapter 

6 , Section 4(b)(i), at any dwelling, public building, school, church, and 

community or institutional building outside the permit area, unless the building 

is owned by the operator and not leased to another, or if leased, the lessee signs 

a waiver relieving the operator from meeting the limitations. 

All uninhabited structures not owned by the mine within the Permit Area, 

will be adequately protected from maximum allowable peak particle velocities for 

ground vibrations in inches per second as outlined in WDEQ/LQD R&R Chapter 

6, Section 4(b)(iii) and those outlined in the most current version of the ISEE 

Blasters Handbook. The following studies describe peak particle velocity and 

their interaction with structures: 

1. Peak particle velocity of 9.8 inches per second is deemed adequate to 
protect high pressure pipelines. J.F. Wiss "Construction Vibration: 
State-of-the-Art", J. Geotechnical Engineering Division, American 
Society of Civil Engineers, Volume 107, No. GT2, February 1981; and 
V. Langefors, "The Modern Techniques of Rock Blasting", Third Edition, 
John Wiley, 1978. 
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2 . Pipelines are relatively resistant to blast vibrations. No pressurization 
failures occurred at over 20 inches per second. Response of Pressurized 
Pipelines to Production Size Mine Blasting, David E. Siskind and Mark 
J. Stagg, U.S . Bureau of Mines, Twin Cities Research Center, 1992 
Society of Explosives Engineers Conference. 

3. No damage was reported in a high pressure test pipeline at ppv of 63 
inches per second and no damage found in another test at 100 to 150 
inches per second. Vibration and Ground Rupture Criteria for Buried 
Pipelines, Lewis L. Oriard, Huntington Beach, California, 1993 Society 
of Explosives Engineers Conference. 

4. Cased drill holes begin to show signs of damage at 15.0 inches per 
second; prefabricated metal building on pad at 60 inches per second. 
Explosives and Rock Blasting, Atlas Powder Company. 

The mine may hire a contractor to conduct seismographic monitoring 

within the Permit Area at these structures to assure that the maximum limit was 

not exceeded. Based on the regression analysis of the data from this monitoring, 

at the upper 95% confidence interval, as well as the development of a vibration 

study, a modified scaled distance may be developed to show compliance with 

this limit. However, this will require the vibration study be submitted with 

seismograph records from the shots in the mining area which will not be 

available until such time that blasting has occurred at the mine. 

As specified by WDEQ/LQD R&R Chapter 6, Section 4(b)(iv), the following 

scaled distance equation will be used to determine the maximum weight of 

explosives that can be detonated within any eight millisecond interval: 

Where: w = (D/Ds)2 

w = The maximum weight of explosives, in pounds that can 
be detonated in any eight (8) millisecond period. 

D = The distance, in feet, to the nearest dwelling, school, 
church, or commercial or institutional structure. 

Ds = Scaled distance factor. 

MP.14.8 Typical Overburden and Coal Blasts 

Overburden and coal blasting is expected to take place within the Brook 

Mine. The following section gives an overview of the typical components and 
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parameters of a conventional overburden or coal blast. Blasting that occurs at 

the Brooks Mine will be done in a manner that maximizes safety and the 

effectiveness of the blasts. As such, the components and parameters used in the 

field will likely vary from the conventional blasts described below. 

MP.14.8.1 Overburden Blast 

The overburden blast designs will be chosen based on the conditions 

encountered for each blast. Both emulsions and ANFO will be used in a typical 

blasting pattern. The blast pattern will be designed to utilize the minimum 

amount of explosive to break up the largest volume of overburden while 

minimizing fly rock and dust emissions from the area being blasted. 

As a guideline, a stemming length of 0.7 to 1.0 times the burden will be 

the general design standard for blasting. The operator recognizes that stemming 

is material blasted, drill hole diameter, and explosive specific and may require 

stemming lengths outside of this range at times. Bench heights, bench widths, 

drill hole diameters, and drill patterns will all be dependent upon the equipment 

used for operations and the material encountered. Therefore, blasting 

parameters will be chosen appropriately for encountered conditions. 

The blast holes will be loaded with ANFO or emulsion blend to a total 

column height which maintains a stemming length of 0. 7 to 1.0 times the burden, 

as a guideline. If water is found in the drill holes, then part of all of the powder 

column will be loaded with an emulsion/ ANFO blend with good water resistance. 

The amount of ANFO or emulsion blend loaded into the hole should result 

m powder factors that will be high enough to adequately fragment the 

overburden. The total explosives to be shot in any eight millisecond period for 

this overburden blast plan would be limited by the scaled distance equation, the 

distance to the nearest structure, and the type of structure. 

MP.14.8.2 Coal 

Coal bench heights, bench widths, drill hole diameters, and drill patterns 

will be designed appropriately the equipment used for mining operations and the 
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encountered conditions. A stemming length of 0.7 to 1.0 times the burden will 

be the general design standard. To minimize coal dilution, the coal bench will 

not be subdrilled. 

If water is encountered, the entire powder column may be filled with an 

emulsion/ ANFO blend with a high water resistance. The powder factor will be 

sufficient to fragment the coal for the prime movers. 

The total explosive to be shot in any eight millisecond period for this coal 

blast plan will be limited by the scaled distance equation, the distance to the 

nearest structure, and the type of structure. 

MP.14.9 Blasting Logs 

A record of each blast will be prepared and a copy retained for a minimum 

of three years. The logs will include any seismograph reports. These logs will be 

made available to regulatory authorities and the public on request. Each log will 

contain all the required items listed in WDEQ/LQD R&R Chapter 6, Section 5(a). 

An example of the minimum information to be recorded on the blaster's log is 

provided in Addendum MP-7. 

MP.14.10 Blasting Schedule 

In a period of not less than 30 days or more than 60 days before beginning 

blasting operations in which more than 5 pounds of explosives or blasting agent 

are detonated, the mine will publish a blasting schedule in the local newspaper. 

Copies of the schedule will be sent to local governments, public utilities, and 

each residence within one-half mile of the blasting area. An example of the 

blasting schedule is provided in Addendum MP-7. The schedule will be 

republished and redistributed at least every 12 months. In addition, all residents 

within one-half mile of the blasting area will be given the option of being placed 

on an automatic call list for daily notification of the approximate blasting 

schedule for the given day. An example sign up form for the automatic call list 

has been placed in Addendum MP-7. 
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The blasting schedule will be written and distributed in accordance with 

WDEQ/LQD R&R Chapter 6, Section 3(a). The blasting schedule will include the 

following: 

• Operator - Name, address, and telephone number of the operator. 

• Blasting Area - The blasting schedule will identify specific areas to be 
blasted. 

• Dates and Times of Blasting - Blasting detonation will take place 
between sunrise and one hour before sunset, seven days a week. 
Blasting will not be allowed to occur on Federal holidays. 

• Methods to Control Access to Blast Areas - Entrance signs will be 
posted to warn people that they are entering a blasting area. Ten 
minutes preceding a blast, mine personnel will guard the access roads 
into the mine area, and access to the immediate blast area will be 
limited to authorized individuals involved with the blast. After the blast, 
access will be restricted until an authorized individual has determined 
the area is safe. 

• Areas which contain charged holes will be flagged and entry will be 
restricted to authorized personnel only. 

• Warning Signals - Warning signals of an ensuing blasting operation will 
consist of one siren blast given for one minute, five minutes prior to the 
explosives blast. Two minutes prior to the blast, a siren blast will be 
given for one minute, then one minute of radio silence ending with blast 
detonation. A 15-second siren blast will be given as an all-clear signal 
after the blast site has been inspected by authorized personnel for 
proper detonation of explosives. All sirens will be audible for one-half 
mile from the blast site. Meanings of the signals will be displayed in 
accordance with WDEQ/LQD R&R Chapter 6, Sections 1 and 4. 

• Possible Emergency Situations - At times, because of unavoidable 
hazardous conditions, rescheduling of blastings may become necessary. 
Possible hazardous conditions that warrant the rescheduling of blasts 
include electric storms and other climatic conditions which could cause 
excessive airblast and interference with air traffic. 

MP.14.11 Traffic Control Plan 

Should blasting operations potentially have an effect on public roads, the 

mine will gain permission and follow guidelines from WYDOT and Sheridan 

County to block the potentially affected roads. The plan will outline s1gnage, 
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blocking type(s), number of blockers, blocking location(s) , media notification, 

emergency agency notification, approximate blocking duration, emergency 

conditions, and any other pertinent information. 

MP.14.12 Unauthorized Access Control 

Unauthorized access to the blasting area will be controlled in the following 

ways: 

• Publication of the Blasting Schedule, as previously discussed in Section 
MP.14.10; 

• Written notification to all residents within one half of a mile of the Brook 
Mine Permit Boundary; 

• Fences surrounding the active mining areas; 

• Signs describing the warning signals referred to in Section MP.14.10; 

• Patrols of blasting personnel prior to blasting; and 

• Restriction to the blasting area through the use of signs, berms, and 
road blocks set up by blasting personnel. 

MP.15 SURFACE MINING ACTIVITIES NEAR UNDERGROUND MINES 

Historically, significant mining activities have occurred within the Brook 

Mine permit boundary and the adjacent area. These mining activities began as 

early as the late nineteenth century, as discussed in Appendix D2. Most of the 

historic mining activities were underground mmes. Therefore, several 

networks of underground mines are near mining activities proposed by the 

mine. Some of these networks are within 500 feet of proposed mining activities 

by the mine. Pursuant to WDEQ/LQD R&R Chapter 6 Section 4(c) Blast designs 

shall be submitted if blasting operations will be conducted within: 1,000 feet of 

any building used as a dwelling, public building, school, church, or community, 

institutional building outside the permit area or 500 feet of an active or 

abandoned underground mine. The blast design may be presented as part of a 

permit application or a time, before the blast, approved by the administrator. A 

representation of the approximate location of these underground mines is 

shown on Exhibit MP.15-1, as well as a 500-foot offset from the historic 
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underground mining networks. As shown on Exhibit MP.15-1 , only limited areas 

of proposed activities will be within 500 feet of historic underground mines. The 

historic underground mines are completely abandoned. The vertical distance 

between the historic underground mines and the highwall mining operations is 

sufficient to ensure structural integrity. Workers associated with the highwall 

mining operations will never be underground. 

As discussed, the majority of mining activities at the Brook Mine will be 

highwall mining in which a continuous miner extracts coal from underneath 

the undisturbed overburden. There will also be typical surface mmmg 

activities. Surface mining activities will not typically occur over the top of 

highwall mining activities. However, in one location, surface mining will target 

the Monarch Seam above the highwall mining operations targeting the Upper 

Carney and Lower Carney. The nearest vertical distance between the surface 

mining and the highwall mining will be approximately 70 feet. The distance 

will be sufficient to provide for the health and safety of the workers, and to 

prevent surface water from entering the highwall proceedings (WDEQ/LQD, 

July 2009). Exhibit MP.15-2 shows the location and profile for the site where 

surface mining will occur over highwall mining operations. Highwall mining 

workers will never be underground. 

MP.16 

MP.16.1 

PROTECTION OF OTHER RESOURCES, STRUCTURES AND 
SURFACES 

Minerals 

Scoria is the only other mineral known to exist within the Permit Area 

above the coal seams. Due to the mining methods and typical location of 

scoria (top of hills) scoria will not typically be encountered during mining. 

Therefore, mining will not affect any other mineral deposits likely to be targeted. 

The Brook Mine and Taylor Quarry will continue to mine concurrently. 
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MP.16.2 Oil and Gas Operations 

Owners of oil and gas wells in the Brook Mine Permit Area are listed in the 

Adjudication File, and the locations of wells within two miles of the permit 

boundary are listed in Appendix D 1. 

There are no producing oil and gas wells within the Permit Area. 

MP.16.3 Air Quality Protection Plan 

The Brook Mine will incorporate air pollution control equipment and 

operating practices into the life of the mine. 

Air quality protection will be primarily directed to the control of particulate 

matter (predominately fugitive dust). During operations, dust control on haul 

roads and access roads will be accomplished by frequent watering and/or 

chemical dust suppressants. 

Process related emissions will be controlled by several methods. 

Baghouses will be employed in the facility area where coal is transferred or 

crushed. 

An Air Quality Permit will be submitted to Wyoming Department of 

Environmental Quality/ Air Quality Division (WDEQ / AQD) . The application 

demonstrates the use of Best Available Control Technology on all emission 

sources. The application also demonstrates that the National Ambient Air 

Quality Standards will be maintained during operation of the Brook Mine. 

MP.16.4 Surface and Groundwater Rights 

The protective measures of surface and groundwater rights are discussed 

in Section MP.6. The mine will minimize the impacts of mining on groundwater 

and surface water in the design and construction of hydrologic control structures. 

MP.16.5 Structures 

There are no structures in the Permit Area that will interfere with, or be 

affected by, mining operations. Consequently, structures will not need to be 

relocated or abandoned. Should power and communication lines need to be 
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relocated, the appropriate companies will be contacted and plans will be made 

to relocate the lines to minimize unnecessary interruptions. Replacement lines 

will be constructed according to applicable state, federal, and local codes. 

If mining activities require relocating a county road, plans will be 

submitted to and approved by Sheridan County and the affected surface land 

owners, if applicable. Any approved road relocation will be constructed and 

approved prior to the existing road being disturbed by mining operations. 

MP.16.6 Public Access 

Public access to the Brook Mine will be limited to the main access route, 

and will be controlled by the guardshack. The Brook Mine is located entirely on 

private lands. Therefore, public access to lands will not be granted. Later in the 

mine life, county roads will be adjacent to the mining activities. Measures will be 

taken at that time to ensure the public safety and allow the public to pass 

through the mine area on the county roads. 

MP.16.7 Health and Safety 

An ambulance will be readily available to respond to emergencies at the 

mine. In order to reduce the incidence of accidents, employees will be instructed 

in First Aid and the use of safe work practices. Employees will be certified and 

current with MSHA training, and mine specific safety rules. 

An active health and safety program will be initiated and monitored at the 

mine to provide a safe and healthful workplace. The mine intends to comply 

with all applicable health and safety regulations. 

MP.17 EXISTING STRUCTURES FACILITATING OPERATIONS 

There are few existing structures facilitating the mine's planned 

operations. There are no telephone lines, power lines, or other utilities that will 

be readily available for the Brook Mine's use. There are no reservoirs that will 

facilitate flood or sediment control. 

The Ash Creek Road and Hidden Water Road will facilitate transportation 

within the Permit Area. Some existing fence could facilitate mining activities 
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through restricting livestock and unauthorized public access to the mine area. 

Big Horn Coal successfully rezoned 43.36 acres of land from Agriculture to 

Industrial 2 on August 7 2018. The Big Horn Shop occupies land which was 

affected by this decision from Sheridan County. Big Horn Coal is obligated under 

its current permit to demolish this shop and restore all lands to the post mining 

land use of Agriculture. At this time of this submittal no request has been made 

of Big Horn Coal for a postmining land use change. 

MP.18 PLAN TO MINIMIZE ADVERSE IMPACTS ON FISH AND 
WILDLIFE 

A baseline assessment of wildlife in the Brook Mine Permit Area, and the 

vicinity, is provided in Appendix D9. The impact and mitigating measures are 

also discussed in Appendix D9. The Wildlife Monitoring Plan is presented in 

Addendum MP-8. The greatest impact to wildlife at Brook Mine will be temporary 

loss of habitat, but temporary loss of habitat will be considerably less at the 

Brook Mine compared to conventional surface mines due to the lesser degree of 

surface disturbance. Habitat will be returned to wildlife use as soon as possible 

after reclaimed areas are determined to be stabilized. 

Active mine areas will be fenced with a five-strand , sheep-tight fence with 

8-inch ground clearance to exclude livestock and wildlife from mine and 

reclamation activities, and to protect newly seeded vegetation and reclaimed 

areas. 

Pesticides and herbicides used during mining and reclamation activities 

will be approved prior to application, and will be applied by a certified applicator. 

Should persistent pesticides be required, approval by state (WDEQ/LQD), federal, 

and county agencies will be obtained. Herbicides are expected to be used to 

control Wyoming State-listed noxious or other weeds. Herbicides will be used so 

as not to danger terrestrial or aquatic wildlife. 

Toxic materials are not anticipated to be in ponds or waterways. 

Permanent hydrologic features will be constructed for wildlife habitat and for 

livestock use. Therefore, permanent hydrologic features will be constructed in 
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locations to avoid contamination by toxic sources. ASCMs and other sediment 

control measures discussed in Section MP.5 will be used to control 

sedimentation during mining and reclamation. Should contamination occur, the 

contamination will be cleaned prior to being released for use by wildlife. 

Mine employees will be instructed not to harass wildlife, or unnecessarily 

damage habitat on the mine site. Speed limits will be set on all roads for safety 

and to reduce road kills and will typically be 45 mph. Any areas where animals 

cross roads on a regular basis will be marked. Only authorized persons will be 

allowed to access active mining areas. 

Illegal hunting (poaching) detected on the Brook Mine will be reported to 

the proper authorities. Wildlife using the Permit Area will be monitored to 

determine if any overgrazing of newly reclaimed areas is occurring. Limited 

hunting may be considered for the purpose of dispersing these animals. 

If the monitoring program described in Addendum MP-8 indicates adverse 

impacts on wildlife, approved changes will be implemented to mitigate damage. 

Should any threatened or endangered (T&E) species begin to use the Permit Area, 

appropriate state and federal authorities will be notified. 

Electric power lines will be designed to lessen the chance of raptor 

electrocution. A Special Purpose Permit will be obtained for the U.S. Fish and 

Wildlife Service prior to the disturbance of any raptor nests. 

A Raptor and Migratory Birds of High Federal Interest (MBHFI) mitigation 

plan is included as Addendum MP-9. This plan identifies raptor and MBHFI use 

of the Permit Area and surrounding buffer zones, and identifies mitigation 

measures. The plan was reviewed and approved by the U.S. Fish and Wildlife 

Service. 

MP.19 PROTECTION OF HISTORICAL AND ARCHAEOLOGICAL 
RESOURCES 

The Brook Mine Permit Area has been used for livestock grazing and 

extraction of energy resources in more recent years. In the late nineteenth 
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century to the mid twentieth century, considerable coal mmmg operations 

occurred within the Permit Area and the vicinity. Several coal camps existed to 

provide accommodations for the miners and their families. The land uses and 

the history of the area are discussed in Appendix D 1 and Appendix D2 , 

respectively. 

If, during mmmg operations, previously unidentified cultural or 

paleontological remains should be discovered, the mine will notify the surface 

rights holder and appropriate regulatory authority within five days, ensure that 

the site is not disturbed, and will immediately cease land disturbance activities 

within the vicinity of the site. The mine will ensure that the resource(s) is 

properly evaluated and salvaged, if necessary, in terms of the National Register 

of Historic Places (36 CFR 60.6). Should a resource be determined eligible for 

listing in the National Register of Historic Places in consultation with the 

Regulatory Authority and the State Historic Preservation Office, the mine will 

consult with and obtain the approval of the Regulatory Authority and the State 

Historic Preservation Officer concerning the development and implementation of 

mitigation measure as appropriate. 

MP.20 UNDERGROUND MINING 

No "conventional" underground mining will occur. Highwall coal recovery 

1s an underground mining technique, but no personnel work underground. 

Underground recovery is the only operation that would be similar to 

underground mining and requires that a recovery plan be submitted to the 

MSHA district manager and that this plan is reviewed and approved prior to the 

beginning of the underground recovery. 

MP.21 AUGER MINING 

The highwall mining method using a continuous miner is a similar method 

to auger mining. Both methods use a machine to remotely remove coal from 

underneath the overburden without disturbing it. For a detailed discussion of 

highwall mining, which will comply with similar mining methods as auger mining, 

refer to Section MP. 1. 2. 2. 
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MP.22 DUAL PERMITTED AREAS 

The Taylor Quarry Permit Boundary of Taylor Investments, LLC is located 

within the Brook Mine Permit Area, as shown on Exhibit MP.1-1. Additionally, 

portions of the Big Horn Coal Mine's permit boundary are within the Brook 

Mine's permit boundary, as shown on Exhibit MP.1-1. Where lands are located 

in both permit boundaries, all mining operations are covered under the 

individual Permits to Mine. Activities conducted by Taylor Quarry are under 

Taylor Quarry Permit No. SP-757. Activities conducted by Big Horn Coal are 

under Big Horn Coal's Permit No. 213-T7. Big Horn Coal has surface owner rights 

subject to a surface mining reservation by RAMACO's predecessor Sheridan 

Wyoming Coal (Adjudication B.H.C-1 Volume I). If surface lands owned by 

Lighthouse Resources in Sections 9, 10, 15, 21, 22 , and 27 of Township 57N 

Range 84W (see Adjudication Exhibit 1 Volume II) become the subject oflitigation 

involving Brook Mines ability to use the surface of said lands as may be 

necessary or convenient in order to mine, explore, drill, extract and remove 

RAMACO's coal in any court in Wyoming, Brook Mine will not extract or remove 

its coal in Sections 9, 10, 15, 21, 22, and 27 until the settlement of the litigation. 

MP.23 PLAN IN CASES OF TEMPORARY CESSATION OF OPERATIONS 

Should the mine temporarily suspend coal production and concurrent 

reclamation activities due to the coal market, or any other unforeseen 

circumstances, for greater than 30 days, the mine will contact WDEQ/LQD and 

confirm the format of the formal request for temporary cessation of operations 

(TCO), report, or permit revision as required by WDEQ/LQD. 

Should the mine permanently cease mining operations, all disturbances 

will be reclaimed in accordance with the approved Reclamation Plan. 

Overburden stockpiles will be removed and used as backfill. Topography will be 

regraded to match the approved postmining topography (PMT) where necessary. 

Topsoil will be replaced, and disturbed areas will be reseeded with the 

WDEQ/LQD-approved seed mixtures. Any equipment, facilities, or buildings not 

needed for reclamation or environmental monitoring will be removed or properly 
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discarded. Reclaimed areas will be monitored according to the monitoring plan 

in the approved Reclamation Plan. 

MP.24 PROTECTION OF PUBLIC SAFETY, HUMAN OR ANIMAL LIFE, 
PROPERTY, AND THE SURFACE OWNER'S ONGOING 
OPERATION 

The mine has several plans to mitigate the hazards to public safety, 

human or animal life, property, and the surface owner's ongoing operation. 

Among these plans are: the blasting plan (Section MP.13); the air quality 

protection plan (Section MP.16.2); the surface water and groundwater protection 

plans (Section MP.6); the protection of other structures and surfaces plan 

(Section MP.16); the refuse disposal plan (Section MP.10); the fire control plan 

(Section MP.11); the subsidence control plan (Section MP.14); and the plan to 

minimize adverse impacts on fish and wildlife (Section MP.18). 

The permit boundary will not be fenced specifically around the entire 

perimeter. However, active mine areas in particular will be fenced to prevent 

unauthorized humans and animals from entering to protect life and safety 

The main access road and facilities area will be fenced to prevent 

unauthorized access to the Brook Mine. Visitors will be required to gain 

permission and check in to be allowed lawful entrance to the mine. 

Signs and markers are discussed in Section MP.12. Signs and markers 

will be placed in several places throughout the Brook Mine Permit Area to alert 

people to activities and/ or hazards in the vicinity. 

MP.25 ALLUVIAL VALLEY FLOORS 

In 1979, OSM stated that: 

" ... the designation of an area as an alluvial valley floor does not preclude 

mining as a matter of law. Mining will only be prohibited where there is 

an alluvial floor and ( 1) where mining will interfere with or preclude 

farming; (2) where mining will materially damage the water supply to an 

alluvial valley floor; or (3) where the essential hydrologic functions cannot 

be restored after mining." (OSM, March 13, 1979) 
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While the aforementioned standard would preclude surface mining from 

occuring in an alluvial valley floor, it does not necessarily preclude 

underground mining from occuring in an alluvial valley floor. However, 

underground coal mining in an alluvial valley floor may be prohibited if it is 

demonstrated that material damage to the alluvial valley floor would result from 

mining operations. In addition to underground coal mining being allowed in 

alluvial valley floors by federal laws, Wyoming laws also allow underground 

mining to occur in alluvial valley floors. However, the Surface Mining Control 

and Reclamation Act (SMCRA), the Wyoming Environmental Quality Act (1977), 

and federal and state regulations do require additional permitting and 

operational performance standards on underground coal mines operating in 

alluvial valley floors. Therefore, the mine will maintain the option to use 

underground mining methods in alluvial valley floors with the understanding 

that additional permitting and operational performance standards will be 

required. Though the mine maintains this option, the mine does not currently 

have plans to underground mine in alluvial valley floors. 

As discussed in Appendix D 11 , no direct mining is planned on the AVFs 

located in the Tongue River and Goose Creek valleys. Therefore, the essential 

hydrologic functions within the Tongue River and Goose Creek AVFs shall be 

maintained. Potential minor disturbance of the declared Big Horn Mine AVF 

extent is planned in Section 21 of Township 57 North, Range 84 West. The 

disturbance would be for operational purposes such as laydown or staging 

areas ). AVF material planned for disturbance will be special handled and 

stockpiled separately with the appropriate signage in accordance with WDEQ 

Rules and Regulations. This disturbance will not affect the essential hydrologic 

functions of the A VF as the area planned for disturbance is very minor and the 

conveyance of flow throughout the AVF will not be interrupted. 

In addition to the natural subirrigation provided by the Tongue River, the 

Tongue River Ditch north of the Tongue River provides artificial su birrigation to 

the agricultural lands located along the Tongue River. The ditch will continue to 

provide irrigation to these lands during mining and the only potential impact to 
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the Tongue River AVF will be the minor loss of surface flow from ephemeral 

tributaries to Slater Creek and then to Tongue River. As discussed in Section 

MP.6, Slater Creek channel will only experience minor temporary disturbance 

due to the construction of a haulroad crossing with culverts, which won't 

preclude surface flows from Slater Creek from reaching the confluence with the 

Tongue River. This minimal interruption of flow should not preclude agricultural 

use of the AVFs of the Tongue River and Goose Creek as these areas will continue 

to receive irrigation from the Tongue River Ditch. 

The expected alluvial groundwater impacts are minimal as discussed in 

the groundwater model in Addendum MP-3. The Tongue River and Goose Creek 

alluvium area hydrologically separated from the Masters and Carney coal seams 

by a layer of claystone generally with a very low permeability. Therefore, any 

future losses incurred in the groundwater alluvium would likely be a function of 

evapotranspiration occurring. As discussed in Addendum MP-3, alluvial 

drawdowns are more of a result of instability occurring in the model due to the 

inability for dry cells within the model to rewet themselves. As no maJor 

drawdowns are expected in the Goose Creek and Tongue River alluvium, 

interruption to the agricultural activities along these areas is not expected. 

Geologic cross sections presented in Appendix 05, demonstrate that the Tongue 

River alluvial material is not connected hydrologically to the adjacent coals. The 

Carney Coal to be mined on the north side of Tongue River is higher than the 

alluvial material and there is an apparent fault along the north side of the valley 

and the Carney Coal is below the alluvial valley. Therefore, there is not a 

continuous Carney Coal aquifer in this area. It is also apparent from the cross 

sections (and geologic logs) that the alluvium is underlain by a clay layer. To 

further evaluate potential connectivity of the coal within the alluvial area, a 

pump test was conducted and the results presented in Appendix 06, Section 

06.2.2.2 and Addendum 06-15. The results of the pumping test indicate that 

there is no apparent connectivity between the alluvial material and the 

underlaying coal. Since there is no hydrologic connectivity between the coal to 
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be mined and alluvial materials, there is no potential for impacts to the Tongue 

River alluvial system due to mining. 

The Tongue River, Goose Creek, and Slater Creek alluvium will continue 

to be monitored, during mining and reclamation operations as described herein 

and in Appendix D 11. Color infrared aerial photography will be obtained 

annually and analyzed as an indicator to ensure the continued essential 

hydrologic functions of the Tongue River, Goose Creek, and Slater Creek AVFs 

are maintained by observing evapotranspiration. Monitoring will follow the 

procedures described in Section MP.7.2. A list and location of the installed 

alluvial wells within the permit area and adjacent areas are presented in Table 

MP.7-4 and Exhibit MP.7-1, respectively. In addition, surface water monitoring 

will continue as described in Section MP. 7-1. 

MP.26 SEPARATION AND REPLACEMENT OF SOILS FOR PRIME 
FARMLANDS 

The prime farmland assessment is discussed in Appendix D7. No prime 

farmlands will be affected by mining operations. Soil separation and 

replacement methods for prime farmlands will not be required. 

MP.27 REQUEST FOR VARIANCE FROM ENVIRONMENTAL 
PERFORMANCE STANDARDS 

The mine does not currently plan to conduct any operations that deviate 

from conventional environmental performance standards at the Brook Mine. 

Should the mine develop plans to conduct experimental environmental practices, 

requests for WDEQ/LQD approval will be submitted prior to implementation of 

such experimental practices. 

December 2019 MP-89 

TF N6 2/025 
ECO D:G 13,2D19 DEQ Ex. 5-100



RAMACO Brook Mine 

MP.28 REFERENCES 

ADDCAR Highwall Mining System. (n.d.). Frequently Asked Questions. 
Retrieved 2014, from ADDCAR Highwall Mining System: 
http:/ /www.addcarsystems.com/faq.html 

AECOM Environment. (May, 2014). Task 1B Report for the Powder River Basin 
Coal Review Current Water Resources Conditions. Fort Collins, Colorado: 
AECOM Retrieved September 2015, from 
http://www.blm.gov/pgdata/ etc/medialib/blm/wy /programs/ energy/ co 
al/prb/coalreview/phase2/Task1B.Par.91805.File.Dat/Task1B.pdf. 

Cardno MM&A. (October 2013). Resource Estimate and Phase 1 Pre-Feasibility 
Mining Plan: RAMACO, LLC, Sheridan County, Wyoming. Bluefield, 
Virginia. Retrieved 2014 

Lindeburg, M.R. (2008). Civil Engineering Reference Manual for the PE Exam 
(11 th ed.). Belmont, California: Professional Publications, Inc. (PPI). 

Nelson Brothers. 2018. Ken Woodring, RAMACO telephone conversation on 
blasting agent tonnage in the Powder River Basin mines. 

Office of Surface Mining (OSM). (March 13, 1979). Alluvial Valley Floors, 44 
Fed. Reg. 14902, 133. 

U.S. Army Corps of Engineers. (2009). Hydrologic Modeling System (HEC
HMS). (Version 3.4). 

U.S . Army Corps of Engineers. (2010) . Hydrologic Engineering Center River 
Analysis System (HEC-RAS). (Version 4.1). 

U.S. Geological Survey. (1983, January 1). Geological Survey Circular 891: Coal 
Resource Classification System. Retrieved 2014, from 
http://pubs.usgs.gov/circ/c891/criteria.htm 

U.S. Government Publishing Office (GPO). (1975, September 9). Title 30: 
Mineral Resources; Part 77 - Mandatory Safety Standards, Surface Coal 
Mines and Surface Work Areas of Underground Coal Mines; Subpart C -
Surface Installations. Retrieved 2014, from U.S. Government Printing 
Office: Keeping America Informed: http:/ /www.ecfr.gov/cgi-bin/text
idx?SID=0f2724 bc2a36c5dc08456ec bd3ce26de&node=30: 1. 0. 1. 12. 38. 3& 
rgn=div6 

U.S. Government Publishing Office (GPO). (1981, November 16). Title 36 Code 
of Federal Regulations Part 60 - National Register of Historic Places. 
Retrieved February 2014, from U.S. Government Printing Office: Keeping 
American Informed: http://www.gpo.gov/fdsys/granu1e/CFR-2012-
title36-vol1/CFR-2012-title36-vol 1-part60 / content-detail.html 

December 2019 MP-90 

TF N6 2/025 
, ECO U:G 13,2019 

DEQ Ex. 5-101



RAMACO Brook Mine 

U.S. Government Publishing Office (GPO). (2002, July 17). Title 40 Code of 
Federal Regulations Part 112 - Oil Pollution Prevention. Retrieved August 
2015, from U.S, Government Publishing Office: Keeping America 
Informed: http://www.ecfr.gov/cgi-bin/text-
idx?tpl = / ecfrbrowse /Title40 / 40cfr 112_, ain_ 02. tpl 

U.S. Securities and Exchange Commission. (1992, August 13). Industry Guide 
7: Description of Property by Issuers Engaged or to be Engaged in 
Significant Mining Operations. Retrieved 2014, from 
http:/ /web.cim.org/standards/documents/Block474_Doc32 .pdf 

Wischmeier, W. H., & Smith, D. D. (1978). Predicting Rainfall Erosion Losses: A 
Guide to Conservation Planning. Washington, D.C.: United States 
Department of Agriculture: Science and Education Administration. 
Retrieved from http:/ /naldc.nal.usda.gov/download/CAT79706928/PDF 

Wyoming Department of Environmental Quality/ Land Quality Division. (2014). 
Land Quality Division Permit Viewer. Retrieved 2014, from Wyoming 
Department of Environmental Quality: 
http:/ /deq.state.wy.us/lqd_permit_public/ 

Wyoming Department of Environmental Quality /Land Quality Division - Coal 
(WDEQ/LQD) . (2009, July 28). Rules and Regulations Chapter 4, 
Appendix 4A. Retrieved 2014, from Wyoming Secretary of State: Public 
Access to Rules: http:/ /soswy.state.wy.us/Rules/RULES/7482 .pdf 

Wyoming Department of Environmental Quality /Land Quality Division - Coal 
(WDEQ/LQD). (2012, Decemeber 17). Rules and Regulations Chapter 1: 
Authorities and Definitions For Surface Coal Mining Operations. Retrieved 
2014, from Wyoming Secretary of State: Public Access to Rules: 
http:// soswy. state. wy. us/ Rules/ RULES/ 8880. pdf 

Wyoming Department of Environmental Quality /Land Quality Division - Coal 
(WDEQ/LQD) . (2012 , December 17). Rules and Regulations Chapter 2: 
Permit Application Requirements. Retrieved 2014, from Wyoming 
Secretary of State: Public Access to Rules: 
http:/ /soswy.state.wy.us/Rules/RULES/8881.pdf 

Wyoming Department of Environmental Quality/Land Quality Division 
(WDEQ/LQD). (1994, August). Guideline Number 1: Topsoil and 
Overburden. Retrieved 2014, from 
http:/ /deq.state.wy.us/lqd/guidelns/guidel .pdf 

Wyoming Department of Environmental Quality /Land Quality Division 
(WDEQ/LQD). (1998, March). Coal Standard Operating Procedure No. 3.1: 
Postmining Topography Assessment. Retrieved 2014, from Coal SOPs: 
http:/ /deq.state.wy.us/lqd/Guidelns/csop31.pdf 

December 2019 MP-91 

TF N6 2/025 
E~o n:c 13,2019 DEQ Ex. 5-102



RAMACO Brook Mine 

Wyoming Department of Environmental Quality / Land Quality Division 
(WDEQ/LQD). (2004, January). Guideline Number 15: Alternative 
Sediment Control Measures. Retrieved 2014, from 
http:/ /deq.state.wy.us/lqd/guidelns/GuidelS=0l-2004.pdf 

Wyoming Department of Environmental Quality/Land Quality Division 
(WDEQ/LQD). (2014, January) . Guideline Number 8: Hydrology. 
Retrieved 2014, from 
http:/ /deq.state.wy.us/lqd/guidelns/Guideline8.pdf 

Wyoming Department of Environmental Quality/ Land Quality Division 
(WDEQ/LQD). (April 1998) . Rules and Regulations Chapter 6: Blasting for 
Surface Coal Mining Operations. Cheyenne, Wyoming. Retrieved 2014, 
from http:/ /soswy.state.wy.us/Rules/RULES/3001.pdf 

Wyoming Department of Environmental Quality /Land Quality Division 
(WDEQ/LQD). (April 2011). Rules and Regulations Chapter 7: 
Underground Coal Mining. Cheyenne, Wyoming. Retrieved 2014, from 
http:/ /soswy.state.wy.us/Rules/RULES/8138.pdf 

Wyoming Department of Environmental Quality /Land Quality Division 
(WDEQ/LQD). (August 1994). Guideline Number 10: Fencing. Cheyenne, 
Wyoming: Wyoming Department of Environmental Quality /Land Quality 
Division. Retrieved 2014, from 
http:/ /deq.state.wy.us/lqd/guidelns/Guidel0=8-94.pdf 

Wyoming Department of Environmental Quality/Land Quality Division 
(WDEQ/LQD). (December 2012). Rules and Regulations Chapter 1: 
Authorities and Definitions for Surface Coal Mining Operations. Cheyenne, 
Wyoming. Retrieved 2014, from 
http:/ /soswy.state.wy.us/Rules/RULES/8880.pdf 

Wyoming Department of Environmental Quality /Land Quality Division 
(WDEQ/LQD). (December 2012). Rules and Regulations Chapter 4: 
Environmental Protection Performance Standards for Surface Coal Mining 
Operations. Cheyenne, Wyoming. Retrieved 2014, from 
http:// soswy. state. wy. us/ Rules/ RULES/ 8882. pdf 

Wyoming Department of Environmental Quality /Land Quality Division 
(WDEQ/LQD). (July 2009). Rules and Regulations Chapter 5: Performance 
Standards for Special Categories of Coal Mining. Cheyenne, Wyoming. 
Retrieved 2014, from http:/ /soswy.state.wy.us/Rules/RULES/7481.pdf 

Wyoming Department of Environmental Quality /Land Quality Division 
(WDEQ/LQD). (November 2003) . Guideline Number 13: Permitting of 
Sedimentation Ponds and Primary Sedimentation Control Structures and 
Process Water Ponds as Impoundments. Cheyenne, Wyoming: Wyoming 
Department of Environmental Quality /Land Quality Division. Retrieved 
2014, from http://deq.state.wy.us/lqd/guidelns/Guide13=11-2003.pdf 

December 2019 MP-92 

TFr 6 2/025 
EnDD:G 13,2 1 

DEQ Ex. 5-103



RAMACO Brook Mine 

Table MP .1-1. Annual Surface Disturbance Acreage 

Facilities 
Year of Permit Trench Mining Area Mining Disturbance Total Surface 

Term Disturbance (ac) Disturbance (ac) 
(ac) 1 Disturbance (ac) 

1 0.0 5 .5 99.4 104.9 
2 0 .0 4.7 0.0 4.7 
3 0 .0 4 .3 2 .2 6.5 
4 0 .0 3 .1 0 .6 3 .7 
5 7.4 5 .0 60.8 73.2 

6- 103 21.9 0.0 284.8 306.7 
11 - 15 12.1 0.0 48 .3 60.4 
16-20 33.6 0 .0 62 .6 96.2 
21 -25 23.4 0 .0 76.4 99 .8 
26-30 51.1 0 .0 98 .6 149.7 
31 -35 60.4 0 .0 114.3 174.7 
36-39 52 .8 0 .0 1.8 54.6 
Total 262.7 22.6 849.8 1135.1 

Notes: 1 Facilities disturbance includes disturbance acreage caused by buildings, 
roads, diversions and stockpiles. 

2 Year 1 corresponds to the year 2020. 
3 Area south of Tongue River (245. 7 acres) is designated as potential disturbance 
area. 
4 Topsoil stockpile disturbance acreage is included in facility disturbance. 

December 2019 
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RAMACO 

Table MP.1 -2. Estimated Annual Production 

Year 
1 
2 
3 
4 

5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-39 
Total 

Note: Year 1 corresponds to the year 2020. 

*Production (tons) 
100,000 
125,000 
150,000 
200,000 
250,000 

2,000,000 
2,500,000 
2,500,000 
2,500,000 
2,500,000 
2,500,000 
2,000,000 

17,325,000 

Brook Mine 

*For years 6-39, tonnage is a summary of the 5-year term, not an annual production 
figure as described in year 1-5. 
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RAMACO Brook Mine 

Table MP.1-3. Surface Mining Equipment 

Equipment Designation Power Quantity 
992K Wheel Loader Diesel 2 

777G Off-Highway Rock Truck Diesel 4 
MD6240 Rotary Drill Diesel 1 
D 11 T Crawler Tractor Diesel 1 
D 1 OT Crawler Tractor Diesel 2 

16G Motor Grader Diesel 2 
988K Wheel Loader Diesel 1 

Coal Truck (Mack Titan w / Pup) Diesel 4 
Water Truck Diesel 1 

Fuel/Lube Truck Diesel 1 
Maintenance Service Truck Diesel 2 

Light Plant Diesel 6 
Bulk Prill Truck Diesel or Gas 1 

Explosives Supply Truck Diesel or Gas 1 
3/4 Ton Pick-Up Diesel or Gas 3 

Bus Diesel 1 
Office Trailer N/A 1 

Maintenance Tent N/A 1 
Portable In-Pit Crusher Electric or Diesel 1 

Note: Actual quantities of equipment may vary as needs change. 

Source: Cardno MM&A, October 2013 
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RAMACO Brook Mine 

Table MP.1-4 . Highwall Mining Equipment 

Equipment Designation Power Quantity 
ADDCAR Highwall Mining System Electric 1 

988H Loader - 9.0 cy bucket Diesel 1 
988H Loader - pizza pan attachment Diesel 1 

Coal Truck (Mack Titan w / Pup) Diesel 12 
Office Trailer N/A 1 

Portable In-Pit Crusher Electric or Diesel 1 

Note: Actual quantities of equipment may vary as needs change. 

Source: Cardno MM&A, October 2013 
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~ RAMACO Brook Mine 
;:I 
ID 
0.. Table MP.4- 1. Topsoil Volume Removed Over th e Life of Mine 

Average Volume Destination Volume 
Running 

121 Year 
Stripping Area 

Cut4 Removed Stockpile Stockpiled 
Volume 

N Area Name 1 (acres) 
(ft) (bey) Name2 (bey) 

Stockpiled 

" (bey) 
N 1 O8- 17/FAC 92.9 1.5 224,800 TS- 12 224,800 224,800 

00 1 SM- 1 HR 1.3 1.6 3,300 TS-12 3,300 228,100 

" 
1 SM-lA 5.5 1.6 14,200 TS-12 14,200 242,300 

N 2 SM-18 4.7 1.6 12,100 TS-12 12.100 254.400 

121 3 SM-2 HR 2.2 1.5 5,300 TS-12 5,300 259,700 
3 SM-IC 4.3 1.5 10,400 TS- 12 10,400 270,100 

N 4 SM-3 HR 0.6 1.4 1.400 TS- 12 1.400 271,500 
121 4 SM-10 3. 1 1.5 7,500 TS- 12 7,500 279,000 

5 SM-IE 5.0 1.5 12 100 TS-12 12 100 291 100 
5 HR-2 6.0 1.7 16,500 TS-2 16,500 16,500 
5 08-4 27.5 1.7 75.400 TS-2 75,400 91,900 
5 SP-3 5.7 1.8 16,600 TS-2 16,600 108,500 
5 DD- 1 12.6 1.2 24.400 TS-2 24.400 132,900 
5 DD-2 2. 1 1.4 4,700 TS-2 4,700 137,600 
5 TR- IA 7.4 1.5 17,900 TS-2 17,900 155,500 

6-10 TR-18 15.4 1.6 39,800 TS-2 39,800 195,300 
6- 10 DD-3 13.6 1.2 26,300 TS-2 26,300 221,600 
6-10 HR-3 25.6 1.2 49,600 TS-2 49,600 271,200 
6-10 TR-2A 6 .5 1.3 13,600 TS-2 13,600 284,800 
11-15 HR-3 29.8 1.2 57,700 TS-2 57,700 342,500 
11-15 TR-28 8.9 1.3 18,700 TS-2 18,700 361.200 
11- I 5 TR-3A 3.2 1.3 6,600 TS-2 6,600 367,800 
11- I 5 FC- 1 3.4 1.3 7,000 TS-2 7,000 374,800 
11-15 08-5 10.6 1.3 22,200 TS-2 22,200 397,000 
11-15 DD-3 4 .6 1.1 8 200 TS-2 8 200 405 200 
6- 10 SA- 16 235.6 1.4 532,100 TS-I 532,100 532,100 
16-20 HR-3 36.5 1.0 58 ,900 TS-3A 58,900 58,900 
16-20 08-6 10.5 0.7 11 900 TS-3A 11 900 70 800 
16-20 TR-38 6.4 1.3 13,400 TS-38 13.400 13.400 
16-20 08-7 10.3 1.0 16,600 TS-38 16,600 30,000 
16-20 TR-4A 27.2 0 .8 35 100 TS-38 35 100 65 100 
21-25 HR-3 33 .6 1.1 59 600 TS-4 59 600 59 600 
21-25 FC-2 3.0 1.1 5,400 TS-5 5.400 5.400 
2 1-25 08-8 14.2 1.2 27,500 TS-5 27,500 32,900 
21-25 SP-7 11.8 1.2 22,800 TS-5 22,800 55,700 
21-25 TR-48 23.4 0 .9 34,000 TS-5 34,000 89,700 
21-25 FC-3 3.2 1.2 6 ,200 TS-5 6,200 95,900 
21-25 FC-4 1.8 1.1 3 ,200 TS-5 3,200 99, 100 
26-30 TR-4C 15.3 1.2 29,600 TS-5 29,600 128,700 
26-30 HR 43.1 1.1 76 500 TS-5 76 500 205 200 
26-30 HR 29.5 1.0 47,600 TS-6 47,600 47,600 
26-30 TR-5 35.8 1.0 57,800 TS-6 57,800 105,400 
26-30 08-10 6.6 1.2 13,100 TS-6 13,100 118,500 
31-35 08-12 14.5 1.5 35,100 TS-6 35,100 153,600 
31-35 08-11 8.4 1.4 19,100 TS-6 19,100 172,700 
3 1-35 08-13 4.6 1.4 10,400 TS-6 10.400 183, 100 
31-35 HR 17.0 1.4 37,600 TS-6 37,600 220,700 
31-35 08-14 7.4 1.5 17,800 TS-6 17,800 238,500 
31-35 IR-fi 5 9.1 1.5 21 ,300 TS-6 21,300 259,800 
26-30 08-9 11.0 1.2 21 300 TS-7 21 300 2 1 300 
3 1-35 TR-7 28.7 1.4 64 800 TS-8 64 800 64 800 
3 1-35 HR 18.3 1.4 41,300 TS-9 41,300 41,300 
31-35 08-15 4.2 1.6 10 800 TS-9 10 800 52 100 
31-35 HR 24.5 1.4 55,300 TS- 10 55,300 55,300 
31-35 TR-8A 15.6 1.4 35,200 TS-10 35,200 90,500 
31-35 08-16 3 .9 1.0 6,300 TS- 10 6 ,300 96,800 
3 1-35 TR- 11 7.0 1.2 13,600 TS- 10 13,600 110,400 
36-39 TR-88 24.1 1.2 46,600 TS-10 46,600 157,000 
36-39 TR-10 17.5 1.2 33 900 TS-10 33 900 190 900 
36-39 TR-9 11.2 1.3 23 400 TS-1 1 23 400 23 400 

Note: 1 Stripping area nomencla ture is shown on Exhibit MP.4-2 . 
2 Stockpile nomenclature is s hown on Exhibit MP.4-3. 
3 Year 1 corresponds to the year 2020. 
4 Average cut obtained from grid files reflecting Appendix D7 soil po lygons within 
Mine Plan stripping areas. Cut depths are a weighted average of recommended 
depths for s pecific soil types. Depths don't match specific depths in Appendix D7 . 
5 Portions of this topsoil mate ria l will be rehandled from SM-I topsoil replacement. 
6 Topsoil removal only required if disturbance in area is planned . 
7 Topsoil will not be removed in topsoil stockpile areas. 
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RAMA~- BrooK Mine 

Table MP.4-2. Topsoil Volume (bey) Balance 
Stockpile 

1 2 3 4 5 6-10 11-15 16-20 21-25 26-30 31-35 36-39 
Designation 1 

TS-1 532,100 

TS-2 155,500 284,800 405,200 

TS-3A 70,800 

TS-3B 65,100 

TS-4 59,600 

TS-5 99 ,100 205,200 

TS-6 118,500 259,800 

TS-7 21 ,300 

TS-8 64,800 

TS-9 52 ,100 

TS-10 110,400 190,900 

TS- 11 23 ,400 

TS-12 242,300 254,400 270,100 279,000 291 ,100 

Note: 1 Stockpile nomenclature is shown on Exhibit MP.4-3 . 

Refer to the Reclamation Plan for topsoil replacement. 
2 Year 1 corresponds to the year 2020. 
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RAMACO Brook Mine 

Table MP.4-3. Topsoil Stockpile Design 

Stockpile Estimated Approximate 
Average Height2 Side Slope (H:V) 

Designation 1 Capacity Basal Area2 
(ft) (cy) (acres) 

TS- 1 532, 100 10.0 71 3:1 
TS-2 405,200 6.9 63 3:1 

TS-3a 70,800 2 .8 55 3:1 
TS-3b 65,100 2 .5 56 3:1 
TS-4 59,600 2.6 56 3:1 
TS-5 205,200 6.2 47 3:1 
TS-6 259,800 7.0 88 3:1 
TS-7 21 ,300 1.4 26 3:1 
TS-8 64,800 2.8 44 3 :1 
TS-9 52, 100 3.0 32 3:1 

TS- 10 190,900 5.8 45 3:1 
TS- 11 23 ,400 1.8 43 3:1 
TS- 12 291,100 5.2 58 3 :1 

Note: 1 Stockpile nomenclature is shown on Exhibit MP.4-3. 
2 Basal area and average height have been calculated using 3D grid files in 
AutoCAD. Therefore , basal area and average height are impacted by changing 
topography, and do not reflect stockpiles with flat bases. 
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RAMA BrooK Min e 

Table MP.4-4. Overburden Volume (bey) Balance 

Stockpile 
1 2 3 4 5 6-10 11-15 16-20 21-25 26-30 31-35 36-39 

Designation 1 

OB-4 1,000,000 
OB-5 730,000 
OB-6 400,000 
OB-7 400,000 
OB-8 1,100 ,000 
OB-9 510,000 

OB-10 260,000 
OB-11 100,000 
OB- 12 810 ,000 
OB- 13 165 ,000 
OB-14 122,000 
OB-15* 76,000 
OB-16* 104,000 
OB- 17 400,000 460,000 460,000 460,000 460,000 460,000 

Note : 1 Stockpile nomenclature is shown on Exhibit MP.4-3. 
2 Year 1 corresponds to the year 2020. 

*Those overburden stockpiles that are still in existence at the end of mining will be u sed for reclamation 
of the roads and final trenches. 

**Spoil material may be directly placed in previouly mined areas whenever possible which may affect the volumes listed . 
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RAMACO Brook Min e 

Table MP.4-5. Overburden Stockpile Design 

Stockpile Estimated 
Approximate 

Average Height2 

Basal Area2 Side Slope 
Designation 1 Capacity2 (cy) (ft) 

(acres) 

OB-4 1,000,000 21.4 85 Angle of Repose 
OB-5 730,000 9. 2 70 Angle of Repose 
OB-6 400,000 8.3 55 Angle of Repose 
OB-7 400,000 8.9 70 Angle of Repose 
OB-8 1,100,000 14 .2 75 Angle of Repose 
OB-9 510,000 8 .7 55 Angle of Repose 

OB- 10 260,000 5 .6 45 Angle of Repose 
OB-11 100,000 4.1 50 Angle of Repose 
OB-1 2 810,000 14.0 50 Angle of Repose 
OB-13 165,000 4.2 45 Angle of Repose 
OB-14 122,000 5 .6 55 Angle of Repose 
OB-15 76 ,000 3.2 30 Angle of Repose 
OB-16 104,000 3.6 20 Angle of Repose 
OB-17 460 ,000 8.2 70 Angle of Repose 

Note : 1 Stockpile nomenclature is shown on Exhibit MP.4-3. 
2 Basal area and average height have been calculated using 30 grid files in 

AutoCAD. Therefore, basal area and average height are impacted by changing 
topography, and do not reflect stockpiles with flat bases. 
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RAMACO 

Table MP.4-6. Coal Reserve Estimates 

Seam 
Monarch 
Carney Upper 
Carney Lower 
Carney 
Total 

October 2018 

Brook Mine 

Tons (xl,000,000) 
0.8 
1.9 
9.7 
6.3 
18.7 

TFNS 21025 
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RAMACO Brook Mine 

Table MP.4-7. Criteria to Establish Overburden Suitability 

Parameter 

pH 

EC (Conductivity) 
(mmhos/cm) 

SAR 

Boron 
(ppm) 

Acid-Base Potential 
(tons CaC03 equiv/ 1000 tons) 

Organic Carbon 

Note: 1 For fine -textured soils (clay >40%). 

Source: WDEQ/LQD Guideline No. 1 Topsoil and Overburden 

October 2014 

Surface 
(Potential Root Zone) 

Unsuitable 

<5.0 or >9.0 

>12 

>12 1 

>15 

>5.0 

<-5 

>10% 

TFN 6 2/025 
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RAMACO Brook Mine 

Table MP.4-8. Mass Balance Determining Overburden Classification 

Overburden Classification Calculations 
Overburden Stripping Volume (xl000 bey) 
Total In Situ Coal Volume Removed (xl000 bey) 
Total Initial Pit Volume (xlOOO bey) 
Non-Swelled Spoil Placed in Pit (xlOOO bey) 
Swell Factor (%) 

Total Swelled Backfill Volume (xlOOO Icy) 

Volume Replacement Ratio (Swelled Vol/Pit Vol) 

25,900 
2,900 

28,800 
25,900 

16.0 
30,044 

1.04 

Note: Approximate original contour (AOC) mines are approximated using the "rule-of
thumb" that the volume replacement ratio is between 0.8 and 1.2 (WDEQ/LQD C-SOP 3.1, 
1998). Coal volume removed using the continuous miner was not included in these 
calculations due to the fact that this volume will not have an impact on backfill. 
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RAMACO Brook Mine 

Table MP.4-9. Typical Swell and Load Factors of Materials 
Material Swell(%) Load Factor 
Clay 

dry 
wet 

Clay and Gravel 
dry 
wet 

Coal, anthracite 
Coal, bituminous 
Earth, loam 

dry 
wet 

Gravel 
dry 
wet 

Gypsum 
Hardpan 
Limestone 
Rock, well blasted 
Sand 

dry 
wet 

Sandstone 
Shale and Soft Rock 
Slate 
Traprock 

40 
40 

40 
40 
35 
35 

25 
25 

12 
12 
74 
50 
67 
65 

12 
12 
54 
65 
65 
65 

0.72 
0.72 

0.72 
0.72 
0.74 
0.74 

0.80 
0.80 

0.89 
0.89 
0.57 
0.67 
0.60 
0.60 

0.89 
0.89 
0.65 
0.60 
0.60 
0.61 

Note: Adapted from Standard Handbook for Civil Engineers (Lindeburg, 2008) 
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RAMACO 

Table MP.5-1. Design Events for Diversions 

Life of Diversion 
<3 years 

3-10 years 
11-20 years 
>20 years 

Source: WDEQ/LQD Guideline No. 8 Hydrology 

July 2015 

Brook Mine 

Storm Event Return Period 
10-year 
25-year 
50-year 
100-year 

TFN 6 2/025 
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RAMACO 

Table MP.6-1. Soil Erodibility Factors 

Soil Type 
Cambria Loam 
Zigweid Loam 

Forkwood Loam 
Shingle Channery Loam 

Samday Clay Loam 
Bauxson Loam 
Haverdad Loam 
Ulm Clay Loam 

Worthenton Clay Loam 
Wibaux Channery Loam 

Reclaimed Land 
Disturbed Land 

July 2015 

Brook Mine 

Erodibility Factor (K) 
0.34 
0 .34 
0 .34 
0 .24 
0.25 
0.34 
0 .34 
0.25 
0.25 
0.24 
0 .34 
0 .50 
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RAMACO 

T bl MP 6 2 G a e - d roun water Ri h w·th· M g ts 1 1n ruomum E xtent o f Pr d. e 1cte dD d raw own 

Summary WR 
Facility Name Permit# Applicant Northing Easting Priority Date Status Formation1 

BHCC PUMP #103 P56817W Big Horn Coal Co. 1941820.8 1402647.7 12/10/1980 Canceled 
BHCC PUMP #102 P56816W Big Horn Coal Co. 1941811.6 1401342.4 12/10/1980 Canceled 

BIG HORN COAL 13T-10 57-84 P147723W J M Huber Corp. 1940488.1 1401345.4 10/21/2002 Canceled 
Johnson #2 Pl 18684W John L. & Gaylene Johnson 1935375.5 1379410.4 09/09/1999 Complete AL 

ST. FRANCIS # 1 P119576W St. Francis Land Company 1936690.7 1376789.7 10/14/1999 Complete OVB (AL) 
St. Francis #2 P120822W St. Francis Land Company 1936690.7 1376789.7 11/17/1999 Complete AL 

P2362W & 
COAL PIT #1 CRUW01035 Flying V Cattle Co. 1937876.7 1405319.9 10/07/1968 Fully Adjudicated OVB 
BH-392-WW P46425W Peter Kiewit Sons' Co. 1940478 .9 1400027. 1 01/25/1979 Complete OVB 

ENL BIG HORN COAL WELL POINT #2 P73427W Big Horn Coal Co. 1939173.9 1402656.5 06/06/1980 Canceled 
BHCC PUMP #3 P51002W Big Horn Coal Co. 1937837.7 1401367 01/15/1980 Canceled 
BHCC PUMP #3 P62546W Big Horn Coal Co. 1937837.7 1401367 10/06/1982 Canceled 

BH-393-WW P46426W Peter Kiewit Sons' Co. 1940478.9 1400027. 1 01/25/1979 Complete OVB 
BH-394WW P46427W Peter Kiewit Sons' Co. 1940478.9 1400027. 1 01/25/1979 Complete OVB 

BH-0258 P42274W Peter Kiewit Sons Co. 1939203.7 1405308.8 10/06/1977 Abandoned 
BH-658-WW P58654W Peter Kiewit Sons'S Co. 1939203 .7 1405308.8 09/14/1981 Abandoned 
BH 234 77 P37548W Big Horn Coal Co. 1939203.7 1405308.8 04/27/1977 Abandoned 

BH-395-WW P46428W Peter Kiewit Sons' Co. 1939164.7 1401353 .6 01/25/1979 Complete OVB 
BH-396-WW P46429W Peter Kiewit Sons' Co. 1939164.7 1401353.6 01/25/1979 Complete OVB 
BH-391-WW P50926W Peter Kiewit Sons' Co. 1937837 .7 1401367 01/03/1980 Complete CRN /MST (INT) 

LAYA-4 P199119W Thomas Lava 1940486.5 1378122 .9 10/18/2012 Canceled 
LAYA-5 P199120W Thomas Lava 1937832 .5 1376663.4 10/18/2012 Canceled 

LF 1 P52707W Sheridan Enterprises Inc. 1935363.6 1376799 04/07/1980 Complete AL 
LF2 P52708W Sheridan Enterprises Inc. 1935363 .6 1376799 04/07/1980 Complete AL 
LF 3 P52709W Sheridan Enterprises Inc. 1935363.6 1376799 04/07/1980 Complete AL 
LF4 P52710W Sheridan Enterprises Inc . 1935363 .6 1376799 04/07/1980 Complete AL 
LF 5 P52711W Sheridan Enterprises Inc. 1935363.6 1376799 04/07/1980 Complete AL 
LF6 P52712W Sheridan Enterprises Inc . 1935363 .6 1376799 04/07/1980 Complete AL 
LF9 P52715W Sheridan Enterprises Inc. 1936686.7 1375481.5 04/07/1980 Complete AL 

BH-657-WW P58653W Peter Kiewit Sons'S Co. 1937876.7 1405319.9 09/14/1981 Complete SPOIL 
BH816W-84 P68264W Kiewit Mining Properties, Inc. 1937850.6 1402675. 1 08/28/1984 Complete SPOIL 

LEGERSKI RANCH # 1 P718 14W Legerski Ranch 1934024 1381990.1 0 2/07/1986 Complete COAL 
BH-907-WW P82027W Big Horn Coal Co. 1941811.6 1401342.4 03/26/1990 Complete SPOIL 
HORNE #1 P8410W Lawrence Horne 1935375.5 1379410.4 03/17/1971 Complete CRN/MST (INT) 

LEGERSKI RANCH HDQ # 1 P84927W Legerski Ranch 1934024 1381990.1 04/22/1991 Complete AL 
JOHNSON #1 P93497W John L. & Gaylene Johnson 1935375.5 1379410.4 11/22/1993 Complete AL 

TAYLOR RANCH #2 P189661W Leroy Taylor 1933875.5 1381971.6 02/18/2009 Canceled 
ST. FRANCIS NO . 3 P144442W St. Francis Land Company 1941983.4 1371495.2 05/10/2002 Complete OVB (AL) 

BH-562-WW P51926W PETER KIEWIT SON'S CO. 1943131.3 1401339.4 04/25/1980 Abandoned 

BHCC PUMP #101 P56815W Big Horn Coal Co. 1943131.3 1401339.4 12/10/1980 Canceled 

Note: l. AL=Alluvium, OVB= Overburden, INT=Interburden, CRN=Carney, MST=Masters 

*Based on research conducted by Brook Mine after the Model was completed, these wells were found to be completed within the Tongue River Alluvium, not the coal . The 
model predicted impacts to the Tongue River were negligible. As such , these wells will likely see no impacts from mining activities . 

nnedt ~2/28/2~2~ 

January 2020 

Total 
Depth Screened 

Uses (Ft) Interval (Ft) 

MIS 
MIS 
CBM 
STK 7 4-6 

DOM GW; STK 60 20-60 
DOM GW; STK 40 20-40 

IRR GW; STK 87 -
MON 50 27-50 
MIS 
MIS 
MIS 

MON 65 46-65 
MON 39 0-39 
MON 60 
MON 80 

MON 77 

MON 60 42-60 
MON 60 46-60 
MON 97 41-97 
STK 
STK 
MON 25 13-25 
MON 28 13-28 
MON 33 13-33 
MON 15 0-15 
MON 18 8-18 
MON 15 5-11 
MON 42 22-42 
MON 80 40-80 
MON 50 30-50 

DOM GW 140 90-100/115- 125 
MON 160 135-155 

DOM GW; STK 150 108-150 
DOM GW 8 -
DOM GW 28 8-20 

DOM GW; STK 
DOM GW; STK 170 20-170 

MON 111.00 

MIS 50.00 

Brook Mine 

Water 
Column 

Model Available 
Water Predicted After 

Column Maximum Drawdown 
(Ft) Drawdown (Ft) (Ft) 

5 0 5 
48 13.6* 34 
33 13 .6* 19 

77 0 -
30 0 -

40 0 -
14 0 -

38 0 -
33 0 -
52 0 -

16 0 16 
3 0 3 
5 0 5 
9 0 9 
13 0 13 
12 0 12 
23 0 23 
10 - -
5 - -

70 3.3 67 
0 - -

42 - -
5 0 5 

2 1 0 21 

50 Mined Through -

MP-Tl5a TFNS 2 /025 
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RAMACO 

Table MP.6-2. Groundwater Rights Within Maximum Extent of Predicted Drawdown (Continued) 

Facility Name Permit# Applicant 

BH 507 WW P49954W PETER KIEWIT SON'S CO . 

BH 508 WW P49955W PETER KIEWIT SON'S CO . 

BH 509 WW P49956W PETER KIEWIT SON'S CO. 

BH 510 WW P49957W PETER KIEWIT SON'S CO . 

BH 51 1 WW P49958W PETER KIEWIT SON'S CO. 

BH 512 WW P49959W PETER KIEWIT SON'S CO . 

BH 506 WW P49953W PETER KIEWIT SON'S CO . 

PS STOCK WELL # 1 P98281W BIG HORN COAL COMPANY 

BH-746-WW P61581W PETER KIEWIT SON'S CO. 

BH-745-WW P61580W PETER KIEWIT SONS' CO. 

**ENL BHC PLANT WELL # 1 P46016W Big Horn Coal Co. 

BIG HORN SPRING # 1 P51735W Big Horn Coal Co. 

BH-819-84 P6826 1W Kiewit Mining Properties, Inc . 

**BHC PLANT WELL # 1 P40509W Big Horn Coal Co. 

BH-596-WW P51931W PETER KIEWIT SONS' CO. 

BH-823-84 P68260W Kiewit Mining Properties, Inc. 

BIG HORN COAL WELL POINT #2 P51736W Big Horn Coal Co. 

BH 513 WW P49960W PETER KIEWIT SONS' CO . 

BH 519 WW P49966W PETER KIEWIT SONS' CO . 

BH 522 WW P49968W PETER KIEWIT SONS' CO . 

BH 518 WW P49965W PETER KIEWIT SONS' CO . 

P83047W & 
1990 OFFICE WELL CRUW08221 Big Horn Coal Co. 

BH 523 WW P49969W PETER KIEWIT SONS' CO . 

BIG HORN COAL ST-22 57-84 Pl47721W J M Huber Corp . 

KIEWIT MINING AND 
BH 813 83 P65435W ENGINEERING CO. 

BH-656-WW P58652W PETER KIEWIT SONS 'S CO. 

ANTON # 1 P4220 5W ANTON J . BOCEK 

ADDLEMAN #1 P38739W LAWRENCE E. ADDLEMAN 

ADDLEMAN #2 P63975W LAWRENCE E. ADDLEMAN 

Note: 1. AL=Allu vmm, OVB= Overburden, INT=lnterburden , CRN=Carney, MST=Masters 
**Well contains m u ltiple water rights associated with it. 

January 2020 

Northing Easting Priority Date 

1936512.4 1400059.1 09/13/1979 

1936512.4 1400059 .1 09/13/1979 

19365 12.4 1400059.1 09/13/ 1979 

193651 2.4 1400059 .1 09/13/1979 

193651 2.4 1400059 .1 09/ 13/ 1979 

19365 12.4 1400059 .1 09/13/1979 

1936512.4 1400059. 1 09/13/1979 

1943 144.2 1402649 .8 02/07 / 1995 

1936549 .7 14 05330 .9 07 /20 / 1982 

1936549 .7 1405330.9 07/20/1982 

1935213.2 1404023.3 05/09/1978 

1935213.2 1404023.3 02/25/1977 

1935213.2 1404023 .3 08/28/1984 

1935213.2 1404023 .3 05/17/1977 

1935222.6 1405342 04/25/1980 

1935222 .6 1405342 08/28/1984 

1935222.6 1405342 02/25/1977 

1935 192 .7 1400072 .4 09/13/ 1979 

1933869.6 1397492 .2 09/13/1979 

1933869.6 1397492.2 09/13/1979 

1933869.6 1397492 .2 09/13/1979 

1933871.2 1398785.1 07/23/1990 

1933878.8 140 1482 .2 09/13/1979 

1932563 140 1568 . 1 10 /21/2002 

1933897 .8 1404 189 .7 09 /1 5 /1 983 

1933897 .8 1404 189.7 09/ 14 /198 1 

1933939. 1 1387003.8 03 /02 /1978 

1932610.9 1385658.5 06/22/ 1977 

1932635.9 1384432.9 0 5 /09/1983 

Summary WR 
Status Formation1 

Complete AL 

Complete AL 

Com plete AL 

Complete AL 

Complete AL 

Complete AL 

Complete AL 

Complete CRN Coal 

Complete Spoil 

Complete Spoil 

Fully Adjudicated AL 

Canceled AL 

Complete Spoil 

Fully Adj u dicated AL 

Complete Coal 

Complete Spoil 

Canceled 

Complete AL 

Complete AL 

Complete AL 

Complete AL 

Fully Adju dicated Coal 

Complete AL 

Canceled 

Complete Coal 

Complete Spoil 

Com plete Underburden 

Complete Un derburden 

Complete Coal 

Brook Mine 

Water 
Column 

Model Available 
Total Water Predicted After 
Depth Screened Column Maximum Drawdown 

Uses (Ft) Interval (Ft) (Ft) Drawdown (Ft) (Ft) 

MON 15.00 4-13 .0 0 

MON 13.00 2.5- 10.5 0 

MON 14.00 1.5- 11.5 0 

MON 15.00 1-13.0 0 

MON 19.50 2- 17 .0 0 

MON 16.50 3-15.0 0 

MON 14 .00 9-1 1.5 8 0 

STK 290 .00 270-290 125 1 124 

MON 83 .00 63-83 23 -

MON 84 .00 64-84 26 -

IND GW; MIS 24 .00 17-24 8 0 8 

MIS; STK 17-24 8 0 8 

MON 50.00 10-40 23 -

MIS 24.00 17-24 8 0 8 

MON 120.00 96-109 11 -

MON 123.00 91 - 111 38.5 -

MIS 180.00 

MON 15.00 7- 12 .0 0 

MON 14.00 7-10 .0 0 

MON 18.00 3- 15.0 0 

MON 16.00 3- 13 .0 0 

MIS 260 .00 120-180 223 1.4 221.6 

MON 19.00 7- 16.0 0 

CBM 

MON 200 .00 160-180 120 -

MON 110.00 70- 110 3 5 -

DOM_GW 540 .00 517-540 Artesian -

DOM_GW 220 .00 198-220 Artesian -

DOM_GW 120.00 110-120 105 1.3 103 .7 

TFNS 2/025 
RECD J~N 27 ,2020 

MP-T15b 
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RAMA BrotJ.~ Min e 

Table MP. 6-2A Details of Wells Tha t May See Impact s. 

Existing Water 
Model Remaining Water 

% Loss of Water 
Permit# Northing Easting 

Column Height 
Predicted Column After 

Column 
Drawdown Drawdown 

Pl44442W 1,941 ,983.4 1,371 ,495.2 50 Mined Through 0 100 

P7 18 14W 1,934,0 24.0 1,381 ,990.1 70 3 .3 66 .7 4 .7 

P9828 1W 1,943, 144 .0 1,402 ,6 5 0 .0 125 1.0 124 0. 8 

P83047W 1,933 ,871.0 1,398,785.0 223 1.4 222 0.6 

P6397 5W 1,932 ,636 .0 1,384,433 .0 105 1.3 104 1.2 

::a ~ 
rr, ..., 
~ :z: 
c::, 

C, -::i,. ~ 
~ -.... 

c:::, 
~ ".:> -., U1 

"-3 
~ 
~ 

C':> 
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RAMACO 

Table MP.7-1. Operation al Surface Water Mon itoring Locations 

Site ID 

SMS78512-SW-1 

SMS78418-SW-1 

SMS78409-SW-1 

SMS784 J S-SW-1 

SPS78415_ 1 

SPS78415_2 

SPS78512 

SPS78511 

SPS78418 

SPS78514_ 1 

SPS78510 

SPS78514_2 

SPS78514_3 

578514-TR-1 

578401-TR-3 

578420-TR-l 

578513-IRR-DITCH 

578524-TR-1 

578434-GC-1 

USGS 06305700 

Monitoring Devices 

R=Flowmeter 

PS=Pump sampler 

Facility Name 

SMS78512-SW-1 

SMS784 18-SW- 1 

SMS78409-SW- J 

SMS78415-SW-1 

BIG HORN NO. 14 
RESERVOIR 

BIG HORN NO. 2 
RESERVOIR 

Legersk i Bros # I 
Stock Reservoir 

Hall Reservoir 

PERMANENT 
IMPOUNDMENT #1 
RESERVOIR 

LEGERS KI # 1 STOCK 
RESERVOIR 

Upper 10 Stock 
Reservoir 

Welch #4 Stock 
Reservoir 

B lack Mountain No. 
Stock Reservoir 

5785 14-TR- 1 

578401-TR-3 

578420-TR- 1 

578513-IRR-DITCH 

578524-TR- 1 

578434-GC- 1 

Goose Creek near 
Acme, WY 

Type and Frequency of Measurements 

C=Continuous flowmeter 

Northing 
Location 

(WY83ECF) 

SESW, Sec . 12, 
1940409 

TS7N , R8SW 

SESW, Sec . 18, 
1935703 

TS7N , R84W 

SWNW, Sec. 09 , 
1942831 

TS7N , R84W 

SENW, Sec. JS, 
1938209 

TS7N , R84W 

SESE, Sec. 15, 
1934849 

TS7N , R84W 

SESE, Sec. IS, 
1935770 

T57N , R84W 

SENE, Sec. 12 , 
1943327 

TS7N , R8SW 

NWSE, Sec. 11, 
1942009 

T57N , R8SW 

NWSW, Sec. 18, 
1936477 

T57N , R84W 

SENE, Sec . 14, 
1938177 

TS7N , R8SW 

NWSE, Sec. I 0 , 
1941591 

TS7N , R8SW 

NWNW, Sec. 14 , 
1939512 

TS7N , R8SW 

SENW, Sec. 14, 
19378 16 

TS7N , R8SW 

SWSW, Sec . 14 , 
193507 1 

TS7N , R8SW 

NESW, Sec . OJ , 
1948167 

TS7N , R84W 

NWSE, Sec . 20 , 
1931780 

TS7N , R84W 

SWSW, Sec. 13, 
1935863 

T57N , R8SW 

NENW, Sec. 24, 
1933896 

TS7N , R8SW 

NESW, Sec. 34, 
192 1527 

TS7N , R84W 

NESE, Sec . 28, 
1925843 

T57N, R84W 

E=Pump sampler water quality sample based on precipitation event 

M=Monthly grab sample if water i s present 

Q=Quarterly grab sample if water is present 

D=Discharge measurement, if safe to do so at time of grab sample collection 

A=Alternate discharge measuremen t location 

Eas ting Monitoring 
(WY83ECF) Device 

1381960 R 

1386326 R, PS 

1395621 R 

1402426 R 

1405707 NONE 

1404829 NONE 

1384643 NONE 

1378053 NONE 

1385023 NONE 

1380047 NONE 

1373000 NONE 

1375721 NONE 

1376975 NONE 

1375999 NONE 

1413706 NONE 

1393144 None 

1381427 NONE 

138 1493 NONE 

14033 15 NONE 

1401605 
USGS Stream 

Gage Site 

Notes: I. Flowmeters and pump samplers inactive from first hard freeze or October I, whichever is first, 
through approximately April 30, weather permitting. 

2 . Mon i tor locations are displayed on Exhibit MP.7-1. 

Brook Mine 

Type and 
Frequency of 
Measurement 

C,Q 

C,E,M 

C, Q 

C,Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

A 

Q,D 

Q,D 

Q,D 

Q,D 

Q3 

D 

Tr 8 
RECD 

21025 
nq-:?0 - 19 

3 . For Goose Creek surface water monitoring, flow discharge data will be obtained from USGS 06305700. 

September 2019 MP-T16 
DEQ Ex. 5-122



RAMACO Brook Mine 

Table MP.7-1.A. 578420-TR-1 Discharge Rating Table 

rt5 06299980 (002).txt 

Station Number: 06299980 
Source Agency 

Longitude: -107.020277777778 

UTC-07:00 By kmiller 

TONGUE RIVER AT MONARCH, WY 

Latitude: 44.9002777777778 

Date Processed: 2019-01-29 09:52:15 

Rating for Discharge (ftA3/s) 
Created by "Migration" on 2017-03-05 01:39:07 [UTC], 

Updated by "krwatson" on 2018-10-29 14:29:59 [UTC] 

Offsetl: 1.00 
Breakpoint!: 2.40 

Gage height (ft) 

.07 .08 .09 

1.80 
22.48 23.21 23.96 

Offset2: 

Diff In Q Per 
.00 .01 

.1 Units 

7.233 

Remarks: Extension of rating #2.0 

1.80 

.02 

Expanded Rating Table: 5.0 

Discharge (ftA3/s) 

.03 .04 .05 .06 

20.38* 21.07 21.77 

1.90 24.72 25.50 26.29 27.10 27 . 92 28.76 29.62 
30.49 31.38 32.28 8.480 

2.00 33.20 34.14 35.09 36.07 37.05 38.06 39.08 
40.12 41.18 42.26 10.150 

2.10 43.35 44.47 45.60 46.74 47.91 49.10 50.30 
51.53 52.77 54.03 11.960 

2.20 55.31 56.61 57.93 59.27 60.63 62.01 63.40 
64.82 66.26 67.72 13.890 

2.30 69.20* 70.94 72.71 74.51 76.34 78.20* 80.13 
82.10 84.10 86.13 19.000 

2.40 88.20* 90.31 92.44 94.59 96.75 98.92 101.1 
103.3 105.5 107.8 21.800 

2.50 110.0* 112.3 114.6 116.8 119.2 121.5 123.8 
126.2 128.5 130.9 23.300 

2.60 133.3* 135.9 138.6 141.3 144.0 146.7 149.4 
152.2 155.0 157.8 27.300 

2.70 160.6 163.4 166.3 169.1 172.0 174.9 177.8 
180.8 183.7 186.7 29.100 

2.80 189.7 192.7 195.7 198.7 201.8 204.9 208.0 
211.1 214.2 217.3 30.800 

2.90 220.5 223.7 226.9 230.1 233.3 236.6 239.8 
243.1 246.4 249.7 32.500 

Page 1 
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00 
0 

~ RAMACO Brook Mine 
;l 
fD 
n, Table MP. 7-1.A. 578420-TR-1 Discharge Rating Table (Continued) 

rt5_06299980 (002).txt 
121 3.00 253.0 256.4 259.7 263.1 266.5 269.9 273.3 
N 

" 276.7 280.2 283.7 34.100 
N 3.10 287.1 290.6 294.1 297.7 301.2 304.8 308.4 
00 312.0 315.6 319.2 35.700 

" N 3.20 322.8 326.5 330.1 333.8 337.5 341.2 345.0 
121 348.7 352.5 356.2 37.200 
N 3.30 360.0 363.8 367.6 371.5 375.3 379.2 383.0 121 

386.9 390.8 394.7 38.700 
3.40 398.7 402.6 406.6 410.5 414.5 418.5 422.6 

426.6 430.6 434.7 40.100 

3.50 438.8 442.8 446.9 451.1 455.2 459.3 463.5 
467.7 471.8 476.0 41.400 

3.60 480.2 484.5 488.7 493.0 497.2 501.5 505.8 
510.1 514.4 518.7 42.900 

3.70 523.1 527.4 531.8 536.2 540.6 545.0 549.4 
553.9 558.3 562.8 44.200 

3.80 567.3 571.8 576.3 580.8 585.3 589 . 8 594.4 
599.0 603.5 608.1 45.400 

3.90 612.7 617.4 622.0 626.6 631. 3 636.0 640.6 
645.3 650.0 654.8 46.800 

4.00 659.5 664.2 669.0 673.8 678.5 683.3 688.1 
693.0 697.8 702.6 48 . 000 

4.10 707.5 712.4 717.2 722.1 727 .0 731.9 736.9 
741.8 746.8 751.7 49.200 

4.20 756.7 761.7 766.7 771.7 776.7 781.8 786.8 
791.9 797.0 802.0 50.400 

4.30 807.1 812.3 817.4 822.5 827.7 832.8 838.0 
843.2 848.3 853.5 51.700 

4.40 858.8 864.0 869.2 874.5 879.7 885.0 890.3 
895.6 900.9 906.2 52.700 

4.50 911. 5 916.9 922.2 927.6 933.0 938.4 943.8 
949.2 954.6 960.0 54.000 

4.60 965.5 970.9 976.4 981.9 987.4 992.9 998.4 
1004 1009 1015 55.500 

4. 70 1021 1026 1032 1037 1043 1048 1054 
1060 1065 1071 56.000 

4.80 1077 1082 1088 1094 1099 1105 1111 
1117 1122 1128 57.000 

4.90 1134 1140 1146 1151 1157 1163 1169 
1175 1181 1186 58.000 

5.00 1192 1198 1204 1210 1216 1222 1228 
1234 1240 1246 60.000 

5.10 1252 1258 1264 1270 1276 1282 1288 
1294 1300 1306 60.000 

Page 2 
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00 
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~ RAMACO Brook Mine 
;:I 
ID 
ll, Table MP. 7-1.A. 578420-TR-1 Discharge Rating Table (Continued) 

rt5_06299980 (002).txt 
121 5.20 1312 1318 1324 1331 1337 1343 1349 
N 

" 1355 1361 1368 62.000 
N 5.30 1374 1380 1386 1392 1399 1405 1411 
OJ 1417 1424 1430 62.000 

" N 5.40 1436 1443 1449 1455 1462 1468 1474 
121 1481 1487 1493 64.000 
N 
121 

5.50 1500 1506 1513 1519 1526 1532 1538 
1545 1551 1558 64.000 

5.60 1564 1571 1577 1584 1591 1597 1604 
1610 1617 1623 66.000 

5.70 1630 1637 1643 1650 1657 1663 1670 
1676 1683 1690 67.000 

5.80 1697 1703 1710 1717 1723 1730 1737 
1744 1750 1757 67.000 

5.90 1764 1771 1778 1785 1791 1798 1805 
1812 1819 1826 69.000 

6.00 1833 1839 1846 1853 1860 1867 1874 
1881 1888 1895 69.000 

6.10 1902 1909 1916 1923 1930 1937 1944 
1951 1958 1965 70.000 

6.20 1972 1979 1987 1994 2001 2008 2015 
2022 2029 2037 72.000 

6.30 2044 2051 2058 2065 2072 2080 2087 
2094 2101 2109 72.000 

6.40 2116 2123 2130 2138 2145 2152 2160 
2167 2174 2182 73.000 

6.50 2189 2196 2204 2211 2219 2226 2233 
2241 2248 2256 74.000 

6.60 2263 2271 2278 2286 2293 2301 2308 
2316 2323 2331 75.000 

6.70 2338 2346 2353 2361 2368 2376 2384 
2391 2399 2406 76.000 

6.80 2414 2422 2429 2437 2445 2452 2460 
2468 2475 2483 77.000 

6.90 2491 2498 2506 2514 2522 2529 2537 
2545 2553 2561 77.000 

7.00 2568 2576 2584 2592 2600 2608 2615 
2623 2631 2639 79.000 

7.10 2647 2655 2663 2671 2679 2686 2694 
2702 2710 2718 79.000 

7.20 2726 2734 2742 2750 2758 2766 2774 
2782 2790 2798 80.000 

7.30 2806 2815 2823 2831 2839 2847 2855 
2863 2871 2879 82.000 
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00 
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~ RAMACO Brook Mine 
;:I 
ID 
Ila Table MP. 7-1.A. 578420-TR-1 Discharge Rating Table (Continued) 

rt5_06299980 (002).txt 
121 7.40 2888 2896 2904 2912 2920 2928 2937 
N 

2945 2953 2961 81.000 

" N 
00 7.50 2969 2978 2986 2994 3002 3011 3019 

" N 3027 3036 3044 83.000 
121 7.60 3052 3061 3069 3077 3086 3094 3102 
N 3111 3119 3127 84.000 121 

7.70 3136 3144 3153 3161 3169 3178 3186 
3195 3203 3212 84.000 

7.80 3220 3229 3237 3246 3254 3263 3271 
3280 3288 3297 85.000 

7.90 3305 3314 3323 3331 3340 3348 3357 
3366 3374 3383 87.000 

8.00 3392 3400 3409 3417 3426 3435 3444 
3452 3461 3470 86.000 

8.10 3478 3487 3496 3505 3513 3522 3531 
3540 3548 3557 88.000 

8.20 3566 3575 3584 3592 3601 3610 3619 

3628 3637 3646 88.000 
8.30 3654 3663 3672 3681 3690 3699 3708 

3717 3726 3735 90.000 
8.40 3744 3753 3762 3771 3780 3789 3798 

3807 3816 3825 90.000 

8.50 3834 3843 3852 3861 3870 3879 3888 
3897 3906 3916 91.000 

8.60 3925 3934 3943 3952 3961 3970 3979 
3989 3998 4007 91.000 

8.70 4016 4025 4035 4044 4053 4062 4072 
4081 4090 4099 93.000 

8.80 4109 4118 4127 4136 4146 4155 4164 
4174 4183 4192 93.000 

8.90 4202 4211 4220 4230 4239 4249 4258 
4267 4277 4286 94.000 

9.00 4296 4305 4315 4324 4333 4343 4352 
4362 4371 4381 94.000 

9.10 4390 4400 4409 4419 4428 4438 4448 
4457 4467 4476 96.000 

9.20 4486 4495 4505 4515 4524 4534 4543 
4553 4563 4572 96.000 

9.30 4582 4592 4601 4611 4621 4630 4640 
4650 4659 4669 97.000 

9.40 4679 4689 4698 4708 4718 4728 4737 
4747 4757 4767 98.000 

9.50 4777 4786 4796 4806 4816 4826 4836 
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RAMACO Brook Mine 

Table MP. 7-1.A. 578420-TR-1 Discharge Rating Table (Continued) 

rt5_06299980 (002).txt 
4845 4855 4865 98.000 

9.60 4875 
4944 4954 4964 99.000 

9.70 4974 

11*11 indicates a rating descriptor 

ID 
Comments 

Starting Date 

4885 4895 4905 4915 4924 4934 

4984 4994 5004 5014 5024* 

point 

Ending Date Aging 

5.0 2013-10-30 23:00:00 [UTC-07:00] 2016-11-09 00:00:00 [UTC-07:00] 1200 
5.0 2016-11-09 00:00:00 [UTC-07:00] 1200 

Page 5 
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RAMACO Brook Mine 

Table MP.7-2. Water Quality Constituents (WDEQ/LQD Guideline Number 8) 

Constituent Source 
pH GW,SW 
Electrical Conductivity GW,SW 
Total Dissolved Solids (180) GW,SW 
Sodium Adsorption Ratio (SAR) GW,SW 
Alkalinity, Total (as CACO3) GW,SW 

Alkalinity, Carbonate (as CO 3) GW,SW 

Alkalinity, Hydroxide (as OH) GW,SW 
Ammonia Nitrogen (as N) GW,SW 
Total Suspended Solids SW 
Turbidity SW 
Nitrate+ Nitrite as N GW,SW 
Oil and Grease SW 

Alkalinity, Bicarbonate as HCO3 GW,SW 

Boron GW,SW 
Barium GW,SW 
Copper GW,SW 
Fluoride GW,SW 
Sulfate GW,SW 
Aluminum GW,SW 
Arsenic GW,SW 
Cadmium GW,SW 
Calcium GW,SW 
Chloride GW,SW 
Chromium GW,SW 
Iron GW, SW 
Total Iron GW,SW 
Lead GW,SW 
Magnesium GW,SW 
Manganese GW,SW 
Total Manganese GW,SW 
Molybdenum GW,SW 
Nickel GW,SW 
Potassium GW,SW 
Selenium GW,SW 
Sodium GW,SW 
Mercury GW,SW 
Total Mercury GW,SW 
Zinc GW,SW 

September 2019 

Holding Time Analytical Method 
At time of Sample SM 4500 H B 

28 Days 
7 Days 

NA 

14 Days 

14 Days 

14 Days 
28 Days 
7 Days 

48 Hours 
28 Days 
28 Days 

14 Days 

180 Days 
180 Days 
180 Days 
28 Days 
28 Days 
180 Days 
180 Days 
180 Days 
180 Days 
28 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
180 Days 
28 Days 
28 Days 
180 Days 

SM 2510B 
SM 2540 

Calculation 

SM 2320B 

SM 2320B 

SM 2320B 
EPA 350.1 
SM 2540 
SM 2130 

EPA 353.2 
EPA 413 .1 

SM 2320B 

EPA 200.7 
EPA 200.8 
EPA 200.8 

SM 4500FC 
EPA 300.0 
EPA 200.7 
EPA 200.8 
EPA 200.8 
EPA 200.7 
EPA 300.0 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.8 
EPA 200.7 
EPA 200.7 
EPA 200 .7 
EPA 200.8 
EPA 200.7 
EPA 200.7 
EPA 200.8 
EPA 200.7 
EPA 245.1 
EPA 245.1 
EPA 200 .7 

Tr 8 2/ 02~ 
RECD o~- :rn -1~ 

MP-T17 
DEQ Ex. 5-128



RAMACO 

Table MP.7-3. Operational Groundwater Monitoring Locations 

Monitor Well 1D1 Total Depth 
Qtr-Qtr Section 

(ft) 
578510-CRN 91 
578510-MST 146 

NESW 10 

578511 -CRN 128 
SWSE 11 

578511 -MST 157 
578512-CRN 62 

SWNE 12 
578512-MST 114 
578513-CRN 116 

SENW 13 
578513-MST 142 
578408-CRN 124 

NESE 8 
578408-MST 118 
578409-CRN 109 

578409-CRN-OB 110 
578409-MST 122 SESE 9 

578409-MST-OB 122 
578409-MST-UB 142 

578415-CRN-MST2 182 NWSE 15 
578417-CRN 140 
578417-MST 163 

NWNW 17 

578418-CRN 153 

578418-MST 183 
NESW 18 

578415-SPL- 1 62 NENE 22 

578415-SPL-2 120 SESE 15 

578420-CRN-PUMP 30 NWSE 20 

578513-OVB- 1 70 NESE 13 

Notes: 1. Monitoring well locations a re displayed on Exhibit MP. 7 - 1. 

2. Well wa s screened in both the Masters and Carney coal seams. 

Township 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

T57N 

TF 6 2/025 

Brook Mine 

Range 

R85W 

R85W 

R85W 

R85W 

R84W 

R84W 

R84W 

R84W 

R84W 

R84W 

R84W 

R84W 

R85W 

December 2019 Rtv DEC 13,201 9 MP-T18 
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RAMACO Brook Mine 

Table MP. 7-4. Operational Alluvial Monitoring Locations 

Monitor Well 1D1 Qtr-Qtr Section Township Range 
SM578418-AL-1 SESW 18 T57N R84W 
SM578513-AL-1 SWNE 13 T57N R85W 
SM578512-AL-1 swsw 12 T57N R85W 

578433-AL-1 NENE 33 T57N R84W 
578434-AL-1 SENW 34 T57N R84W 
578434-AL-2 SESW 34 T57N R84W 
578524-AL NWNE 24 T57N R85W 
578420-AL NWSE 20 T57N R84W 
578415-AL NESW 15 T57N R84W 

Notes: 1 Alluvial well locations are displayed on Exhibit MP. 7-1. 
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RAMACO Brook Mine 

Table MP.8-1. Estimate of Water Used by Specific Use and Source at the Brook Mine 

Specific Water Use 
Potable Water 
Dust Control 
Truck Wash 

Highwall Miner 
Subtotal 

Misc. 20% Additional 
Total 

Water Source 
Trucking Potable Water/ Reverse Osmosis 

Pit Inflows* 
Sediment/Flood Control Reservoirs 

Availble Surface Water Rights 
Total 

Volume (gpd) 
21 ,000 

200,000 
8 ,500 

24,000 
253,500 
50,700 

304,200 

Volume (gpd) 
21 ,000 
9 , 100 
7 ,200 

266 ,900 
304,200 

*The pit inflow volume is an average of the pit inflows over the life of the mine. Refer 
to the groundwater model report in Addendum MP-3 for a more detailed estimate of pit 
inflows during mining. 

T f ,/ v <l / 0 2 5 
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RAMACO Brook Mine 

Table MP.14-1. Scaled Distance Factors without Seismic Monitoring 

Maximum Allowable Peak 
Distance (D) from the 

Blasting Site (feet) 
Particle Velocity (V max) Scaled Distan.ce Factor (D8 ) 

(inches/ second) 

0 to 300 1.25 50 
301 to 5000 1.00 55 

5001 and beyond 0 .75 65 

Source: WDEQ/LQD R&R Chapter 6, Section 4(b)(iv) 

TFN 6 2/025 
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MP-1.1 INTRODUCTION 

The use of Alternative Sediment Control Measures (ASCMs) will generally 

be limited to providing short-term sediment control for small areas not 

exceeding thirty (30) acres of total drainage. Prior to construction of any ASCM 

structure, the following materials will be provided to WDEQ: 

• A map showing the location of the proposed ASCM structure(s), and 
identifying the drainage area for each ASCM structure. The map will 
have complete legend information; 

• The type of each ASCM structure; 

• The expected duration of use for each ASCM structure; and 

• An estimate of the 10-year, 24-hour runoff volume and peak 
discharge rate for each ASCM structure which has a drainage area 
greater than five (5) acres. The estimate will identify the calculation 
methodology and input parameters. 

It is understood that WDEQ will issue a letter of concurrence based upon 

receipt and review of the above information. Due to the variety of methods 

available that qualify as ASCMs and to ensure the use of the most appropriate 

method for a given location and design life, the types of ASCMs utilized for 

sediment control will be determined on a site-specific basis. 

An objective of alternative sediment control will be to mm1m1ze the 

transport of sediment concentrations in excess of natural contributions from 

lands disturbed by mining. To accomplish this objective, ASCMs will be 

located proximal to source areas . ASCMs reduce sediment by slowing 

concentrated flow and allowing suspended matter to settle, by filtering out 

sediment, or by reducing erosion and facilitating entrapment at the source. In 

most cases, the most effective ASCM will be the one which employs a 

combination of these functions. Topsoil in the vicinity of ASCM locations will 

either be salvaged if the potential for degradation is significant, or will be 

protected in-situ by minimizing the extent of disturbance during construction 

and operation. One of the major objectives and benefits of the use of ASCMs is 

reduced surface disturbance. Whenever possible, ASCMs-will be installed in 
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easily accessible areas so that disturbance due to the required inspections and 

maintenance will be minimized. 

Addendum MP-1 Exhibit 1 provides typical plans and visual 

representations for the various types of ASCMs that may be utilized to control 

sediment from areas disturbed by mining. The different types of ASCMs are 

necessary to allow flexibility in choosing the most appropriate method for a 

given condition. Each of these methods is effective when used under 

appropriate conditions. The types of ASCMs and their appropriate uses are 

discussed in the following subsections. 

MP-1.1.1 Surface Roughening 

Hard-packed disturbed land is not conducive to absorbing runoff. As a 

result, runoff will flow off the surface at an uninhibited velocity, and can cause 

scouring and erosion. Surface roughening breaks up the ground surface and 

makes it more receptive to absorbing precipitation. Surface roughening utilizes 

mechanical ripping, disking, tracking, or scarification. This technique 

increases the effective surface area of the ground, facilitates absorption, and 

creates benches and furrows perpendicular to the flow path that slow runoff 

velocity. Therefore, furrows and small terraces should follow along the 

contours of the grade. The degree or aggressiveness of surface roughening will 

correspond to the steepness of the slope and the soil type. 

MP-1.1.2 Diversion Ditches 

Diversion ditches can be constructed to capture run-on and divert flows 

around project areas. The ditches serve as conveyance structures depending 

upon the nature of the run-on. Run-on from disturbed areas will be conveyed 

to retention structures for sediment treatment prior to discharge. Run-on from 

undisturbed areas can be discharged directly to undisturbed areas 

downstream of the project areas. 
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When diversions are constructed, the ditch should have rounded or flat 

bottoms to avoid concentration of the flow at the bottom of the channel. 

Concentration in such a manner can lead to cutting. 

Diversion ditches may be constructed in conjunction with an earthen 

berm. The addition of a compacted earthen berm on the downgradient side of 

the ditch will increase the capacity of the ditch, and prevent it from being 

overwhelmed or bypassed. 

MP-1.1.3 Check Dams 

Ditches, channels, and swales used to convey flow can be impacted by 

erosive velocities. Flows that are allowed to run unchecked through 

conveyance structures can rapidly erode the structure if it is not stabilized with 

vegetation or erosion control matting. Check dams can be installed to provide 

erosion control. 

A check dam's function m a conveyance structure is to slow the flow 

velocity and prevent erosion. Check dams slow the velocity of the flow by 

causing the flow to pass through or over the feature. The cross section of the 

conveyance structure is also important. As discussed in the section on 

diversion ditches, the ditch bottom should be flat or rounded to promote 

unconcentrated laminar flow. 

Check dams can be constructed or prefabricated. Silt fencing and other 

ASCMs that do not function in concentrated flows cannot be used as check 

dams. Features that have a tendency to pond large volumes of water without 

passing the flow will also be avoided. 

To install check dams, the feature be buried below grade to prevent 

undermining. The check dams will be appropriately spaced to prevent flows 

from regaining erosive velocity. The check dam ends will be keyed into the 

adjoining grade to prevent bypass around the ends. 

Rock check dams will intercept and slow flows. When properly installed, 

rock check dams will allow flow through and over the feature without bypass or 
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undermining. Straw bales do not function well as check dams because flows 

do not readily penetrate the bales, creating ponding and hydraulic pressure 

due to head. The pressure will force water under the bales which leads to 

undermining. 

MP-1.1.4 Silt Fence 

Silt fencing performs as a barrier that intercepts sediment-laden runoff 

and impounds it until it infiltrates, evaporates, or weeps through the fabric. 

Silt fence is not designed or intended to function as an effective filter because 

very little runoff will actually discharge through the fabric. 

Silt fencing has limitations that will be evaluated before installation. 

Understanding the limitations will determine if it is the appropriate ASCM for 

the site conditions. Silt fencing does not function in concentrated flow; manage 

large drainage areas by itself; perform if it is not installed along the grade 

contours; or work well if it is installed at the toe of a slope. 

Silt fencing will be used for limited drainage basins typically no larger 

than a quarter-acre of disturbance discharging to 100 linear feet of fencing (if 

silt fencing is the only ASCM implemented to manage the area). Silt fencing 

performs best when used in conjunction with other ASCMs. If sited and 

installed correctly, silt fence will perform well as a sediment barrier and to 

pond storm water; but it should not be used as a diversion or installed running 

up and down a grade. 

MP-1.1.5 Straw Wattles 

Straw wattles can function as effective sediment barriers and perimeter 

control for small drainage areas. Wattles will pond runoff like silt fencing, but 

wattles will not filter runoff. During manufacture, wattles are commonly 

packed tight enough that flows cannot penetrate the wattle. 

The low profile of straw wattles places limitations on the field 

applications. The most appropriate applications for straw wattles are: 
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• Smaller drainage areas with sheet flows 

• Areas with flatter grades 

• In conjunction with other ASCMs 

Installation procedures require wattles to be: 

• Installed along the contour 

• Trenched below grade and backfilled 

• Firmly secured down 

• Hooked up at the ends 

• Adequately overlapped at joints 

The correct installation of straw wattles will also include proper diameter 

selection. A common failure for straw wattles is due to undermining. This is 

the reason for trenching wattles below grade, and backfilling and compacting 

soil on the upgradient side. Stakes to secure the wattles will be driven through 

the straw wattle opposed to being driven along the side. 

MP-1.1.6 Earthen Berms 

Earthen berms (or dikes) are grading techniques that function as barriers. 

Similar to silt fencing, earthen berms will intercept and pond runoff. However, 

unlike silt fencing which will weep, an earthen berm will not discharge in such 

a way . If an earthen berm discharges, it is likely not installed correctly. If 

water discharges through or under the berm, it is not compacted correctly. If it 

discharges around the feature, it has not been turned up at the ends to prevent 

bypass. If it discharges over the berm, the drainage area is too large, or the 

height has not been correctly selected. If water overtops the berm, it can lead 

to embankment failure and loss of the earthen berm. 

Earthen berms can be used in conjunction with ditches to aid in function 

of the ditch. 

For proper construction of an earthen berm: 
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• Fill material should be built in lifts to ensure proper compaction 

• The berm should be of uniform height, except for the ends which 
should be turned up to prevent runoff from bypassing the berm 

• The berm should be along the contour to facilitate ponding through 
interception of flow 

• The base should be at least twice the width as the berm is tall 

MP-1.1. 7 Sediment Traps 

Sediment traps can be used to manage water quality, as well as quantity, 

for small drainage areas. Functioning as sediment removal ASCMs, traps will 

impound runoff from disturbed areas and allow particles to settle out. 

The design and installation of sediment traps will include calculations for 

sizing, which is determined by drainage area. In addition to potential runoff 

volume, additional sediment trap volume must be accounted for to allow 

sediment accumulation. A sediment trap also needs to be located to avoid 

interfering with operations. 

Planning will consider the manner in which the sediment trap will be 

discharged. The trap will discharge at a designed, designated point, and the 

discharge point should not impact work. Sediment traps without a discharge 

point are vulnerable to embankment and pond failure. Embankments will have 

an outlet, or spillway, designed to facilitate non-erosive discharge. The 

discharge location may be armored to prevent scouring and damage to the 

embankment during discharge. 

MP-1. 1.8 Sediment Basins 

Sediment basins are larger versions of sediment traps, and are intended 

for greater drainage areas. In addition to being larger, sediment basins 

typically have a perforated riser pipe that functions as the primary discharge 

point. 
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MP-1.1. 9 Erosion Seeding 

Vegetation is considered the most powerful deterrent to surface erosion. 

Erosion seeding is the immediate seeding of freshly exposed slopes that are 

steeper than a 3H: 1 V grade. Seeding is executed manually without mulch or 

fertilizer application, but the seed is stabilized using equipment tracking. 

Seeding will be conducted using approved seed mixtures. 

MP-1.1.10 Erosion Control Blankets 

Erosion control blankets offer cover and moisture retention for newly 

seeded areas. If cover is not provided to new seeding, the seed beds will be 

vulnerable to wind and surface erosion. Moisture retention in the erosion 

control blankets promotes germination. 

Erosion control blankets are routinely seeded for applications that 

require more resilient and longer-term protection than can be expected from 

other mechanically-installed applications (such as straw or hydro-mulch). 

A wide range of styles, composition, and thicknesses are available. In 

order to determine the correct grade of blanket, the following site 

conditions/ characteristics must be evaluated: 

• Soil type 

• Slope steepness and length 

• Seed type, and number of year to yield establish growth 

• Season; projected precipitation or irrigation 

• Sheet flow application, or concentrated flow 

Correct installation will include: 

• Soil preparation 

• Good soil contact 

• Proper staking/ pinning 

• Overlapping 
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• Anchor slot 

• Correct Orientation 

Erosion control blankets must be installed running in the direction of the flow, 

and adequately secured down. Good soil preparation, prior to placement, will 

prevent tenting or voids under the blanket. 

MP-1.2 INSPECTION AND MAINTENANCE 

Maintenance of ASCMs will be performed at a frequency appropriate for 

the type of ASCM utilized. ASCMs will be inspected at the beginning and end 

of each runoff season (March 1 through November 1) and following significant 

runoff events (events larger than 1.5 inches). Inspections will be conducted by 

qualified mine personnel familiar with sediment control requirements. All 

ASCMs will be inspected at least quarterly during the runoff season to ensure 

proper function and capacity. 

Repairs to ASCMs will be initiated promptly following any inspection 

where problems are noted. Sediment accumulation will be removed when it 

reaches as much as 50% of the ASCM height. The 50% accumulation level will 

be determined visually when sediment reaches the top of appropriately placed 

markers. Filter fabric will be replaced at least every three years. 

All repairs and sediment removal operations will be conducted m dry 

conditions and in such a manner as to minimize environmental damage to the 

surrounding area. 

A written log documenting the performance and results of periodic 

inspections will be kept up to date and retained at the Brook Mine for review by 

WDEQ. The log will also contain a written record of maintenance procedures 

undertaken at each site . 

MP-1.3 ASCM REMOVAL AND SITE RECLAMATION 

Following the successful reclamation of the contributing drainage area 

and approval by WDEQ, each ASCM will be removed and the site will be 
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reclaimed. The site reclamation work will be performed according to the 

reclamation procedures outlined in the Reclamation Plan, and in accordance 

with WDEQ regulations. The reclamation procedures will be performed by 

hand or with light equipment to reduce surface damage to the surrounding 

area. In cases where the environmental benefits of leaving the ASCM in place 

outweigh the disturbances associated with its removal, a formal request will be 

made to WDEQ to leave the ASCM as a part of the reclaimed surface. 

MP-1.4 ASCMS FOR LARGE AREAS 

In some situations, ASCMs may be the preferred sediment control 

method even when the area to be controlled is larger than 30 acres . In such 

cases, a proposal will be submitted to WDEQ/LQD that provides the 

information requested in WDEQ/LQD Guideline No. 15. A computer model will 

be used as the design tool, and the design will be based on predicted sediment 

loads or yields from the particular area of disturbance. The proposal submitted 

to WDEQ/LQD for each ASCM larger than 30 acres will include the following 

information: 

1. A description of the area to be controlled. 

2. A description of the ASCM design procedure. 

3. A map of the ASCMs on a mining sequence overlay. 

4. Specifications and schematic diagrams of each ASCM. 

5. Pertinent drainage basin and channel designs for reclaimed areas. 

6. A maintenance and inspection plan. 

7. A monitoring plan and description of degradation analysis. 
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6"X8" TRENCH WITH MIN. 6" 
FABRIC BURJED INTO IT. 

PERSPECTIVE 
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I I 
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STRAW, RICE, COIR 
(OR OTHER) WATTLE 
9-12" DIAMETER 

2 - 1 112" X 1 1/2" WOOD STAKES 
CROSSED AT 90 DEGREES 

PERSPECTIVE 

'<"'y 
WATTLES ENTRENCHED 
2" BELOW GRADE MIN. 

A-A CROSS SECTION 

TYPICAL 
STRAW WATTLE 

NTS 

co 
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COLLECTOR DITCH 

TRAPEZOIDAL INLET A-A' CHANNEL HYDRAULICS 

1 L...:::S ·-------- y = r2,--------- ~ 1 
3 

L 2oo·_j 
TYPICAL CROSS SECTION 

NOT TO SCALE 

Q = 21.00 cfs A= 4.28 tt2 

n = 0.020 P = 21 .31 ft 

S = 0.037 ft/ft R = 0.20 ft 

b = 20.0 ft V = 4.90 fps 

Y = 0.21 ft 

TRAPEZOIDAL INLET B-B' CHANNEL HYDRAULICS 

1 L...:::S ·-------- Y= r 14'-------- ~ 1 

3 

L Joo·-l 
TYPICAL CROSS SECTION 

NOT TO SCALE 

Q=21 .00cfs A=4.19tt2 

n = 0.020 P = 30.87 ft 

S = 0.065 ft/ft R = 0.14 ft 

b = 30.0 ft V = 5.01 fps 

Y = 0.14ft 

NOTE: SEE SHEET 2 FOR INLET A-A' AND B-B' PLAN VIEW. 

~iiA;i~ 'tEi~~t:~1~\bt 15. LOCA Tl o N v I Ew G'rETl N1<?ri\1G~6~YNiHiPA~ 
T57N, R84W SCALE 

1
,, = 

1000 
CENTRAL COORDINATE SYSTEM 

C.I. = 10' 

HYDROLOGIC DESIGN STORM CALCULATIONS FOR SP-3 

DRAINAGE BASIN PARAMETERS 10-YR, 24-HR STORM 
DRAINAGE WATERCOURSE ELEVATION CURVE INFILTRATION 10-YR, 24-HR PEAK 

AREA LENGTH DIFFERENCE NO. LOSS PRECIP. INFLOW 
(sq-mi) (mi) (ft) (CN) (iph) (in) (cfs) 

0.04 0.56 105 90 0.00 2.35 40.84 

NOTE: RUNOFF VOLUMES AND PEAK INFLOWS WERE COMPUTED BY THE RAINFALURUNOFF PROGRAM 
"TRIHYDRO" USING THE SCS TYPE II DISTRIBUTION. 

SOURCE 
AREA 
(ac) 

27. 16 

RAINFALL 
FACTOR 

(R) 

30.00 

SOIL 
ERODIBILITY 

(K) 

0.50 

SEDIMENT YIELD CALCULATIONS 

TOPOGRAPHIC 
FACTOR 

(LS) 

30.5 

COVER 
MANAGEMENT 

(C) 

SUPPORT 
PRACTICE 

(P) 

RUNOFF 
VOLUME 

(ac-ft) 

2.98 

SOIL 1 

LOSS 
(Uac/yr) 

457.9 

DELIVERY 2 

RATIO 
(%) 

53.9 

THREE-YEAR 
SEDIMENT YIELD 

(ac-ft) 

11 .5 

NOTE: 1. SEDIMENT CAPACITY WAS DETERMINED BY THE APPLICATION OF THE UNIVERSAL SOIL LOSS EQUATION (USLE) TO SEDIMENT SOURCE AREA(S). 
FOR THESE CALCULATIONS SEDIMENT DENSITY WAS ASSUMED TO EQUAL 80 lb/cu ft. 

2. SEDIMENT DELIVERY RATIO TAKEN FROM "SEDIMENT SOURCE AREAS, DELIVERY RATIOS, AND INFLUENCING MORPHOLOGICAL FACTORS." ROEHL 

ned t Iii 2/28/2 Iii 2 Iii 1961
· 

CERTIFICATE OF ENGINEER 
I, Jeffrey G. Barron , hereby certify that this drawing was prepared by myself or by 

engineers under my direct supervision and that it correctly represents the conditions 
described in the accompanying application which is designed to meet the requirements 
of the Wyoming Environmental Quality Act and its accompanying regulations. 
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COLLECTOR DITCH 

~~%AJ0~ 1~Ei~~~ft'c%~t 15.LOCATI ON VIEW G'ilJ\;~ir~??~b~iN~HiPA~ 
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THE SECTION TIE TO THE 
SP-3 POND IS LOCATED AT 
LAT:45.925390, LON:-101 .614287 
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PLAN VIEW 
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SEDIMENT STORAGE EL 3618.5' 

2+00 3+00 4+00 5+00 
DISTANCE (FEET) 

6+00 7+00 

CROSS SECTION A-A' 
SCALE: HORIZ 1 "=200' VERT 1 "=50' 

',, ,, FINISHED GROUND 
--, EXISTING GROUND} 

8+00 9+00 

S-o ----------------------------- ----
~ __ ~ _ _ HWL EL 3620.0' ------

3600 
10+00 

B' 3650 

3625 

SEDIMENT STORAGE EL 3618.5' 3600 

2+00 3+00 4+00 5+00 6+00 7+00 8+00 9+00 10+00 
DISTANCE (FEET) 

CROSS SECTION B-B' 
SCALE: HORIZ 1"=200' VERT 1"=50' 

AREA CAPACITY TABLE 
ELEVATION AREA AVG. 

AREA 

(ft) (ac) (ac) 

3613.0 1.68 
1.74 

3614.0 1.79 
1.84 

3615.0 1.89 
1.95 

3616.0 2.01 
2.07 

3617.0 2.12 
2.19 

CAPACITY (ac-ft) 

INCR ACCUM. 

0.00 
1.74 

1.74 
1.84 

3.58 
1.95 

5.53 
2.07 

7.60 
2.19 

INOUST """ CONTROL POLLUTION 
(SEDIMENT STORAGE) .. 115 • 

REVISIONS ADDENDUM MP-2 

BR_OOKMINE 
SHE !DAN COUNTY, WY 

1101 SUGAR_VIEW DR., STE. 201 
SHERJDAN, WY 82801 

3618.0 2.25 9.79 
2.28 1.14 1--D-a-te--.----D-e-sc-ri-pt-io-n-----1 EXHIBIT 3 SHEET 2 OF 2 

,____ 3618 .5 2.31 11.42 ,____ 12/15 ROUND 3 COMMENTS 

TM AC 
CAP 
306 

ACITY ... 
I 

2.35 1.18 
3619 .0 2.38 

2.45 2.45 
3620.0 2.51 

TOTAL AVAILABLE CAPACITY= 14.56 ac-ft 

12.11 

14.56 

INOUST """ CONTROl POLLUTION 
(OUST AB.A. TEMEND .. 3 06 , 

I 

NOTE: 1. PONO IS ENTIRELY INCISED. NO SPILLWAY HYDRAULICS ARE PROVIDED. 
2. TOTAL AVAILABLE RUNOFF STORAGE EXCEEDS RUNOFF VOLUME. 
3. THE ACTIVE CAPACITY WILL BE PUMP EVACUATED. 
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LOCATED IN THE SW/4 NW/4 
OF SECTION 15, T57N, R84W 

TRAPEZOIDAL INLET A-A' CHANNEL HYDRAULICS TRAPEZOIDAL INLET B-81 CHANNEL HYDRAULICS 

1LS ·----------,---------- ~ 1 
3 L ::o~~ 3 

1 L:::s -- v= b1s· :-:::=_J 1 

3 . 3 

L ,so·_J 
TYPICAL CROSS SECTION TYPICAL CROSS SECTION 

NOT TO SCALE NOT TO SCALE 

Q = 12.00 cfs A = 2.40 ft2 Q = 12.00 cfs A = 2.42 ft2 

n = 0.020 P = 20.75 ft n = 0.020 P = 15.99 ft 

S =0.08ft/ft R =0.12 ft S = 0.055 ft/ft R = 0.15 ft 

b = 20.0ft V = 4.99 fps b = 15.0 ft V = 4 .95 fps 

Y = 0.16 ft Y = 0.12 ft 

NOTE: SEE SHEET 2 FOR INLET A-A' AND B-B' PLAN VI EW. 

SCALE: 1" = 1000' 
C.I. = 10' 

HYDROLOGIC DESIGN STORM CALCULATIONS FOR SP-6 

DRAINAGE BASIN PARAMETERS 10-YR, 24-H R STORM 
DRAINAGE WATERCOURSE ELEVATION CURVE INFILTRATION 10-YR, 24-HR PEAK 

AREA LENGTH DIFFERENCE NO. LOSS PRECIP. INFLOW 
(sq-mi) (mi) (ft) (CN) (iph) (in) (cfs) 

0.02 0.28 70 90 0.00 2.35 23.68 

NOTE: RU NOFF VOLUMES AND PEAK INFLOWS WERE COMPUTED BY THE RAINFALURUNOFF PROGRAM 
"TRIHYDRO" USING THE SCS TYPE II DISTRIBUTION. 

SOURCE 
AREA 
(ac) 

28.15 

RAINFALL 
FACTOR 

(R) 

30.00 

SOIL 
ERODIBILITY 

(K) 

0.50 

SEDIMENT YIELD CALCULATIONS 

TOPOGRAPHIC 
FACTOR 

(LS) 

7.3 

COVER 
MANAGEMENT 

(C) 

SUPPORT 
PRACTICE 

(P) 

RUNOFF 
VOLUME 

(ac-ft) 

1.49 

SOIL 1 

LOSS 
(Vac/yr) 

109.3 

DELIVERY 2 THREE-YEAR 
RATIO SEDIMENT YIELD 

(%) (ac-ft) 

53.5 2.8 

NOTE: 1. SEDIMENT CAPACITY WAS DETERMINED BY THE APPLICATION OF THE UN IVERSAL SOIL LOSS EQUATION (USLE) TO SEDIMENT SOURCE AREA(S). 
FOR THESE CALCU LATIONS SEDIMENT DENSITY WAS ASSUMED TO EQUAL 80 lb/cu ft . 

2. SEDIMENT DELIVERY RATIO TAKEN FROM "SEDIMENT SOURCE AREAS , DELIVERY RATIOS, AND INFLUENCING MORPHOLOGICAL FACTORS." ROEHL 
1961 . 

CERTIFICATE OF ENGINEER 
I, Jeffrey G. Barron , hereby certify that this drawing was prepared by myself or by 

engineers under my direct supervision and that it correctly represents the conditions 
described in the accompanying application which is designed to meet the requirements 
of the Wyoming Environmental Qual ity Act and tts accompanying regulations. 
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LOCATED IN THE SW/4 NW/4 
OF SECTION 15, T57N, R84W 

SCALE: 1" = 1000' 
C.I. = 10' 
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THE SECTION TIE TO THE 
SP-6 POND IS LOCATED AT 
LAT:45.928592, LON :-101.623994 
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SEDIMENT STORAGE 
EL 3668 .8' 

3+00 4+00 5+00 
DISTANCE (FEET) 

6+00 

CROSS SECTION A-A' 
SCALE: HORIZ 1"=200' VERT 1"=50' 

SEDIMENT STORAGE 
EL 3668.8' 

: -J.=~~L EL 3671 .0' 

~1 

FINISHED GROUND 

3+00 
DISTANCE (FEET) 

4+00 5+00 

B' 3700 

3675 

3650 
6+00 

CROSS SECTION B-B' 
SCALE: HORIZ 1"=200' VERT 1"=50' 

AREA CAPACITY TABLE 
ELEVATION AREA AVG. 

AREA 

(ft) (ac) (ac) 

3666.0 0.69 
0.72 

3667.0 0.75 
0.79 

3668.0 0.82 
0.85 

CAPACITY (ac-ft) 

INCR. ACCUM. 

0.00 
0.72 

0.72 
0.79 

1.51 
0.68 

I ,..,.,., R"L 
CONTROL 

lORAGE) 

POUUTION 

(SEOII.ENT S 

"' "' 

- 3668.8 0.87 2.77 ,___ 
0.88 0.18 

3669.0 0.89 
AC TNE 0.93 0.93 

AOTY 3670.0 0.96 ... 
1.00 1.00 

I 
3671 .0 1.04 

TOTAL AVAILABLE CAPACITY = 4.30 ac-ft 

2.95 

3.86 
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,..,.,. 
POLLUT10N '""' CONTRO.. 

{OUST ABAT E>ENT) 

1.5• °" 

I 

NOTE: 1. POND IS ENTIRELY INCISED . NO SPILLWAY HYDRAULICS ARE PROVIDED. 
2. TOTAL AVAILABLE RUNOFF STORAGE EXCEEDS RUNOFF VOLUME. 
3. THE ACTIVE CAPACITY WILL BE PUMP EVACUATED. 
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LOCATED INTHESE/4NW/4 LOCATION VIEW NOTE: TOPOGRAPHY SHOWN 
AND NE/4 SW/4 OF SECTION 17, USES NAO 83 WYOMING EAST 
T57N , R84W 
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THE SECTION TIE TO THE PLAN VIEW SP-7 POND IS LOCATED AT 
LAT:45.929247, LON :-101.660483 
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CROSS SECTION A-A' 
SCALE: HORIZ 1"=200' VERT 1 "=50' 
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TRAPEZOIDAL INLET CHANNEL HYDRAULICS 

1 L.:::::::::: -------- Y= :;-,,.-------- ~ 1 
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L 2ooa_J 
TYPICAL CROSS SECTION 

NOT TO SCALE 

Q = 114.50 cfs A= 22.92 ft2 

n = 0.020 P = 200 .72 ft 

S = 0.0817 ft/ft R = 0.11 ft 

b=200 .0ft V = 5.00 fps 

Y = 0.11 ft 

SEDIMENT YIELD CALCULATIONS 

DRAINAGE SOURCE RAINFALL SOIL TOPOGRAPHIC COVER SUPPORT SOIL 1 DELIVERY 2 THREE-YEAR 
BOUNDARY AREA FACTOR ERODIBILITY FACTOR MANAGEMENT PRACTICE LOSS RATIO SEDIMENT YIELD 

(ac) (R) (K) (LS) (C) (P) (t/ac/yr) (%) (ac-ft) 

A 61 .52 30.00 0.29 17.1 1 1 150.2 45.3 7.2 

B 53.76 30.00 0.19 2.7 1 1 14.8 46.6 0.6 

8 g NOTE: 1. SEDIMENT CAPACITY WAS DETERMINED BY THE APPLICATION OF THE UNIVERSAL SOIL LOSS EQUATION (USLE) TO SEDIMENT SOURCE AREA(S). FOR THESE 

7 16 

CALCULATIONS SEDIMENT DENSITY WAS ASSUMED TO EQUAL 80 lb/cu ft. 
2. SEDIMENT DELIVERY RATIO TAKEN FROM "SEDIMENT SOURCE AREAS , DELIVERY RATIOS, AND INFLUENCING MORPHOLOGICAL FACTORS." ROEHL 1961. 

HYDROLOGIC DESIGN STORM CALCULATIONS FOR SP-7 

DRAINAGE BASIN PARAMETERS 
DRAINAGE DRAINAGE WATERCOURSE ELEVATION CURVE INFILTRATION 

BASIN AREA LENGTH DIFFERENCE NO. LOSS 
(sq-mi) (mi) (ft) (CN) (iph) 

A 0.10 0.43 132 90 0.00 

B 0.08 0.39 130 90 0.00 

NOTE: RUNOFF VOLUMES AND PEAK INFLOWS WERE COMPUTED BY THE RAINFALURUNOFF PROGRAM 
"TRIHYDRO" USING THE SCS TYPE I DISTRIBUTION. 
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AREA CAPACITY TABLE 
ELEVATION AREA AVG. CAPACITY (ac-ft) 

AREA 

(ft) (ac) (ac) INCR. ACCUM. 

3811 .0 3.39 0.00 
3.47 3.47 

3812 .0 3.55 3.47 
3.63 3.63 

3813.0 3.71 7.10 
3.74 1.12 

3813.3 3.76 7.88 
3.82 2.67 

3814 .0 3.88 10.89 
3.97 3.97 

3815.0 4 .05 14.86 
4.14 4 .14 

3816.0 4.22 19.00 
4.27 2.26 

3816.5 4.31 21 .27 

TOTAL AVAILABLE CAPACITY= 21.27 ac-ft 

I 
'"""' """CONTROl 

TOAAGE I 
POLLUTION 
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NOTE: 1. POND IS ENTIRELY INCISED. NO SPILLWAY HYDRAULICS ARE PROVIDED. 
2. TOTAL AVAILABLE RUNOFF STORAGE EXCEEDS RUNOFF VOLUME. 
3. THE ACTIVE CAPACITY WILL BE PUMP EVACUATED. 

10-YR, 24-HR STORM 
10-YR, 24-HR 

PRECIP. 
(in) 

2.35 

2.35 

PEAK RUNOFF 
INFLOW VOLUME 

(cfs) (ac-ft) 

114.25 7.46 

93.30 5.96 
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engineers under my direct supervision and that it correctly represents the conditions 
described in the accompanying application which is designed to meet the requirements 
of the Wyoming Environmental Quality Act and its accompanying regulations. 

BRQOKMINE 
SH E IDAN COUNTY, WY 

1101 SUGA R.,_VIEW DR.,_ STE. 201 
SHER.,_IDAN, WY 82801 

REVISIONS ADDENDUM MP-2 
.,_D_a-te--,----D-es-c-ri-pt-io_n __ EXHIBIT 7 

SP-7 SEDIMENT POND 

TFN 6 2/025 
RECD OC T 23,2015 

Orawn By: CIG ~ 

1-- -+-------- -+-Ch_ec_ke_dB~y_: _JG_ B __ -4 ~~ wwc 
Date 9/25/2015 ENGINEERING 

FILE: EX_1-7_12.dwg www.wwcengineering.com 

K:\Sheridan\RAMACCM3139\ACAIJ_WY83EC\DWGS_M INE_PLAN_RESPONSE_2\AOO_MP·2\E.X_ 1•7 _ 12.dwg 9125/2015 9:33:54 AM condia gonzales DEQ Ex. 5-188



fil 
z 
0 

~ 

B/ 

) )~ ) / / I / / f I r< 

/ / ~I , / I I I ! 
0 

:0 

/ 
I 

/ 
/ ~~ ; I / \ 1 

/ / / 1/ 1 I 

/ 

I I 

I I / 

/I ,/,1/ * /\ 
/ / /1/ ~-· 1/ \ 

~ / / //' ~--_)· 3794 
,/ ,. ----379t, 

~ 
~~----/ -

' 1--- -----
' j --- -
, -
' I-
' 

- --- -~ / ,// 
I / ~ 

~ 
.___ - '----~~---_--1---1t,&'Hf fffi'j_ ___ ______ 

THE SECTION TIE TO THE 
IMPOUINDMENT IS LOCATED AT 
LAT:45.93870. LON:101.64382 

-

PLAN VIEW 
SCALE: 1" = 50' 

C.I. = 2' 

M10 4•u~ 
" .................. ___ / " EL3808.0 -,--', 

3800 

...... ___________________________ lj.~-_?~05.0 "57 ______ _ 

---------- -=------ -----... _ -----
--- ... ... 12" 0 OUTLET CONDUIT --------- EG ------- ... ------... --

3 

•D 
3 

\I • 

------

iil 3790 --------7~~1, ---- ----

3780 
0+00 

3820 

0+50 1+00 1+50 2+00 2+50 
DISTANCE (FEEl) 

3+00 

CROSS SECTION A-A' 
SCALE: HORIZ 1" = 50' VERT 1" = 10' 

I -----
s.o· , I.:' ~, --------
j 3 3 

---j,so·I-
5.0 ' K'2fWAY 

3+50 4+00 4+50 

T 

-12" 0 OUTLET CONDUIT 

'-

381 0 

3800 

3790 

3780 
5+00 

3820 

3810 ---------,-_______________ ,_0 
_____________________ ~

1 

~ _,,,,,,,,,,,,-,,-~-:-

............ ___ _ _ _______ __sz_ f!W...1...§a. }!}.O§.Q_ __________________________ , 

3810 

~ 
I!'. 
z 3800 
0 

! 
3790 

3780 
0+00 

----. --=- ..,...,." - / ... ,...... ,...,. 
... __ ..,...,.,,...,. ... -_..,. 

-~-,,'-~:·"~'-\ ,,/ 
-.................... a _,,. _______ E~r ______ ,,, 

5.0' KEYWAY 

0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 
DISTANCE (FEET) 

CROSS SECTION B-B' 
SCALE: HORIZ 1" = 50' VERT 1" = 10' 

so.o·--1 

4+50 5+00 

3800 

3790 

3780 
5+50 

/ 
/ 

----------
-----------

'---- ~ ~ 

----------/ 

~ 
'-

' ~ 
/ '"-----

--------
---------

-
--------- -------'---------

--------
------E. 139§,600 -------

-------

,-

--- ---

_,. 
-----

-----

i 
i 

---

-- --

000 .. ...,__,,.... .. ~ -~ ----+ 

"Go 

-- ---

--,,, 

HYDROLOGIC DESIGril STORM C'A't:CUL:ATIONS 

E. 1392 

------

r 

DRAINAGE BASIN PARAMETERS 10-YR, 24-HR STORM 25-YR, 6-HR STORM 
DRAINAGE WATERCOURSE ELEVATION CURVE INFILTRATION 10-YR, 24-HR PEAK RUNOFF 25-YR, 6-HR 

AREA LENGTH DIFFERENCE NO. LOSS PRECIP. INFLOW VOLUME 
{sq-mi) (mi) (ft) (CN) (iph) (in) (cfs) (ac-ft) 

0.09 0.57 180 76 0.00 2.35 39.17 2.91 

NOTE: RUNOFF VOLUMES AND PEAK INFLOWS WERE COMPUTED BY THE RAINFALL/RUNOFF PROGRAM 
"TRI HYDRO" US ING THE SCS TYPE II OISTRIBUT10N. 

EMERGENCY SPILLWAY HYDRAULICS 

CONTROL SECTION TRANSPORT SECTION 

Q = CLH 
312 Q= 

1.49 213 
-- AR n 

S 112 

a-= 36.70 cfs Q = 36.70 cfs A= 10.22 ft 2 

C = 3.2 n = 0.030 WP= 51.28 ft 

L = 50 ft S = 0.045 ft/ft R= 0.20 ft 

H = (&/3= ( 38.70 dO ) 2t3 Z = 3H:1V V= 3.59 fps 
32 XOo'.11 

b = 50 ft Yn = 0.20 ft 
H = 0.37 ft 

NOTE: EMBANKMENT AND EMERGENCY SPILLWAY SLOPES WILL BE PROTECTED 
FROM EROSION BY PLANTING WITH WDEQ/LQD APPROVED GRASS MIXTURE. 

1/ 

RESERVOIR 

PRECIP. 
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1.95 

PEAK 
INFLOW 
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36.70 

EMERGENCY SPILLWAY CROSS SECTION 
NOT TO SCALE 

EMERGENCY SPILLWAY PROFILE 

NOTTO SCALE 
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NOTE: TOPOGRAPHY 
SHOWN USES NAO 83 

WYOMING EAST CENTRAL 
COORDINATE SYSTEM 

AREA CAPACITY TABLE 
ELEVATION AREA AVG. CAPACITY (ac-ft) 

AREA 

(ft) (ac) (ac) INCR. ACCUM. 

3792.0 0.00 0.00 
0.03 0.06 

3794.0 0.05 0.06 
0.09 0.18 

3796.0 0.13 0.24 
0. 19 0.38 "~ 

3798.0 0.24 0.62 POI.LVTIOtl 

~ITT-
0.32 0.64 U7 

3800.0 0.39 1.26 
0.49 0.98 

3802.0 0.58 2.24 
0.69 1.M 

3804.0 0.79 3.62 
0.85 0.85 

3805.0 0.91 4.47 

NOTE: THE FLOOD CONTROL IMPOUNOMENT HAS BEEN SIZED TO ENTIRELY 
CONTAIN THE 10-YR, 24-HR DESIGN STORM RUNOFF VOLUME. 

CERTIFICATE OF ENGINEER 
I, Jeffrey G. Barron, hereby certify that this drawing was prepared by myself or by engineers 

under my direct supervision and that it correctly represents the conditions described in the 
accompanying application which is designed to meet the requirements of the Wyoming 
Environmental Quality Act and its accompanying regulations. 
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LOCATED IN THE SE/4 
SW/4 OF SECTION 8, 
T57N. R84W 

·--··· 
i E. 1388000 

HYDROLOGIC DESIGN STORM CALCULATIONS 

" 

~ 

LOCATION VIEW 
SCALE: 1" = 1000' 

C.I. = 10' 

DRAINAGE BASIN PARAMETERS 10-YR, 24-HR STORM 25-YR, 6-HR STORM 
DRAINAGE WATERCOURSE ELEVATION CURVE INFILTRATION 

AREA LENGTH DIFFERENCE NO. LOSS 
(sq-mi) (mi) (ft) (CN) (iph) 

0.03 0.35 11 0 73 0 .00 

NOTE: RUNOFF VOLUMES AND PEAK INFLOWS WERE COMPUTED BY THE RAINFALURUNOFF PROGRAM 
"TRIHYDRO" USING THE SGS TYPE II DISTRIBUTION. 

10-YR, 24-HR PEAK RUNOFF 
PRECIP. INFLOW VOLUME 

(in) (cfs) (ac-ft) 

2.35 11 .32 0.78 

EMERGENCY SPILLWAY HYDRAULICS 

25-YR, 6-HR 
PRECIP. 

(in) 

1.95 

CONTROL SECTION TRANSPORT SECTION 

Q = CLH 
312 

Q = 
1.49 V3 S 112 --AR n 

Q 25-6 = 10.25 cfs Q= 10.25 cfs A= 3.28 ft 2 

C = 3.2 n= 0.030 WP= 22.93 ft 

L = 22 fl S= 0.053 ft/ft R= 0.14ft 

H ~~( •o~as ) m Z= 3H:1V V= 3.12 fps 
= 3.! l(22t 

b= 22 ft Yn= 0. 15 fl 
H = 0.28 ft 

NOTE: EMBANKMENT AND EMERGENCY SPILLWAY SLOPES W ILL BE PROTECTED 
FROM EROSION BY PLANTING WITH WDEQ/LQD APPROVED GRASS MIXTURE. 
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NOTE; TOPOGRAPHY 
SHOWN USES NAO 83 

WYOMING EAST CENTRAL 
COORDINATE SYSTEM 

AREA CAPACITY TABLE 
ELEVATION AREA AVG. CAPACITY (ac-ft) 

AREA 

(ft) (ac) (ac) INCR. ACCUM. 

3970.0 0.01 0.00 
0.04 0.08 

3972.0 0.07 0.08 ' =-0. 12 0.24 (OUST ~BA 

3974.0 0 .16 0.32 ·~ •• 
0.22 044 

3976.0 0.28 0.76 
0.37 0.74 

3978.0 0.45 1.50 

NOTE: THE FLOOD CONTROL IMPOUNDMENT HAS BEEN SIZED TO ENTIRELY 
CONTAIN THE 10-YR, 24-HR DESIGN STORM RUNOFF VOLUME. 

CERTIFICATE OF ENGINEER 
I, Jeffrey G. Barron, hereby certify that this drawing was prepared by myself or by engineers 

under my direct supervision and that it correctly represents the conditions described in the 
accompanying application which is designed to meet the requirements of the Wyoming 
Environmental Quality Act and its accompanying regulations. 
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BR._OOK MINE 

SHER,!DAN COUNTY, WY 

1101 SUGARYIEW D~ STE. 201 
SHERJDAN, WY 82801 
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I 
LOCATED IN THE NE/4 
NE/4 OF SECTION 18, 
T57N. R84W LOCATION VIEW 

HYDROLOGIC DESIGN 'ST0RM 'CAlCUtA TIONS I 

DRAINAGE BASIN PARAMETERS 10-YR, 24-HR STORM 25-YR, 6-HR STORM 
DRAINAGE WATERCOURSE ELEVATION CURVE INFILTRATION 

AREA LENGTH DIFFERENCE NO. LOSS 
{sq-mi) (mi) (ft) (CN) (iph) 

0.14 0.67 180 72 0.00 

NOTE: RUNOFF VOLUMES AND PEAK INFLOWS WERE COMPUTED BY THE RAINFALL/RUNOFF PROGRAM 
"TRIHYDRO" USING THE SGS TYPE II DISTRIBUTION. 

10-YR, 24-HR PEAK RUNOFF 
PRECIP. INFLOW VOLUME 

(in) (ds) (ac-ft) 

2.35 36.27 3.38 

EMERGENCY SPILLWAY HYDRAULICS 

25-YR, 6-HR 
PRECIP. 

(in) 

1.95 

CONTROL SECTION 

Q = CLH ,~ 

TRANSPORT SECTION 

Q = 1.~9 AR 2/3 S 112 

Q 25-1! = 30.11 cfs Q= 30.11 cfs A= 7.94 ft 2 

C = 3.2 n= 0.030 WP = 26.94 ft 

L = 25 ft S= 0.030 fVft R= 0.29 ft 

H = {£-)2'-b (: 30.11 do ) 2f.l 
'-2 X2~~ 

H = 0.52 ft 

Z= 3H:1V V= 3.79 fps 

b= 25 ft Yn= 0.31 ft 

NOTE: EMBANKMENT AND EMERGENCY SPILLWAY SLOPES WILL BE PROTECTED 
FROM EROSION BY PLANT ING WITH WDEQ/LQD APPROVED GRASS MIXTURE. 

sz 

RESERVOIR 
f--->,----j 

PEAK 
INFLOW 

(cfs) 

30.11 

EMERGENCY SPILLWAY CROSS SECTION 
NOT TO SCALE 

EMERGENCY SPILLWAY PROFILE 

NOTTO SCALE 

RUNOFF 
VOLUME 

(ac-ft) 

2.03 

SCALE: 1" = 1000' 
C.L = 10' 

r 

AREA CAPACITY TABLE 
ELEVATION AREA AVG. CAPACITY (ac-ft) 

AREA 

(ft) (ac) (ac) INCR ACCUM. 

3940.0 0.01 0.00 
0.06 0.12 

3942.0 0.11 0.12 
0.18 0.36 

3944.0 0.24 0.48 
0.33 0.66 

~ 

E. 1400000 

,= 

g 

z 

0 

z 

NOTE: TOPOGRAPHY 
SHOWN USES NAO 83 

WYOMING EAST CENTRAL 
COORDINATE SYSTEM 

POLLUTION 3946.0 0.41 1.14 = •=-- 0.51 1.02 -~ 
3948.0 0.61 2.16 

0.73 1.46 
3950.0 0.85 3.62 

0.92 0.92 
3951 .0 0.99 4 .54 

NOTE: THE FLOOD CONTROL IMPOUNDMENT HAS BEEN SIZED TO ENTIRELY 
CONTAIN THE 10-YR. 24-HR DESIGN STORM RUNOFF VOLUME". 

CERTIFICATE OF ENGINEER 
I, Jeffrey G. Barron, hereby certify that this drawing was prepared by myself or by engineers 

under my direct supeivision and that it correctly represents the conditions described in the 
accompanying application which is designed to meet the requirements of the Wyoming 
Environmental Quality Act and its accompanying regulations. 
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10/15 ROUND 2 COMMENTS RECD OC T 23,2015 
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IMPOUNDMENT 
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LOCATED IN THE NW/4 
NE/4 OF SECTION 18, 
TS?N, R84W 
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3~ ~ ··· ~ -----J 
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E. 139200 
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C, 

LOCATION VIEW 
SCALE: 1" = 1000' 

C.I. = 10' 

HYDROLOGIC DESIGN STORM CALCULATIONS 
DRAINAGE BASIN PARAMETERS 10-YR, 24-HR STORM 25-YR, 6-HR STORM 

WATERCOURSE ELEVATION ' CURVE INFILTRATION 10-YR, 24-HR PEAK RUNOFF 25-YR, 6-HR PEAK RUNOFF' 

LENGTH DIFFERENCE NO. LOSS PREC!P. INFLOW VOLUME PRECIP. INFLOW VOLUME 

(mi) (ft) (CN) (iph) (in) (cfs) (ac-ft) (in) (cfs) (ac-ft) 

0.48 120 72 0.00 2.35 8.74 0.72 1.95 7.42 0.43 

_j,so~ s.o· KEYWAY 

NOTE: RUNOFF VOLUMES AND PEAK INFLOW S WERE COMPUTED 8YTHE RAINFALURUNOFF PROGRAM 
"TR!HYDRO" USING THE SGS TYPE 11 DISTRIBUTION. 
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EMERGENCY SPILLWAY HYDRAULICS 

CONTROL SECTION TRANSPORT SECTION 

Q = CLH '" Q= 
1.49 2/3 
--AR n s'" 

Q 21>-6 = 7.42 cfs Q= 7.42 cfs A= 2.32 ft 2 

C = 3.2 n= 0.030 WP= 15.95 ft 

L = 15 ft S= 0.055 ft/ft R= 0.15ft 

H = ~t'= ( 1.42 ds ) 213 Z= 3H:1V V= 3.20 fps 
32 ~•s• 

b= 15 ft Yn = 0.15ft 
H = 0.29 ft 

NOTE: EMBANKMENT AND EMERGENCY SPILLWAY SLOPES WILL BE PROTECTED 
FROM EROSION BY PLANTING WITH WDEQ/LQD APPROVED GRASS MIXTURE. 
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NOTE: TOPOGRAPHY 
SHOWN USES NAO 83 

WYOMING EAST CENTRAL 
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RAMACO 

EXECUTIVE SUMMARY 
GROUNDWATER MODELING OF POTENTIAL IMPACTS 

ASSOCIATED WITH THE BROOK MINE PROJECT 

Brook Mine 

This executive summary is intended to orient the reader to the groundwater model developed 
in support of the Brook Mine Project. Enough detail is provided within this summary to 
generally describe the model development and results. However, as the name implies, this is a 
summary and the interested reader is referred to the whole report for specific details related 
to the modeling effort. 

BACKGROUND 

RAMACO, LLC (RAMACO) plans to develop the Brook Mine (the Project) in 

north-central Sheridan County approximately 8 miles northwest of Sheridan, 

Wyoming. RAMACO contracted WWC Engineering to develop a groundwater 

model to analyze the potential direct, indirect, and cumulative hydrological 

effects of the Project on a regional basis with the following primary goals: 

1. Identify potential impact (if any) to adjacent water rights. 

2. Estimate long-term impacts from mining operations. 

The coal to be mined is found in the upper-most member of the Paleocene 

age Fort Union Formation known as the Tongue River Member. The Tongue River 

is underlain conformably by the Lebo and Tullock Members of the Fort Union 

Formation which represent the bottom of the groundwater model. 

GROUNDWATER USE 

Private wells completed within the region provide water for stock and 

domestic uses. Since most of the private wells are not completed in the coal 

proposed for mining, impacts to domestic users within the area are expected to 

be low. 

MODEL CONSTRUCTION 

The numerical groundwater model utilizes the USGS modular finite

difference groundwater model MODFLOW-2005 (Harbaugh 2005) and the 

pre/post processor Groundwater Vistas Version 6 (Rumbaugh and Rumbaugh 

2011). The model is constructed with constant grid spacing generally parallel to 

TFN S 2 /~25 
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RAMACO Brook Mine 

the geologic dip of the formations of interest. The model consists of seven layers 

which include coal and over /interburden layers described in Section 4.1. 

HYDRAULIC PARAMETERS 

Hydraulic parameters used in the groundwater model include hydraulic 

conductivity, storage, recharge, and porosity. Values for these parameters were 

determined by onsite investigations, literature sources and adjustments to meet 

model calibration. Hydraulic conductivity for the Carney and Masters coals were 

modeled as heterogeneous values ranging from 0. 013 to 0. 7 5 feet/ day for the 

Carney and 0.135 to 55. 7 feet/ day for the Masters. Interburden hydraulic 

conductivities were 0.001 feet/ day in the horizontal direction and 0.0001 

feet/ day in the vertical direction. The overburden was assigned horizontal 

hydraulic conductivities ranging from 0.003 to 0.008 feet/ day and vertical 

hydraulic conductivities from 0.0003 to 0.0008 feet/ day. The model also 

includes mined spoils with a hydraulic conductivity of 0 . 1 feet/ day, scoria with 

a hydraulic conductivity of 0.05 feet/ day, alluvium was modeled with hydraulic 

conductivities ranging from 0.02 to 1.0 feet/ day, and colluvium with a hydraulic 

conductivity of 0.5 feet/ day. 

WATER BUDGET AND BOUNDARY CONDITIONS 

Water flows in and out of the model domain by three primary mechanisms: 

1) Water flows within confined aquifers downgradient to the south and east and 

laterally from adjacent aquifers across general head boundaries along the 

perimeter of the model domain, 2) water within unconfined/ perched aquifers 

recharges into or drains out of the model at seam outcrops, and 3) water moves 

into and out of the model where it intersects the Tongue River through the river 

boundary cells. Water availability in areas stratigraphically higher than the 

Tongue River or Slater Creek alluvium/ colluvium is intermittent and accounted 

for using either recharge or drain boundary cells. 

T rr; S 2 ! C25 
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RAMACO Brook Mine 

CALIBRATION 

During the calibration process, hydraulic property values were adjusted 

until the modeled heads closely fit measured values from the coal monitor well 

network in a steady-state model. Data from the steady-state simulation was 

then imported into the transient model for operational simulation and recovery. 

OPERATION SIMULATION 

The calibrated model was used to simulate the impacts of mme 

progression within the Brook Mine Area. A pattern of drains associated with 

yearly mine progression came on sequentially during the year each panel was 

slated for mining. All drains were left in place for a period of one or more years 

to simulate mining operations, and were then shut in. Drawdowns were then 

calculated for the entire region through the life of the mine. 

IMPACTS 

To assess the impacts on water levels for all users within the region, water 

levels were monitored during the mining simulation at the locations of wells 

completed within specific aquifers, and along the Tongue River. The maximum 

modeled drawdown within one existing domestic well was 13.6 feet. However, the 

maximum drawdown observed at most wells was less than 1 feet with almost no 

drawdown predicted at many wells. The maximum estimated drawdown due to 

mining at additional targets along the Tongue River alluvium is less than 0.1 

feet. 

RECOVERY SIMULATION 

Recovery was observed at 5-, 10-, 20-, and 50-year periods after cessation 

of mining operations. Initial recovery from mining impacts is relatively rapid and 

follows an exponential curve. Recovery to within 10 feet of the pre-mine 

potentiometric surface is expected to occur for the majority of the Project within 

5 years. Recovery rates within the Project Area may also increase as the 

depressed surface from coal bed methane (CBM) development rebounds. 

Therefore, model estimates are likely conservative. •· ~ ,, / (' "5 II •J L. I U I.. 
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RAMACO Brook Mine 

CONCLUSIONS 

Because of the modeling effort: 

1. Mining impacts to water availability for all users in the area are expected 
to occur as follows: 

a. Estimated impacts within the Tongue River alluvium will be minor 
and, in most places, not measurable. 

b. Maximum loss of available head to private wells in the area is 
estimated at 13.6 feet for one well and most wells will see no 
measurable impacts. 

2. Recovery of residual impacts from mine dewatering is estimated to occur 
to within 90% of pre-mine static water elevations for the majority of the 
Project Area within 5 years. This rate may be accelerated if CBM 
production within the area completely ceases in the coming years. 

Coal seams of interest largely outcrop into ephemeral drainages and often are 

dry or only partially saturated. For this reason, impacts from dewatering for 

mme progression are minimized. In addition, CBM operations in the vicinity 

have significantly dewatered the coal seams. The true magnitude of CBM 

dewatering is not known, but on the east side of the model domain total water 

level decreases are estimated to be on the order of a hundred to several hundred 

feet. Existing and ongoing CBM development impacts to water levels in the coals 

are significantly greater than the predicted impacts from RAMACO's proposed 

mining opera tions. 
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RAMACO Brook Mine 
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RAMACO Brook Mine 

1.0 INTRODUCTION 

RAMACO, LLC (RAMACO) plans to develop coal resources via both open 

pit and high wall/ auger mining methods from the Brook Mine (the Project), which 

is located on privately owned surface approximately six miles northwest of 

Sheridan, Wyoming, as depicted on Figure 1.0-1. 

RAMACO contracted WWC Engineering to analyze the potential direct, 

indirect and cumulative hydrological effects of the Project. As part of the 

analysis, a numerical groundwater flow model was developed to estimate the 

groundwater impacts resulting from the Project. Following the Environmental 

Quality Council hearing, improvements to the numerical groundwater model 

originally submitted were suggested. A second groundwater model with revisions 

was developed to address the concerns that resulted from the hearing. This 

report describes the second numerical groundwater model which has been 

prepared to address concerns raised as part of the Permit to Mine application for 

the Wyoming Department of Environmental Quality, (WDEQ) which is hereafter 

referred to as the Permit. 

As part of the Environmental quality council hearing, it was suggested that 

additional data would improve the model. To address this concern 8 additional 

wells were constructed, and aquifer testing was completed to improve the spatial 

understanding of aquifer parameters as well as the intervening low permeability 

layers. Three wells were constructed in alluvium (578415-AL-1, 578420-AL-1, 

and 578524-AL-1); two wells were constructed in spoils (578415-SPL-1 and 

578415-SPL-2); two wells were constructed in the Carney coal seam for (578420-

CRN-PUMP and 578524-CRN-PUMP); and one well was constructed in Carney 

overburden (578513-OVB-l). Construction of the wells is discussed in detail in 

Appendix D6. Aquifer test results from these additional wells were incorporated 

into the second numerical model. Pumping tests and/ or slug tests were 

conducted in the wells. Additionally, slug tests in several existing wells were 

performed to supplement data. Aquifer test results for all tests conducted in 

2018 are summarized in Appendix D6. One other concern raised during the 

hearing was how the Tongue River and Goose Creek were treated in 
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RAMACO Brook Mine 

the original model. In the original model the Tongue River was only included in 

that portion of the model domain where it could potentially be in communication 

with the coal aquifers. In the second numerical model one additional layer was 

added to the model and both the Tongue River and Goose creek were simulated 

across the entire model domain. 

This report presents the model conceptualization, documentation and 

results for the second numerical model used to estimate impacts to the 

groundwater flow system resulting from the Brook Mine development. The 

numerical groundwater model presented herein utilizes the United States 

Geological Survey (USGS) modular finite -difference groundwater model, 

MODFLOW-2005 (Harbaugh, 2005) and the pre/post processor Groundwater 

Vistas (Environmental Simulations, Version 6). The Brook Mine groundwater 

model was designed specifically to determine groundwater impacts as a result of 

dewatering necessary for mine progression. The model grid extends several miles 

outside the Brook Mine permit boundary to minimize effects from boundary 

conditions. Exploration data within the Project Area to date provides a limited 

understanding of the coal location, continuity and hydrology. This model was 

therefore constructed to provide a general understanding of regional 

groundwater impacts. 

Following standard practice, simplifying assumptions were made in order 

to construct the model. Hydrogeological information was based on historic 

monitor well and exploration drilling data from Big Horn Coal, monitor wells 

installed in the fall of 2013 and 2018 by RAMACO and pumping tests and slug 

tests performed on several of these wells, and data from several private wells 

from the State Engineers Office (SEO) database. 
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RAMACO Brook Mine 

2.0 CONCEPTUAL MODEL 

2.1 Hydrogeologic Setting 

Brook Mine is located near the western edge of the Powder River structural 

and topographic basin that occupies portions of northeastern Wyoming and 

southern Montana. The basin is a broad asymmetric syncline defined by the 

Black Hills on the east, the Casper Arch, Laramie Mountains, and the Hartville 

uplift on the south, the Bighorn Mountains on the west, and the Miles City arch 

in Montana to the north. The axis of the syncline is west of the center of the 

basin. Flanking dips are gentle on the eastern limb (two to three degrees) but dip 

more steeply on the western limb. Faulting occurs in many localities within the 

basin, especially along the basin margins in association with folding. Vertical 

displacements can be several hundred feet. Faulting is more common on the 

western limb of the syncline than on the eastern limb. 

The coals to be mined are found in the upper-most member of the 

Paleocene age Fort Union Formation known as the Tongue River Member. The 

Tongue River Member is underlain conformably by the Lebo and Tullock 

Members of the Fort Union, which in turn is conformably underlain by the Lance 

Formation (Hell Creek Formation) of Upper Cretaceous age. The Lebo Member 

is largely a lacustrine mudstone interval approximately 1,200 feet thick. With a 

very small percentage of sand or permeable aquifer material, as demonstrated 

by deep oilfield geophysical logs in the area, the Lebo Member is considered a 

lower confining unit for the system (WOGCC, 2014). A generic regional 

stratigraphic column in the Project Area is provided as Figure 2.1 - 1. Figure 2.1-

lA provides the generalized Powder River Basin Geologic Cross Sections. The 

bedrock geology for the Project Area is depicted on Figure 2.1-2. 
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RAMACO Brook Mine 

2.2 Hydrostratigraphic Units 

For the purpose of this modeling study, the primary units of interest are 

the Carney and Masters coal seams of the Fort Union Formation's Tongue River 

Member which represent the most continuous water-bearing intervals. The 

overburden and interburden are composed predominately of grey 

clay/ muds tone. Based on hydrostatic water elevation differences between the 

Carney and Masters as measured from monitor wells installed in support of 

Appendix D6 of the permit, these intervals are assumed to be aquitards of very 

low hydraulic conductivity, and were modeled as such as described in 

Section 2.5-1. 

Other aquifer materials, such as clean sandstone desired for developing 

groundwater resources, are relatively scarce and generally thin and 

discontinuous in the area as demonstrated on the geologic cross sections in 

Appendix D5 of the Permit. Because the sandstone aquifers are very localized 

and not regionally extensive, these marginal water bearing lenses within the 

overburden and inter burden have been merged with the regional clay/ muds tone 

matrix and were not individually identified for the purposes of this evaluation. 

Underlying the minable sequence of coals are the Lebo and Tullock 

Members of the Fort Union formation which consists of approximately 2,000 feet 

of clay/ mudstones, as described in Appendix D5 of the Permit, and essentially 

form an impermeable barrier beneath the Masters Coal. 

2.3 Groundwater Flow System 

The groundwater system for the Brook Mine Project Area is relatively 

complex since the coal aquifers have been dissected by erosion and broken and 

displaced by a series of northeast-southwest en echelon normal faults in the 

area. The dip of the strata in the Project Area is generally east-southeast into 

the Powder River Basin and the groundwater flow direction is believed to follow 

this trend regionally, although some local variations may be present as 

demonstrated on the pre-mine potentiometric surfaces depicted in Figures 2.3-1 

and 2.3-2. 
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RAMACO Brook Mine 

Recharge for the coal aquifers stratigraphically higher than the Tongue 

River/Slater Creek system occurs in areas of coal seam outcrops, saturated 

historic mine pits which are in hydrologic communication with the coal seams, 

or in areas where the coal is adjacent to the high infiltration zones created by 

scoria and clinker residuum. However, due to extensive out/sub-cropping and 

faulting of the Carney coal seam, it is hypothesized that a substantial portion of 

the water recharging from the northwest drains to the surficial/ alluvial system 

rather than contributing to the recharge of the regional coal aquifer system. 

Therefore, the coal aquifers are largely unconfined or even dry. Hydrostatic water 

levels in the coal monitoring well network installed for groundwater 

characterization (provided in Appendix D6), support this statement by 

demonstrating that the coal seams are, in many instances, only partially 

saturated. Where the coal seams lie below or in communication with the Tongue 

River or Slater Creek alluvium, they are assumed to be more extensively 

saturated and may receive recharge from the overlying alluvium. Recent water 

withdrawals from the aquifer system for coal bed methane (CBM) production are 

believed to have impacted water levels in the coal seams. In their 2001 annual 

report provided to DEQ, Bighorn Coal reported "rapid and significant" reductions 

in static water levels within their coal monitor wells after CBM operations began 

in 1999. CBM operations have been dewatering coalbeds east of the project area 

for over 15 years and have significantly lowered the water levels in the coals. 

However, there is very limited data available to help quantify the impacts. 

Appendix D6 of Big Horn Coal's Permit states, "Extensive exploratory 

drilling has verified that these coal seams cannot be classified as aquifers where 

they lie stratigraphically higher in elevation than the Tongue River and are not 

subject to recharge from the river." (D6 Big Hom Coal Permit). Although the Big 

Horn Coal Permit is referring to coal seams above the Carney (Dietz, Monarch, 

etc.) the same conclusion can be made of the Brook Mine Project Area where the 

majority of the coal seams of interest also lie stratigraphically higher than the 

Tongue River. Additionally, pumping tests conducted on the Camey and Masters 

Seams suggest that these stratigraphic intervals are of low permeability and 
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RAMACO Brook Mine 

yields from these intervals will generally be low. Figures 2.3-3 and 2.3-4 depict 

conceptual groundwater flow within the model area. The conceptual 

groundwater flow figures generally show the interaction between the various 

stratigraphic layers represented in the groundwater model. 

Mining locations, saturation of the coal seams, and relation to the Tongue 

River have also been compared to Appendix D5 Cross Sections D-D' and K-K'. 

The locations of these cross sections are shown on Figure 2.3-1. Figure 2.3-5 

provides both cross sections. The Carney coal has been hatched to show dry, 

partially saturated, and saturated zones corresponding to the areas shown on 

Figure 2.3- 1. The cross sections on Figure 2.3-5 provide several lines of evidence 

that mining in the Carney seam will not impact the Tongue River. Cross Section 

D-D' is in the western portion of the permit area. As shown by this cross section, 

the Carney seam is dry in the area that is will be mined. The Carney is also 

approximately 100 feet above the Tongue River in this area. Cross Section K-K' 

shows the Carney seam is approximately 100 feet below the Tongue River in the 

eastern portion of the permit area. As discussed in Section 2.2, the material 

above the Carney seam is predominantly grey clay/ muds tone with low 

permeability. Therefore, this cross section shows that in the area where proposed 

mining is nearest to the Tongue river, the coal has nearly 100 feet of vertical 

separation from the Tongue River with low permeability material. The hatches of 

the saturated and unsaturated zones in the coal roughly approximate the water 

level elevation in the coal seam. As these elevations are well below the Tongue 

River, this shows there is no hydraulic connection between the Tongue River and 

the Carney seam. Cross Section K-K' also shows the approximate locations of 

the trenches. Mining will be upgradient of the Tongue River in the Carney seam. 

The stratum located above the coal seams of interest is generally claystone 

with low permeability, as discussed in Section 2.2. Therefore, interaction of 

groundwater between these units and the Tongue River or Goose Creek is very 

limited. Within the model domain, the Tongue River alluvium does have large 

deciduous trees and other vegetation immediately adjacent to the river. 

Conceptually, the vegetation along the Tongue River draws water from the 
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RAMACO Brook Mine 

Tongue River alluvium through evapotranspiration. Throughout most of the 

model domain where the Tongue River is present, there are overburden strata 

with low permeability between the Tongue River alluvium and the coal seams 

which hydrologically isolate the Tongue River from both the Masters and Carney 

coal seams. Since Goose Creek is located in the eastern portion of the model 

domain where the coal is significantly below the alluvium and the clay intervals 

are even thicker, the Goose Creek alluvium is hydrologically separated from the 

Masters and Carney coals throughout it's entire reach within the model domain. 

The Goose Creek alluvium would likely experience similar losses to 

evapotranspiration as observed in the Tongue River alluvium. 

A review of the Wyoming SEO database, which is included in Appendix B 

of the Adjudication portion of the permit, indicates that there are not very many 

wells permitted for stock or domestic use within the Brook Mine Permit 

Boundary. However, several stock and domestic wells are located immediately 

outside, generally to the south and east, of the Brook Mine Permit Boundary. 

Most of the stock and domestic wells within or immediately adjacent to the 

permit boundary are completed in formations below the Masters coal since the 

Masters coal and the geologic strata overlying it are not particularly robust water 

bearing intervals. Shallow stock and domestic wells are also completed within 

the Tongue River alluvium in many places adjacent to the Brook Mine Permit 

Boundary. Most of the wells within the model domain are stock or domestic wells 

with intermittent relatively low pumping rates and not completed in geologic 

strata with a direct hydrological connection to the Carney or Masters coal. 

Therefore, potential impacts to the groundwater system modeled in this report 

from these wells are negligible. Along the far eastern edge of the model domain 

there are a number of CBM production wells that, based on data available from 

the SEO database, likely have a direct hydrological connection to the Carney and 

Masters coal seams. Pumping from the CBM wells has significantly affected 

water levels in the coals along the eastern edge of the model domain. As is 

discussed later in this report, boundary conditions were used to simulate 

impacts from the CBM wells. 
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Potentiometric data for the coal seams of interest were obtained from 

several sources including the monitor well network installed in the fall of 2013 

within the Lower Carney and Masters Seams, SEO, and Wyoming Oil and Gas 

Conservation (WOGCC) databases. Data collected from the SEO and WOGCC 

databases included well completion locations, intervals, and initial estimated 

water surface elevations for stock, domestic and CBM wells that may have had 

completions across the aquifers of interest. However, because many of the 

private wells in the area may have had completions across multiple aquifers or 

were constructed prior to CBM development, the static water levels provided in 

the SEO and WOGCC records do not fit well with the potentiometric surface 

generated from RAMACO's monitor well network. As necessary, these wells were 

omitted from use in creation of the initial potentiometric surfaces. The initial 

potentiometric surfaces and tabulations of the wells used in the creation of the 

Carney and Master coal seam potentiometry are provided in Figures 2.3-1, 2.3-2, 

and Appendix D6 of RAMACO's Permit to Mine. 

2.4 Hydrogeologic Boundaries 

The hydrologic boundaries within the model include both internal and 

external boundaries. The model boundaries vary from layer to layer and are 

described in more detail in the following sub-sections. 

2.4.1 External Boundaries 

The primary physical groundwater flow boundary is the lacustrine 

claystone/mudstone of the Lebo Member which underlies the target coal seams 

and serves as a hydrologic barrier to groundwater movement vertically between 

the Tongue River Member and underlying strata east of its outcrop on the 

northwest portion of the model domain. This boundary has been used as the no

flow boundary at the model's base as well as in the northwest corner of the model 

domain. 

Outcrops of both the Carney and Masters Seams west of the Project Area 

provide a natural boundary for the groundwater system. Conceptually, these 

outcrops provide either recharge to the coal or drainage from the coal depending 
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on the topography; these zones were addressed in several ways. Where these 

outcrops intersected the ground surface, boundary conditions/hydrologic 

properties including drains or recharge zones were assigned to the corresponding 

cells. This allowed water to move into or out of the model at the coal faces. Areas 

of the model domain where coal or over/interburden layers had been removed 

by erosion were removed from the simulation using no-flow cells. 

Along the north and western edges of the model there are series of faults. 

Faulting within the permit area was mapped by B.E. Barnum on the USGS 

Monarch Quadrangle. As noted in Section D5.3.2 of Appendix D5, Barnum 

indicates fault displacements on the order of 50 feet within the permit area. 

Lithologic logs provided in Addendum D5-2 demonstrate that the dominating 

lithology in the column is claystone and coal thicknesses are less than 20 feet. 

This offset geology from faulting results in a claystone hanging or footwall 

adjacent the coal aquifer and therefore discontinuity of the aquifer and an 

assumed hydrologic flow boundary. As presented in Appendix D6, within the 

northeastern portion of the Brook Mine permit area there are two monitor well 

clusters that straddle both sides of a fault (578408 and 578409). Wells 578408-

CRN-1 (water elev=3802.6) and 578409-CRN-1 (water elev=3622.8) are both 

completed in the Carney coal. The water level difference between the wells is 

179.8 feet. These two wells are located 5,402 feet apart from each other. Well 

578408-MST-l(water elev=3786.7) and Well 578409-MST-1 (water elev=361 l.4) 

both completed in the Masters coal are located 5,414 feet apart with a total water 

level difference of 175.3 ft. As shown on the Camey coal potentiometry Figure 

(Figure 2.3-1), between the 578409 and 578415 clusters the groundwater 

gradient is approximately 100 feet per mile. Clusters 578408 and 578409 are at 

somewhat of a cross gradient and not perfectly upgradient/ downgradient and 

the gradient between the two clusters is approximately 175 feet per mile. This 

is nearly double the expected gradient between the two clusters. Figure 2.3-2 

demonstrates the same thing in the Masters coal. The gradient between cluster 

578409 and 578415 is approximately 100 feet per mile while the gradient 

between 578409 and 578408 is approximately 171 ft/mile. Again, clusters 
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578409 and 578408 are at somewhat of a cross gradient and not perfectly 

upgradient/downgradient so the true gradient is likely steeper than 171 ft/mile. 

The increased gradient coupled with geologic evidence is indicative of a fault 

which acts as a hydraulic barrier. Additionally, the average groundwater quality 

of some wells compared across faults further supports faulting as a no flow 

boundary. Water quality types inferred from Figure D6.2-1 in Appendix D6 

present the differences between wells. In the Carney seam on the upside of the 

fault, well 578408-CRN indicates a magnesium sulfate water type. Conversely, 

on the down side of the fault, 578409-CRN indicates a water type of sodium 

sulfate. Also, 578408-CRN indicates much higher iron concentrations compared 

to concentrations obtained from 578409-CRN. In the Masters Seam on the 

upside of the fault, 578408-MST indicates a magnesium sulfate water type, while 

on the downside of the fault, 578409-MST indicates a sodium bicarbonate water 

type. Iron concentrations also differ greatly between the two wells. The faults are 

significant in lateral extent and form natural no flow boundaries. These faults 

are modeled as either faults or no flow boundaries depending on their locations. 

The locations of mining in relation to the faults are shown on Figure 2.3-1. As 

shown on Figure 2.3-1, highwall miner panels generally stop on one side of a 

fault. Mining will not occur through the faults. As such, mining will not change 

the hydrologic function of these faults. The one location where mining may occur 

on both sides of a fault is in the western portion of the permit area in Section 11 

of T.57N., R.85W. An inferred fault is shown in this area. If a fault is located 

here, highwall mining would have to occur on either side of the fault. Highwall 

mining cannot occur through a fault. Therefore, the no-flow boundary and 

hydrologic function of the fault is not changed. The mined portion of coal seam 

will continue to be in contact with a claystone hanging or footwall adjacent the 

coal aquifer, which will remain intact. No physical boundaries are believed to 

exist to the south and east of the model, and in these areas the aquifers of 

interest are confined with water flowing generally to the east into the basin. The 

groundwater flow into the basin was simulated using general head boundaries. 

General head boundaries along the south and east edges of the model domain 
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have been placed as far from the area of interest as reasonable by limitations of 

model size to eliminate potential boundary effects from the modeling software. 

2.4.2 Internal Boundaries 

The primary internal boundaries within the Project Area are horizontal 

flow barrier (HFB) boundaries provided by displacement from sealing faults. A 

series of northeast-southwest trending normal faults have dissected the coal 

seams of interest into a series of isolated tabular intervals causing disruption 

and complexity to the hydrogeologic setting, as depicted on the pre-mine 

potentiometric surfaces provided in Figures 2.3-1 and 2.3-2. 

Additionally, the Tongue River provides a boundary through Layer 1 

especially where the river crosses outcrop zones . The river boundary condition 

in the model was used to approximate conditions of the Tongue River. 

2.5 Hydraulic Properties 

Hydraulic properties needed to characterize each aquifer or confining unit 

include hydraulic conductivity, storage coefficient (for confined aquifers), specific 

yield (for unconfined aquifers), and recharge. Available information for each of 

these properties is described within the following sections. 

2.5.1 Hydraulic Conductivity 

Hydraulic conductivity is one of the most critical hydraulic parameters 

driving groundwater flow. Within the Carney and Masters coal seams, hydraulic 

conductivities were measured by well pumping tests and well slug tests within 

the Project Area. RAMACO conducted several aquifer tests beginning in 20 13. 

To address concerns raised during the permit hearing process, RAMA CO 

installed several additional wells and conducted additional pumping and slug 

tests within the coal seams and alluvial wells in the Project Area during 2018. 

In addition to testing in the water-bearing intervals, slug tests were also 

performed on overburden and spoils in 2018. Permeability tests were performed 

on core samples of confining shales above and below the coal seams. The results 

of aquifer testing and permeability testing are provided in Appendix D6. 
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Published literature values were also utilized for model inputs. Stratification 

and lithification often create anisotropic tendencies in sedimentary deposits, and 

vertical hydraulic conductivities are typically lower than horizontal hydraulic 

conductivities. Therefore, following standard practice, the vertical hydraulic 

conductivity for each of the coal layers was assumed to be one order of magnitude 

smaller than the horizontal hydraulic conductivity. Hydraulic conductivity 

values utilized for each model layer are provided in Section 4.2.1. 

2. 5.1. l Alluvial Aquifers 

As described in Section 2.3, where the alluvial/ colluvial deposits are 

immediately adjacent to the coal outcrops, water may enter into or leave the 

respective coal seams from the alluvium. The hydraulic conductivity of the 

alluvial/ colluvial materials can vary significantly. Within the Tongue River 

alluvium, Bighorn Coal reported in Addendum D6-1 of their permit application 

to DEQ, hydraulic conductivities ranging from 150 to 750 feet/day. Lower 

hydraulic conductivities would be expected outside of the main Tongue River 

alluvium where the particle size is smaller, and permeability is reduced. Aquifer 

tests in 2018 confirmed that alluvial hydraulic conductivities can be lower. 

Alluvial hydraulic conductivities from slug tests ranged from 0.23 feet/ day to 

29.4 feet/day. The results of aquifer testing are provided in Appendix D-6. 

2.5.1.2 OVerjlnterburden 

The Fort Union Formation's Tongue River Member is composed of 

alternating sandstone, siltstone, claystone and coal intervals. As noted during 

exploration drilling within the Project Area, the Tongue River Member is largely 

composed of claystone with thin discontinuous sand and siltstone lenses. In 

previous modeling conducted by the Montana Bureau of mines to study CBM 

impacts, hydraulic conductivities of the sandstones within the Tongue River 

Member were estimated to range between 0.001 and 1 foot/day (Metesh, 2002). 

As discussed in section 4.2.1, permeability testing of core samples conducted by 

RAMACO demonstrates the hydraulic conductivity of the claystone/siltstone 

intervals in the over burden and interburden is in the range of 1.4xl0-6 to 2xl0-4 
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feet/ day. While there may be thin discontinuous sandstone intervals within the 

interburden and overburden, siltstone and claystone dominate within the model 

domain. 

At some locations within the model domain the overburden includes spoils 

from previous mining activities conducted by Big Horn Coal. Spoils 

transmissivity values from the Wyoming Department of Environmental Quality 

Big Horn Coal Mining Permit, Appendix D6, were used to estimate the hydraulic 

conductivities of spoil. To estimate hydraulic conductivity values from the Big 

Horn Coal transmissivities, the saturated aquifer thickness was assumed to be 

the same as the screen length. The resulting calculated hydraulic conductivities 

ranged from 0.0368 ft/ day to 14 7.4 ft/ day. The range of hydraulic conductivities 

demonstrates that spoils are highly variable. Conceptually the high variability of 

hydraulic conductivities in the spoils is appropriate because the spoils consist 

of overburden materials dumped back into the pit with no real sorting except 

that the larger material rolled to the bottom of the dump. The overburden 

typically consists of shale with limited permeability. However, in areas where 

there were large shale rocks or sandstone overburden piled into the pit, the spoil 

may have aquifer like characteristics. Where fine grained shale overburden was 

placed into the pit the spoil is likely to have a very low hydraulic conductivity. 

Based on the numbers obtained from Big Horn Coal, it is likely that the spoil is 

not a true aquifer but actually a series of small isolated aquifers that have 

varying degrees of hydraulic connection. Table 2.5-1 summarizes the Big Horn 

Coal spoils wells used to calculate hydraulic conductivities. 

2.5.1.3 Carney - The Coal Seam of Interest 

The Carney seam averages 16 feet thick on the east portion of Project Area 

and is generally, although not exclusively, confined. This seam splits into the 

Upper and Lower Carney members nearly parallel to the strike of the formations. 

Based on a multi-well pumping test conducted by WWC Engineering in 

November 2013, the hydraulic conductivity of this seam was measured at 0.31 

feet/ day near the eastern side of the Project. Four slug tests were performed on 
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Table 2 .5-1. Summary of Bighorn Coal Spoil Well Da ta 

Recovery 
Test Length Prod Drawdown Recovery Screen Drawdown Hyd 
Well Date of of Test Rate Trans. Trans. Length Hyd Cond Cond 

Number T R s Test Type of Analysis (hrs) fgpml (ft2 /day) (ft2 /dayl fftl (ft/day) (ft/day) 

Jacob drawdown & 
recovery. Theis 

Obs.655 57 N 84 W 22 7/2 1/ 198 1 n on -eouil ibrium. 26 36.99 2 ,902 2,665.1 40 72.6 66.63 

656 57 N 84 W 22 7/ 14/ 198 1 Jacob recovery 5.83 1.29 1.5 1.5 40 0 .04 0 .0 37 

BH 
6578 1 57 N 84 W 15 10/6/ 198 1 S lug 1.58 0.65 8.8 6.8 40 0. 22 0 . 17 

BH 
65881 57 N 84 W 15 10/6 /1 98 1 Slug 1.92 3.5 40 0 .9 

BH Jacob drawdown & 
74582 57 N 84 W 15 7/9/ 1982 recovery 4.73 1.67 1,965 20 98 .25 

J acob drawdown & 
BH recovery. Theis 

74681 57 N 84 W 15 7/9/ 1982 non-eou ilibriu m . 6 .36 1.67 2,267.7 2 ,947 20 11 3 .38 147.35 

the Carney seam during 2018 in existing Carney wells. Hydraulic conductivities 

from the four slug tests corresponded with the hydraulic conductivity measured 

m 2013. Hydraulic conductivity values ranged from 0.022 feet/ day 

(578417-CRN) to 0.975 feet/day (578418-CRN). Other values included 0.097 

feet/day at 578408-CRN and 0.379 feet/day at 578511-CRN. Two pumping tests 

were performed on new Carney wells during 2018. Alluvial wells were monitored 

during pumping which demonstrated there was no hydraulic connection 

between the Carney seam and alluvium in the vicinity of the test. The hydraulic 

conductivity m easured at the 578420-CRN well was 0.013 feet/day whereas the 

hydraulic conductivity measured at the 578524-CRN well was 1.027 feet/ day. 

All measured hydraulic conductivities were within an order of magnitude of the 

hydraulic conductivity measured in 2013. The values measured in 2018 were 

used to further calibrate the model. 

2.5.1.4 Masters -Lower-Coal Seam and Water-Bearing Interval 

This seam averages 6 feet thick within the Project Area and is generally, 

although not exclusively, confined. The hydraulic conductivity of this seam, 

based on a multi-well pumping test conducted by WWC Engineering near the 

eastern side of the Project in November of 2013, is estimated at 0.54 feet/day. 

Slug tests conducted on the Masters seam during 2018 measured hydraulic 

conductivities ranging from 0.016 feet/day to 1.4 feet/day. One slug test 
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measured the hydraulic conductivity to be 55. 7 feet/ day. WWC believes that a 

hydraulic conductivity of 55. 7 feet/ day is an anomaly that may be related to a 

local fracture in the coal. The range in values of 0.016 feet/day to 1.4 feet/day 

are representative of expected values and corroborate the pumping test 

completed in 2013. Regardless, the value of 55.7 feet/day was incorporated into 

the model. 

2. 5.1. 5 Fort Union Formation, Lebo Shale 

The Lebo Shale of the Fort Union Formation is a substantial (1,200') 

interval composed predominately of dark shale with interbedded carbonaceous 

shale, siltstone and thin local coals (Slagle et al., 1985). The Lebo Shale has very 

low permeability; is devoid of substantial water bearing strata; and represents 

the base of the model. 

Surficial geology is composed of bedrock outcrops, alluvium, and scoria 

and clinker deposits. There is substantial alluvial fill within the model domain 

mapped along the Tongue River and Goose Creek drainages. Where the alluvium 

occurs, it forms a surficial aquifer. These aquifers have a higher hydraulic 

conductivity than the underlying strata. Where the alluvium is in contact with 

bedrock aquifers, it may provide a source of recharge. Scoria deposits affect the 

larger groundwater system due to increased infiltration rates on surface 

exposures, which subsequently increases recharge from precipitation. However, 

due to a substantially higher horizontal hydraulic conductivity within the scoria 

aquifer than the underlying strata, it is hypothesized that much of the infiltrating 

water flows down the geologic dip at the scoria/bedrock contact and seeps out 

of the groundwater system. A small percentage is expected to infiltrate into the 

larger groundwater system where the scoria is in contact with coal or sand 

aquifer units. 

2.5.2 Storage Coefficients and Porosity 

An average storativity and specific yield were assumed to be uniformly 

distributed in each layer. For confined aquifers, changes in storage are 

calculated using specific storage (Ss). Ss is calculated by dividing the storativity 

April2019 -r -: ·· ~ ..., 'f'7 'S 
11 • ,._ ,.,; L J tl - J 

Addendum MP-3-33 

.. ~ ., •., r: •J '1 n "'I n 
• • j~- ' - - .. 

DEQ Ex. 5-228



RAMACO Brook Mine 

by the aquifer thickness. For unconfined aquifers, specific yield (Sy) is used to 

calculate changes in storage. All seven layers within the model have portions 

that are unconfined. 

Storativity values determined by the pumping tests for the Carney and 

Masters coal sequences were 3.64xl0-4 and 2.49x10-4 (unitless), respectively, 

which were then divided by aquifer thickness to obtain Ss prior to input in the 

model software. Storage values were increased in regions of historic 

underground mining where the aquifer is largely an open room. Aquifer 

parameters for the under and interburden zones were not measured through 

pumping tests for the Brook Mine Project. As such, an initial value of Ss for the 

claystone confining layers was estimated based on textbook values using 

Equation 2.5-1 from Freeze and Cherry (1979) as follows: 

Equation 2. 5-1. 

Ss=pg*(o+cp*~) 

Where: 
p=density of water ( 1000 kg/ m 3) 

g=acceleration of gravity (9.8 m/s2) 

a =aquifer compressibility ( 1. 5x 10-11 to 1. Sx 10-9 N / m 2 elastic 
compressibility of shale, Carmichael 1986) 

cp=porosity (27% from exploration log analysis) 
~=compressibility of water (4.6xl0-10 N /m2) 

The resulting calculated value of Ss used in the model for the overburden 

and inter burden clays tone/ shale intervals was 2. 7x 10-6 feet-1• The Ss value used 

for the spoils was 2.3xl0-3 feet-1 which is based on measured values for the spoils 

reported by Bighorn Coal {Addendum D6-12). No aquifer test data is available 

for the scoria. Almost all the scoria in the model domain is dry, and if it is wet 

it is usually under unconfined conditions. The scoria was assigned a specific 

yield of 0.2 which is reasonable. 

Porosity values for coals are generally lower than elastic sediments. 

Without project-specific coal core analyses, porosity of coal layers within the 

model were assigned a value of 10% based on literature values (Zou, 2013). 

Similarly, no project-specific measurements of over /interburden porosity were 

available. However, porosity calculations from bulk density logs obtained during 
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coal exploration yields an average claystone porosity of 27% based on the 

relationship between typical matrix and formation fluid densities and measured 

bulk density (assuming a formation matrix density of 2.65 g/ cc and a formation 

water density of 1.0 g/cc). No project-specific analyses are available for the 

scoria and spoils porosity. 

2.6 Water Budget 

As discussed previously, water generally enters the model from the north 

and west as precipitation infiltration along the recharge zones. With no 

unnatural stresses on the system, water infiltrating along these outcrops moves 

down the geologic dip to the south and east and either recharges the larger 

aquifer system or encounters a down-gradient outcrop and returns to the surface 

water system. Water also enters the system where the Tongue River and Slater 

Creek cross seam outcrops which are also on the west and northwest edges of 

the model domain. 

Water leaves the model domain by three primary mechanisms: 1) Water 

flux of confined aquifers downgradient to the south and east and across general 

head boundaries along the perimeter of the model domain, 2) water within 

unconfined/perched aquifers drains from outcrops into the surface water system 

as seeps or springs (drain cells), and 3) water leaves the model in the Tongue 

River in the river boundary cells. Water is also removed by CBM production 

wells which were simulated with general head boundaries, and by dewatering 

during mine progression which was simulated for the Brook Mine. 

Evidence of seeps from outcrops can be seen in Color Infrared Imagery 

(CIR), which is included in the permit as Exhibit D 11.1-1. The areas of seepage 

are manifested on the CIR imagery as areas with more vegetation. 

Evapotranspiration from the vegetation growing along the seep generally removes 

all the water before it emanates from the formation into the drainage. Therefore, 

no measurements of the seepage rate at the outcrops are available. 

The largest anthropogenic sink in the region in recent years has been due 

to coalbed methane development which reduced the head on the eastern edge of 
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the Project to approximately the top of the target coal seam. This creates 

unnaturally low boundary conditions on the edges of the model and increases 

the groundwater gradient from the stratigraphically higher areas of the model. 

Due to a lack of sufficient data prior to CBM development in the Project Area, it 

was not possible to accurately determine the impacts CBM development has had 

on the regional aquifer system, the pre-CBM potentiometric surface and the rate 

at which the system will recharge from CBM drawdowns. Therefore, to be 

conservative, the post-CBM (2014) potentiometric surface was considered the 

static water elevation for the model. The Post CBM (2014) potentiometric surface 

is likely one hundred to several hundred feet lower than the naturally occurring 

water level would have been prior to CBM development. 

2.6.1 Recharge 

Recharge within the coal aquifers is expected to be a twofold process with 

recharge entering the aquifers from the outcrop as well as flowing laterally into 

the coals from aquifers adjacent to the model domain. The primary source of 

surficial recharge is at coal outcrops and subcrops under alluvial fill where it is 

in hydrologic communication with the alluvial aquifer. Recharge from direct 

precipitation is expected to occur only where the coal outcrops at the surface. 

Since precipitation rates are low and evapotranspiration is relatively high (with 

respect to precipitation), precipitation infiltration is minimal in the Project. 

Recharge values used in the model are provided in Section 4.2.3. 

Recharge to the surficial aquifers is expected to primarily be driven by the 

Tongue River, Goose Creek and Slater Creek surface water bodies. Recharge 

from precipitation is difficult to measure. The ratio between run-off, 

evapotranspiration and infiltration varies by topography, vegetation, soils and 

climatic conditions. Significant variability of these parameters near the recharge 

zones for the Brook Mine Model domain create further difficulty in determining 

actual rates of recharge into the groundwater system. Therefore, recharge values 

were initially set at expected regional values and then adjusted, within 

reasonable ranges, during model calibration . 

April2019 
.,.~•·c:; '1 Jrcn
•••• ~ LltJ.!.'J 

.. ~ ,, 'J 'l !J ,, r, ~ ,., 
• : ( • I /. 

Addendum MP-3-36 
DEQ Ex. 5-231



RAMACO Brook Mine 

Lateral recharge into the model is provided by the general head boundaries 

around the perimeter of the model domain. The volume of recharge entering the 

model laterally from horizontally adjacent aquifers is minimal because CBM 

development has significantly decreased water levels in the coal aquifers. 

2.6.2 Drains 

As described in further detail in Section 4.3, in areas of down-dip coal 

outcrops, drain cells were placed in the model to simulate seeps from the 

outcrops. These drains allow water to leave the groundwater system. Any 

seepage from the coal outcrops leaves the system by evapotranspiration before 

it reaches the surface. During field investigations no flowing water was observed 

at the seeps and it was not possible to obtain field measurements of drain flux; 

therefore, drain characteristics were estimated and adjusted to achieve model 

calibration. 

2.6.3 Rivers 

River cells from MODFLOW's river boundary condition package were 

placed in the model to simulate the Tongue River and Goose Creek. These river 

cells were assigned approximate characteristics of the Tongue River and Goose 

Creek to provide both a source and a sink for the groundwater system depending 

on the head of the adjacent model cells. These rivers provide a source of recharge 

in areas where they cross the coal seam outcrops. Groundwater Vistas applies 

the river cells across the entire thickness of the layer that the river cells are 

inserted into. Goose Creek and Tongue River alluvium are estimated to be 

between 15 and 40 feet thick based on the thickness of alluvial wells constructed 

by Big Horn Coal and RAMACO in the area. Layer 1 was constructed to be 

approximately 20 feet thick across the model. Layer 1 was made thicker in areas 

of historic mining spoils and at some locations along the Tongue River and Goose 

Creek alluvium. With several hundred feet of overburden between the Tongue 

River and the coal along the eastern edge of the model, the Tongue River and 

coal aquifers are not in hydraulic connection. Along the western portion of the 

model where there is potential for the coal to be in communication with the 
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Tongue River alluvium, Layer 2 was assigned the same properties as the 

alluvium which resulted in total modeled alluvial thicknesses up to 

approximately 50 feet. 

3.0 COMPUTER CODES 

3.1 Software 

The numerical groundwater model utilizes the USGS modular finite 

difference groundwater model MODFLOW version 2005 (Harbaugh 2005) and 

the pre/post processor Groundwater Vistas Version 6.96 Build 21 

(Environmental Solutions, Version 6) . Groundwater Vistas and MODFLOW2005 

are well recognized within the groundwater modeling community and are widely 

utilized and accepted by both industry and regulatory agencies. 

3.2 MODFLOW Input Files 

Nine MODFLOW packages were used to develop the Brook Mine 

groundwater model. The packages include: 

• Basic - Basic Package containing starting heads, constant heads, and 
some options 

• Output Control - Determines what model results to print and save to 
files during simulation 

• Solver - PCG2 was utilized to solve the partial differential equations in 
MODFLOW 

• Drain - Drain boundary conditions package 

• River - River boundary conditions package 

• General Head - General head boundary conditions 

• Horizontal Flow Barrier - HFB, sealing fault boundary conditions 

• Recharge - provides recharge to the model. 

In addition to the MODFLOW packages listed above, several packages 

specific to MODFLOW2000 were also used. They include the LFB and DIS 

packages. No specific MODFLOW2005 packages were used. 
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3.3 Limitations and Assumptions 

As with any modeling software, there are a number of limitations and 

assumptions built into the code. Harbaugh (2005) describes limitations and 

assumptions within the MODFLOW-2005 code. Rumbaugh and Rumbaugh 

(2011) also detail the limitations and assumptions built into Groundwater 

Vistas. Many of the assumptions and limitations within the modeling software 

are the result of inaccuracies inherent in modeling a natural system and are 

generally similar for all modeling software. Limitations and assumptions specific 

to this modeling effort are primarily due to the complexity of the hydrogeologic 

system and limited data on physical and hydraulic characteristics of the aquifers 

and confining units being modeled, as described in detail within this report. 

4.0 MODEL CONSTRUCTION 

4.1 Model Domain 

The model grid is oriented north to south and is generally aligned parallel 

to the strike and major coal seams within the model domain. The grid 

encompasses approximately 38,711 acres. The model is constructed with 

constant grid spacing of 125 x 125 feet consisting of 284 rows and 377 columns. 

The model grid is depicted in Figure 4 .1 - 1. The model domain was sized to 

minimize edge effects created by artificial boundary conditions on the south and 

east boundaries of the domain. 

The model consists of seven layers which are conceptually shown on 

Figure 4.1-2 and described as follows: 

• Layer 1 - Represents the alluvium, historic mine spoils, and weathered 
overburden where alluvium and mine spoils are not present. 

• Layer 2 - Represents the coal overburden. This layer generally overlies 
the entire model domain and is composed of mud/ clays tone, coal, 
argillaceous sand/siltstones, and residuum from coal bum (clinker and 
scoria). Although some lateral permeability is provided by overlying coal 
intervals, Layer 2 is generally modeled with low vertical permeability 
due to interbedded mud/ clays tones. Therefore, Layer 2 is not 
considered a substantial recharge source to the underlying aquifers 
except in the Tongue River and Slater Creek alluvium and scoria 
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outcrops where it was assigned a higher hydraulic conductivity to 
simulate alluvium. The modeled thickness of Layer 2 varies from O feet 
up to approximately 1,100 feet. 

• Layer 3 - Upper Carney Coal seam. This layer is isolated in the western 
portion of the model domain due to a split of the seam, but in the 
eastern portion of the model the Upper and Lower Carney coal seams 
coalesce. This seam represents a primary target for mining operations. 
The modeled thickness of this Layer ranges from 2 to 7 feet throughout 
the model domain. 

• Layer 4 - Camey lnterburden. Represents a claystone that separates 
the Upper and Lower Carney Seams. This interval is generally of low to 
very low permeability and is present in the western portion of the 
Project Area. The modeled thickness of this Layer varies from 4 to 15 
feet throughout the active portion of the model domain. 

• Layer 5 - Lower Carney Coal seam. Represents the lower half of the 
Carney coal seam. This layer coalesces with the upper half of the 
Camey seam on the eastern portion of the Project Area. This seam is 
a primary target for mining operations. This layer was modeled with a 
constant thickness of 8 feet throughout the model domain. 

• Layer 6 - Carney/Masters Interburden. Represents a confining unit 
between the Camey and Masters Seams. This layer is predominantly 
composed of claystone, with a modeled thickness from 4 feet to 69 feet 
within the model domain. 

Layer 7 - Masters Coal seam. Bottom-most minable coal sequence in the 

Project Area. This layer is underlain by the substantial clay and mudstones of 

the Lebo Shale. This seam has a constant thickness of 6 feet within the model 

domain. 

The clay and mudstones in the Lebo Shale essentially serve as an 

impermeable flow barrier beneath the Masters Coal. In Modflow, the bottom of 

the model is treated as an impermeable boundary. As such, the model approach 

accurately simulates real world conditions. 

Layer top and bottom elevations used for volumetric coal estimates were 

provided by Cardno, 2014 and used in the model. Minor adjustments were made 

to these surfaces based on new data provided by additional exploration drilling 

completed after the resource estimates were completed. Figure 4 .1-3 depicts 

actual cross sections cut through the model domain. 
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RAMACO Brook Mine 

4.2 Hydraulic Parameters 

Hydraulic properties needed to characterize each aquifer or confining unit 

include: hydraulic conductivity, storage coefficient (for confined aquifers), 

specific yield (for unconfined aquifers), and recharge. Available information for 

each of these properties was determined from aquifer testing conducted at 

several wells drilled and installed by RAMACO, available data from Big Horn 

Coal's Mine permit, and literature values developed by independent sources such 

as the USGS. 

4.2.1 Hydraulic Conductivity 

As noted in Section 2.5.1, Carney and Masters hydraulic conductivity 

values were measured during pumping tests and slug tests. Hydraulic 

conductivity values for the intervening confining units were measured using 

permeability testing of 8 core samples. The results of permeability testing are 

provided in Addendum D6-16. As shown in Addendum D6-16, hydraulic 

conductivities determined from seven siltstone and claystone core samples 

ranged from 0.00000139 feet/ day (Masters upper confining interval) to 0.000197 

feet/day (Lower Camey lower confining interval). One core sample collected from 

one of the thin sandstone intervals in the Master's underburden had a hydraulic 

conductivity of 0.252 feet/day. Based on an analysis of available drilling logs, 

the confining units are composed primarily of siltstone and claystone so core 

samples from those units are considered most representative. As noted in 

Section 2.5.1.2 the hydraulic conductivity in the spoils is highly variable. The 

hydraulic conductivity of spoils was adjusted higher and lower in the model to 

optimize calibration until calibration was optimized with 0.1 ft/day. This value 

was within an order of magnitude of several values calculated from the Big Horn 

spoils. Hydraulic conductivity values used for the modeling effort are provided in 

Table 4.2-1. Appendix A includes figures that depict the hydraulic conductivity 

distribution within each layer. The Carney interburden, Layer 4, was a assigned 

a relatively low hydraulic conductivity within the western portion of the model 

domain where low permeability interburden separates the upper and lower 
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Carney. Within the eastern portion of the model, the upper and lower Carney 

coalesce, and the hydraulic conductivity assigned to Layer 4 was the same as 

the Camey Coal. This adjustment in hydraulic conductivity allows the model to 

realistically model the coalescence of the upper and lower Carney seams. To 

minimize error associated with abrupt hydraulic conductivity changes, the 

Carney split modeled by Layer 4 was bounded by several bands of decreasing 

horizontal hydraulic conductivity to provide a smooth transition between the coal 

and non-coal interval. As noted in Section 2.3, there are small areas within the 

model domain where the coal is in direct contact with Tongue River alluvium or 

Slater Creek Colluvium. At these locations, a higher hydraulic conductivity was 

assigned to Layers 1 and 2 (as applicable). The figures in Appendix A depict 

where the hydraulic conductivity in Layer 1 has been adjusted to mimic 

alluvial/colluvial deposits. The actual hydraulic conductivity values assigned to 

the alluvial areas were optimized during model calibration. 

Table 4.2- 1. Hydraulic Conductivity Summary 

Hydraulic Conductivity Values (feet/ day) 

Layer Aquifer Unit Horizontal Vertical 

1 Alluvium .02- 1.0 0.002-0.1 

1 Spoils 0.1 0 .01 

1 Overburden 0 .008 0 .0008 

1 Colluvium 0.5 0 .5 

1 and 2 Scoria 0.05 0 .005 

2 Overburden 0.003 0.0003 

3 Upper Carney 0.013-0.75 0 .0013-0.075 

4 Carney Interburden 0 .00108 0.000108 

5 Lower Carney 0 .013-0.75 0 .0013-0.075 

6 Carney/ Masters Interburden 0 .005 0.0005 

7 Masters 0 . 135-55.7 0 .0135-5.57 

4.2.2 Recharge 

Initial recharge rates utilized in the model were estimated based on values 

developed by Carter and Driscoll (2001) in a study conducted on the eastern side 

of the Powder River basin and the Black Hills area. In their study, Carter and 

Driscoll reported recharge rates varying from 0.04 inches per year to 2.93 inches 
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per year within the eastern periphery of the Powder River Basin and the Black 

Hills. The 2.93 inch per year recharge rate was reported within the Madison 

limestone formation outcrops in the Black Hills, while the lower range of recharge 

rates were estimated for areas in the eastern periphery of the Powder River Basin 

where precipitation and soil types are similar in nature to the Brook Mine permit 

area. Based on a starting value of 0.04 inches per year, recharge rates applied 

in the Project Area were adjusted as necessary during model calibration. Several 

areas were assigned higher recharge rates including: areas of coal outcrops and 

alluvial subcrops which are stratigraphically higher than the main coal body; 

some areas with scoria and clinker residuum at surface which may allow rapid 

infiltration; and in areas of substantial shallow alluvium. The recharge rate 

throughout Layer 1 is much lower than the range developed by Carter and 

Driscoll. This is reasonable because much of Layer 1 has no hydrologic 

connection to the underlying coal seams and recharge is unlikely to reach an 

aquifer. The evapotranspiration package was not utilized in the model. 

Therefore, in areas where evapotranspiration will reduce the amount of recharge, 

recharge values were adjusted downward to account for evapotranspiration 

losses. Recharge values used in the model are provided in Table 4.2-2. 

Table 4.2-2. Recharge Summary 

Recharge Rate Recharge Rate 
Layer Recharge Zone (feet/ day/ feet2) (ln/yr) 

1 Base Recharge - Top of Layer 1 l.2xl0-7 0.0005 

1 Scoria residuum at surface 8.0xl 0 -5 0 .35 

2 , 3 and 4 Carney outcrops l.4xl0-4 - 2.0xl0-4 0.61 - 0.88 

6 Masters outcrops 4.5xl0-5 0 .20 

At specific formation outcrops, erosion has removed overlying strata. At 

these locations, the upper layers have been assigned a no flow boundary and, as 

a result, are not active within the model. Since the modeling software applies 

recharge to the highest active layer, recharge is applied to the underlying active 

model layer which is appropriate. Figure 4.2-1 depicts the spatial distribution 

of recharge within the model domain. Along the north and west sides of the 

model, a good portion of the upper layers have eroded away and are modeled 
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with no flow cells. As shown in the figures in Section 4.4, the no flow cells in the 

top layer are largest in areal extent while each underlying layer has a slightly 

decreased areal extent of no flow cells. As such, the no flow cell distribution 

matches the outcrop of each layer to ensure recharge is assigned to the 

appropriate layer. There are some locations within the model domain where dry 

cells during the modeling have caused cells in layer 1 to go dry and recharge is 

applied to the next active layer below. While this could be problematic if a high 

recharge rate were assigned to the model cells, generally throughout the model 

domain the recharge rate is very low. Therefore, this results in a very minor 

amount of water coming into the model and did not significantly affect the model 

calibration. 

4.2.3 Storage Coefficients and Porosity 

As described in Section 2.5.2, estimated storage coefficients (Ss and Sy) 

and porosity were developed for each layer based on measured data and/ or 

research on similar materials. MODFLOW2000 utilizes specific storage (Ss) 

rather than a storage coefficient. As such, storage coefficients were converted to 

Ss prior to input in the model by dividing by the average layer thickness. Each 

layer was assigned a unique specific storage, specific yield and porosity value 

which did not vary spatially except for areas of historic mining where values were 

raised to account for increased storage created by existing mining operations. 

Storage coefficient values for each layer are summarized in Table 4.2-3. 

MODFLOW does not utilize porosity as part of its flow calculations, however, 

estimated porosity values for each layer are also included in Table 4.2-3 to 

further describe the hydraulic characteristics of the modeled units. 

4.3 Sinks 

Water leaves the model domain by three primary mechanisms: 1) Water 

flows within confined aquifers downgradient to the south and east and across 

general head boundaries along the model domain perimeter, 2) water within 

unconfined/perched aquifers drains from outcrops into the surface water system 
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Table 4.2-3. Summary of Specific Storage and Porosity Values by Layer 

Model Storage Coefficient Values 
(I/feet) Model Porosity 

Layer Aquifer Unit Specific Storaa:e Specific Yield Values(%) 

1 Historic Mine Spoils 2.3xl0-3 0.2 27* 

1 and 
Overburden 2.7xl0-6 0.2 27 2 

2 Scoria 2.7 xl0-5 0.2 27* 

3 Upper Carney Coal 3 .64xl0-5 0.075 10 

4 Carney Interburden 2.7xl0-6 0.2 27 

5 Lower Carney 3 .64xl0-5 0.075 10 

6 
Carney /Masters 2.7xl0-6 0 .2 27 
Interburden 

7 Masters Coal 4.2x10-5 0.075 10 

2/4 
Carney - Historic 3.64x10-5 0.8 80 Mining 

*No project specific analyses have been completed. 

through drain cells, and 3) water leaves the model in the Tongue River in the 

river boundary cells. Water is also removed by CBM production wells and by 

dewatering for mine progression; however, CBM impacts to the groundwater 

system were accounted for with general head boundaries and operational 

stresses were modeled transiently as described in more detail later in this report. 

General head boundary conditions were used to simulate the natural 

gradient as well as the CBM induced gradient and thus simulate water leaving 

the model. The general head boundary conditions are described in more detail 

within Section 4.4. 

To model seeps from the Carney Coal, the surface topography and coal 

structure contours were overlaid and drains were placed at the intersection of 

the two surfaces along the downgradient outcrops allowing water moving along 

the formational contacts to seep from the simulated groundwater system. 

River cells were placed to simulate the Tongue River and Goose Creek 

within model domain. As described in Section 2.6.3, the river cells allow water 

to both enter and leave the groundwater system depending on the head of the 

adjacent model cells. 
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4.4 Boundary Conditions 

The boundary conditions within the model vary slightly from layer to layer. 

For each layer the boundary conditions are summarized below: 

4.4.1 Layer 1 

The boundary conditions include, no-flow cells in the northwest portion of 

the model where the formation outcrops or does not contribute to the greater 

groundwater system. River boundary cells are also placed along the Tongue 

River and along Goose Creek within the model domain. The boundary conditions 

within Layer 1 are shown on Figure 4.4-1. No faults were simulated within 

Layer 1. 

4.4.2 Layer 2 

The boundary conditions include, no-flow cells in the northwest portion of 

the model where the formation outcrops or does not contribute to the greater 

groundwater system. Because Layer 2 is not composed of aquifer material and 

because the hanging and footwalls are composed of strata with similar hydraulic 

properties, displacement due to faulting does not substantially change the flow 

through the aquitard and placing horizontal flow barriers in the model in Layer 2 

was not necessary. The boundary conditions within Layer 2 are shown on 

Figure 4.4-2. 

4.4.3 Layers 3, 5 and 7 

The boundaries within the coal layers include drains, general head 

boundaries, and no-flow boundaries. Internal horizontal flow barriers were used 

to simulate faults and breaks in the aquifer continuity. Horizontal flow barriers 

require two input parameters in Groundwater Vistas 1) wall thickness and 2) 

hydraulic conductivity. The input parameter used in the model for wall thickness 

was 10 feet and a hydraulic conductivity of 1.0 x 10-5 feet/day was used. The 

horizontal flow barrier parameters as applied will essentially limit all but a very 

minor amount of flow across the barrier. Spatial summaries of these boundary 

conditions are shown on Figures 4.4-3, 4.4-5, and 4.4-7. 
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4.4.4 Layer 4 

The boundary conditions in Layer 4 include drains, general head 

boundaries east of the Carney split line, horizontal flow barriers and no-flow 

boundaries, which are all depicted on Figure 4.4-4 . The horizontal flow barriers 

were assigned the same properties in Layer 4 as Layers 3, 5, and 7. 

4.4.5 Layer 6 

The boundary conditions in Layer 6 include horizontal flow barriers and 

no-flow boundaries, which are depicted on Figure 4.4-6 . The horizontal flow 

barriers were assigned the same properties in Layer 6 as Layers 3, 5, and 7. 

4.5 Calibration Targets and Goals 

Important features that are available to calibrate the groundwater model 

include outcrop boundaries, seep/spring locations, estimated recharge rates and 

static water elevations in coal monitor wells. The goals of model calibration and 

verification were to adjust these hydraulic parameters as necessary to match 

observed and computed water elevations within the model domain. A calibrated 

pre-mine model provides the basis for mining impact analysis. 

4.6 Numerical Parameters 

The PCG2 solver within MODFLOW was utilized as the solver package. 

The maximum number of outer iterations was set at 1000, and the maximum 

number of inner iterations was set at 500. Due to a model that begins with a 

large number of partially sa turated and dry cells, model instability was a 

problem. Therefore, head change criterion for convergence and other default 

numerical parameters were relaxed to allow MODFLOW to converge on a 

repeatable solution. Relaxing the requirements for convergence, can sometimes 

result in model errors. Because of this, the simulated mass balance was 

reviewed after each model run to ensure that the simulation was valid. Mass 

balance residual error for the model was not allowed to exceed 1.0% during the 
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steady-state calibration run. Mass balance comparisons are described in detail 

in Section 4.10. 

4.7 

4.7.1 

Calibration and Verification 

Calibration Approach 

The calibration approach was an iterative process continuously moving 

towards improving the fit of simulated heads and conditions to those observed 

in the field (the calibration targets). The first step was to construct a working 

model with the proper number of layers representing the geology within the 

Project Area. The first model was a relatively simple steady-state model utilizing 

homogeneous hydraulic properties in each layer. A structured sensitivity 

approach was then used adjust these hydraulic parameters. This method takes 

specified parameters and makes several model runs while changing the 

parameter over a specified range. Upon a review of the calibration statistics and 

mass balance from each model run, the parameter that best optimizes the model 

results is chosen and the model is updated. This process was repeated until an 

optimized, steady-state calibration was achieved. 

The post-CBM potentiometric surface is considered the static water level 

for purposes of the modeling effort. As such, water levels from the coal monitor 

well network were inserted into the model as steady-state head targets. Hydraulic 

parameters were adjusted during each subsequent steady-state simulation to 

approximate these head values as nearly as possible. Due to local geologic 

complexity and hydrologic heterogeneity, model calibration was based on 

regional reduction of residual error between modeled and actual water level data. 

This calibrated potentiometric surface was then imported into a transient model 

for determining impacts resulting from mine dewatering. 

CBM operations are designed to dewater the coal seams in order to remove 

the gas from the coal, therefore, the post CBM assumption used in the model 

means that the water levels in the coal near CBM wells were set at very low levels 

which caused some of the cells in the model to go dry in the steady state model. 

In other words, the model demonstrated that the CBM operations were 

April2019 

T ,. '1 (' 2 I fl 'l J:: ,.,,J J t.1 /..:-J 

: ·. ' · .~ V '1 'J ? " • nAddendum MP-3-56 
• • - .) _, ., .•• ' I.. ,J , - - • DEQ Ex. 5-251



RAMACO Brook Mine 

successful in accomplishing their intended goal. Unfortunately, MODFLOW does 

not handle dry cells very well. In addition, a good portion of the coals are also 

naturally dry within the model. When cells go dry, the program treats them as 

no flow areas and this can impact the way the model moves water around and 

through the cells. MODFLOW does allow for rewetting of cells and this option 

was turned on. However, the application of the wetting option for this model 

configuration did not significantly improve MODFLOW's ability to correct for cells 

that went dry during the steady state simulation. The dry cells cause model 

instability and make calibration more difficult because one cell going dry may 

cascade into multiple cells going dry. As noted later, some of the model predicted 

impacts have resulted from dry cells rather than impacts from mining. 

Nevertheless, even considering the challenges that naturally dry coals coupled 

with CBM dewatering has provided the calibration is considered reasonable. 

4.7.2 Verification/ Calibration Results 

The resulting hydraulic parameters yielded an acceptable fit between the 

modeled potentiometric surface and the target wells within the coal seams of 

interest. Table 4. 7-1 summarizes the calibration targets as well as the calculated 

residuals and statistics from the calibrated model. Figure 4. 7-1 depicts a graph 

of the observed vs. computed target values during for the calibrated model. The 

head values of the steady-state model were similar in the separate coal layers as 

noted in Table 4.7-1. This suggests that the hydraulic conductivity values used 

to simulate the interburden between the coals is higher in the model than they 

are in the natural system. 

Some of the differences observed between the measured and modeled 

water levels may also be attributed to the fact that the current groundwater 

conditions may not truly represent steady state. A truly steady state model 

would not have a large drawdown due to CBM operations along the eastern 

portion of the model. The natural system may be still be transitioning to the new 

steady state levels while the steady state model assumes steady state levels have 

already been achieved. 
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Table 4 .7- 1. Summary of Model Calibration Results 
Water 

MP Eleva t ion Elev . Observed Computed Residual 
Well Name Layer Easting Northing (ft amsl) (ft. BMP) (ft. amsll 1ft. amsll lft l 

5785 10-CRN- l 5 137 1807 .2 194 1542. 1 3965.4 119.6 3845.8 3862 .8 - 17 .0 

5785 10-MST- l 7 137 1823 .0 194 1558. 1 3964.4 146.3* 38 18. 1 3844. 0 -9 .0 

5785 11 -CRN- 1 5 1377926. 5 1940246 .5 3896. 1 11 9.6 3776.5 3765.7 10.8 

5785 11 -MST- 1 7 1377944 .7 1940243 .6 3896.4 149.7 3746. 7 3778.3 -27.7 

5785 13-CRN- 1 5 138 1665.6 1938329.3 3850.0 11 7* 3733. 0 3727.4 5.6 
(DRY) 

5785 13-MST- l 7 138 1680. 6 193834 1.4 3850 .6 105.3 3745.3 373 1. 5 13 .8 

5784 18-CRN- l 5 1387 102 .2 1936927.8 3884 .5 145.7 3738.8 3731.9 6 .9 

5784 18-MST- l 7 1387 130. 9 1936922 .9 3885.8 184.5* 
3701. 3 371 3.4 - 12. 1 
(DRY) 

5784 17-CRN- l 5 139 1364 19391 52 3929. 1 133.4 3795.7 3778 .8 16 .9 

5784 17-MST- l 7 139 1382 1939 175 3928.7 159.9 3768.8 3765.2 3.6 

578408-CRN- l 5 13944 16 194 18 10 3890.0 87.4 3802.6 3784.2 18.4 

578408-MST- l 7 1394423 194 1802 3890 .5 103 .8 3786.7 3784.5 2.2 

578409-CRN- l 5 1399549.2 1940097.5 37 12.7 89.9 3622.8 3597.3 25.5 

578409-MST- l 7 1399559.3 1940087.6 37 12.4 101.0 36 11.4 3597.3 14. l 

5784 15- 5 - 7 14 0429 1.8 1936077.6 36 14.3 12 1.2 3493. 1 3504.7 - 11.6 
CRN / MST 

578524-AL- l 1 138 1927 1934069 3673.9 12.5 366 1.4 3646.2 15 .2 

5784 15-SPL- l 1 1404656 1934 127 3603. 7 16 .0 3587.7 3535.8 5 1.9 

5784 15-SPL-2 1 1404636 19356 19 36 11. 5 70 .8 3540 .7 355 1.6 - 10.9 

578420-AL- l 1 1392945 193 1385 3634.4 8 .0 3626.4 3608 18.4 

578524-CRN 5 138 1899 1934 182 3672 .9 13 .6 3659.3 3649 .1 10.2 

578420-CRN 5 1393062 193 1289 3633.5 9.4 3624 .1 3598 .8 25.3 

5784 15-AL- l 1 1404303 19364 58 3576.0 30 .2 3545.8 3 574.2 -28.4 

Residual Mean 5 .6 Min. Residual -28.4 
Absolu te Residual Mean 16 .2 Max. Residual 5 1.9 
Residual Std. Devia tion 18.5 Number of Observa tion s 22 
Sum of Squares 8228 Range in Observations 352.7 
RMS Error 19.3 

BMP = below m easuring pomt 
*Depth of wa ter observed in well was less than 2 feet and water level is b elow the perforated interval. 
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Figure 4. 7- 1. Observed versus Computed Target Values for Model Calibration 

In addition to the calibration targets, interactions between the coal aquifers and 

the Tongue River were also reviewed during the calibration process. As described 

in Section 2.3, the Carney coal is largely dry to the north and west of its subcrop 

into the Tongue River alluvium and becomes saturated at an elevation just above 

where it subcrops beneath the Tongue River alluvium. Therefore, it is likely that 

the Carney coal would lose water to the Tongue River alluvium. The 

potentiometric surface in the Masters coal is roughly the same as the 

potentiometric surface of the Tongue River where the Masters coal subcrops 

beneath it. A review of the steady state groundwater model shows that where 

the river is immediately above the Masters coal, the net effect is that the upper 

layers containing the river cells contribute approximately 0.3 gpm to the Masters 

coal seam. Conversely, near the upper and lower Camey coal/Tongue River 

outcrops, the river cells remove roughly 12.4 gpm from the model. Since the coal 

outcrops occur beneath the Tongue River, verification of these flows cannot be 

made in the field, but conceptually they are reasonable. In total, the model 

conservatively estimates that up to 73.6 gpm would be discharged from the 

Tongue River and Goose Creek to the groundwater system within the model 

domain. Most of the water discharged from the river cells occurs along Goose 
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Creek or the Tongue River below its confluence with Goose Creek. Upstream of 

its confluence with Goose Creek the model indicates that the Tongue River has 

a slight gain with a net outflow of 21.4 gpm and a net inflow of 22.1 gpm. 

Downstream of the confluence the outflows from the river cells are much higher 

than the inflows. Similarly, the outflows from the river cells representing Goose 

Creek are much higher than the inflows. 

Some error may be introduced due to the fact that the river boundary cells 

extend past the areas where the river is in hydraulic communication with the 

underlying layers. During model construction the river cells proved to be 

problematic. Mass balance errors between layers 1 and 2 occurred in portions 

of the model area where the overburden between the Tongue River and Goose 

Creek and the coal aquifers was thick and the coal aquifers are not in hydraulic 

communication with the surface water features. This may be due to the 

difficulties that MODFLOW has in solving systems with very thin saturated 

intervals coupled with rapid lateral and vertical changes in hydraulic 

conductivities, both of which occurred very near the River cells. The lack of a 

hydraulic connection between the surface water system and the underlying 

aquifers means that from a modeling perspective there is a surficial aquifer 

system which has a relatively high hydraulic conductivity underlain by an 

essentially dry aquitard of very low hydraulic conductivity (many orders of 

magnitude lower). The aquitard is underlain by the coal aquifer with a 

significantly higher hydraulic conductivity significantly (again several orders of 

magnitude difference). In addition, the portion of the model immediately outside 

of the modeled alluvium in the horizontal direction is dry overburden. The 

combination of abrupt changes in hydraulic conductivity and dry cells resulted 

in modeling instability between the alluvial systems and low permeability 

overburden. To improve model stability, in areas where there is no hydraulic 

connection between the alluvial system and underlying coals, the hydraulic 

conductivity of the alluvium was reduced to minimize the differential between 

the hydraulic conductivity of the alluvium and the overburden. With a reduced 

alluvial hydraulic conductivity, the river conductance was reduced accordingly 
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to prevent the cells from flooding. While this significantly improved model 

calibration it was not possible to eliminate all modeling error. The observations 

made during the modeling process further reinforced the understanding that, 

with the exception of the areas along the Tongue River where the coal seams are 

in communication with the Tongue River alluvium, the alluvial systems and the 

coal seams are not in hydraulic communication. Model calibrated pre-mine 

potentiometric surfaces are provided for the Upper and Lower Carney and 

Masters Seams in Figures 4.7-2, 4.7-3 and 4.7-4. 

4.8 Sensitivity Analysis 

To assess which input parameters are most critical to the model results, a 

sensitivity analysis was performed on the calibrated model to determine which 

parameters impacted calibration the most. Details from the sensitivity analysis 

for each parameter are presented in the following sections. 

4.8.1 Model Sensitivity to CBM Recharge Rate 

The rate at which groundwater drawdowns from CBM development will 

recover is largely unknown because at this time the future of CBM in the region 

is unknown. According to WOGCC records, many CBM wells are currently shut 

in and some are being abandoned. However, a number of wells are still showing 

water production. Economic conditions will likely impact future CBM 

development. However, because the assumed "static" potentiometry used for the 

model effort is a snapshot of a transient system, model recharge from the 

surrounding aquifer will likely increase as the regional aquifer levels increase 

post-CBM. However, the impacts and recovery periods estimated within the 

model are believed to be conservative because they assume water levels are 

maintained at current (post-CBM) levels and if CBM production ceases, recovery 

rates will likely be higher than estimated in the model. Additionally, the steady 

state model conservatively assumes that all water levels due to CBM operations 

are at a static fully drawn down level. In some cases, it may be that CBM 

pumping has not occurred long enough for water levels to be fully drawn down 

across the entire aquifer. Generally, the assumptions made for CBM assume 
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maximum impacts and the future of CBM operations remams uncertain. 

Therefore, no specific sensitivity analyses were performed to evaluate how CBM 

operations will impact the model results. 

4.8.2 Model Sensitivity to Hydraulic Conductivity 

To evaluate the model's sensitivity to horizontal and vertical hydraulic 

conductivity, each aquifer layer's hyd raulic conductivities were adjusted both up 

and down one order of magnitude. In the event an order of magnitude change 

resulted in model instability, the multiplier was reduced. The horizonta l values 

were adjusted independently from the vertical values. The sensitivity results are 

provided in Tables 4.8-1 and 4.8-2. 

Table 4.8-1 . Horizontal Hydraulic Conductivity Sensitivity Results 

Horizontal Hydraulic Conductivity Sensitivity 

Zones 
Sum of Square 

Residual Mean 
Residual 

Run Multiplier Residuals Std. Dev. 
Layer 1 

1 0.1 2,19 9,260 3 .9 20 .2 

2 1 All 8,228 5 .6 18 .5 

3 10 2,19 8,420 4.3 19 . 1 

Layer 2 and 4 

1 0 . 1 1,20 10,700 8.7 20.3 

2 1 All 8,228 5.6 18.5 

3 10 1,20 8,880 4.0 19.7 

Layer 3 and 5 

1 0.1 3,10, 11,12,13,18 13 ,300 -3 .2 24.4 

2 1 All 8,228 5.6 18.5 

3 2 3,10,11,12,13,18 11 ,200 10.6 20 .0 

Layer 6 

1 0.1 21 8,850 3.7 19.7 

2 1 All 8,228 5 .6 18 .5 

3 10 21 13 ,400 10.3 22.4 

The results of these sensitivity analyses demonstrate that hydraulic 

conductivity is a relatively sensitive parameter. As shown on Tables 4.8-1 and 

4.8-2, the model is relatively sensitive to slight adjustments of hydraulic 

conductivity. In most cases adjustments in the hydraulic conductivity decreased 

calibration results . The only exception to this was when the vertical hydraulic 

TFN6 2/025 
December 2019 RECD Dt C 13, 2019 Addendum MP-3-65 

DEQ Ex. 5-260



RAMACO Brook Mine 

conductivity was increased in layers 5 and 6. The sum of square residuals 

decreased slightly. In both cases, improvements in calibration were observed 

primarily in layer 7 and there was generally a decrease in the calibration in layer 

5 . As such, the sensitivity analysis demonstrates that hydraulic conductivity 

values used in this model are generally optimized. 

Table 4.8-2. Vertical Hydraulic Conductivity Sensitivity Results 

Vertical Hydraulic Conductivity Sensitivity 

Zones 
Sum of Square 

Residual Mean 
Residual 

Run Multiplier Residuals Std. Dev. 

Layer 1 

1 0 . 1 2,19 9,030 9 .0 20.4 

2 1 All 8,228 5 .6 18.5 

3 10 2,19 8,380 6.0 18 .6 

Layer 2 and 4 

1 0.1 1, 20 13,500 3.7 24.5 

2 1 All 8,228 5.6 18.5 

3 10 1, 20 9,910 3.0 21.0 

Layer 3 and 5 

1 0 .1 3, 10, 11, 12, 13, 18 9,960 6.6 20.2 

2 1 All 8,228 5.6 18.5 

3 10 3, 10, 11, 12, 13 ,18 8,020 5.5 18.3 

Layer 6 

1 0.1 21 8,750 6.2 19.0 

2 1 All 8,228 5.6 18.5 
3 10 2 1 8,060 5.3 18.4 

4.8.3 Model Sensitivity to Recharge Rate 

Given difficulties associated with measuring recharge, it was adjusted as 

necessary to allow model calibration. Actual recharge rates are largely unknown 

and are likely variable from year to year and season to season. To assess the 

consequences of gross errors in the recharge rate a sensitivity analysis was 

performed. For the sensitivity analysis, the recharge rate for all recharge zones 

in the model were adjusted up 10 percent and down 10 percent. The results of 

these adjustments are presented in Table 4.8-3. Fluctuations of recharge rates 

greater than those presented in Table 4 .8-3 resulted in model instability. 
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Table 4.8-3. Recharge Rate Sensitivity Results 

Run Multiplier 
Sum of Square 

Residual Mean 
Residual Std. 

Residuals Dev. 

1 0.9 8,590 7.4 18.4 

2 1 8,228 5 .6 18.5 

3 1.1 8,280 3 .8 19.0 

The results of the recharge rate sensitivity analysis and the fact that model 

instability resulted from large-scale adjustments demonstrates the recharge 

rates as modeled optimize model calibration. 

4.8.4 Model Sensitivity to General Head Boundaries 

Within layers 3, 4, 5, and 7, general head boundaries (GHB) were placed 

around the model boundaries to allow water to move into and out of the model. 

Each GHB has a conductance term associated with it. The conductance term 

dictates how much water is released into or out of the model through the GHB 

over a given time period. To evaluate the impacts an increase or a decrease in 

the conductance assigned to the GHB would have on the model calibration, 

sensitivity analyses were performed assuming the conductance was increased 

and decreased by an order of magnitude. Table 4.8-4 presents the calculated 

sensitivity to GHB conductance. GHB conductance is a not a highly sensitive 

parameter as shown on Table 4.8-4, but the values used in_ the model optimize 

model calibration. 

Table 4.8-4. GHB Conductance Sensitivity Analysis 

Run Multiplier 
Sum of Square 

Residual Mean Residual Std. Dev. 
Residuals 

Parameter: GHB Conductance Zone: All Layers 3, 4, 5, and 7 

1 0.1 9,490 6.9 19.6 

2 1 8,228 5.6 18.5 

3 10 8,470 6 .0 18.7 
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4.8.5 Model Sensitivity to Storage Coefficients and Porosity 

Storage coefficient and specific yield dictate how much water can be 

removed from an aquifer per unit of drawdown. Specific yield is used in 

unconfined aquifers and specific storage is used in confined aquifers. Layer 1 is 

unconfined across the entire model domain while layers 2-6 have both confined 

and unconfined portions. A larger storage coefficient or specific yield 

corresponds to a larger volume of water in storage. MOD FLOW does not utilize 

either storage coefficients or porosity in steady state model calculations. 

Therefore, sensitivity analyses to storage coefficients or porosity were not 

conducted. 

4. 9 Operational Simulation 

Mining is scheduled to occur over a 39-year period, with separate panels 

targeted for extraction each year. The first five years of mining will occur in the 

central portion of the Permit Area near Taylor Quarry (Permit No. SP-757). The 

mining to occur at Taylor Quarry will be shallow surface mining where 

groundwater will not be encountered. Therefore, the first five years of mining are 

not included in the groundwater model. Mining simulations occurred over 35 

stress periods. Table 4.9-1 summarizes the model mining sequence. 

Highwall mining progression begins on the east side of the Brook Mine 

Project Area in the sixth year of mining and generally moves west over time until 

Year 39. Transient drains were placed in the model to simulate dewatering and 

were modeled in I-year stress periods for each highwall mining panel. Trenches 

were left open (drains continued to dewater) for the duration of mining in each 

trench. Once mining was complete in a trench, drains were turned off while 

drains in subsequent panels were turned on. This process occurred for each 

successive mine panel until the entire resource was mined out. The simulated 

mine progression used in the modeling effort is provided in Figure 4.9-1. The 

Upper and Lower Carney Seams are the mining targets, and mining from these 

seams was modeled across the entire Project Area. Current mine planning does 

not include the Masters seam. The Masters seam is the underlying water-
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Table 4. 9-1. Simulated Model Mining Sequence 

Mine Year Period Length (Daya) Stress Period Status 

Steady State Steady state 1 Pre-mining 

5 365 2 Mining 

6 365 3 Mining 

7 365 4 Mining 

8 365 5 Mining 

9 365 6 Mining 

10 365 7 Mining 

11 365 8 Mining 

12 365 9 Mining 

13 365 10 Mining 

14 365 11 Mining 

15 365 12 Mining 

16 365 13 Mining 

17 365 14 Mining 

18 365 15 Mining 

19 365 16 Mining 

20 365 17 Mining 

21 365 18 Mining 

22 365 19 Mining 

23 365 20 Mining 

24 365 21 Mining 

25 365 22 Mining 

26 365 23 Mining 

27 365 24 Mining 

28 365 25 Mining 

29 365 26 Mining 

30 365 27 Mining 

31 365 28 Mining 

32 365 29 Mining 

33 365 30 Mining 

34 365 31 Mining 

35 365 32 Mining 

36 365 33 Mining 

37 365 34 Mining 

38 365 35 Mining 

39 365 36 Mining 

5 years after mining 1825 37 Recovery 

10 years after mining 1825 38 Recovery 

20 years after mining 3650 39 Recovery 

30 years after mining 3650 40 Recovery 

50 years after mining 7300 41 Recovery 
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bearing interval and was utilized in calibration of the model and evaluation of 

impacts. Simulated groundwater drawdowns for each coal seam are depicted in 

5-year intervals during mining and at end of mining in Appendix B. Since mining 

only occurs in the Carney coal, which is dry in many places, there are periods 

where groundwater drawdowns due to mining are less than 10 feet. Figures were 

only created for the 5-year intervals in which mining related drawdowns greater 

than 10 feet were observed. During model simulations some cells go dry and do 

not rewet. In addition, during the transition from the steady state to transient 

model the initial heads in the dry cells were sometimes slightly different. 

Essentially the steady state model simulation assigned various specific 

elevations to each dry cell. When the dry cells were imported into the transient 

model, they were all assigned the same elevation. As a result, extraneous 

drawdowns were observed at several locations within the model. This was 

especially apparent in the upper layers. These drawdowns do not appear to affect 

the final result and were ignored for the purposes of creating the figures in 

Appendix B. 

The simulated impacts on water elevations within the private wells 

identified within the model domain are presented in Table 4.9-2. To determine 

which wells would potentially be impacted by mining operations, well 

completions were compared to modeled surfaces to estimate which formation the 

well was completed in. Wells thought to be completed in the Carney or Masters 

coals were included. The well list in Table 4.9-2 errs on the side of being over 

inclusive. Some wells are believed to be completed over multiple water bearing 

intervals but modeled impacts are reported as if they are only completed in the 

coal seams of interest. In addition, well depths were determined based on the 

SEO water rights database and, in many cases, the well depth was left blank or 

is questionable. If there was a question as to whether a well was actually 

completed in the coal aquifer of interest, the well was assumed to be completed 

in the coals. Therefore, the well list may include wells not actually completed in 

the Carney or Masters coal. Because the completions of these wells are often 

across multiple zones which are sometimes difficult to distinguish based on SEO 
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? Table 4 .9-2 . 
~ 

Maximum Modeled Well Drawdowns during Mining 

tv 
0 ...... 
\0 

Well 

P33064W 

P48251W 

P98281W 

P68201W 

P92235W 

P70103W 

P30978W 

P83047W 

P108644W 

Pl83590W 

P30986W 

P35036W 

P40563W 

P69482W 

P100555W 

P139640W 

P63648W 

P65670W 

P 144442W 

P119576W 

P120822W 

P36783W 

P82129W 

P91874W 

P63975W 

P71814W 

Easting Northing 

1396036 1944411 

1400016 1943126 

1402650 1943144 

1386975 1932597 

1386975 1932597 

1392193 1931231 

1396145 1932548 

1398785 1933871 

1396194 1931247 

1395413 1932693 

1402584 1924729 

1406568 1928720 

1406568 1928720 

1402546 1928746 

1402584 1924729 

1402584 1924729 

1401119 1924715 

1401119 1924715 

1371495 1941983 

1376790 1936691 

1376790 1936691 

1376864 1932728 

1379443 1934059 

1378135 1934052 

1384433 1932636 

1381990 1934024 

Layer Permitted Use 

5 Domestic 

5 Stock 

5 Stock 

5 Domestic 

5 Domestic/Stock 

5 Domestic/Stock 

5 Domestic 

5 Misc. 

5 Domestic 

5 Domestic 

5 Domestic 

5 Stock 

5 Domestic /Stock 

5 Domestic 

5 Domestic 

5 Domestic 

5 Domestic 

5 Domestic/Stock 

5 Domestic/Stock 

5 Domestic/Stock 

5 Domestic/Stock 

5 Domestic 

5 Domestic/Stock 

5 Domestic 

5 Domestic 

5 Domestic 

Screen Screen Total 
Top Bottom Depth 

113 174 180 

245 265 280 

270 290 290 

62 70 70 

75 85 90 

115 175 180 

90 230 230 

120 180 260 

200 260 260 

120 140 160 

126 160 240 

100 340 340 

100 340 340 

221 242 263 

320 345 350 

396 416 416 

190 205 210 

185 215 220 

20 170 170 

20 60 60 

20 40 40 

143/196* 155 /213* 360 

6 20 20 

6 22 22 

110 120 120 

90/ 115* 100/125* 140 

Water Max Drawdown Post Drawdown 
Column (ft)l (ft) Water Column (ft) 

160 ** ** 

96 ** ** 

125.3 1 124.3 

15 0.6 14.4 

77 0.6 76.4 

180 0 180 

230 0.4 229.6 

223 1.4 221.6 

258 0.1 257.9 

140 0 .2 138.8 

80 0 80 

240 0 240 

275 0 275 

182 0.1 181.9 

145 0 145 

256 0 256 

80 0 80 

125 0 125 

50 Mined Through 0 

48 13.6 34.4 

33 13 .6 19.4 

115 0.1 114.9 

11 0.4 10.6 

10 0.3 9 .7 

105 1.3 103.7 

70 3.3 66.7 
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records, these impacts are assumed to occur as they would to a perfectly 

completed, interval specific monitor well. 

Hydrographs from the wells in Table 4.9-2 are included in Appendix C. 

Many of the hydrographs in Appendix C seem to show long term water level 

drawdowns or in some cases rises (albeit very minor) in the wells. It is important 

to understand that these drawdowns are likely due to model instability rather 

than real expected results. During mining simulations several additional cells go 

dry and do not rewet as expected after the mining stresses are removed. The dry 

cells result in slight changes to the modeled water levels which cannot be 

attributed to mining impacts. 

To evaluate impacts to the Tongue River alluvium, a series of targets were 

placed along the Tongue River in Layer 1 during the operational simulation as 

shown in Figure 4.9-2. The targets are simply areas where Groundwater Vistas 

records water levels for purposes of developing a hydrograph and do not 

correspond with actual well locations. Hydrographs from these targets are 

included in Appendix C. Most of the hydrographs show little, if any, water level 

changes during mining. The largest impact was observed at alluvial well A4 

where the modeled water level dropped by 0.09 feet near the end of the mining 

simulation. Based on the very limited impacts observed at the alluvial wells, 

drawdowns in the alluvium is estimated to be less than 0.1 feet. Increased 

infiltration into the groundwater system and thereby stream flow losses from the 

Tongue River as a result of these impacts are therefore expected to be minimal. 

Considering that the seasonal fluctuation in the Tongue River alluvium is 

significantly larger, it is very unlikely that measurable impacts will be observed 

in the Tongue River alluvium due to proposed mining activities. For example, 

when water levels in the river rise in the late spring and early summer due to 

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

the level of the river. Subsequently, in the late fall and winter when water levels 

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

This trend can be seen in the water levels presented in Addendum D6 for Tongue 

River Alluvial well 578420-AL-1. Water level measurements taken in June and 
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July of 2018 are just over 2 feet higher than those measured in November of 

2018 and January of 2019. 

Impacts to the Bighorn Coal spoils could not be determined with the 

model. The model simulated most of the spoils as dry. This is appropriate for 

the spoils north of the River which are generally dry. However, two wells drilled 

into the spoils furthest to the southeast indicate that there is water in some of 

the spoils. The model has simulated small portions of the spoil in this area with 

water but they are mostly dry. Even though the model has limited ability to 

predict what may happen to the spoils, the spoils that are naturally dry north of 

the river could not be impacted by RAMACO's mining. Significantly, the Bighorn 

Coal spoils resulted from mining in the Monarch coal seam which has generally 

either been eroded or burned off where RAMACO plans to mine. Where the spoils 

are saturated there is limited direct hydraulic connection between the spoils and 

RAMACO's proposed mining operations. As such, conceptually minimal 

drawdowns due to mining operations would be expected in the spoils. 

During mining simulations, pit inflows were estimated by comparing the 

volume of water leaving the model from the drains with the volume of water 

leaving the model. Table 4.9-3 depicts the total volume of water predicted to be 

discharged into the mine pits through the life of the mine. As shown on Table 

4.9-3, maximum pit inflows of approximately 23.5 gpm are expected during 

mining years 31 and 32 when production occurs in an area where the coal is 

saturated. Predicted pit inflows will vary from approximately zero to 23.5 gpm. 

Pit inflows will vary depending on what portion of the mine is being actively 

mined. For example, the fifth- and sixth-year mining blocks are in an area where 

the coals are fully saturated, so it is reasonable that pit inflows would be higher 

for these years. Conversely, the twentieth- and twenty-first-year mining blocks 

are located in an area where coal seams are mostly dry, and in those years pit 

inflows are significantly lower than during the earlier years of mining. To provide 

some context for these pit inflows as they relate to other nearby water resources, 

the USGS began tabulating flows in 1920 for the Tongue River at gaging station 

06298000 near Dayton, WY (USGS, 2019). The lowest mean annual flow was 
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Table 4. 9-3. Model Predicted Pit Inflows to the Brook Mine 

Model Stress Pit inflow* Model Stress Pit inflow* 
Period Year (om) Period Year (om) 

Steady Begin 
1 State Mining 19 22 0.7 
2 5 0.5 20 23 2.5 
3 6 19.8 21 24 1.2 
4 7 15.4 22 25 1.3 
5 8 13.4 23 26 1.3 
6 9 12.6 24 27 1.4 
7 10 11.7 25 28 4.1 
8 11 4.0 26 29 0.0 
9 12 2.1 27 30 3.2 
10 13 0.9 28 31 23.5 
11 14 1.1 29 32 20.4 
12 15 1.6 30 33 3.6 
13 16 6.6 31 34 11.0 
14 17 5.0 32 35 5.9 
15 18 14.2 33 36 8.5 
16 19 8.7 34 37 3.6 
17 20 0.2 35 38 3.7 
18 21 0.4 36 39 6.8 

*Pit inflow is the inflow reported at the end of the stress period. 

71.2 cfs recorded in 2004. The maximum pit inflow of 23.5 gpm is 0.07% of the 

mean annual flow of the Tongue River in the driest year on record. 

Model-generated end-of-mine potentiometric surfaces for the Upper and 

Lower Carney and Masters coal seams are provided in Figures 4. 9-3, 4. 9-4, and 

4.9-5, respectively. 

4.10 Recovery 

To simulate water-level recovery, the model was run for 5-, 10-, 20- and 

SO-year periods after the cessation of mining. Model simulated groundwater 

levels recovered to within approximately 5 feet of premine water levels after the 

first 5-year period following the cessation of mining. The modeled drawdowns 5 

years after mining ends are provided in Appendix B. No drawdowns greater 

thanS feet were observed in the 10-year interval. The mass balance throughout 
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RAMACO Brook Mine 

the various stages of the model (pre-mine, mining, and recovery) was also 

evaluated. A comparison of the model predicted inflows and outflows through 

the modeled scenarios against conceptual estimates provides further verification 

on the adequacy of the model. Table 4. 10-1 summarizes the model mass balance 

at each stage. 

Table 4.10-1. Mass Balance Throughout Model Simulation 

Premine 20 Years into 
End of Mining End of Recovery Period (Sl, Tl) (Steady Mining 

State) (Sl6, TlO) (S36, TlO) (S41, TlO) 

Source or Inflow Outflow Inflow Outflow Inflow Outflow Inflow Outflow 
Sink (ft3 / d) (ft3/d) (ft3 /d) (ft3 / d) (ft3 /d) (ft3 / d) (ft3 /d) (ft3 / d) 

Storage - - 12,716 15,781 16,769 14,732 5,432 4,201 

General 
98,091 118,949 98,221 118,942 98,150 118,930 98,085 118,901 

Heads 

River 18,993 4,557 26,996 4,631 26,358 4,501 19,495 4,415 

Drains - 474 - 2,094 - 1,689 - 391 

Recharge 6,890 - 6,890 - 6,890 - 6,890 -
~otal 123,975 123,980 144,823 141,450 148,168 139,854 129,902 127,909 

Note: Sx, Tx designation denotes stress period (S) and timestep (T) from model. 

As shown in Table 4. 10-1, the five main categories of inflows and outflows 

include 1) storage, 2) general head boundaries, 3) river boundaries, 4) drains, 

and 5) recharge. Following is discussion regarding model predicted inflows and 

outflows for each category: 

1) Storage - During the premine steady-state model there is no inflow or 
outflow from storage, so storage does not change. The model predicts 
that during active mining more water will be going into and out of 
storage. Conceptually, this is reasonable since during mining, water 
from the coals would be draining into the mined-out areas. Depending 
on where mining is occurring and how many drains are open, the 
balance of inflows to outflows may vary. At the end of recovery, the 
volume of water going into and out of storage is reduced as compared 
to the volumes during mining. This is reasonable since water levels in 
the aquifers are recovering to premine levels and less water transfers 
from storage are taking place. There is a trend of water continuing to 
come out of storage even after mining ceases. This phenomenon is 
attributed to the fact that many of the cells in the model go dry during 
mining. Since MODFLOW is not very efficient at rewetting dry cells 
when they should be resaturated, the cells stay dry and water is no 
longer able to flow through the cells. As a result, the model simulates 
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water flows differently than before mining. Over an extended time, the 
model would be expected to come to a steady state condition where flow 
into and out of storage is equal. 

2) General Head Boundaries - The amount of water going into and out of 
the model domain via the general head boundaries remains relatively 
consistent throughout the modeled operations. This is reasonable 
because the general head boundaries are a long distance from the 
mining area and would not be expected to be significantly impacted by 
mining. In addition, the total volume of outflows from the general head 
boundaries generally balances the inflows from other sources. This is 
conceptually correct. 

3) River Boundaries -The conceptual inflow and outflow from the coals to 
the Tongue River are discussed in detail in Section 4.7.2. During active 
mining the river inflows (into the model) increase which is conceptually 
correct. The river inflows then decrease once mining ceases which is 
also conceptually correct. 

4) Drains - Several steady state drains were placed in the model to allow 
water to drain from model near outcrops and other areas where cell 
flooding may occur if relief drains were not installed. In addition, one 
of these drains allows water to drain from the model where the Tongue 
River crosses out of the model domain. The total discharge from the 
steady state drains during steady state conditions is 4 7 4 feet3 / day (2. 5 
gpm). While no physical measurements were (or can be) made to verify 
this amount, conceptually it is reasonable. The strata along the Tongue 
River likely does discharge a small amount of water to the river where 
it cuts through the numerous perched sand lenses that become 
saturated from natural recharge. There is no evidence of large 
groundwater discharges to the Tongue River in this area so it makes 
sense that a small discharge to the river (rather than a large discharge) 
would be observed in the model. During mining, drains were added to 
the model to remove water from the mine pits. Table 4.10-1 indicates 
that during mining, discharges from the drains do increase as expected. 
After mining is complete, discharges from the drains return 
approximately to premining levels, which is conceptually correct. 

5) The recharge amount used in the model stays relatively the same 
throughout the simulations, which is expected since changes in the 
stage of mining are not expected to affect recharge. Total recharge 
across the model area is approximately 36 gpm. The recharge is 
reasonable based on available data. 

Limitations of the modeling software may affect the recovery simulation. 

These limitations include: difficulty re-wetting cells dried out by mine 
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progression, the inability to model hydraulic parameters transiently, and 

difficulty of the software to be able to handle significant abrupt changes in 

hydraulic conductivity between layers. 

As expected, portions of the cells within the proposed mine panels dried 

out during operational simulation, especially in the Upper Carney. When 

recovery commenced, the model did not allow water to re-enter into many of 

these cells. This phenomenon is a potential modeling concern as it alters the 

groundwater flow because a dry cell is treated as a no flow area. It also potentially 

reduces the amount of water necessary to bring the potentiometric surface back 

to pre-mine levels as there is less matrix volume to re-saturate, thereby 

decreasing the estimated recovery period. MOD FLOW has a package for allowing 

cells to resaturate; however, it was not always effective. Please note that portions 

of the mining operations will take the low permeability overburden from above 

the coal, remove the coal, and then replace it back into the space formerly 

occupied by the coal. In some instances, the mine spoils placed back into the 

pit include large chucks of shale rubble which sometimes may form quasi 

aquifers. In other instances, the material placed back into the pits may be finer 

grained overburden shale which would not be expected to form an aquifer. As 

such, there may be some instances where the no flow cells are reasonable 

because the coal aquifer is actually removed and not replaced. 

Minor drawdowns are observed throughout the recovery period in portions 

of the Carney and Masters Seams downgradient of the cells that dried out during 

the mining simulation. These "apparent" drawdowns are a result of modeling 

limitations rather than impacts from mine dewatering and should be 

disregarded. 

A small amount of error was introduced because the modeling software 

does not have the ability to model porosity transiently. Within the areas where 

the highwall miner is used for mining, an open cavern will remain. Unless the 

mined-out areas collapse, the remaining aquifer is essentially an open cavern 

with 100% porosity. During resaturation of the mined areas, the assigned 

storage coefficients remained the same as the original aquifer properties. As a 
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result, the model may underestimate the time that it takes for the aquifer to 

resaturate where the mining methods have increased the porosity, and thereby, 

the resaturation volume. Inversely, in the slots mined with traditional open cut 

mining techniques, coal will be removed and replaced with overburden material. 

In these locations the backfilled material is expected to have poor aquifer 

characteristics because it will primarily be a mix of various sized particles of fine

grained claystone and siltstone. In these areas, the aquifer will be essentially 

removed. Again, the modeling software does not have the ability to transiently 

change aquifer properties. Since the mined area is relatively small as compared 

to the entire model domain and the open caverns will be somewhat balanced by 

low permeability backfill in the slots, the lack of transient porosity is not expected 

to produce significant error. 

Figure 4.9-1 shows the areal extent of mining and Figures 4.7-2, 4.7-3, 

and 4.7-4 depict the areas that were modeled as dry within the Brook Mine 

permit area. A large percentage of the area that will be mined is dry prior to the 

initiation of mining. In addition, figures in Section 4 show that after mining, 

some of the areas go dry and do not rewet. In the areas where slots are 

excavated, this prediction is reasonable because the backfill will act as an 

aquitard with poor aquifer characteristics. A layer by layer review of the mined 

area at the end of mining was conducted to determine conceptually how ignoring 

the changes in the coal porosity and changes in backfill material may have 

impacted the model predictions. The following discussion summarizes this 

review of the mined area: 

Upper Carney-With exception of a very small portion of mine blocks for 

years 10-11, 31-32, and 39 (Figure 4.9-1), the entire Upper Camey coal is 

unsaturated. Therefore, there is no resaturation and no recovery for the vast 

majority of the Upper Carney Mining area. The model estimates are appropriate 

for the Upper Carney coal. 

Lower Carney - Most of the mine blocks, as well as the open slots, are dry 

in the Lower Carney at the end of mining. Only mine blocks for years 6-11, 31-

32, 34-36, and 39 had substantial portions that were saturated. As a result, the 
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potential error created by transient aquifer properties in model predicted 

resaturation rates to the underground mined coal blocks in the Lower Carney 

coal, if any, is expected to be very low. With the exception of the slots cut to 

mine the blocks described above, all of the slots cut to mine the Carney coal will 

also be dry; therefore, resaturation at those locations will not substantially 

impact model predictions. All of the slots in saturated coal blocks generally run 

parallel to the direction of water flow. If the coal in these locations is completely 

removed and replaced with an aquitard, the impact to the aquifer will be minimal 

because water will simply flow around the portion of the backfilled aquifer. 

Since much of the mined area is dry, the area mined that is below the 

water table is relatively small, and the open cuts are oriented such that they 

have minimal impacts to groundwater flow, the recovery analysis performed by 

the model is reasonable. Also, as noted, the areas where resaturation rates are 

overestimated due to open caverns are counterbalanced by the areas of open 

cuts where the aquifer will not be replaced and the model underestimates the 

time it takes for the strata to resaturate. 

As previously noted, modeled drawdowns in the alluvial targets were less 

than 0.1 feet during mining. There are no trends or patterns in the drawdowns 

that suggest the alluvium will see any measurable long-term impacts from the 

proposed mining operations. Since the Big Horn Mining spoils were mostly dry 

within the model, it is not possible predict any long-term impacts to water levels 

in them. However, generally the water levels in the cells within and surrounding 

the spoils show little to no change. As such, no long-term impacts to the Bighorn 

Mine Spoils are anticipated. 

The model may overestimate impacts from CBM operations. The Post-mine 

static water level assumes that CBM continues to depress the potentiometric 

surface indefinitely. Therefore, when, and if, CBM production ceases, additional 

water will be available to the system, and may increase the recovery rates 

predicted by the model.. As noted in Section 2.6, there is limited data available 

regarding pre-CBM water levels in the CBM wells completed in the coals along 

the eastern edge of the model domain. However, the total impacts to the water 
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level in the coal due to CBM water withdrawals are likely on the order of 

hundreds of feet. Therefore, the impacts to the water levels in the coal resulting 

from CBM operations are orders of magnitude larger than the expected impacts 

from mining. 

4.11 Summary and Conclusions 

The Brook Mine Groundwater Model was constructed primarily to predict 

the groundwater impacts of mine dewatering within the Project Area as required 

for the Permit to Mine application for the WDEQ. The data used to construct the 

groundwater model was compiled from monitor wells and exploration drilling 

conducted by RAMACO over the past two years, as well as WOGCC and SEO 

records of domestic and CBM wells in the area. Literature values were utilized 

as necessary to address site specific unknowns. 

The Brook Mine Project is expected to decrease the heads within the coal 

seam aquifers, which in tum may increase the amount of water infiltrated to the 

coal aquifers where it subcrops under the Tongue River alluvial system and 

reduces water availability for private wells completed in coal aquifers located 

near the Project Area. However, mining impacts to the Tongue River alluvium 

are predicted to be minimal. The only predicted impacts outside of the Brook 

Mine permit boundary would be observed at the existing water supply wells. The 

largest model predicted impact seen at any existing well outside of the Brook 

Mine permit boundary is 13.6 feet. This impact is estimated to be short lived 

(approximately 4 years). Model predicted drawdowns at the rest of the wells are 

less than 5 feet. At most of the wells, predicted drawdowns are less than 1 foot 

over the life of the mine. 

Maximum expected impacts to the coal aquifer system occur in the mined 

panels where the aquifer matrix is essentially removed, and no water saturation 

will exist post-mining. However, the recovery simulation demonstrates that these 

aquifers will generally reach 90 percent of their pre-mine water levels within 5 

years. Due to CBM development, the current hydrogeologic system is not at 

equilibrium, but estimating the impact of CBM development on the aquifer 
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system was outside the scope of this model. A post-CBM pre-mine static 

potentiometric surface was used for the modeling effort, which conservatively 

overestimates impacts if CBM development ceases. Existing and ongoing CBM 

development impacts to the water levels in the coals are significantly greater than 

the predicted impacts from RAMACO's proposed mining operations. In the event 

that CBM development ceases, this model conservatively over estimates the 

combined impacts that will occur from mining and CBM production. 
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APPENDIX A 

Figures Depicting Hydraulic Conductivity Distributions in Each Layer 
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No Flow Hydraulic Conductivity (ft/day) 
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Pump Tests Hydraulic Conductivity (ft'day) 0 - Drain I 

K (ft'day) 
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Hydraulic Conductivity Distribution in Layer 3 

March 2019 
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Legend 
Drain Hydraulic Conductivity (ft/day) 
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Legend 
Drain Hydraulic Conductivity (ft/day) 

Zone Value 

GHB 3 • 0.310 

Flow Barrier 10 • 2.200e-002 

No Flow 11 9.700e-002 

12 • o.1so 

13 • o.379 

18 1.300e-002 

Hydraulic Conductivity Distribution Within Layer 5 
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Legend 
Drain Hydraulic Conductivity (ft/day) 

Zone Value I Flow Barrier 21 • 5.000e-002 • NoFlow 

Hydraulic Conductivity Distribution Within Layer 6 
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Legend 

I 9 Pump Tests Drain Hydraulic Conductivity (ft/day) 

(ft/day) 
Zone Value 

• GHB 4 0.540 

I Flow Barrier 15 • 1.417 

• No Flow 16 • 55.68 

17 • 0.135 

Hydraulic Conductivity Distribution in Layer 7. 
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APPENDIX B 

Modeled Water Level Drawdowns 
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APPENDIX C 

Simulated Water Level Hydrographs at Targets and Wells 
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Model Predicted Hydrograph at Well P63975W 
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RAMACO Brook Mine 

MP-4.1 INTRODUCTION 

The Brook Mine will apply to Wyoming Department of Environmental 

Quality (WDEQ) to operate an industrial landfill facility within its mine permit 

boundary. This addendum to the Mine Plan provides a flexible operating plan 

for solid waste disposal that the Brook Mine; it has been prepared to comply 

with applicable regulations governing solid waste disposal. 

The Brook Mine has not yet operated an on-site landfill. If on-site 

disposal of mine-generated solid waste occurs, it will be performed in 

compliance with the conditions stated herein. 

Most wastes will be hauled off-site for special treatment, recycling, or to 

the Sheridan County landfill. On-site disposal will be limited to specified, 

nonhazardous wastes. Small quantities of petroleum-contaminated soils will 

also be landfarmed and disposed of on-site. 

The pre- and post-mining potentiometric surfaces are much deeper than 

where solid waste might be placed. 

MP-4.2 WASTE TYPES, QUANTITIES, AND GENERAL 
HANDLING/DISPOSAL METHODS 

Solid wastes routinely generated at the Brook Mine will be office and 

shop wastes, which could be hauled off-site to the Sheridan County landfill 

(county landfill); and small quantities of coal cleanings and burning coal, which 

will be disposed of in an overburden stockpile or the backfill. Small quantities 

of petroleum-contaminated soils will also be generated, landfarmed, and 

disposed of on-site as described in Section MP-4.5. 

This section 1) describes the types of waste which will be generated at 

the Brook Mine; 2) indicates which wastes will be recycled/ reclaimed, disposed 

of off-site, or disposed of on-site; and 3) gives quantity estimates where 

pertinent. This section also describes handling procedures for wastes which 

will be recycled or otherwise disposed of off-site . On-site disposal methods and 

standards are detailed in Section MP-4 .3. 

October 2014 Addendum MP-4-3 
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MP-4.2.1 Office and Shop Wastes 

Waste originating in office and shop buildings includes solids such as 

paper, lunchroom waste, shop rags, and spent aerosol cans. These wastes will 

be placed in dumpsters and hauled off-site for disposal at the county landfill. 

An independent contractor hauls the waste at regular intervals. 

These wastes will be screened to ensure they are void of petroleum or 

other chemical residues, and are in compliance with the EPA "Empty Rule" 

(Title 40 CFR Part 261. 7). 

MP-4.2.2 Equipment Waste 

Equipment-related solid waste includes machinery parts, tires, belts, 

non-terne-plated filters, and batteries. These wastes will be recycles or 

reclaimed where feasible. Used tires will be sold for recycling. Lead acid 

batteries will be stored on a steel grate above a concrete pad in the shop 

building where they will be picked up periodically for recycling by an 

independent contractor. Unrecyclable wastes such as equipment parts and air 

filters will be disposed of on-site or placed in dumpsters for off-site disposal to 

the county landfill. Waste to be disposed of on-site shall be void of free 

petroleum or chemical residue. Fuel and oil filters will be hot drained and 

crushed. It is permissible to place items such as oily rags, absorbent material, 

and crushed and hot-drained fuel and oil filters in the dumpsters for disposal 

at the county landfill. 

MP-4.2.3 Supply and Scrap Wastes 

Supply waste and scrap materials include scrap metal, concrete, and 

untreated scrap wood such as crates and skids. These wastes will be disposed 

of on-site, with the exception of most scrap iron which will be sold for recycling. 

Unsalable scrap metal (rebar, culverts, etc.) will be disposed of on-site. 
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MP-4.2.4 Equipment Lubricants and Fluids 

All waste oil, grease, and antifreeze (ethylene or propylene glycol) will be 

recycled or reclaimed. Waste oil will be stored in a tank and transported off

site by an approved and licensed contractor. Antifreeze will be recycled on-site 

or shipped to an approved recycler. Used grease and antifreeze will be stored 

on spill pallets in a designated, signed area, and periodically shipped off-site for 

recycling or incineration. 

MP-4.2.5 Solvents 

Any spent solvent not consumed by use will be recycled or, where 

allowed by hazardous waste regulations, mixed with used oil and shipped off

site for recycling or burning for energy recovery. 

MP-4.2.6 Hazardous Wastes 

Any hazardous wastes generated (such as paints and thinners) will be 

stored on spill pallets in a designated, properly signed area where they will be 

picked up periodically for shipment to a licensed hazardous waste facility or 

incinerator. If at any time the amount of hazardous waste accumulated on-site 

exceeds 1000 kg, it will be shipped to a licensed hazardous waste facility within 

the time frames set forth in EPA regulations (Title 40 CFR Part 261.5); however, 

the accumulation of such a quantity of hazardous waste is not anticipated. 

MP-4.2. 7 Petroleum-Contaminated Soil 

The Brook Mine outdoor service areas for equipment typically generate 

very small quantities of oil- or petroleum-fuel contaminated soil: 

approximately 5 to 10 cubic yards annually, depending on spill volume. Any 

contaminated soil will be landfarmed on-site as described in Section MP-4.5. 

MP-4.2.8 Empty Drums 

Empty drums and barrels will generally be returned for deposit whenever 

possible. Containers not returned for deposit will be disposed of on-site in 
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accordance with the EPA "Empty Container Rule" (Title 40 CFR Part 261.7). 

Empty drums and barrels will be stored in a designated area in a manner 

which avoids the accumulation of precipitation or other fluid in them. 

MP-4.2.9 Sump Sediment 

Drive-in sediment sumps will be constructed near washdown areas at 

the maintenance shop and coal processing facilities. Sumps or traps will 

provide a mechanism to intercept sediment load prior to waters being conveyed. 

The shop sump accommodates an oil/water separator, minimizing or 

negating potential contributions of oil contaminated waters. Petroleum 

products and trapped sediment from washdown will be characterized by an 

analytical method approved by WDEQ/LQD for Resource Conservation and 

Recovery Act (RCRA) hazardous constituents. Sediment deemed suitable for 

on-site landfill disposal will be placed accordingly. If it contains non-

hazardous petroleum products, it will be landfarmed on-site as described in 

Section MP-4.5. Hazardous wastes, if characterized by the WDEQ/LQD 

approved analysis, will be disposed of via an off-site licensed contractor. 

Coal processing facilities primarily generate coal fines in washdown 

waters, and these fines will be trapped by a similarly designed drive-in sump 

(to the sediment sumps) near the source of the coal fines . Brook Mine 

anticipates that the water quality will contain no hazardous materials, and 

fines excavated at the sump(s) will be disposed of on-site. 

MP-4.2.10 Wastewater Reservoir Sediments 

Industrial wastewater and sedimentation reserv01rs will occasionally 

have sediments removed to maintain required reservoir capacity. Reservoir 

sediments will be disposed of on-site in the trenches or surface mine pits or 

overburden stockpiles. 
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MP-4.2.11 Sewage 

Sewage wastewater will be handled separately from industrial wastewater 

by means of a septic leach field. The sewage wastewater will flow by gravity to 

each of the leach fields. Holding tanks for sewage wastewater from the transfer 

towers and other sources will be emptied by approved waste disposal 

con tractors. 

MP-4.2.12 Coal Waste and Unsuitable Overburden 

Brook Mine will have no coal processing wastes which require disposal. 

Coal reject, thin partings, and any burning coal will be selectively mined, 

loaded, and hauled to an overburden stockpile or backfill burial. Acid-forming, 

carbonaceous, and other geochemically unsuitable overburden materials 

encountered during mmmg will be identified, handled, and disposed of as 

described in the Mine Plan. 

MP-4.2.13 Asbestos 

No asbestos, or asbestos-containing solid waste, will be generated or 

disposed of at the Brook Mine. 

MP-4.3 ON-SITE WASTE DISPOSAL METHODS AND OPERATING 
STANDARDS 

This section describes wastes suitable for on-site disposal; on-site 

disposal methods; location restrictions; operating standards; and operating 

schedule. 

MP-4.3.1 Wastes Suitable for On-Site Disposal 

Only mine generated solid wastes will be disposed of on-site. Petroleum

contaminated soil or sediment will not be placed in the disposal sites, but will 

be landfarmed as described in Section MP-4.5. Waste for on-site disposal will 

be screened before disposal to ensure that potential hazardous wastes and 

unsuitable materials are not placed in the disposal sites. Table MP-4-1 lists 

wastes suitable for on-site disposal. 

October 2014 Addendum MP-4-7 

TFN 6 2 /025 
RECD NOV 14,2014 DEQ Ex. 5-333



RAMACO Brook Mine 

Table MP-4-1. Typical Wastes Suitable for On-Site Disposal at the Brook Mine 

Waste Category 
Paper 

Non-treated wood 

Metal 

Pipe and Culverts 

Rubber 

Plastic 

Glass 

Organics 

Earth Materials 

Examples 
Polypropylene-lined paper bags 
Card board boxes 
Seed and fertilizer bags 
Paper trash 
Packaging crates 
Pallets and skids 
Scrap lumber 
Metal banding on crates 
Spent welding rods 
Unsalvagable scrap metal 
Miscellaneous small empty cans 
Empty drums (after meeting EPA "Empty Rule") 
Steel 
Polyethylene, PVC 
Concrete 
Worn conveyor belt pieces 
Belts and hoses 
Foam packaging material, empty small containers 
Primer cord, conduit, electrical cable 

Broken plastic pallets 
Broken glass 
Empty bottles and jars 
Light bulbs 
Food scraps 
Reservoir residues 
Concrete 
Bricks 
Floor sweepings 
Reservoir sediments 

NOTE: All items shall be screened as necessary to ensure they are void of free 
petroleum or chemical residue. 
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In addition to the wastes listed in Table MP-4-1, wastewater and 

sediment reservoir sediments and geochemically unsuitable overburden will be 

disposed of in the highwall trenches or surface area mine pits. 

MP-4.3.2 Disposal Site Construction 

On-site disposal of solid waste will occur on spoils in the active mining 

areas either in the highwall trenches or the surface area mine pits. All solid 

waste disposal sites will be located in conformance with the following 

standards. 

Each solid waste disposal site will be a five - to ten-foot deep pit placed on 

spoils at least 20 feet above groundwater or the postmining potentiometric 

surface to avoid degradation of groundwater. Size of each site will vary. Each 

site will be surrounded by a retaining berm approximately 5 feet high, or as 

safety requires; an opening in the berm will be provided for access. Typically, 

only one refuse disposal site will be open at a time, and will be used as long as 

operationally feasible. 

Compaction and coverage of wastes will be conducted often and as 

necessary to control windblown litter. Wastes will be covered by back-dumping 

with haul trucks. The area above the completed disposal sites will be covered 

with a minimum of 4 feet of suitable overburden, and reclaimed concurrently 

with pit backfill. Operation of the disposal site shall be conducted in 

accordance with all local, State, and Federal requirements. 

MP-4.3.3 Location Standards and Restrictions 

Solid waste will not be placed: 

1. Within 4 feet of the final graded backfill spoil surface; 

2. Within 8 feet of any coal outcrop; 

3. Directly on the trench or pit floor; 
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4. 

5. 

6. 

Brook Mine 

Within 1000 horizontal feet of any drinking water source, such as 
a well, which furnishes water to a public water system for human 
consumption; 

Within 1000 feet of any occupied dwelling, excluding mine 
dwellings, nor within 300 feet of any building unless provisions are 
made for protection from methane gas accumulation; 

Within 1000 feet of any primary highway; 

7. Within 300 feet of any perennial river or stream; within the 
surficial boundaries of a 100-year floodplain of any perennial river 
or stream; or within any wetland; 

8. Within 1000 horizontal feet of any perennial pond or lake which 
occurs naturally or is not used for any purpose related to mining; 

9. Within the high water line of any permitted impoundment; 

10. Less than 20 feet above groundwater or the postmining 
potentiometric surface. 

MP-4.3.4 Surface Water/Drainage Control 

Surface water will be diverted to avoid contact with solid waste disposal 

sites. Typically this will be accomplished by drainage control structures 

(diversions, ditches, pipelines, and reservoirs) which route surface water 

around the mining activity, or collect and treat water that accumulates in the 

pit. Although precipitation cannot be controlled, waste will not be intentionally 

placed in standing water. Care will be taken to prevent ponding over filled 

disposal areas. 

MP-4.3.5 Litter Control 

Waste disposal sites will be partially protected from the wind by their 

position at the toe of spoils inside the highwall mining trenches or the surface 

area mine pits. Windblown litter will also be minimized by confining wastes to 

the smallest practical area, compacting wastes on a regular basis, and covering 

wastes as necessary. 
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MP-4.3.6 Access Control and Signing 

Mine access and haul roads will provide access to the disposal sites. 

Mine roads will be designed, and will be built and maintained for all-weather 

use by heavy equipment; subsequently, weather conditions will not normally 

restrict of hinder solid waste disposal activities. 

The active mine site is fenced, which will effectively control access to the 

disposal sites. Active disposal sites will be identifiable by the placement of the 

sites and their appearance. Training and informing mine personnel will be an 

important part of the proper use and recognition of the disposal sites. 

MP-4.3. 7 Open Burning and Fire Control 

Open burning of solid wastes is prohibited. 

MP-4.3.8 Operating Schedule 

Solid waste disposal may occur at any time; disposal sites will be 

operated on a continuous basis, 24 hours per day, 365 days per year. Disposal 

will not take place any time that the site or weather conditions preclude safe 

and proper operation. 

MP-4.3. 9 Reporting 

The location of solid waste management and disposal sites will be 

reported to WDEQ/LQD in the Annual Report. 

MP-4.4 GROUNDWATER MONITORING 

The groundwater monitoring system m place at the Brook Mine to 

monitor mining impacts and reclamation efforts will concurrently monitor for 

leachate from on-site solid waste disposal. 
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MP-4.5 

Brook Mine 

TREATMENT AND DISPOSAL OF PETROLEUM-CONTAMINATED 
SOILS 

Small quantities of petroleum-contaminated soils generated at the Brook 

Mine will be landfarmed on-site in accordance with WDEQ's Solid Waste 

Management Rules and Regulations, Chapter 8: Special Waste Management 

Standards. This section describes types of wastes which will be landfarmed, 

documentation and reporting of landfarming activities, and landfarming 

methods and operating standards. 

MP-4.5.1 Allowable and Non-Allowable Wastes for Landfarming 

Fuel, grease and oils are the typical petroleum products in soils to be 

landfarmed at the Brook Mine. The used oil waste stream at the mine is 

monitored for hazardous characteristics because it is recycled and/ or burned 

off-site for energy recovery in accordance with Title 40 CFR Part 266, Subpart 

E. Hazardous wastes, liquids, semiliquids, and other types of solid waste will 

not be placed in landfarm treatment areas. 

MP-4.5.2 Documentation and Reporting 

The mine operator will verify and document the source and type of 

petroleum contamination, and that the soils to be landfarmed are not a liquid 

or semiliquid. Any spill of 25 gallons or more of refined product will be 

reported to WDEQ/Water Quality Division (WQD). Landfarming of greater than 

40 cubic yards of petroleum-contaminated soils at any one time is not 

anticipated; however, prior authorization will be requested from WDEQ/LQD to 

do so. Records of the following information will be maintained at the Brook 

Mine, and reported to WDEQ/LQD in the Annual Report: 

1. Location, type, and quantity of petroleum-contaminated soils; 

2. Copies of any physical or chemical analyses performed on the soils; 

3. Date of the spill (if known or applicable) and the date(s) the 
petroleum-contaminated soils were taken to the landfarm area, 
tilled/turned/ disked, and disposed; 
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4. Location of landfarm treatment area(s); and 

5. Documentation that the soils were treated and/ or disposed of in 
accordance with this Refuse Disposal Plan. 

MP-4.5.3 Landfarming Methods and Operating Standards 

Landfarm treatment areas will be located on inactive overburden benches 

or inactive backfill or unreclaimed areas. Landfarm sites will be: 

1. Relatively flat; 

2. At least 100 feet from any occupied dwellings, buildings, public 
parks, or recreation areas; 

3. Large enough to treat the anticipated volume of soil; 

4. Separate from solid waste disposal sites; and 

5. Located to minimize the threat of contaminating groundwater or 
surface water. 

Active landfarm sites will be marked with identifying signs and signs 

prohibiting smoking with, at minimum the following wording: 

"RESERVED FOR PETROLEUM-CONTAMINATED SOILS 

NO SMOKING" 

Access will be restricted by the same procedures governing mine site access. 

Aforementioned, treatment areas will be carefully located to minimize the 

threat of contaminating groundwater or surface water. Treatment areas will be 

situated only on sites where groundwater or the postmining potentiometric 

surface is at least 20 feet below the treatment surface. Due to the depth to 

groundwater and the postmining potentiometric surface over most of the Brook 

Mine Permit Area, it is anticipated that treatment sites will typically be located 

where depth to groundwater and the postmining potentiometric surface is 

much deeper. Surface water will not be allowed to flow into or out of landfarm 

treatment sites. Although precipitation cannot be controlled, petroleum

contaminated soils will not be intentionally placed in standing water. 
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Petroleum-contaminated soils will be applied to the treatment area in 

lifts of a 6-inch thickness, or less. Diesel- or gasoline-contaminated soil will be 

aerated for at least one month in warm weather (50°F or warmer). Soils 

contaminated with used oil will be aerated for three to four months in warm 

weather. When temperatures are below 50°F for extended periods, the aeration 

period will be extended as necessary, possibly as long as six months. Soils will 

be disked or tilled at least once during the aeration period. 

A composite 3 - to 5-point sample of the treated soil will be taken after 

completion of the aeration period and submitted for laboratory analysis. Soils 

may be disposed of at the end of the aeration period: 

1. When Total Petroleum Hydrocarbon (TPH) content by an 
appropriate EPA method (such as EPA 418.1 or EPA 8015) is 100 
parts per million or less, if the treated soils are to be disposed of or 
backfilled in an area where groundwater is at least 50 feet below 
the location of the treated soils backfill, or if the treated soils will 
be used for asphalt aggregate or road base; or 

2 . When TPH concentration is 30 ppm or less, in the unlikely event 
that the treated soils are to be disposed of or backfilled into an 
area where the groundwater is within 50 feet of the treated soils 
backfill; or 

3. When disposal is authorized by WDEQ based on discussions of the 
soil volume, petroleum hydrocarbon type and/ or concentration, 
and other relevant factors. 

Contaminated soils which do not achieve the above-listed TPH standards 

will undergo the weathering and tillage process until the standards are met. If 

the standards are not achieved within one year, WDEQ will be contacted to 

discuss alternative treatment and/ or disposal. Any treatment other than 

natural aeration and tilling (such as addition of fertilizer or microbes) will be 

approved by WDEQ/LQD prior to use. 

Treated soils will be disposed of in one of the following manners: 

1. By burial below the final reclaimed surface (disposal will not occur 
in the upper 4 feet of regarded spoil); 
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2. By use as cover material in the solid waste disposal sites; or 

3. By use as road base. 

Treated soils will not be disposed of outside the Brook Mine Permit Area. 

MP-4.6 REFERENCES 

Wyoming Department of Environmental Quality/Land Quality Division 
(WDEQ/LQD). (December 2012). Rules and Regulations Chapter 4: 
Environmental Protection Performance Standards for Surf ace Coal Mining 
Operations. Cheyenne, Wyoming. Retrieved 2014, from 
http:/ /soswy.state.wy.us/Rules/RULES/8882.pdf 

Wyoming Department of Environmental Quality/Solid Waste Management. 
(October 1998). Rules and Regulations Chapter 8: Special Waste 
Management Standards. Cheyenne, Wyoming. Retrieved 2014, from 
http:/ /soswy.state.wy.us/Rules/RULES/3294.pdf 
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MP-5.1 INTRODUCTION 

The following is a description of the contingency plan to preclude 

sustained combustion of any materials constituting a fire hazard. 

MP-5.2 FIRE PREVENTION 

The first line of fire control will be fire prevention. Prevention of fires will 

be accomplished by recognizing potential fire hazards and correcting the 

situation before the fire starts. A conscientious effort will be made to avoid the 

possibility of a fire breaking out; various safeguards have been incorporated 

into the system in order to ensure this. 

MP-5.2.1 Monitors 

Various types of monitors will be utilized in the mine facilities to detect 

conditions that could lead to fire. Methane detectors will be employed at the 

storage and load-out facilities to determine the presence of methane gas. 

Portable methane detectors will be used at other areas of the mine where 

needed. 

MP-5.2.2 Coal Dust Suppression 

Coal dust will be controlled to prevent fires and explosions. Baghouses 

will be used at all crushing facilities to remove dust from the air. Dust 

accumulations on surfaces will be kept to a minimum. Explosion-safe motors 

will be used in critical areas where coal dust might be ignited by an electric arc. 

MP-5.2.3 Spontaneous Combustion 

The potential exists for spontaneous combustion of coal. In order to 

minimize this hazard, coal will be blasted ahead of coal loading only as far as is 

necessary. The blasted coal will then be processed through the coal handling 

facilities, and placed in storage for load-out. If the coal becomes "hot" while in 

storage, it will be removed from storage and hauled to the pit where it will be 

spread, compacted, and buried as necessary. 
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All flammable materials will be properly stored and identified. 

Flammable liquids will be cleaned from mine equipment. Mine equipment will 

be kept free of flammable liquid leaks. 

MP-5.2.4 Maintenance 

All mine equipment will be kept as free as possible of any fire hazard. 

The shop and warehouse will be kept free of grease buildup. Electrical 

equipment will be kept in good repair. In general, a conscientious effort will be 

made to prevent the development of fire hazards. 

MP-5.2.5 Warning Signs 

Appropriate signs warning against smoking and open flames will be 

placed in any area where a fire or explosive hazard exists. Flammable liquids 

or any other explosive material will be kept in properly identified containers. 

MP-5.3 FIRE CONTROL EQUIPMENT 

Fire control equipment will be kept in good condition and repair, and will 

be fully operational at all times. Fire control equipment will be kept readily 

available for use. Portable fire extinguishers will be in every building, on 

boards all vehicles and mobile equipment, and at all combustible liquid storage 

areas. 

During large scale operations, the mine will maintain a fire-water reserve 

of suitable capacity for a Type IA and IB building of approximately 100,000 

square feet. This equates to 3500 gallons per minute for 3 hours (630,000-

gallon capacity) (International Code Council, 2012). There will be a fire truck, 

and the facilities will all have access to fire hydrants. The water trucks may be 

used to supply water to isolated areas of the mine for firefighting purposes. All 

mine employees will receive evacuation procedures and basic fire control 

training (i.e. the use of fire extinguishers). A firefighting group will be 

instructed in more advanced methods of fire control in accordance with the 
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approved fire control plan. The firefighting group will respond to any fire that 

cannot be immediately extinguished. 

MP-5.4 FIRE CONTROL 

If a fire starts, it will be brought under control in a safe and expeditious 

manner. All personnel at the mine will have basic training in fighting fires in 

order to rapidly and effectively bring a small fire under control. Generally, 

small fires will be put out by personnel at the scene. However, if the fire is too 

large to be extinguished in this manner, the designated firefighting group will 

be called to the scene. 

The firefighting group will consist of personnel trained to control any type 

of fire that might occur at the mine, and trained to use all of the fire control 

equipment. 

MP-5.4.1 Rangeland Fires 

Rangeland fires will be controlled by accessing the area of the fire with 

the fire control truck and extinguishing the fire with hand-held fire 

extinguishers, shovels, the water truck or other equipment, depending on 

conditions. 

MP-5.4.2 Coal 

A coal fire in the pit will be extinguished by excavating the burning or 

smoldering coal and then spreading, compacting, and burying it as necessary. 

MP-5.4.3 Coal Processing Facilities 

A fire in the coal processing facilities will be controlled by usmg 

extinguishers or water from the hydrant system. 

Fire control water will be available at the top of the load-out and silo 

storage through a dry pipeline running from the ground to the top of the 

facilities. This system will provide an adequate supply of fire control water. 
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MP-5.4.4 Shop 

A fire in the shop will be controlled by extinguishers of appropriate type, 

or by water from the hydrant system. 

MP-5.4.5 Mobile Equipment 

All mobile equipment will be equipped with hand-held fire extinguishers 

that will be used to control fires. Some larger equipment may be equipped with 

a fire control suppression system. The water trucks and fire control truck will 

be used when necessary. 

MP-5.5 REFERENCES 

International Code Council. (2012). International Fire Code, Appendix B. 
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MP-6 SUBSIDENCE CONTROL PLAN 

The subsidence control plan for RAMACO's Brook Mine was prepared by 

Cardno MM&A of Bluefield, Virginia. 

MP-6.1 Highwall Mining Plan 

Figure MP-6.1-1 shows the locations of the planned trench and highwall 

mining activities at the Brook Mine. The majority of highwall mining will be 

conducted in the two splits of the Carney seam. West of the Carney Seam's split 

line shown in Figure MP-6.1-1, the highwall mining activity will be concentrated 

primarily in the Carney lower split due to its greater thickness. East of the split 

line the two splits merge allowing full seam thickness extraction within the limits 

of the highwall mining machine. Figure MP-6.1 also shows the additional 

highwall mining planned in the lower Master's seam. 

An ADDCAR highwall mining system was selected as the basis for the mine 

design. When only one of the two splits of the Carney Seam will be highwall 

mined, a lower profile cutter head that creates an 11.5-foot wide opening will be 

used. When the full Carney Seam is highwall mined, a larger cutter head that 

creates an 11.0-foot wide opening will be used. This machine is expected to have 

a 15.1-foot maximum cutting height. The Masters Seam is located 

approximately 10 to 15 feet beneath the Carney seam and is approximately 5 

feet in thickness. 

Highwall miner hole penetration depths of 2,000 feet are planned to the 

limits of known faulting and underground working within the mined seam. 

Highwall mining openings will be created in the bottom of the excavated trench. 

The majority of the excavated spoil will be used to backfill the trench and to cover 

the seam and associated highwall mining hole openings following completion of 

highwall mining in that area. No roof or floor coal is left. If small falls of roof 

material occur during mining, leaving 6 to 12 inches of roof coal should alleviate 

the problem. If trafficability proves to be an issue, leaving 6 to 12 inches of floor 

coal should remedy the problem. 
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The ADDCAR highwall mining system was selected due to seam height and 

high tonnage output requirements associated with the proposed Brook Mine, 

and its highly accurate Mk4 Navigational System that enables creation of very 

straight holes. The Mk4 Navigational System provided by Applied Mining 

Technologies obtains real time information on the cutter head from its Honeywell 

Tactical Advanced Land Inertial Navigator (TALIN) as it advances within a given 

hole. The operator is able to compare actual alignment relative to the preferred 

design azimuth. The TALIN (previously known as the Horta Inertial Guidance 

System) has been tested and confirmed to an accuracy of less than 100 mm off 

centerline over a distance of 384 meters of penetration. The navigational system 

should assure that intersection of the cutter head with previously completed 

highwall miner drives (that could lead to excessive unsupported roof spans and 

potentially lead to subsequent roof collapse or pillar failure) should not occur. 

Based on discussions with highwall mining equipment manufacturers, 

intersecting previously completed holes is a leading cause of roof instability in 

highwall mining operations. 

Support pillars will be designed to have a width equal to or exceeding the 

maximum extraction thickness anticipated in a highwall mining hole based on 

the m ine's geologic model. This width-to-height ratio of at least 1: 1 results in 

pillar stability factors that exceed recommended values suggested by National 

Institute for Occupational Safety and Health's (NIOSH) ARMPS-HWM stability 

program for the overburden thicknesses expected. Pillar dimension will also be 

in accordance with Brook Mine's Ground Control Plan approved by MSHA. In 

future Highwall mining blocks outside the study area, additional holes(s) 

covering a similar area are appropriate, with a similar suite of tests 

(approximately 20 UCS test, 10 point load tests, and 5 slake durability tests) of 

the upper and immediate roof, Carney Seam, and floor. 

MP-6.2 Review of Previous Mining Activity 

Previous mining activity in the Carney seam has primarily been limited to 

underground extraction. Other seams in the area also have recorded 
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underground extraction. The underground mining activity spanned a period of 

about 60 years ending in 1953. Based on a review of available mine mapping, 

the largest mine in the Carney seam was the historic Sheridan Wyoming Coal 

Company Mine No. 44 (Figure MP-6.2-1). Its relative location with respect to the 

proposed Brook Mine is shown in Figure MP-6.1-1. 

Under certain circumstances, underground mmmg can result in a 

lowering of the ground surface, otherwise known as subsidence. Generally, 

subsidence is a function of the amount of underground extraction, the 

overburden thickness, coal thickness, and the properties of the supporting 

pillars and overlaying strata. Subsidence begins with either failure of the 

supporting pillar and or immediate roof within the mine. If the void space created 

by mining is larger than the volume of the collapsed overlaying rock strata 

(depending on the bulking factor of the overlying strata) the failure ultimately 

propagates to the surface resulting in a depression. Despite failure of supporting 

pillars and immediate roof in a given area, subsidence does not always occur, 

particularly in cases where the collapsed overburden swells sufficiently to fill the 

void space and provide some support to the overlying strata. 

A review of aerial imagery shows that subsidence in the area of permitting 

has to a large degree been in the form of chimney type subsidence. Chimney 

type subsidence is characterized by small bowl-like surface depressions. 

Chimney subsidence is generally a result of the mine's immediate roof collapse 

rather than pillar failure. Over time, successive collapsing of overlying strata 

causes a "chimney like" rubble zone directly above the room opening. 

High-induced stresses that could lead to roof collapse are usually created 

where roof spans are at that their greatest such as mine room intersections 

and/ or areas of secondary recovery. 

If the chimney does not stabilize by the natural bulking (self-choking) of 

the caved rock or the intersection with more competent and stronger strata, the 

propagation eventually reaches the surface. 
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Figure MP-6.2-2 shows historical imagery of highly concentrated chimney 

subsidence that overlays the southwestern portion of historic Mine No 44. This 

area ultimately became an Abandoned Mine Lands (AML) project and has since 

been reclaimed. Underground mapping of Mine No. 44 in the area of the AML 

work indicates that the high extraction panel rooms measured 20 feet in width. 

Entries in low extraction mains and submains measured 15 feet in width. 

Connecting crosscut openings generally measured 10 feet or less in width. 

Overlaying the historical imagery and mine mapping shows that the 

chimney subsidence is primarily limited to the high extraction panel rooms of 

the underground mine (Figure MP-6.2-3). Mine mapping shows broad hatching 

through the panels and associated su bmains generally indicating secondary 

recovery of some portion of the supporting pillars. The effective increase in span 

length due to the selective process of secondary recovery is believed to have 

contributed to roof failure and subsequent chimney subsidence in the panels 

and su bmains. 

Modeled seam thickness based on drilling indicates the Carney seam is 

approximately 14 feet in thickness in this area. The chimney type subsidence 

area shown in Figure MP-6.2-3 appears to be limited to areas of overburden cover 

depths of less than 120 to 150 feet. 

Dyne (1998) derived an equation (Equation MP-6.2-1) to compute 

subsidence chimney height (z) assummg that roof failure occurs at the 

intersection of underground rooms. 

Equation MP-6.2 - 1 

z=l2 n (k- l ) 
, 

- + sun- + d sedswf 
, ) 

12 t ba;e- + o-- Ddbase -

D - \' 6 an 0 
) o- ar o w D) - o- 2 m _,u· os \' D -

, , o- 4 + \\' -

The equation is based on the following variables: 

• w = width of mine rooms (ft) 

• t = height of seam (ft) 
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• k = bulking factor= Vs/V where Vis the initial volume and Vs is the volume 

of rubble 

• 0 = angle of repose of caved rock within mine room 

• dbase =diameter of collapse-chimney at base (ft) 

• dsurf = diameter of collapse-chimney at surface (ft) 

• D = diameter of caved rock foot print on mine room floor (ft) 

Figure MP-6.2-1-4 shows an explanation of the variables. 

The equation confirms that roof spans of 20 to 25 feet in 14-feet high 

Carney Seam that fail can produce chimney subsidence of approximately 150 

feet in height if the chimney diameters are of the same width as the roof span. 

Based on the overburden strata composed generally of interbedded siltstones, 

sandstones, and mudstones, a bulking factor of 1.33 and angle of repose 35° 

were assumed. 

If the shorter roof spans in the mains and submains had failed, there 

would have been evidence of chimney subsidence at depths in excess of 200 feet 

based on the above equation. The mining void space would have been able to 

accommodate the swelled volume of a higher, yet smaller, diameter chimney. 

Aerial imagery does not indicate chimney subsidence at these depths. Evidence 

of subsidence in mains and submains (Figure MP-6.2-3) is likely attributed to 

effective span lengthening associated with secondary recovery of adjacent pillars. 

It is logical to assume that if the roof failure occurred in areas other than 

intersecting rooms, the lesser excavated void space (due to no crosscut opening) 

would result in a lower chimney height and reduced likely hood of surface 

subsidence (everything else being equal). 

Proposed highwall mining opening widths of 11 to 11.5 feet are 

significantly less than the underground mine panel entry widths and the effective 

roof spans of any secondary recovery that likely contributed to ultimate roof 

failure in the aforementioned example for historic Mine No. 44. 
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Highwall miner holes will be oriented in the same azimuth as the holes in 

the Carney Seam located directly above. Its pillar dimensions will be sized based 

on the thicker Carney Seam so that "pillar stacking'' is achieved. 

Highwall mining should not result in surface subsidence due to: 

• Highly accurate guidance system on highwall mining system that will assure 

straight hole alignment 

• Conservative pillar design based on a W:H ratio >= 1: 1 

• Pillar stacking for multiple-seam mining 

• Narrow entry widths of 11 to 11.5 feet 

MP-6.3 Subsidence Monitoring and Assessment 

Although subsidence is not expected at the Brook Mine, the mme 

personnel will develop a program to monitor elevation changes that might be 

attributed to highwall mining activity. Elevation data will be collected for the 

ground surface above proposed highwall mining panels to construct a highly 

accurate pre-mining surface model. The majority of the elevation data will be 

obtained from airborne lidar surveys of the permit area. Survey control used to 

record (daily) mining activity will be used to verify the elevation model prior to 

commencement of mining activity. 

The surface of each individual areas to be highwall mined will be evaluated 

6 months prior mining with satellite, aerial, and/or drone-based system to 

determine if there are pipelines, structures, streams or and other items that 

could be impacted by potential subsidence due to the highwall mining. Any 

items found during this evaluation will be inspected and documented as their 

pre-mining condition. 

Visual monitoring of the surface will be conducted on a monthly basis to 

determine if cracking and subsidence has developed in areas of previous high wall 

activity. If any such locations of subsidence are discovered, surveys will be 

conducted and checked against digital records of hole penetrations in the area. 
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Stream profiles in areas directly overlaying proposed highwall mmmg 

activity will be developed prior to commencement of the activity. Once highwall 

mining has been completed beneath the stream, additional surveys will be 

conducted semi-annually to verify that subsidence has not occurred for three 

consecutive surveys. 

Any observed subsidence will be documented. Such occurrences will be 

given a unique identification number, photographed during each visual 

monitoring inspection, and located on a map. This information along with 

associated highwall mining mapping will be maintained in a subsidence report 

that will be available for inspection. 

These areas will be monitored for at least 6 months after highwall mining 

of the individual areas are completed. If there is no evidence of subsidence then 

the monitoring of the area will be discontinued. 

MP-6.4 Subsidence Control and Remediation 

If evidence of subsidence is discovered, the area will be staked to mark its 

location and will be given sufficient time to stabilize and self-heal. Backfilling of 

any subsidence will be performed on a selective/as-needed basis so that the 

surface land can be restored to a condition capable of supporting the uses that 

it was capable of supporting prior to subsidence. Backfilling will also be 

performed if it is determined that the introduction of water and oxygen could 

contribute to spontaneous ignition of the remaining coal not extracted from the 

highwall mining operations. Backfilling will commence within 12 months of a 

subsidence location being identified if self-healing is not providing sufficient 

remediation. 

Once backfilled, topsoil will be placed over the impacted area. WDEQ/LQD 

- approved seeding found in the Reclamation Plan will be applied to complete the 

remediation work. 

Regardless of its right to subside the surface, the operator acknowledges 

that, if subsidence due to its mining operation causes material damage or 

reduces the value of the reasonable foreseeable use of the surface lands, the land 
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Agapito Associates, [nc. (AAI) was contracted by Ramaco Carbon, LLC (Ramaco) to 
perform an evaluation of highwall mining (HWM) for the Brook Mine, planned to be developed 
north of Sheridan, Wyoming. The Brook Mine will consist of a box cut mined to expose the 
Carney Seam and be developed specifically to host HWM activities. The seam thickness is 
approximately 16 feet (ft) throughout the proposed HWM area, and the overburden depth ranges 
from 110 ft to 375 ft. Although a specific contractor has not been chosen, for the purposes of 
this study, it is assumed that a highwall mining system with similar capabilities to the UGM 
ADDCAR Systems, LLC (ADDCAR), highwall mining system will be used, with penetrations 
ofup to 2,000 ft. 

The current report is based on recent exploratory drilling results, including site-specific 
physical property testing of core from geotechnical core hole 2017-4. 

This report addresses the following issues and concerns regarding highwall mining at the 
Brook Mine: 

• What specific highwall mmmg constraints are imposed along the planned highwall 
(maximum penetration, entry stand time, required pillar dimensions, mining heights, 
geologic issues, etc.)? 

• What minimum web pillar dimension (as a function of depth, mining height, and material 
properties) will ensure that highwall stability is maintained? 

• What is the potential for "cascading pillar failure ," and what minimum dimension of 
barrier pillar will be required to sufficiently isolate extraction panels along the highwall? 

• Do seam dips pose geotechnical or operational concerns, and if so, how should these 
concerns be addressed? 

• What operational measures can be taken to increase highwall mining efficiency and 
safety? 

• What is the potential for surface subsidence after the completion of mining? 

To best address these questions, AAI conducted a multifaceted evaluation, including site 
characterization, engineering design, and operational considerations. Following are the major 
find ings and recommendations from this study: 

• Highwall mining is technically feasible for the proposed HWM areas. The maximum 
total recoverable tonnage is estimated to be 723,200 tons. 

• The pillar designs included in this report should provide for an acceptable safety margin 
against pillar failure during active mining. Ramaco should be aware that, historically, 
subsidence has occurred over some highwall mining panels and that there is a risk of 
subsidence associated with any form of underground mining, including highwall mining. 
The design curves presented in this report are based on a web pillar stability factor of 1.6 
and conservative coal strength values and will reduce the likelihood of long-term 
subsidence, but will not eliminate the possibility. An additional set of design curves were 

TFNS 21 025 

Agapito Associates, Inc. R E OB Be r 2 5 ' 2 D 1 , 

October 2018 Addendum MP-6-20 DEQ Ex. 5-368



RAMACO 

September 13, 2018 

Brook Mine 

Page v 

prepared using a more conservative stability factor of 1.8, to further reduce the potential 
for pillar failure. The charts are included in Appendix C, if Ramaco wishes to use the 
more conservative design. 

• Physical property testing of samples from core hole 2017-4 indicates that the strength 
characteristics of the coal seams and coal-bounding strata are marginally weaker than 
those found at surface mines of the western United States. Although the roof is predicted 
to be weak, based on the analyses performed, it is expected to be stable for the amount of 
time that the mining machine is in each opening. Marginal roof stability and floor 
trafficability is likely to be encountered; therefore, AAI recommends leaving roof and 
floor coal to mitigate these issues. The floor is sufficiently strong that pillar punching or 
floor heave conditions are not expected. 

• Side dips in the study area are generally shallow and should restrict the mining height by 
no more than about 0.5 ft. Dips of the HWM openings are well within the mining 
machine capabilities and should not restrict operations. 

• The modeling results confirm adequacy of the empirical pillar design and do not show 
any susceptibility to cascading pillar failure or any other structural instabilities. 

• Should web pillar failure occur, the risk of spontaneous combustion is increased. This is 
due to coal crushing and possible air circulation through the highwall miner openings to 
the surface through subsidence cracks. Again, while the design curves provided in this 
report are intended to reduce the likelihood of pillar failure, Ramaco should be aware of 
the consequences should failure occur. 

• The mine design is not prone to the development of either trough or sinkhole subsidence 
features. Most historical sinkhole occurrences have occurred at shallow depths and very 
few have occurred at the cover depths present at the Brook Mine. Most historical 
subsidence has been associated with significantly wider openings (25 ft versus 11.5 ft) , 
four-way intersections, and secondary (retreat) mining methods. While roof falls are 
expected in the HWM openings over time, propagation of the falls to the surface is 
considered unlikely. 
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Agapito Associates, Inc. (AAI) was contracted by Ramaco Carbon, LLC (Ramaco) to 
perform an evaluation of highwall mining (HWM) for the Brook Mine, planned to be developed 
north of Sheridan, Wyoming. The Brook Mine will consist of a box cut mined to expose the 
Carney Seam and will be developed specifically to host HWM activities. Figure I shows the 
general location of the mine. The seam thickness is about 16 ft throughout the proposed HWM 
area, and the overburden depth ranges from 110 ft to 375 ft. 

Although a specific contractor has not been chosen, for the purposes of this study, it is 
assumed that a highwall mining system with similar capabilities to the UGM ADDCAR Systems, 
LLC (ADDCAR) highwall mining system will be used, with penetrations of up to 2,000 ft. 

The current report is based on recent exploratory drilling results, including site-specific 
physical property testing of core from geotechnical core hole 2017-4. 

This report addresses the following issues and concerns regarding highwall mining at the 
Brook Mine: 

• What specific highwall mmmg constraints are imposed along the planned highwall 
(maximum penetration, entry stand time, required pillar dimensions, mining heights, 
geologic issues, etc.)? 

• What minimum web pillar dimension (as a function of depth, mining height, and material 
properties) will ensure that highwall stability is maintained? 

• What is the potential for "cascading pillar failure ," and what minimum dimension of 
barrier pillar will be required to sufficiently isolate extraction panels along the highwall? 

• Do seam dips pose geotechnical or operational concerns, and if so, how should these 
concerns be addressed? 

• What operational measures can be taken to increase highwall mining efficiency and 
safety? 

• What is the potential for surface subsidence after the completion of mining? 

To best address these questions, AAI conducted a multifaceted evaluation, including 
(1) site characterization (review of the target seam model, physical property testing from the 
recent core holes resource estimation, etc.), (2) engineering design (empirical and numerical 
modeling evaluation of optimal mining plans for each seam), and (3) operational 
considerations (identification of relative risks, production efficiency, estimation of subsidence 
probability and extents, etc.). 
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A site visit was not conducted as the box cut in this area has not yet been developed. 
Ramaco provided geologist 's logs, core from core hole 2017-4, drawings of the highwall mining 
area, and general seam structure contours. 

2.1 Site Geology and Mining Setting 

The Brook Mine site is located in the western portion of the Powder River Basin and is 
drained by the Tongue River (PHC Reclamation 2006). The topography of the area is 
characterized by low-rolling, grass-covered hills with craggy, clinker-covered crests separated by 
intermittent and locally perennial streams. Elevation is about 3,600 ft , and the area receives an 
average of 17 inches of moisture each year. 

The overburden in the mine area is mostly weak rocks of the Fort Union Formation of 
Paleocene Age, which is sub-divided into three sub-members. Starting from the base, they are 
the Tullock Member, Lebo Shale Member, and the Tongue River Member. The major coal beds 
occur in the Tongue River Member with rocks consisting of so ft , argillaceous siltstones, 
mudstones, coal, and friable , lenticular sandstones. The total thickness of the Tongue River 
Member is about 1,200 ft . The coal units are sub-bituminous in rank and contain low sulfur 
percentages. The strata have a general I 0- 3° dip eastward; however, this can change erratically 
due to local changes in thickness of lithologic sequences. Faults in the area are discontinuous, 
steeply dipping and trend east-northeast. The joints and lineaments in the overburden follow the 
faults and dominant trends of the major basin structures. The dominant joint trends are 
northwest, east-northeast, west, and north. 

From top to bottom, the five major coal seams are the Dietz I, Dietz 2, Dietz 3, Monarch, 
and Carney. These seams were mined underground from the late 1800s until the early 1950s. 
The two main coal seams in the Brook Mine area are the Monarch Seam and the Carney Seam, 
in which the mine is located. 

Contours of depth of cover, seam thickness, floor structure, seam gradient (slope), seam 
slope parallel to the HWM openings, and side slope perpendicular to the HWM openings are 
shown in Figures 2 through 7. The cover depth ranges from 110 ft to 375 ft , and the seam 
thickness is relatively constant at 16 ft. The seam slope is variable, generally dipping about 2.5° 
to the southeast, but with local slopes up to approximately 5° and variable slope directions. The 
floor structure is expected to more uniform than that shown in the figures. The slope variations 
seen in the plots seem unusually severe and apparently coincide with the drill holes that were 
used to construct the contours. It is possible that different series of holes were surveyed and 
interpreted differently, and the data may contain discrepancies that account for the slope 
variations. Also, unmapped faults may exist that complicate the seam structure. Based on the 
contours presented in Figures 4 through 7, AAI believes the seam is mineable, with no 
significant operational difficulties arising from the variable seam slope. 

Faults are present in the immediate vicinity of the Ramaco property and within the 
property boundary, and some faults have shown significant displacements (up to 100 ft). 
However, no faults have been identified within the HWM area. It is expected that aquifers are 
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associated with the coal seam(s) and adjacent sandstones, with intervening shales and clays 
inhibiting vertical movement. Some groundwater inflows can be expected during highwall 
mining operations. Most highwall miner openings will be flat or slightly updip ; therefore, water 
quantities are not expected to hamper HWM operations. 

There has been significant underground mining of the Carney (and other) Seam in the 
general project area, including the Acme 2 Mine immediately adjacent to the southwest of the 
HWM box cut. The width of the mined rooms in the old mines is about 25 ft , which is 
significantly wider than the 11.5-ft HWM openings. It is likely that these workings were mined 
without roof bolts, suggesting that the unsupported HWM openings can be mined successfully. 

Spontaneous combustion may be an issue, but no site-specific information is available to 
evaluate the potential severity. In other HWM operations, spontaneous combustion has not 
caused serious problems. Should HWM web pillar failure occur, with related overburden 
fracturing to the surface, crushed coal and air circulation from natural ventilation would increase 
the chances for spontaneous combustion. Spoil berms are normally used to barricade highwall 
mining holes to unintentional access; however, these berms do not normally achieve an airtight 
seal. While the design curves presented in this report are intended to lower the risk of 
subsidence to acceptable levels, the risk cannot be entirely eliminated, and Ramaco should be 
aware that associated spontaneous combustion is a risk as well. Note that an evaluation of 
subsidence potential will be presented later in this report. 

2.2 Core Observations and Physical Properties 

Core from a recent geotechnical core hole, 2017-4 was shipped to AA! 's testing 
laboratory in Grand Junction, Colorado where they were geologically logged and selected 
samples were tested for a variety of physical properties. The core hole is located within the 
HWM resource area and the testing results were used for subsequent empirical and numerical 
modeling analyses. 

2.2.1 Site-Specific Test Program 

AAI ' s analysis was based on the geologist's lithology log for recent core hole 2017-4. A 
generalized lithology from the log was used for Coal Mine Roof Rating (CMRR) calculations 
(Mark, Molinda, and Barton 2002) and for the numerical modeling study. The core hole log is 
included in Appendix A for reference. AAI developed a testing program for core samples from 
core hole 2017-4, including uniaxial compression tests (UCS) with elastic properties (Young's 
modulus (E) and Poisson ' s ratio (v)), axial and diametral point load tests (PL T), and slake 
durability tests. In all, 20 UCS tests (including 14 with elastic properties), 2 axial PL T, 
9 diametral PL T, and 5 slake durability tests were performed at AAl's Grand Junction, Colorado, 
laboratory. AA! 's laboratory testing report is included in Appendix B. 

The site-specific physical property database resulting from the recent core testing data 
from core hole 2017-4 is summarized in Table I. The test type headings and abbreviations are 
defined as follows: 

Upper roof 
Immediate roof 

October 2018 

> 10 ft above the top of the coal seam 
0---10 ft above the top of the coal seam 
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Floor 
ucs 
E 
Slake 
PLCS 
PLT-D 
Density 
Moisture 

0--10 ft below the base of the coal seam 
Unconfined compressive strength 
Young' s modulus (tangent) 
Slake durability (second cycle,%) 
Axial point load compressive strength 
Diametral point load Is (50) index 
Density (as tested) 
Water content (by weight) 

Brook Mine 

Page 11 

Table 1. Summary of Physical Property Test Results for the Proposed HWM Area 

ucs E Poisson's Slake PLCS Density Moisture 
Location Rock Tyee {esi} {106 esi} Ratio {%) {esi} PLT-D {lb/ft') {%) 

Upper Roof Sandstone 2,501 0.37 0.24 31.0 135 .9 

Immediate Roof Mud stone- 3,058 0.37 0.23 83 .3 139.5 
sandstone 

Mudstone 2,874 0.30 0.26 43.0 143.8 

Coal 16.6 

Carbonaceous 11.8 15 .1 4.5 
mudstone 

Carney Seam Coal 1,752 0.20 0.34 1,725 78.6 

Floor Carbonaceous 1,338 0.22 0.50 26.8 669 79.4 18.0 
mudstone 

Mudstone 2,876 0.39 0.22 65 .3 146.7 12.8 

Slake durability tests were specified to provide a quantitative measure of floor 
trafficability and as input to the CMRR analysis described later. Table 2 provides the slake 
durability classification (resistance to weathering) as proposed by Franklin and Chandra ( 1971 ). 
According to this classification criterion, the carbonaceous mudstone forming the immediate 
floor of the Carney Seam is in the low category and may experience floor degradation when wet. 
Poor floor conditions are likely to be encountered within the highwall miner openings; therefore, 
AA[ recommends leaving 6 to 12 inches of floor coal, which should improve trafficability. 

Table 2. Slake Durability Classification 

Second Cycle Slake Durability(%) 
0- 25 

25- 50 
50-75 
75- 90 
90-95 

95- 100 

Classification 
Very low 
Low 
Medium 
High 
Very high 
Extremely high 

The data in Table I shows that the strength characteristics of the Carney Seam are similar 
to those found at surface mines of the western United States. The coal-bounding strata are 
similar, though marginally weaker than those found at western strip operations. Note that the 
Poisson's ratio value for the carbonaceous mudstone in the floor is high, at the theoretical 
maximum of0.50, and likely is not representative. 
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The bounding strata of the Carney Seam, as represented in the core, can be classified into 
four primary rock types: sandstone, mudstone, coal, and carbonaceous mudstone. The 
immediate roof is carbonaceous mudstone overlain by coal and mudstone layers. The upper roof 
is predominantly sandstone with some intermixed mudstone. The floor is also composed of 
carbonaceous mud stone underlain by a weak mudstone. The core from core hole 2017-4 was 
sent to AAI's rock mechanics laboratory for physical property testing. The cores were wrapped 
in plastic for shipment, but were unwrapped to select testing samples and to photograph the core 
at I-ft intervals for analysis purposes. Figures 8a through 8g show photographs of the core at 
selected relevant intervals, as described below: 

• Figure 8a: The sandstone at the top of the cored interval appears competent and likely 
capable of long-term bridging across openings, resisting chimney subsidence. The 
interval is about 4 ft thick and includes both sandstone and mudstone. 

• Figure 8b: There is a weak, 5-ft-thick mudstone layer 25 ft above the seam, which is 
likely to weather and collapse if reached by the cave. It is far enough from the seam that 
it should not influence opening stability. 

• Figure 8c: There is an 18-ft-thick sequence of moderately strong sandstone that may be 
sufficiently competent to bridge across the 11.5-ft opening width. 

• Figure 8d: A fairly intact mudstone grading to coal at the base should form a reasonably 
stable roof during mining. 

• Figure 8e: The immediate roof is a weak carbonaceous mudstone overlain by coal. The 
contact is gradational, so the two layers may act as single, stronger unit. Leaving an 
additional one foot of top coal is recommended to reduce weathering of the carbonaceous 
mudstone and further strengthen the immediate roof. 

• Figure 8f: The immediate floor is carbonaceous mudstone and is not expected to provide 
adequate floor conditions in a wet environment. AAI recommends leaving a I ft 
thickness of floor coal to provide a suitable floor. 

• Figure 8g: Underlying the carbonaceous mudstone floor is a weak, plastic mudstone 
which would form a very poor floor. Care should be taken to avoid mining into this 
layer. 

The possible effects of these rock types in the roof and floor, with respect to stand-up 
time and floor trafficability conditions, will be discussed in later sections. 
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Figure Sa. Core Depth Interval from 100 to 101 ft 

Figure Sb. Core Depth Interval from 105 to 106 ft 

Figure Sc. Core Depth Interval from 110 to 111 ft 
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Figure Sd. Core Depth Interval from 124 to 125 ft 

Figure Se. Core Depth Interval from 129 to 130 ft 

Figure Sf. Core Depth Interval from 146 to 147 ft 
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Figure 8g. Core Depth Interval from 148 to 149 ft 

3 HIGHWALLMINING GEOMETRY 

3.1 Opening Dimensions 

The cutting height range of highwall mining systems, including the ADDCAR system, 
depends on the model of continuous miner used. The thickness of the mined interval ranges 
from 14 ft to 16 ft , depending on whether roof and/or floor coal are left to improve roof or floor 
stability. The Joy 12CM 12 continuous miner has a cutting height of 4.2 to 15.1 ft and would 
permit mining nearly the entire thickness in a single pass (ADDCAR Systems 2018). Lower 
capacity machines (e.g., the 14CM15, 10.5 ft height) could certainly be used; however, multiple 
passes would be required (mine the top portion first , then back out and mine the bottom portion). 
The 12CM 12 miner has a cutting width of I 0.8 ft. It is not known which miner will be used; 
therefore, for conservatism, the larger 11.5 ft width of the 14CM 15 machine was used for 
subsequent analyses. Other pertinent specifications for the ADDCAR system are shown in 
Table 3. 

Table 3. Typical ADDCAR System Parameters 

Parameter 
Leveling capacity 

Front (2) lift cylinder travel 
Rear (2) lift cylinder travel 

Distance between lift cylinders side to side 
Distance between lift cylinders front to back 
Maximum leveling capacity side to side 
Operational leveling capacity side to side 
Maximum leveling capacity front to back 
Operational leveling capacity front to back 
Maximum walking incline 
Platform steering radius 
Maximum practical down dip 
Maximum practical side dip 
Maximum angle off perpendicular from highwall 

5 ft 
5 ft 
17.75ft 
60 ft 
16° 
go 

Value 

~: T F NS 2 IO 2 5 
s0 q ECO OCT 2 5 
Rotates 180° within its footprint 1 2 D 18 
20° 
go 

15° 

Agapito Associates, Inc. 
October 2018 Addendum MP-6-36 DEQ Ex. 5-384



RAMACO 

September 13, 2018 

Brook Mine 

Page 16 

Because the continuous miner needs to be positioned nearly level, where a side dip exists, 
a reduced mining height will have to be used to avoid cutting into the roof and floor at opposite 
corners of the opening. Assuming that the machine is oriented perpendicular to the highwall , 
this reduced mining height can be calculated as: 

where Hr = 

t = 

0 = 

Wa = 

Hr= (-t-)- W0 tan 0 
cose 

reduced mining height (ft) 
true seam thickness (ft) 
apparent side dip at highwall (0

) 

opening width (ft) 

(Eqn. I) 

The reduced mining height due to seam dip can have significant consequences for thin 
seams with relatively significant side dip. Fortunately, side dips are generally shallow (2.5°) and 
mining heights would typically be reduced by no more than 0.5 ft. 

3.2 Protection of Surface Structures 

AAI is not aware of any surface structures or other facilities that would require protection 
from possible subsidence. If such structures exist however, AAI recommends that a buffer (in 
plan view) be established between the protected structures and the closest HWM opening. As a 
criterion for establishing the buffer, AAI recommends a method that incorporates a fixed offset 
plus an offset based on the angle of critical deformation (Peng 1992). The angle of critical 
deformation is defined as the angle from the excavation edge to the protected structure, measured 
from vertical, beyond which no subsidence damage is expected to occur. The angle of critical 
deformation is generally 10° less than the more commonly cited angle of draw, which defines the 
distance beyond which subsidence is measurable. AAI considers a 50-ft offset and an angle of 
critical deformation of25° to be appropriate. 

3.3 Roof Stability 

An initial assessment of roof stability and unsupported stand time were made using a 
combination of the CMRR (Mark, Molinda, and Barton 2002), the Council for Scientific and 
Industrial Research (CSIR) Rock Mass Rating (RMR) (Bieniawski 1989), and the Norwegian 
Geotechnical Institute (NGI) Q system (Barton, Lien, and Lunde 1974). The RMR and Q 
systems are rating systems that relate rock mass quality to case history databases, including 
unsupported span, stand time, and support requirements. Originally developed for the tunneling 
industry, they provide a means of comparing roof stability from one area to another. Because the 
type of data required for the Q system were not available, RMR values were used as a basis and 
Q values were calculated using the relationship: 

[
(RMR-44)] 

Q = e 9 (Eqn. 2) 

where Q NGI-Q system rating 
e natural log base (2. 71828 ... ) 
RMR = rock mass rating 
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As input, the RMR system requires UCS, Rock Quality Designation (RQD), joint 
spacing, joint condition, joint orientation relative to mining, and groundwater condition. Each 
parameter has an associated point rating, and the points are summed to arrive at the RMR. 

The CMRR is a rating system developed for coal mine roof quality assessment and uses 
an approach similar to RMR. The input parameters for CMRR are UCS, RQD, point load index 
strength, sensitivity to moisture (as determined through slake durability tests) , and the contact 
type (sharp or gradational) between roof layers. 

The input information for RMR and CMRR estimations were based on the roof 
composition and RQD information from the core hole logs, the site-specific and testing data 
from Table I, and engineering judgment. The roof interval assessed for CMRR was the first 5 ft 
above the seam. Where quantitative data were not available, estimates were made. RMR values 
were calculated for the immediate roof layer only and were based primarily on UCS and RQD 
values. The other RMR parameters Uoint spacing, condition and orientation, and groundwater 
inflow) were estimated from site conditions and other related studies. Table 4 summarizes the 
CMRR ratings, the corresponding RMR (and Q) ratings, and the estimated standup times. The 
CMRR ratings indicate generally weak rock conditions, the RMR ratings classify the rock as fair 
to good, and the Q ratings classify the rock as poor to fair. 

Table 4. Summary of CMRR and RMR 
Ratings 

CMRR RMR Q Stand-up Time (days) 
32.8 57 4.2 77 

The required stand time was estimated to be 36 hours, based on an assumed production 
rate of 350 tons per hour, full penetration depth of 2,000 ft , and seam height of 14 ft. The 
estimated stand-up time from Table 4 is 77 days; therefore, the roof is predicted to be sufficiently 
competent to allow for highwall mining. The immediate roof is composed of carbonaceous 
mudstone and will likely be susceptible to weathering. If roof competence proves to be an issue 
during mining, leaving 6 to 12 inches of top coal shou Id improve roof conditions and reduce 
dilution. 

3.4 Floor Stability 

The proposed highwall panel pillars are underlain by a thin layer (approximately 2 ft 
thick) of a weak carbonaceous mudstone (CMS). The laboratory tests (Table I) indicate a 
moisture content of 18% for the CMS layer, which tends to weaken such shale-related rocks. 
Weak floor layers can adversely affect pillar and floor stability as well as the efficiency of 
mining operations through possible mechanisms of floor heave and pillar punching. To evaluate 
the potential for the floor CMS layer to affect stability and/or operations, an analysis of floor 
bearing capacity was performed. Although it is proposed to leave a I-ft-thick sacrificial coal 
layer in the floor (floor coal), the analysis was based on worst -case conditions where the CMS 
layer formed the immediate floor. 
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The failure potential was evaluated based on the physical properties of the coal pillar and 
CMS floor layer and the expected average vertical stress in the pillars. Pillar stresses were 
derived based on the pillar design corresponding to the worst-case conditions (under the deepest 
cover depth), which is the same design used for subsequent numerical modeling analyses, 
presented in Section 5. The bearing capacity analysis utilized the same rock mass strength 
parameters (cohesion and angle of internal friction) that were used in the numerical models and 
which were derived from the laboratory tests. 

The bearing capacity stability factor of the CMS floor layer was calculated to be greater 
than 2, which indicates that the integrity of the floor should be maintained without punching into 
the CMS layer. An additional level of safety can be realized by leaving the I-ft-thick floor coal 
layer. 

4 EMPIRICAL PILLAR DESIGN 

After site characterization, AAl's approach to web and barrier pillar design involved two 
basic steps: (I) application of empirical pillar design formulas, and (2) numerical modeling 
analysis to confirm design performance and test its robustness. This section describes the first 
step wherein empirical methods, based on the Mark-Bieniawski pillar strength formula (Mark, 
Chase, and Campoli 1995) were used to size web and barrier pillars for the various cover depths 
and mining heights anticipated. In the past, AAI adapted various empirical design formulas , 
notably the Mark-Bieniawski and van der Merwe (2002) formulas , to evaluate and design the 
highwall mining pillars. The National Institute of Safety and Health (NIOSH) has developed a 
similar procedure (NlOSH 2006), Analysis of Retreat Mining Pillar Stability-Highwall Mining 
(ARMPS-HWM), which is readily accepted by MSHA as a design basis for HWM pillars. AAI 
recommends a minimum allowable pillar width-to-height ratio of 1.0 based on experience with 
similar HWM projects where narrow pillars having width-to-height ratios of 0.8 or less have 
failed. 

4.1 Pillar Design Formulas 

Numerous pillar design equations have been developed over the years relating pillar 
strength to coal strength, pillar height, and pillar width. The most widely accepted of these 
formulas in the United States today is the Mark-Bieniawski pillar design formula. A modified 
form of the equation that represents infinitely long (effectively) web pillars is given by: 

where Sp 
Sc = 
w = 
H = 

pillar strength (psi) 

w Sp = Sc (0.64 + 0.54 - ) 
H 

in-situ coal strength (psi) 
pillar width (ft) 
pillar height (ft) 

(Eqn. 3) 

One of the reasons for the wide acceptance of the Mark-Bieniawski formula is that in 
addition to pillar width and height, the effect of pillar length is accounted for. In addition, pillar 
strengths calculated with the formula have been compared with over I 00 case hi~orie~ of actual 
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pillar performance with high correlation. The Mark-Bieniawski formula is the basis for pillar 
strength estimation in ARMPS-HWM. 

Although the formula appears straightforward, determining Sc (the in-situ coal strength) 
can be difficult. Traditionally, this has been done by taking laboratory UCS test results and 
applying a size reduction factor (usually one-sixth the square root of the sample diameter, 
measured in inches). However, Mark and Barton ( 1997) concluded that laboratory test results 
are a poor predictor of in-situ pillar performance, and that constant in-situ coal strength of 
900 psi produces better results. 

An alternative approach is to apply the site-specific coal strength normalized to the 
900 psi in-situ strength. This is done by assuming that the average western coal UCS (2,070 psi 
in AAI ' s experience) can be represented by the 900 psi in-situ value. For example, the 
normalized strength of the Carney Seam is 762 psi, calculated as the laboratory UCS (I, 752 psi) 
divided by the western coal UCS (2,070 psi), multiplied by Mark-Barton's ( 1997) recommended 
900 psi in-situ strength. 

In the absence of site-specific data, AAI considers the 900 psi in-situ strength estimate to 
be justified based on the research of Mark and Barton ( 1997) and its application as the 
recommended (and default) value in the ARMPS-HWM and other NIOSH-developed programs. 
However, since site-specific coal strength data are available, AA! believes the normalized in-situ 
strength is more appropriate for determining pillar widths, since it accounts for the relative 
strength difference between the Carney Seam and other western coal seams and is more 
conservative. 

Once pillar strength is determined, an estimate of pillar loading js required to calculate 
stability factor. Pillar loading is estimated using tributary area load theory as follows: 

l - s (W+W E ) 
P - V W 

where Lp = average vertical load on the pillar (psi) 
Sv = in-situ vertical stress (psi) 
W = pillar width (ft) 
WE = entry width (ft) 

(Eqn. 4) 

The vertical stress is assumed to be equal to the average overburden density multiplied by 
the cover depth. The overburden density was assumed to be 162 pounds per cubic foot (lb/ ft 3) , 

the default value in ARMPS-HWM, resulting in a stress gradient of 1.125 psi/ft of depth. 
Finally, the stability factor (SF) is calculated as: 

SF= Sp 
Lp 

(Eqn. 5) 

Using the Mark-Bieniawski formula and ARMPS-HWM stability factor criteria given in 
Table 5, minimum web pillar widths were calculated for the expected range of cutting heights 

TFNS 2/025 
"•<"•f.'O rt r, T 2 5 , 2 0 1R 

Agapito Associates, Inc. 
October 2018 Addendum MP-6-40 DEQ Ex. 5-388



RAMACO 

September 13, 2018 

Table 5. ARMPS-HWM Stability Factor Criteria 

Stability Factor 
Overall SF 

2.0 
Web Pillar SF 

Criteria 

A licable to all conditions 

1.6 When the panel width (excluding the barrier) exceeds 200 ft 
______ l_.3 ___ When the panel width (excludin_g the barrier) is less than 200 ft 

Barrier Pillar SF 
2.0 
1.5 

When the barrier width-to-height ratio is less than 4.0 
When the barrier width-to-height ratio is greater than or equal to 4.0 

Brook Mine 
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and cover depths and are summarized as a set of design tables and charts. At lower cover depths 
and higher mining heights, the stability factor criterion is sometimes satisfied by web pillars with 
width-to-height ratios less than 1.0. Because some highwall mining designs have failed at low 
width-to-height ratios, AAI feels that pillar widths should be adjusted to maintain a minimum 
ratio of 1.0. Barrier pillar loading was calculated using a 21 ° abutment angle (the pillar supports 
all overburden directly above it and within a 21 ° angle over the adjacent web pillars, as measured 
from vertical). 

The total panel width (from the closest edge of each barrier pillar) is calculated using 
Equation 4-4: 

Pw = (No)Wo + (No - l)Ww (Eqn. 6) 

where Pw = panel width (ft) 
No = number of openings 
Wo = opening width (ft) 
Ww = web pillar width (ft) 

In practice, web and barrier pillars are designed on a panel-by-panel basis. Pillar 
dimensions are determined using the design tables and charts. The input parameters to the tables 
are the maximum mining height anticipated for each panel, and the design cover depth. 
Designing for the maximum cover is somewhat conservative as surface loads become spread out 
at seam level resulting in an averaging effect. Following a procedure suggested by Mark, Chase, 
and Campoli ( 1995), a less conservative approach would be to calculate the design depth based 
on a weighted average as follows: 

Design depth = 0. 75 (maximum depth) + 0.25 (minimum depth) (Eqn. 7) 

However, preliminary modeling results indicated that this method is inadequate for 
representing the distribution of cover depth present at Ramaco. Because there is a large range of 
cover depth from the box cut (110 ft) to the deeper portions of the holes (375 ft), the averaging 
method of Equation 7 calculates a design depth that is too small (310 ft). Pillars designed for a 
depth of 310 ft were too small and overloaded under the maximum depth of cover. The model 
indicated pillars designed using a design depth that is 90% of the maximum depth (338 ft) will 
provide the required 1.6 stability factor. Thus, AAI recommends that the design depth for each 
panel be based on 90% of the maximum depth of cover over the panel. 
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Required web and barrier pillar widths and associated recovery percentages for the 
Carney Seam were calculated using the ARMPS-HWM procedure discussed above. Design 
tables and charts for the 762 psi normalized in-situ coal strength are given in Figures 9a to 9c. 
The tables and charts are used to determine pillar widths and panel recoveries for specific values 
of mining height and cover depth. Figure 9a includes a table for determining the required web 
pillar width given in inches, and a chart showing the width expressed both in inches and feet. 
Figure 9b gives the required barrier pillar width expressed in feet in both the tables and charts. 
The charts sometimes show a flat area at low cover depths, corresponding to pillar widths being 
limited by the minimum 1.0 width-to-height ratio criterion (these widths are printed in italics in 
the design tables). Some barrier pillar charts also show an area where the curves spread apart, 
corresponding to the change of stability factor when the barrier pillar width-to-height ratio 
exceeds 4. The recovery tables and charts are given in Figure 9c and represent the plan-view 
recovery. 

The design curves provide Ramaco with a rational starting point for web and barrier pillar 
layout. By using these design curves to determine the minimum pillar width for each panel as 
mining progresses, and adjusting that width as conditions warrant, maximum resource recovery 
can be attained. 

AAI recommends that HWM production panels be comprised of no more than 20 
openings. However, it is suggested that the initial panel in each seam contain only IO openings. 
Assuming no problems are encountered, subsequent panels can be mined with 20 openings. 

The design charts shown in Figures 9a through 9c are based on the ARMPS 
recommended web pillar stability factor of 1.6. An additional set of design curves were prepared 
using a more conservative value of 1.8, to further reduce the potential for pillar failure. The 
charts are included in Append ix C if Ramaco wishes to use the more conservative design. 

4.3 Recoverable Resource Estimate 

AAI estimated the recoverable tons from the entire HWM area. Using the depth of cover 
contours defined in Figure 2 and the design charts given in Figures 9a and 9b, individual panels 
were laid out based on the assumed 14-ft mining height and 90% of the maximum cover depth. 
Resource recovery for each panel was determined using the 14-ft mining height, the average hole 
penetration, and the number of holes in the panel. HWM experience at other western mines has 
shown that maximum penetration cannot always be achieved. At planned penetrations ranging 
from 1,200 to 1,600 ft , the actual recoveries were typically about 90% of the planned maximum 
penetration. To assist in evaluating potential recoveries at the Brook Mine, tonnages were also 
calculated for reduced average penetrations of 1,800 ft (90% of maximum), 1,600 ft (80%) and 
1,400 ft (70%). Figure IO shows the preliminary panel layout and Table 6 summarizes the 
estimated recovery. Panel layouts and recoveries were also determined for pillars designed using 
the charts corresponding to a stability factor of 1.8. Since the 1.8 stability factor design specifies 
wider pillars, the panel layout resulted in three fewer holes than the 1.6 stability factor design 
and the total recovery was reduced by about 5%. A table summarizing recoveries for the 1.8 
stability factor design is included with the design charts in Appendix C. 
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Design 
Depth of Cover, ft 6 

100 72 
125 72 
150 72 
175 76 
200 84 
225 94 
250 106 
275 115 
300 123 
325 131 
350 138 
375 146 
400 154 

7 
84 
84 
84 
84 
90 
99 

112 
125 
134 
143 
152 
161 
170 

8 9 10 
96 108 120 
96 108 120 
96 108 120 
96 108 120 
97 108 120 

106 112 120 
117 123 130 
132 138 143 
144 154 161 
155 166 177 
165 177 189 
175 189 202 
185 200 214 

Mining Hei~ ht, ft 
11 12 13 14 
132 144 156 168 
132 144 156 168 
132 144 156 168 
132 144 156 168 
132 144 156 168 
132 144 156 168 
136 144 156 168 
150 156 163 170 
167 173 179 186 
187 194 201 207 
201 213 223 231 
215 227 240 252 
229 242 256 270 

15 16 
180 192 
180 192 
180 192 
180 192 
180 192 
180 192 
180 192 
180 192 
193 201 
213 219 
239 246 
264 274 
283 296 
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17 18 
204 216 
204 216 
204 216 
204 216 
204 216 
204 216 
204 216 
204 216 
208 217 
227 235 
253 260 
282 290 
309 321 

Coal strength, psi 762 Mining width, ft 11 .50 No. web pillars 19 
Pillar widths in italics ha-.e width-to-height ratios of 1.0 

i 
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Figure 9a. Web Pillar Design Chart, 1.6 Stability Factor 

Agapito Associates, Inc. 

Mining 
Height , 

ft 

~ 6.0 

7.0 

--- 8.0 

-+- 9.0 

- 10.0 

11.0 

12.0 

--- 13.0 

-¾--- 14.0 

-.- 1s.o 
- 16.0 

17.0 

18.0 

TFNS 2/025 
RE CD DCT 25 ,2018 

October 2018 Addendum MP-6-43 DEQ Ex. 5-391



RAMACO 

September 13, 2018 

Design 
Depth of Cover, ft 6 

100 9.5 
125 12.7 
150 15.8 
175 19.5 
200 22.5 
225 24.4 
250 25.1 
275 27.6 
300 30.2 
325 32.7 
350 35.2 
375 37.7 
400 40.3 

7 
10.1 
13.5 
17.0 
20.5 
24.3 
27.5 
28.7 
30.0 
32.8 
35.6 
38.4 
41.2 
44.0 

Coal strength, psi 762 
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Mining Hei! ht, ft 
8 9 10 11 12 13 
10.7 11 .2 11. 7 12.1 12.5 12.9 
14.4 15.1 15.8 16.5 17.1 17.7 
18.1 19.1 20.0 20.9 21 .8 22.6 
21 .8 23.1 24.3 25.4 26.5 27.5 
25.7 27.1 28.6 29.9 31 .2 32.5 
29.5 31.4 32.9 34.5 36.0 37.5 
32.2 35.2 37.2 39.2 40.8 42.5 
33.2 36.8 40.2 43.6 45.6 47.7 
35.3 37.8 41.4 45.0 48.6 52.0 
38.4 41 .0 43.6 46.3 50.0 53.6 
41.4 44.3 47.1 49.8 52.4 55.1 
44.5 47.6 50.7 53.6 56.5 59.2 
47.5 50.9 54.2 57.4 60.5 63.4 

14 15 16 
13.3 13.6 14.0 
18.3 18.8 19.3 
23.3 24.1 24.8 
28.5 29.4 30.3 
33.7 34.9 36.0 
38.9 40.3 41 .6 
44.2 45.8 47.3 
49.8 51.3 53.1 
54.8 56.9 59.1 
57.2 60.7 64.2 
58.9 62.6 66.3 
61.9 64.5 68.1 
66.4 69.2 72.0 
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17 18 
14.3 14.6 
19.8 20.2 
25.5 26.1 
31.2 32.1 
37.1 38.1 
42.9 44.2 
48.8 50.3 
54.8 56.4 
61 .3 62.7 
66.9 69.3 
69.9 73.5 
72.0 75.7 
74.7 77.7 

Mining width, ft 11 .50 No. web pillars 19 
Pillar widths in italics ha-..e width-to-height ratios of 1.0 
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ft 
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Figure 9b. Barrier Pillar Design Chart, 1.6 Stability Factor 
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Design 
Depth of Cover, ft 

100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 

6 7 
65.1 61 .6 
64.5 61 .1 
63.9 60.5 
62.2 60.0 
59.7 58.0 
57.0 55.5 
54.4 52.7 
52.3 50.2 
50.6 48.4 
48.9 46.7 
47.6 45.2 
46.1 43.7 
44.7 42.3 

Coal strength, psi 762 
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8 
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57.0 
56.2 
53.8 
51.4 
48.7 
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43.2 
41.7 
40.3 

200 

Mining Hei! ht, ft 
9 10 11 12 13 14 
55.8 53.3 51 .0 48.9 46.9 45.2 
55.3 52.8 50.5 48.4 46.5 44.7 
54.7 52.3 50.0 47.9 46.0 44.3 
54.2 51 .8 49.5 47.5 45.6 43.9 
53.7 51 .3 49.1 47.0 45.1 43.4 
52.4 50.8 48.6 46.6 44.7 43.0 
50.0 48.6 47.5 46.1 44.3 42.6 
47.4 46.3 45.0 44.0 42.9 41.9 
45.0 43.7 42.6 41 .6 40.7 39.7 
43.1 41 .5 40.2 39.2 38.2 37.4 
41 .5 39.9 38.5 37.1 36.0 35.1 
39.9 38.3 36.9 35.6 34.4 33.3 
38.5 36.9 35.4 34.1 32.9 31.8 

Mining width, ft 11 .50 

250 300 350 

DEPTH OF COVER, ft 

Figure 9c. Recovery Chart, 1.6 Stability Factor 
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15 16 
43.5 42.0 
43.1 41 .6 
42.7 41 .2 
42.2 40.8 
41.8 40.4 
41.4 40.0 
41.0 39.6 
40.6 39.2 
38.8 37.9 
36.6 35.9 
34.3 33.5 
32.3 31.4 
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17 18 
40.5 39.2 
40.2 38.8 
39.8 38.5 
39.4 38.1 
39.0 37.7 
38.6 37.3 
38.2 37.0 
37.8 36.6 
37.1 36.1 
35.0 34.3 
32.8 32.2 
30.7 30.1 
29.0 28.2 

No. web pillars 19 

i 
Mining 
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ft 
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Table 6. Estimated Highwall Mining Recoveries 

Web Barrier 
Design Pillar Pillar 
Depth Width Width Penetration Number Recovery 

Panel (ft) (ft) (ft) (ft) of Holes (tons) 
I 266 14.1 47.8 1,904 10 121 , 100 
2 279 14.2 50.6 1,948 20 247,800 
3 333 17.9 57.7 1,990 20 253, 100 
4 338 18.3 58.1 1,990 8 101 ,200 

Total ---·············-··························---·-····--····-·-·········~·~············· 723,200 .... 
Total Recovery for Reduced Penetration 1,800 663,900 

1,600 590,200 
1,400 516,400 

Brook Mine 

Page 26 

It was thought that improved recovery might be obtained by restricting the length of the 
openings so that they would be designed for the lower depth of cover near the hole collar (pit 
highwall) and, thus, have narrower pillars, more openings across the HWM area, and higher 
recovery. However, several trial designs for the western (steepest) area show that designing for 
the deepest depth of cover and mining the deepest possible penetration provides the highest 
recovery. The reduced pillar width for the shallower holes does not compensate for the shorter 
holes, thus, recovery is less. 

5 NUMERICAL MODELING ANALYSIS 

The empirical method used for the web and barrier pillar design has been confirmed by 
mining experience in a wide variety of mining types and geological conditions. However, it does 
not account for properties of the rock mass or roof/floor stability. Since these factors are 
important to the proposed highwall mining at the Brook Mine, numerical modeling was applied 
to (I) confirm the stability of pillar layouts developed using the design curves provided, (2) test 
the robustness of the designs against cascading pillar failure, and (3) examine roof and floor 
stability. The modeling approaches used were LaMode l, a non-linear, boundary-element method 
for examining in-seam pillar behavior (Heasley and Salamon 1996), and UDEC, a distinct
element code for examining the interaction and stability of the floor, seam, and roof in two 
dimensions (Itasca Consulting Group Inc. 2004). 

Both the LaModel and UDEC models were based on a hypothetical location under the 
deepest cover (375 ft). Using the 90% method, the design depth was calculated to be 338 ft . The 
762 psi normalized coal strength was used and a 14-ft mining height was modeled . The design 
charts for the 1.6 stability factor specified an 18.3-ft web pillar and 58.1-ft barrier pillar. The 
LaModel overburden properties and UDEC strata properties were based on the laboratory 
strengths listed in Table I. 

5.1 LaModel Analysis 

The LaModel numerical modeling code was applied to check the web and barrier pillar 
design and to check the design for cascading pillar failure potential. 
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LaModel is a non-linear, boundary-element, displacement-discontinuity code for 
estimating stress, displacement, and yielding in tabular deposits such as coal (Heasley and 
Salamon 1996). LaModel was developed by the former U.S. Bureau of Mines (USBM), now 
part ofNIOSH. It has the ability to handle in-seam materials based on both linear and non-linear 
mechanical (stress-strain) behaviors. The geometry of the model is variable; thus, incremental 
model changes can be used to determine optimal mining sequences, as well as the impact of 
varying pillar sizes, variations in cover load, and seam interaction effects. The program 
performs an iterative procedure to solve a set of equations representing the stress-strain state of 
each element in a grid representing the mine geometry, until steady-state equilibrium is reached 
(loads no longer transfer). 

Following an MSHA-recommended confined core approach to pillar strength (Karabin 
and Evanto 1994), element properties can be arranged so that the weakest elements are adjacent 
to the mine opening, with element strengths increasing into the pillar core. Using strain
softening elements with increasing peak and residual strengths toward the core, elastic-plastic 
behaviors observed in pillar cores are approximated and correspondence with classical empirical 
pillar design methods is achieved. The effects of width-to-height ratio are also accurately 
accounted for. 

The plots of LaModel results presented in this report are plan-view representations of 
vertical stress and the relative degree of yielding occurring in the coal structures. In the yield 
condition plots, the color of each element shows either (I) how close the element is to yielding, 
(2) that the element is in the process of yielding, or (3) that the element has completely yielded. 
By comparing different areas within the model, and one model to another, the plots give a very 
clear indication of relative stability. 

Although the size of a LaModel grid is only limited by computer memory, for practical 
purposes, grid size should be limited so that models converge in a reasonable amount of time. 
Therefore, there is a trade-off between element size and the area that can be modeled (smaller 
element sizes give more detail , but cover a smaller area) . In this study, an element size of 
28 inches was chosen to accurately reflect the combination of web and barrier pillar width for the 
deepest possible panel. The model represented one complete panel, 2,000 ft long, with solid coal 
on the left side and a half panel on the right side separated by a barrier pillar. Cover depth 
matched the actual depth contours at the Brook Mine site. A complete summary of model 
parameters is given in Table 7. 

5.1.1 Confirmation of Design 

LaModel results showing basic design performance are shown in Figures 11 and 12. 
Figure I Ia shows the yield condition for normal conditions with the cover depth contours 
superimposed to identify the deepest areas of the panel. Figure 11 bis the same plot without the 
cover depth contours for greater clarity. Web pillar stability is very good with no indication of 
pillar rib yielding. There is a high stress abutment (80%- 100% of yield) at the pillar ribs, but the 
ribs are intact. The pillar interior is moderately loaded (45%- 60% of yield) . The stability factor 
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Table 7. Input Parameters Used for the 
LaModel Analysis 

Model Input 

Depth of cover (ft) 
Mining height (ft) 
In-situ coal strength (psi) 
HWM opening width (ft) 
Web pillar width (ft) 
Barrier pillar width (ft) 
Element size (inches) 
Model size (elements, width by height) 
E, coal (psi) 
v, coal 
E, rock mass (psi) 
v, rock mass 
Lamination thickness (ft) 

Value 

110-375 
14 

762 
11.5 
18.3 
58.1 

28 
440 X 890 

200,000 
0.34 

340,000 
0.26 
300 
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of the web pillars under the deepest cover is 1.68, closely matching the 1.65 value' used in the 
design charts. The vertical stress plot in Figure 12 shows stresses that agree with the expected 
619-psi average pillar stress under the design (deepest) cover depth. The effects of the barrier 
pillars and varying cover can be seen in the rounded shape of the various color zones (increased 
stability near the barriers and under lower cover). 

5.1.2 Cascading Pillar Failure Analysis 

Another issue with regard to web and barrier pillar design is the potential for cascading 
pillar failure. Cascading pillar failures can occur when failure in one pillar results in stress 
transfer to adjacent pillars, which, in turn, fail. In their mildest form (slow pillar squeezes), this 
failure may take weeks to progress. In their most severe form, failures can occur almost 
instantaneously, resulting in severe air blasts, damage to equipment, and loss of life. To check 
the performance of the web pillar designs against cascading pillar failure , additional LaModel 
analyses were run. In these models, failure of a web pillar in the center of one panel was 
simulated to see if the remaining pillars had a tendency for cascading pillar failure or if they 
could absorb the additional load from the failed pillar. The results of cascading failure model are 
presented in Figures 13 and 14. 

In Figure 13, web pillar failure has been simulated in the center pillar of the panel. The 
failed pillar has very little residual load-carrying capacity. Under the deepest cover, the load 
transfer to the adjacent pillars causes the ribs to become highly loaded and the outermost 
elements to yield. The load on the pillar interiors increases slightly, but remains relatively 
moderate. The stability factor for the first pillar immediately adjacent to the failed pillar is 1.27 
and increases to 1.42 for the second pillar, 1.53 for the third pillar and 1.59 for the fourth pillar. 
None of the pillars are close to failure, indicating that the design is not prone to cascading 
failure, even in the extreme case of the complete failure of an entire pillar. 

1 The 1.65 SF is greater than the 1.6 design factor because the ARMPS-HWM design method (Table 5) in~reased th~ _ 
pillar size to attain an overall stability factor of2.0. -
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80%-100% of Yield Stress 

60%-80% 

40%-60% 

20%-40% 

0%-20% 

Elastic 

Strain 

Figure lla. LaModel Yield Condition with Cover Depth Contours 
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Figure llb. LaModel Yield Condition 
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80%-100% of Yield Stress 
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Figure 12. LaModel Vertical Stress 
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80%-100% of Yield Stress 
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Figure 13. Failed Central Pillar, Yield Condition -. -- -
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Figure 14. Failed Central Pillar, Vertical Stress 
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The LaModel results support the validity of the basic web and barrier pillar design, and 
show that the designs are not prone to cascading pillar failure, even when pillar failure is 
simulated. 

5.2 UDEC Analysis 

Because LaModel only computes in-seam stresses, an additional modeling analysis using 
UDEC was performed to confirm the empirical and LaModel results, check roof and floor 
stability, and detect other potential failure mechanisms. 

The UDEC code was developed to simulate the mechanical response of jointed rock 
masses containing various strata under user-defined loading conditions. Because it is a two
dimensional (2D) analysis, UDEC models are best applied where the out-of-plane geometry can 
be assumed to remain constant for a large distance (certainly the case with highwall mining 
analyses). The models are comprised of blocks separated from each other by joints. Large 
displacements and rotation are allowed between blocks, and the blocks themselves deform 
according to their assigned physical properties. In this analysis, the Mohr-Coulomb plasticity 
model was used, meaning that when the shear stresses in the model exceed the shear strength of 
the particular rock type, the rock continues to deform without accepting additional stress. 

Models were created based on the lithology from core hole 2017-4, the physical property 
database summarized in Table I, the same physical dimensions used for the LaModel analysis, 
and an assumption of a lithostatic stress field (vertical and horizontal stresses equal and based on 
cover load). Jointing patterns in the model were based on RQD values from the core. Table 8 
summarizes the input parameters used for the Carney Seam model. 

Table 8. Input Parameters Used for the UDEC Analysis 

Young's Friction Tensile 
ucs Modulus Poisson's Cohesion Angle Strength 

Lithologic Unit {esQ {esi} Ratio {esQ {o} {esi} 
Composite Overburden 1,755 291 ,700 0.24 457 29.2 175 
Sandstone 1,667 308,300 0.24 434 29.2 167 
Mudstone-sandstone 2,039 308,300 0.23 531 29.2 204 
Mudstone 1,916 250,000 0.26 553 25 .0 192 
Coal 762 166,700 0.34 243 20.8 76 
Carb. Mudstone 892 183,300 0.40 284 20.8 89 
Top Coal 762 166,700 0.34 243 20.8 76 
Mined Coal 762 166,700 0.34 243 20.8 76 
Floor Coal 762 166,700 0.34 243 20.8 76 
Carb. Mudstone 892 183,300 0.40 284 20.8 89 
Mudstone 1,916 250,000 0.26 553 25.0 192 
Composite Floor 1,755 291,700 0.24 457 29.2 175 
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A yield zone plot of the entire model is presented in Figure 15 and shows the 
progressively more detailed mesh spacing around the HWM openings. Figure 16 and the 
remaining UDEC figures show only a cropped section of the model around the central area. The 
yield zone plots shown in Figures 15 and 16 are plots of zones in the model that have yielded in 
the past, or are actively yielding. The green x's in the plot indicate areas where loads have 
reached the yield point at some time during model execution, but are not indicative of failure, 
and can be disregarded. Purple o's indicate tensile failure, and red asterisk's(*) indicate shear 
failure. Numerous tensile and shear failures are shown in the zones immediately adjacent to the 
openings, predominantly around the opening corners where stress concentrations are the greatest. 
These failures reflect the normal adjustment of the ground to formation of the opening and not 
long-term instabilities. The failure areas are primarily located in the thin and weak coal and 
carbonaceous mudstone layers in the roof and floor. The distribution of failures indicates that 
the top coal and carbonaceous mudstone may tend to fall in some areas, leading to some dilution. 
The upper layers are expected to provide good conditions, particularly during active mining. 

The vertical stress plot (Figure 17) shows the stress redistribution due to mining, with 
compressive stresses in the pillars and areas of tension in the roof and floor. The pillar stress 
levels match the expected 619-psi value corresponding to the design cover depth. The vertical 
displacement plot (Figure 18) shows a uniform settling over the pillars owing to the extra load 
transferred to the pillars after mining and moderate amounts of roof sag and floor heave near the 
openings. No unusual patterns or other evidence of instabilities are noted. Figure 19 shows 
areas where slippage along joints has occurred, possibly leading to loosening of the strata and 
potential instabilities. Similar to the yield zone plots, the slippage is generally confined to the 
weak coal and carbonaceous mudstone layers adjacent to the openings. 

The LaModel and UDEC modeling efforts support the validity of the web and barrier 
pillar design curves and suggest that the roof and floor will remain stable. Ramaco should 
recognize, however, that the roof is predicted to be weak and that roof instability may be more 
problematic than expected. The models were not calibrated to field experience, but rather input 
parameters were based on physical property data, experience, and engineering judgment. While 
the model results are expected to be indicative of field performance, some variation is to be 
expected. 

6 OPERATIONAL CONSIDERATIONS AND CLOSING REMARKS 

The design curves presented in Figures 9a through 9c provide Ramaco with a rational 
starting point for highwall web and barrier pillar layout. By using these design curves to 
determine the minimum pillar width for each panel as mining progresses and adjusting that width 
as conditions warrant, maximum resource recovery can be attained. An important issue at the 
Brook Mine is the potential for subsidence once mining is completed. Of particular concern is 
the development of sinkholes over the HWM area similar to those observed over previous 
underground mining activity in the area. An evaluation of subsidence potential will be discussed 
below in Section 6. 1. Other operational considerations, which are related to implementation of 
the design and are based on the observations and analyses discussed in this report, are presented 
in Section 6.2. 
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Subsidence of the surface over underground mine workings is classified into two types: 
trough subsidence and sinkhole subsidence. Trough subsidence occurs when a large 
underground area collapses (through unintentional ground failure or as part of secondary 
recovery mining operations), and the surface over the collapsed area subsides uniformly, creating 
a typically flat-bottomed trough. Sinkholes form over localized collapse areas, where the roof 
continues to cave upwards forming a chimney filled with the caved material. Eventually, the 
caving stops, if the chimney becomes bulked full, if strong rock strata that are resistant to caving 
are present and can bridge across the chimney, or when the chimney reaches the surface, creating 
a sinkhole. Sinkholes can also form over chimneys that have stopped caving but are near the 
surface through the action of groundwater draining into the chimney. 

In the mine area, the overburden is susceptible to subsidence due to the prevalence of 
weak shales, mudstones, and sandstones. Subsidence is also influenced by jointing. An increase 
of subsidence features are associated with mine openings that trend northwest or northeast, 
parallel to the dominant joint trends (PHC Reclamation 2006). 

Trough subsidence normally occurs over longwall mines or room-and-pillar mines that 
practice retreat extraction. For these operations, most or all of the coal seam within a panel is 
removed and the roof is intentionally permitted to cave into the void. The cave progresses 
sequentially to the surface which eventually subsides by an amount somewhat less than the seam 
thickness, due to the increased volume (swelling) of the caved material. The highwall mining 
plan for the Brook Mine has been developed to minimize the likelihood of trough subsidence 
based on several factors: 

• Full-extraction mining is not employed and substantial pillars are left, which are designed 
to carry the overburden load without failing. 

• Pillars are designed with a minimum I: I width:height ratio to avoid lower strength narrow 
pillars. 

• Pillar designs are based on reduced in-situ coal strength to reflect the weaker strength of 
the Carney Seam coal as compared to other western coals. 

• The LaModel modeling results show that the pillars are capable of absorbing the loads 
transferred from a completely failed pillar and that cascading failure of an entire panel is 
very unlikely. 

• Design charts utilizing a 1.8 stability factor criterion have been developed should Ramaco 
elect to apply a greater margin over the 1.6 factor inherent in the modeling cases. 

Sinkhole subsidence occurs above isolated roof falls where a chimney cave progresses 
upwards and reaches the surface. The risk of sinkhole subsidence associated with highwall 
mining at the Brook Mine is considered low, but cannot be dismissed entirely, particularly in the 
shallower cover areas near the box cut. Various design techniques can be implemented to reduce 
the likelihood of sink ho le formation to a minimal level. T F NS 2 I O 
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Several studies have documented the relationship between sinkhole subsidence at the 
surface and depth of cover. Gray and Bruhn ( 1984) cite data from 239 subsidence cases above 
the Pittsburgh Coal Seam showing that about 95% of the events occurred at depths of less than 
150 ft, and that no sinkholes were observed at depths greater than 200 ft. In the Hanna Basin in 
Wyoming, Karfakis (1987) found that there is only a 2% probability of sinkhole subsidence at 
depths of greater than 160 ft. Sinkholes are rarely seen over mine workings deeper than about 
150 ft, or ten times the Carney Seam thickness (Piggott and Eynon 1977). Although chimney 
caves still form, they either bulk full or are bridged before reaching the surface. A map showing 
sinkhole subsidence features over the historic No. 44 Mine (Carney Seam) adjacent to the Brook 
Mine show that most of the sinkholes occur at depths of less than about 140 ft and that nearly all 
sinkholes are associated with areas that were retreat mined. 

A study of sinkhole formation above several Colorado coal mines (Matheson 1998) 
quantified the number of sinkholes that might be expected for different depth ranges and 
developed the following equation that estimates the probability that a collapse of an underground 
opening would reach the surface and create a sinkhole. 

P = 1,516 (ir4

·

0 

(for i 2:'. 6.3) 

where D = depth to floor of opening 
H = mining height 
P = probability of a collapse breaking through to the surface. 

(Eqn. 8) 

Closer examination of the Matheson equation and supporting data set indicate that the 
equation overstates the probability of sinkhole subsidence for the Brook Mine. The data set for 
development-only mines was not used for formulating the equation and showed a different 
behavior (less subsidence potential). Since the development-only data set more closely applies 
to the conditions at the Brook Mine, those data were examined in greater detail. Table 9 
summarizes the subsidence data for the development-only mines in the Colorado Springs, 
Colorado , area. The study analyzed the data based on the ratio of overburden depth (to the seam 
floor) divided by the seam thickness. The Colorado Springs seam thickness averaged 9.1 ft; 
therefore, in order to apply the results to the Brook Mine (14-ft seam thickness, 115 ft minimum 
cover depth, 129 ft minimum depth from seam floor to surface), the depth ranges from Matheson 
were adjusted by a factor of 1.54 ( 14 ..;- 9. 1) and are shown as the " Brook Mine Depth Range" in 
Table 9. 

The number of observed sinkhole subsidence features in the Brook Mine depth-to-floor 
range of 115- 154 ft (101 - 140-ft cover depth) was 0.24 features per acre. For the Brook Mine, 
the area at less than 140-ft cover depth is 18.7 acres, resulting in an estimate of 5 sinkholes that 
may develop in shallow cover. The analysis also estimates that 2 sinkholes may develop in the 
next deeper range up to 178-ft cover depth (8.1 acres) and that no sinkholes should develop at 
greater than 178-ft cover depth. These estimates are likely high, given that the Colorado data 
were based on opening widths of at least 15 ft (possibly up to 25 ft) in comparison to the I 1.5-ft
wide HWM openings. The roof of the narrower HWM openings should be more stable, resulting 
in fewer collapses and less chance for chimney caves and sinkholes to develop. 
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Table 9. Subsidence Data from Development-Only Mines 

Matheson Probability of 
Depth Brook Mine Number of Density of Collapse 

Range to Depth Range Ratio of Surface Observed Subsidence Reaching the 
Floor to Floor Depth to Area Subsidence Features Surface 
{ft} {ft} Thickness {acres} Features {number/acre} {%} 
< 25 < 38 2.7 1.47 25 17.01 100.0% 

25-50 38-77 4.1 3.6 29 8.05 47.0% 

50-75 77-115 6.9 3.47 19 5.47 32.0% 

75-100 115-154 9.6 8.09 2 0.24 1.0% 

100-125 154-192 12.4 19.21 5 0.26 1.0% 

125-150 192-231 14.6 32.33 2 0.06 0.3% 

150-175 231-269 17.9 0 0 0.0% 

Under most circumstances, the probability of sinkhole subsidence could be reduced by 
reducing the mining height under the shallow areas. However, as shown in Table 9, the 
probability in the lowest cover range at the Brook Mine is only l %, so little significant reduction 
is likely to be achieved. 

AAI conducted a similar analysis using a map of sinkholes plotted on the historic Carney 
No. 44 Mine. The development-only area, between the I 00 ft and 150 ft depth of cover 
contours, was calculated and the number of sinkholes in that area was counted. This depth range 
corresponds to a I 14-164-ft depth-to-floor range, which is similar to the 115- 154-ft range shown 
in Table 9. It was difficult to determine whether some sinkholes were associated with 
development or retreat mining areas; however, the most conservative estimate was 16 sinkholes 
within the measured area. The area of the development-only section was 86 acres, so the 
sinkhole frequency at the Carney Mine was calculated as 0.19 holes/acre, which is comparable 
to, but slightly less than the 0.24 holes/acre value measured by the Colorado study. 

A review of sinkhole subsidence features plotted on maps of the Carney, KOOi, and 
Monarch historic mines adjacent to the Brook Mine identified several factors that suggest the 
Brook Mine will be less susceptible to subsidence than the historic mines: 

• The historic mine openings were generally 25 ft wide, compared with the 11.5-ft-wide 
HWM openings. Thus, the roof of the HWM openings should be more stable and less 
susceptible to collapse and possible formation of sinkholes. 

• Sinkholes over the historic mines generally occurred over secondary (retreat) mined areas 
where the roof was intentionally allowed to cave. The Brook Mine implements 
development-only mining, with no pillar extraction. 

• Historic sinkholes in development-only areas generally occur at intersections of rooms 
and crosscuts, where the effective roof span is greater and roof collapse is more likely. 
The Brook Mine does not have any crosscuts or intersections, so the roof should be more 
stable. 

• The plan view (areal) extraction ratio in the development-only sections of the historic 
mines is about 50%, where the extraction ratio in the Brook Mine is about 39%. The 
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lower extraction ratio results in lower average pillar stresses and a corresponding lower 
potential for pillar degradation and associated roof weakening. 

6.2 Operational Considerations 

Roof Stability and Dilution- The calculated stand-up times for the roofs of all HWM 
areas ind icates that the roofs should be sufficiently stable to allow highwall mining. However, 
the rocks types are generally classified as weak (CMRR) and occasional roof falls may occur. 
AAI recommends leaving a I-ft-thick layer of top coal to reduce weathering of the CMS layer 
and improve stability. If mining exposes the CMS layer in the floor, trafficability problems are 
considered likely; therefore, AA[ recommends leaving a I-ft-thick layer of floor coal to improve 
conditions. 

Mining Sequence---The only geotechnical issue related to mining sequence is the side 
dip to the southeast, which makes mining from east to west preferable, in order that mining 
progresses away from any water accumulation in the box cut. 

Highwall Stability- The design curves provided in this report are intended to provide 
for pillar stability during active mining operations and, therefore, preserve the integrity of the 
highwall. If any situations not contemplated in this report are considered by Ramaco, such as 
stacking spoil over the HWM openings, these should be analyzed separately. 

Nearby Blasting- It is not expected that blasting will occur during highwall mining; 
however, it is common practice to limit blasting to within 1,500 ft of highwall mining operations. 
If exceptions to this procedure are necessary, highwall mining operations should cease until the 
blast is complete and the highwall, pillars, and openings have been re-examined for any damage 
caused by the blast. 

Required Pit Width- The standard ADDCAR launch vehicle requires a minimum pit 
width of 150 to 200 ft. This includes a stand-off distance of 25 ft between the launch vehicle and 
the highwall. Specifications of the particular system chosen for mining should be obtained prior 
to developing the box cut to ensure that sufficient space is available. 

Hole Closure---Personnel entry into HWM openings is prohibited per 30 Code of 
Federal Regulations 77.1502. To help ensure that personnel do not inadvertently enter an 
opening, it is common practice to block the opening with a spoil berm. The berm should trail the 
active hole by several holes, in order to allow visual observation of rib stability from a distance. 

Spontaneous Combustion- Should web pillar failure occur, the risk of spontaneous 
combustion is increased. This is due to coal crushing and possible air circulation through the 
highwall miner openings to the surface through subsidence cracks. Again, while the design 
curves provided in this report are intended to reduce the likelihood of pillar failure, Ramaco 
should be aware of the consequences should failure occur. 
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R2017-4 
Property: Brook Mine Total Depth: -160' Rig ID: 

Location: Spud Date: 5-25-20 18 Driller: Boart Longyear 

County/ State: Wyoming / Sheridan County End Date: 5-25-20 18 Operator: Ramaco Carbon, LLC 

Easting: Northing: GL Elev: 1000 fl 

>- • Coal GJ Sandstone w 
:.:: 
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::::; 0% 
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Property: Brook Mine 

Location: 

County / State: Wyoming / Sheridan County 

Easting: 

>- • Coal GJ Sandstone w 
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::c 
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::::; 

Depth (ft) 
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-105 - 105 
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Total Depth: -160' 

Spud Date: 

End Date: 

Northing: 

5-25-20 18 
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Brook Mine 

Rig ID: 
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Operator: Ramaco Carbon, LLC 

G L Elev: I 000 ft 

0% 

I %RQD 100% 

I 

Deplh (ft) 

,-.--,-..-, - --- ,-
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-106 
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R2017-4 
Property: Brook Mine Total Depth: -1 60' 

Location: Spud Date: 

County/ State: Wyoming I Sheridan County End Date: 

5-25-2018 
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...J 
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:I: 
I-
::::i 
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R2017-4 
Property: Brook Mine Total Depth: -160' 

Location: Spud Date: 5-25-20 18 

County/ State: Wyoming / Sheridan County End Date: 5-25-20 18 

Easting: 

>- • Coal GJ w 
::.:: 
>- • Mudstone ~ (!) 
0 
...J !i Garb. Mudstone 0 
:::c 
I-
:::i 

Depth (ft) 

- 111 - 111 

-112 - 112 

-113 -113 

CORE LOG 

October 2018 

- .. ' 

·. ·.·. ·, 

·.· .·. ·. 
·.·.·.·, 

. .. ' 

.... ·.· , 
·.·.·.·, 

. .. ' 

.... ·.· , 

... ' 

... ' 

·.·.·.· . 
. . . . . . . ' 
·.·.·.· . 
. . . ' 

-. - . -. _..: 

Northing: 

Sandstone 

Lost Core 

Sandstone: Sandstone, Medium 

fFNS 2/025 

Brook Mine 

Rig ID: 

Driller: Boart Longyear 

Operator: Ramaco Carbon, LLC 

GL Elev: 1000 ft 

0% 

I ¾RQD 100% 

I 

Depth (ft) 

- _ ,_ ,_ ,,_ ,, _ ,_ ,_ 

- 111 

- 112 

- 113 

Page 4 of 18 

Addendum MP-6-72 DEQ Ex. 5-420



RAMACO 

R2017-4 
Property: Brook Mine Total Depth: -1 60' 

Location: Spud Date: 

County I State: Wyoming / Sheridan County End Date: 

5-25-2018 

5-25-2018 

Easting: 

>-w 
::.:: 
>-
(!) 
0 
...J 
0 
:c 
I-
::::::i 

• Coal GJ 
• Mudstone ~ • Carb. Mudstone 

Depth (ft) 

-114 -114 ·.· ... ·. 
.. · .·. · . 
. . . . 

. . · .·. ·. 
·.· .·. · . . . . . 
. . ·.·. · . 

. . . . 
. . ·.·.·. 

Northing: 

Sandstone 

Lost Core 

-115 -115 1---.-.-. ---1, 1------- - --------l 

Sandstone: Sandstone, Fine, 

-116 -116 

-117 -117 

·.· .. . ·. 

·.·.·. · . 

. . · . . . 
. · . . . 

. . · . . . 

. . · . . . 

. . · , . ·, . . 
. . · . . 
. · . 

Mudstone Intervals at 117.4' and 
117.7' 

Rig ID: 

Driller: 

Operator: 

GL Elev: 

0% 

I 

Depth (ft) 

-114 

-115 

-116 

-117 

Brook Mine 

Boart Longyear 

Ramaco Carbon, LLC 

I 000 ft 

¾RQD 

·- •·- ·- ,_,,-,,~ , 

100% 

I 

------------------ ----, 
CORE LOG TFNS 210 25 Page 5 of 18 

October 2018 r>rrn r,r,r 21. 201 P Addendum MP-6-73 DEQ Ex. 5-421



RAMACO 

R2017-4 
Property: Brook Mine Total Depth: - 160' 

Location: Spud Date: 

County/ State: Wyoming I Sheridan County End Date: 

5-25-20 18 

5-25-20 18 

Easting: 

> w 
::,:: 
> 
C) 
0 
....I 
0 
::c 
I-
::::i 

Northing: 

• Coal GJ Sandstone 

• Mudstone ~ Lost Core 

Carb. Mudstone 

Depth (ft) 

,---:---; .... 

- 118 - 118 

- 119 - 119 . . .. 

. . . . 

- 120 - 120 h--~--.-; 1--------------i 

.... 

.... 

. . . . 

. . . . 

Sandstone: Sandstone, Fine
Medium 

Rig IO: 

Driller: 

Operator: 

GL Elev: 

0% 

I 

Depth (ft) 

- 118 

-119 

-120 

Brook Mine 

Boart Longyear 

Ramaco Carbon, LLC 

1000 ft 

¾RQD 

- ,~ ,-

--

100% 

I 

CORE LOG FNS 2/025 Page 6 of 18 

October 2018 5,2018 Addendum MP-6 -74 DEQ Ex. 5-422



RAMACO 

R2017-4 
Property: Brook Mine Total Depth: -160' 

Location: Spud Date: 5-25-20 18 

County I State: Wyoming / Sheridan County End Date: 5-25-20 18 

Easting: 

>- • Coal w 
:.:: 
>- • Mudstone <., 
0 
...J 

!!i Garb. Mudstone 0 
:I: 
I-
:J 

Depth (ft) 

-12 1 - 121 

- 122 - 122 

-123 - 123 

-124 - 124 

• 
~ 

Northing: 

Sandstone 

Lost Core 

Mudstone: Mudstone, Intervals 
of Sandstone, Fine 

CORE LOG f N 8 2 / 0 2 5 
'---- - --- ------ ---- ---~ 

October2018 RECD OCT 25, 2018 

Brook Mine 

Rig ID: 

Driller: Boart Longyear 

Operator: Ramaco Carbon, LLC 

GL Elev: 1000 fl 

0% 

I %RQD 100% 

I 

Depth (ft) 
, __ 

-121 

- 122 

-123 

-124 

Page 7 of 18 

Addendum MP-6-75 DEQ Ex. 5-423



RAMACO Brook Mine 

R2017-4 
Property: Brook Mine Total Depth: - I 60' Rig ID: 

Location: Spud Date: 5-25-20 I 8 Driller: Boart Longyear 

County/ State: Wyoming I Sheridan County End Date: 5-25-20 I 8 Operator: Ramaco Carbon, LLC 

Easting: Northing: G L Elev: I 000 ft 

>- • Coal 0 Sandstone w 
~ 

>- • Mudstone [2l Lost Core (!) 
0 
....I Ii Garb. Mudstone 0 
:c 
I-
::::i 0% 

I %RQD 100% 

I 

Depth (ft) Depth (ft) 

·- ·- ·- r-•- -- ·~~ 

- 125 - 125 - 125 

- 126 -126 - 126 
Mudstone: Mudstone 

-127 -127 -127 

Carb Mudstone: Carbonaceous 

CORE LOG Page 8 of 18 

October 2018 NS 2/025 Addendum MP-6 -76 

RECO r r 'lr.: , 2018 
DEQ Ex. 5-424



RAMACO 

R2017-4 
Property: Brook Mine Total Depth: -160' 

Location: Spud Date: 

County/ State: Wyoming / Sheridan County End Date: 

5-25-2018 

5-25-2018 

Easting: Northing: 

>- • Coal • Sandstone w 
~ 

>- • Mudstone ~ Lost Core (!) 
0 
-' !i Garb. Mudstone 0 
::c: 
!:= 
-' 

Depth (ft) 

Mudstone 
-128 - 128 f------1 1----------------j 

-129 - 129 

-130 - 130 

-131 -131 

CORE LOG 

October 2018 

Lost Core: Lost Core 

Coal: Coal 

Carb Mudstone: Carbonaceous 
Mudstone 

Coal: Coal 

2/025 
PECO rr.r 'l'i,201 8 

Rig ID: 

Driller: 

Operator: 

GL Elev: 

0% 

I 

Depth (ft) 

-128 

-129 

-130 

-131 

Brook Mine 

Boart Longyear 

Ramaco Carbon, LLC 

1000 ft 

¾RQD 100% 

I 

Page 9 of I 8 

Addendum MP-6-77 DEQ Ex. 5-425



RAMACO 

R2017-4 
Property: Brook Mine 

Location: 

County/ State: Wyoming I Sheridan County 

Easting: 

>- • Coal • Sandstone w 
::II:: 
>- • Mudstone ~ Lost Core (!) 
0 
...I !i Garb. Mudstone 0 
:x: 
I-
:::i 

Depth (ft) 

- 132 -132 

- 133 - 133 

-134 -134 

Total Depth: -160' 

Spud Date: 

End Date: 

Northing: 

5-25-2018 

5-25-2018 

CORE LOG l f N S 2 I O 2 5 

Brook Mine 

Rig ID: 

Driller: Boart Longyear 

Operator: Ramaco Carbon, LLC 

GL Elev: 1000 ft 

0% 

I %RQD 100% 

I 

Depth (ft) 

- 132 

-133 

-134 

Page 10 of 18 

- ~· -----------------~ 
October2018 RECD OCT 25,2018 Addendum MP-6 -78 DEQ Ex. 5-426



RAMACO 

R2017-4 
Property: Brook Mine 

Location: 

County I State: Wyoming I Sheridan County 

Easting: 

>- • Coal 0 Sandstone w 
~ 

>- • Mudstone ~ Lost Core C) 
0 _, 

!i Carb. Mudstone 0 
::r: 
I-
J 

Depth (ft) 

- 135 - 135 

-136 -136 

-137 -137 

-138 -138 

CORE LOG 

October 2018 

Total Depth: -1 60' 

Spud Date: 5-25-20 18 

End Date: 5-25-20 18 

Northing: 

TfNS 2/025 

Carney Coal 
Seam 

Brook Mine 

Rig ID: 

Driller: Boart Longyear 

Operator: Ramaco Carbon, LLC 

G L Elev: I 000 ft 

0% 

I %RQD 100% 
I 

Depth (ft) 

-135 

-136 

- 137 

-138 

Page 11 of 18 

Addendum MP-6-79 DEQ Ex. 5-427



RAMACO Brook Mine 

R2017-4 
Property: Brook Mine Total Depth: -160' Rig ID: 

Location: Spud Date: 5-25-20 18 Driller: Boart Longyear 
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R2017-4 
Property: Brook Mine Total Depth: - 160' Rig ID: 
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R2017-4 
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Location: Spud Date: 5-25-2018 Driller: Boart Longyear 

County/ State: Wyoming / Sheridan County End Date: 5-25-2018 Operator: Ramaco Carbon, LLC 

Easting: Northing: CL Elev: IOOO ft 

> • Coal 0 Sandstone w 
::.:: 
> • Mudstone ~ Lost Core (!) 
0 
-I !!i Garb. Mudstone 0 
:z:: 
I-
::::i 0% 

I ¾RQD 100% 

I 

Depth (ft) Depth (ft) 

- 149 -149 -149 

-150 -150 - 150 

- 151 - 151 -151 

-152 -152 -152 

CORE LOG T F N Page 15 of 18 
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RAMACO Brook Mine 

R2017-4 
Property: Brook Mine Total Depth: -1 60' Rig ID: 

Location: Spud Date: 5-25-20 18 Driller: Boart Longyear 

County I State: Wyoming / Sheridan County End Date: 5-25-2018 Operator: Ramaco Carbon, LLC 

Easting: Northing: GL Elev: 1000 ft 

>- • Coal GJ Sandstone w 
:.:: 
>- • Mudstone CtJ Lost Core (!) 
0 
...J 

Garb. Mudstone 0 
:I: ... 
::::i 0% 

I %RQD 100% 

I 

Depth (ft) Depth (ft) 

-153 

-154 

-155 

CORE LOG T f N 6 2 I D 2 5 Page 16 of 18 
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RAMACO Brook Mine 

R2017-4 
Property: Brook Mine Total Depth: -1 60' Rig ID: 

Location: Spud Date: 5-25-20 18 Driller: Boart Longyear 

County/ State: Wyoming I Sheridan County End Date: 5-25-20 18 Operator: Ramaco Carbon, LLC 

Easting: Northing: GL Elev: 1000 ft 

>- • Coal GJ Sandstone w 
~ 

>- • Mudstone ~ Lost Core (!) 
0 
...J !i Garb. Mudstone 0 
:r: 
I-
::::i 0% 

I %RQD 100% 

I 

Depth (ft) Depth (ft) 

- - ,--,-- -
-156 - 156 - 156 

- 157 - 157 - 157 

-158 -158 -158 

-159 -159 - 159 

CORE LOG TFNS 21-025 
Page 17 of 18 
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RAMACO Brook Mine 

R2017-4 
Property: Brook Mine Total Depth: -1 60' Rig ID: 

Location: Spud Date: 5-25-2018 Driller: Boart Longyear 

County I State: Wyoming / Sheridan County End Date: 5-25-2018 Operator: Ramaco Carbon, LLC 

Easting: Northing: GL Elev: 1000 ft 

>- • Coal 0 Sandstone w 
::.:: 
>- • Mudstone ~ Lost Core (!) 
0 
...I • Garb. Mudstone 0 
:I: .__ 
::J 0% 

I %RQD 100% 

I 

Depth (ft) Depth (ft) 

,_ ,_ 

-160 -160 -160 

~ c_o_RE_ Lo_G __________ T f N 6 21025 Page 18 of 18 

October 2018 r. rr.r. rr,r ' 'i.2018 
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September 13, 2018 

October 2018 

APPENDIXB 

LABO RA TORY TESTING REPORT 

Agapito Associates, Inc. 

Brook Mine 

Page B-1 

TFNS 21D25 
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ROCK MECHANICS TESTING 

BROOK MINE, SHERIDAN, WYOMING 
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RAMACO 

July 6, 2018 

1.0 INTRODUCTION 

Brook Mine 

Page I 

Ramaco Carbon, LLC (Ramaco) commissioned Agapito Associates, Inc. (AAI) to 
complete a rock mechanics laboratory testing program to measure the mechanical properties of 
core samples from exploration holes from the Brook Mine located near Sheridan, Wyoming. The 
core samples were delivered to AAI 's Grand Junction, Colorado, laboratory facility in May of 
2018. 

Results of the testing are summarized in this report. 

2.0 LABO RA TORY PROCEDURES 

Prior to testing, specimens were prepared according to ASTM International (ASTM) 
standard 04543-08. 1 The following test types were performed by AAI according to ASTM 
standards where applicable: 

• Uniaxial (unconfined) compressive strength (UCS) test: 07012-142
. 

• Slake durability test: 04644-083 

• Point load index tests were also performed by AAI at ambient temperature according to 
the International Society for Rock Mechanics (ISRM-85)4 specifications. 

3.0 TEST RESULTS 

The laboratory results for the UCS tests are summarized in Table I. Table I contains 
elastic properties calculated using both the tangent ( 45%- 55% of UCS) and secant (0%-50% of 
UCS) methods as outlined in ASTM 07012. Point load index and slake durability test results are 
summarized in Tables 2a, 2b, and 3. 

Data sheets for the UCS tests with failure mode descriptions are presented in 
Appendix A. Stress-strain plots for UCS tests are in Appendix B. Data sheets for the point load 
and slake durability tests are presented in Appendices C and D. Before and after photographs for 
the slake durability test specimens are in Appendix E. 

TFNS 21025 
RECD Der 25 

, 2018 
1 American Society for Testing and Materials (ASTM), "Standard Practice for Preparing Rock Core as Cylindrical 

Test Specimens and Verifying Conformance to Dimensional Shape Tolerances," Designation D4543-08. 
2American Society for Testing and Materials (ASTM), "Standard Test Method for Compressive Strength and Elastic 

Moduli of Intact Rock Core Specimens under Varying States of Stress and Temperature," Designation D7012-
14 (Methods C and D). 

3 American Society for Testing and Materials (ASTM), "Standard Test Method for Slake Durability of Shales and 
Similar Weak Rocks," Designation D4644-08. 

4 International Society for Rock Mechanics (JSRM), "Suggested Methods for Determining Point Load Strength." 

Agapito Associates, Inc. 
October 2018 Addendum MP-6 -90 DEQ Ex. 5-438
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Table 1. Uniaxial Compressive Strength Test Results 

Depth 
Weight 

Average Axial 
Dens ity 

Failure ocs 
Young's 

Poisson' s 
Young's 

Poisson's 
Specimen No. Hole ID From To Lithology Diameter Length Load Modulust Modulusi 

{ft} {ft} 
(oz) 

(inch) (inch) 
(pct) 

Ob) 
(ps i) 

( X) 0
6 

l!il 
Ratiot 

(X) 0
6 

l!il 
Ratioi 

UCS-0 1/E 20 17-4 106.80 10730 Sandstone 48.80 2.93 5.81 135 20,855 3,100 0.34 0.24 0.26 0.11 
UCS-02 2017-4 111.50 112.00 Sandstone 51.69 2.92 5.77 144 18,260 2,723 

UCS-03/E 2017-4 116.75 117.25 Sandstone 50.04 2.96 6.00 131 15,215 2,211 0.41 0.24 0.34 0.09 

• UCS-04 2017-4 I 19.50 120.00 Sandstone 50.91 2.97 5.97 133 13,605 1,970 
(JQ UCS-05/E 2017-4 124.50 125 00 Muds tone / Sandstone 48.39 2.94 5.66 136 20,820 3,076 0.43 0.20 0.36 0.09 
Cl 

UCS-06/E 2017-4 125.40 125.90 Muds tone / Sandstone 52.95 2.98 5.73 143 21,260 3,039 OJ I 0.25 0.27 0.20 -0 
;::-.· 

UCS-07/E 2017-4 126.00 126.50 Mudstone 48 08 2.98 5.12 146 27,095 3,889 0.42 0.33 0.38 0.16 0 

• UCS-08/E 2017-4 127.15 127.65 Mudstone 52.41 2.99 5.67 142 13,065 1,859 0.19 0.19 0.18 0.08 
V, UCS-09/E 2017-4 132.40 132.90 Coal 27.29 2.97 5.47 78 10,145 1,462 0.15 0.47 0.07 0.21 
V, 
0 UCS-1 0/E 2017-4 132.90 13340 Coal 28.14 2.99 5.51 78 16,740 2,382 0.24 0.38 0.13 0.21 
(') 

ci' UCS-11 2017-4 134.30 134.80 Coal 30.80 2.99 609 78 12,320 1,757 .... 
UCS-12 2017-4 136.40 136.90 Coal 3001 2.96 6.42 73 5,605 813 (1) 

~v, UCS-1 3/E 2017-4 144.10 144.60 Coal 2847 2.94 5.56 82 10,910 1,612 0. 19 0.29 0.09 0.14 

::i UCS-14/E 2017-4 144.60 145 .10 Coal 30.87 2.99 6.16 77 7,380 1,055 0.19 0.25 0 20 0.18 
0 UCS-15/E 2017-4 145.30 145.80 Coal 2537 2.80 5.33 84 19,530 3,181 0.26 0.30 0.17 0. 18 

UCS-16/E 2017-4 147.40 147.90 Carb Muds tone 30.22 2.98 5.89 79 9,345 1,338 0.22 0.50 0.18 0.16 
UCS-17 2017-4 150.60 15110 Mud stone 61.65 2.99 6. 53 145 19,445 2,768 

UCS-18/E 2017-4 152.50 153 00 Muds tone 6041 2.95 6.61 144 18,920 2,765 0.38 0.20 030 0.06 
UCS-19 2017-4 153.60 154.10 Muds tone 64.29 2.95 6.82 149 18,71 0 2,747 

UCS-20/E 2017-4 156.80 15730 Muds tone 63.68 2.94 6.85 148 21 ,915 3,223 041 0.24 037 0.09 
t Tangent calculat ion method. 
Secant calculation method. 

• 0. :::0 -, 
0. ,.,., ..., 
~ 
::; ~ ::z: 
0. CJ Ct) c 
3 ~ OJ 

c-, "-.) "1 

~ ? 
0 ..... ' 0 

""C c:::i :,;;-
I t-..) 

°' t--.) ~ I c.n c.n N s· ID ...... ..._., ~ 

c::, -0c) 

DEQ Ex. 5-439



RAMACO 

July 6, 2018 
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Table 2a. Axial Point Load Index Test Results 

Corrected 

"Failure Test Point Load 

From To Load" P Orientation Index, ls(SO) ucs 
S pecimen No. Hole ID (ft) (ft) Lithology (lb) 

PLT-A-01 
PLT-A-02 

2017-4 140.80 141.00 Coa l 648 
20 17-4 146.80 147.00 Carb Mudstone 257 

Table 2b. Point Load Index Test Results 

From To 

S~cimen No. Hole ID (ft} (ft} Lithologr 
PLT-D-01 2017-4 106.60 106.80 Sandstone 

PLT-D-02 20 17-4 11 1.30 111.50 Sandstone 

PLT-D-03 20 17-4 11 6.50 11 6.70 Sandstone 

PLT-D-04 20 17-4 125.00 125.20 Muds tone I Sandstone 

PLT-D-05 20 17-4 126.50 126.70 Muds tone 
PLT-D-06 20 17-4 126.80 127.00 Muds tone 
PLT-D-07 20 17-4 128.50 128.70 Coal 

PLT-D-08 20 17-4 128.90 129. 10 Coal / Carb Mudstone 

PLT-D-09 20 17-4 129.20 129.40 Carb Mudstone 

Table 3. Slake Durability Test Results 

Sam(!!e Deeth 

Moisture 
From To Content 

S~cimen ID Hole ID (ft) (ft) Lithologr (%) 

20 17-4-S I 2017-4 129.00 130.00 Carb. Muds tone 4.5% 
2017-4-S2 2017-4 146.20 148.00 Carb. Muds tone 18.0% 
20 17-4-S3 2017-4 146.20 148.00 Carb. Mudstone 18. 1% 
2017-4-S4 20 17-4 152.00 152.50 Muds tone 21.7% 
20 17-4-S5 20 17-4 156.50 157.50 Muds tone 3.9% 

• Type I = Retained pieces remained virtually unchanged 
II = Retained materials cons ist of large and small pieces 

Ill = Retained materials is exclus ively small fragments 

Agapito Associates, Inc. 
October 2018 

(AID) (psi) (psi) 

A 82 1,725 

A 32 669 

Corrected 

"Failure Point Load 

Load" P Index, ls(SO) 

(lb} (~i} 
24 1 34 

307 44 

107 15 

609 83 
374 51 
264 36 
180 24 

66 9 
11 3 15 

Slake Durabili!.l'. 

Retained Material 
Index, Lt Description 

(2) (Type) * 

11.8 Ill 
31.3 Ill 

22.4 Ill 
71.0 II 

59.7 II 

TFNS 21025 
RECD DCT 25,2018 

Addendum MP-6 -92 DEQ Ex. 5-440
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UNIAXIAL COMPRESSION STRENGTH TEST DATA SHEET 

Agapito Associates, Inc. 

TFNS 21025 
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Agapito Associates, Inc. 

Brook Mine 

Page A-2 

UNIAXIAL COMPRESSION TESTS 

C LIENT: Ramaco Carbon 
JOB NO: 

DATE: 

Specimen No. Hole No. 
UCS-0 1/E 20 17-4 
UCS-02 20 17-4 

UCS-03/E 20 17-4 
UCS-04 201 7-4 

UCS-05/E 20 17-4 
UCS-06/E 201 7-4 
UCS-07/E 20 17-4 
UCS-08/E 20 17-4 
UCS-09/E 20 17-4 
UCS- 10/E 20 17-4 
UCS- 11 20 17-4 
UCS- 12 201 7-4 

UCS- 13/E 20 17-4 
UCS- 14/E 201 7-4 
UCS- 15/E 20 17-4 
UCS- 16/E 201 7-4 
UCS- 17 20 17-4 

UCS- 18/E 20 17-4 
UCS- 19 20 17-4 

UCS-20/E 20 17-4 

Specimen No. 

UCS-0 1/E 
UCS-02 

UCS-03/E 
UCS-04 

UCS-05/E 
UCS-06/E 
UCS-07/E 
UCS-08/E 
UCS-09/E 
UCS-10/E 
UCS- 11 
UCS-1 2 

UCS- 13/E 
UCS- 14/E 
UCS- 15/E 
UCS- 16/E 
UCS-1 7 

UCS- 18/E 
UCS-1 9 

UCS-20/E 

~ 

\ I 
\ I 

\ I 
\ I 
\I 
I\ 

I \ 
I \ 

I \ 
I \ 

I \ 

Cone 

October 2018 

940-0 1 
June25 20 18 

Deolh 

from To 
(ft) (ft) 

106.80 107 .30 
111.50 11 2.00 
11 6. 75 11 7.25 
I 19.50 120 .00 
124.50 125 .00 
125.40 125 .90 
126.00 126.50 
127 .15 127 .65 
132.40 132.90 
132.90 133.40 
134.30 134 .80 
136.40 136.90 
144. 10 144.60 
144.60 145 . 10 
145 .30 145 .80 
147.40 147 .90 
150.60 151.1 0 
152.50 153.00 
153.60 154.10 
156.80 157.30 

Lithological Description 

Sandstone 
Sandstone 
Sandstone 
Sandstone 

Mudstone / Sandstone 
Mudstone / Sandstone 

Mudstone 
Mudstone 

Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 

Carb Mudstone 
Mudstone 
Mudstone 
Mudstone 
Mudstone 

V 

I 
I 
I 
I 

), 
I \ 

I \ 
I \ 

I \ 

Cone and 
Axial 

Fracture/ 
Columnar 

HOLE NO:I 20 17-4 
MOISTUR E CONDITION :,_ _________ A_s_r_ec_e_iv_e_d ________ __. 

TEMPERATUR E: L.. ----------'-A-"m:.:.;b:..ciec.:n;_;_t ________ __, 

Length of Diameter Axial Length-lo-
Interval Weight D, D, Length 

(fl) (oz) (in) (in) (inch) 

0.50 48.80 2.93 2.93 5.8 1 
0.50 51.69 2.92 2.92 5.77 
0.50 50.04 2.97 2.96 6.00 
0.50 50.91 2.97 2.96 5.97 
0.50 48.39 2.94 2.94 5.66 
0.50 52 .95 2.99 2.98 5.73 
0.50 48.08 2.98 2.98 5.12 
0.50 52.4 1 2.99 3.00 5.67 
0.50 27 .29 2.97 2.97 5.47 
0.50 28. 14 2.99 2.99 5.51 
0.50 30.80 2.99 2.99 6.09 
0.50 30.01 2.95 2.98 6.42 
0.50 28.47 2.90 2.98 5.56 
0.50 30.87 2.99 2.99 6. 16 
0.50 25 .37 2.6 1 2.98 5.33 
0.50 30.22 2.98 2.98 5.89 
0.50 6 1.65 2.99 2.99 6.53 
0.50 60.4 1 2.94 2.96 6.6 1 
0.50 64 .29 2.95 2.95 6.82 
0.50 63 .68 2.94 2.94 6.85 

failure 

Load ucs 
(lb) /nsi) failure Mode Noles 

20,855 3, 100 Shear 
18,260 2 723 Axial 
15,2 15 2,2 11 Cone 
13 605 I 970 Axial / Cone 
20 820 3 076 Axial 
21 260 3 039 Axial / Cone 
27 095 3 889 Axial 
13,065 1,859 Shear / Axial 
10 145 1,462 Ax ial 
16,740 2 382 Ax ial 
12,320 1,757 Axial 
5 605 8 13 Axial 
10 9 10 I 6 12 Axial 
7,380 I 055 Axial 
19 530 3 18 1 Axial 
9,345 I 338 Axial 
19,445 2 768 Shear / Axial 
18,920 2,765 Axial 
18,7 10 2,747 Axial 
2 1,91 5 3 223 Axial 

Failure Mode Sketches 

' I 
I 

I 
I 

I 
I\ 

I \ 
I \ 

I \ 
I \ 

I \ 

Cone and 
Shear 

/ 
/ 

/ 
/ 

/ 

✓-
/ 

Shear 

Agapito Associates, Inc. 

Diameter Area Density Specific 
Ratio (inch2

) Ind) Gravity 
2.0 6.73 135 2.2 
2.0 6.7 1 144 2.3 
2.0 6.88 13 1 2.1 
2.0 6.9 1 133 2.1 
1.9 6.77 136 2.2 
1.9 7.00 143 2.3 
1.7 6.97 146 2.3 
1.9 7.03 142 2.3 
1.8 6.94 78 1.2 
1.8 7.03 78 1.3 
2.0 7.0 1 78 1.2 
2.2 6.90 73 1.2 
1.9 6.77 82 1.3 
2. 1 7.00 77 1.2 
1.9 6.14 84 1.3 
2.0 6.98 79 1.3 
2.2 7.02 145 2.3 
2.2 6.84 144 2.3 
2.3 6.8 1 149 2.4 
2.3 6.80 148 2.4 

Comments 

Be2an 0akin2 off /axial) (ti) 10 500 lbs 

I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Axial 
Fracture/ 
Columnar 

I I 

I I 
I I 
I I / 
I r 
•✓ / 

/ 
/ 

Shear ·and 
Axial 

Fracture/ 
Columnar 

TFNS 2/025 

, 
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Brook Mine 
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' ' - --------4•- __________ .. 
' ' ' ' ' ' ' ' ' ' ----- - . -----.. 
' ' ' ' ' ' 

UCS-01/E 

~- ----- -----

' ' ·----------- -·-------
' ' ' ' ' ' 

Brook Mine 

Page B-2 

------------1-------------1------------t------------1------------- ------------t------------1-------------r-----------t-----------1-------------
-------- ----1----------- --t ·--- -------- -r-- --- ----- --1------------------ --------;--- ---- -----1- ----- -------r--- ----------;------- -----1-- -----------

. --··:-· 3,000- -------------:------------:-------------!·------------:---- ------1·------------
------------r-----------·t··----- ----r------------1----- ------ ------------1---------·-·t··----------r------------1- _________ i ____________ _ 

------ ---- --r -----------! --:::::::: ; : · --: ---1---:: --:::•:- .::••-••·--•1- ----••••• --:-------- •••••r---• ----··•• ! ••••:•••:•• 1••••••••••••• 

=•• ••1••• • • r:•• ::r:::r •-•oo: =•••• : •• • •+••• •r < :1 F •: 
------------1-------------r-----------r----------- ------------ -----------r --------r-----------r- --------r-----------1-------------

: 1-1 :r j •• --- L -- : r : 

t ------ ·r --:- r l--....... ••~••••- r- 1:: __ r r· --T--
l , ] 1,500 [ ! i [ i 

=::~s:::n -~ -r ~ i-- - l f l 
- - Volumetric Strain -------+-----------+------- --- ------------+----- ------j ----------+-----------+------------j-------------

Sample ID: UCS-01/E : : ------- --- ------------+--- ------: -----------+------------r-----------+------------

~=D:~~~:•,:so 1,0 ·_ ::: r·+ ••i••::::r:•r::: 
~~g~g;::;:h; 2.93 .........•••••••••••• ~. ·-:••····••1••·········••r· : ••••••• f .:.:::·:•1••·:········· 
::~~~:i/:::\4 ----Seo : -----------1-------------:------------r-----------1-------------

;::~~~::~~:~::~u:::~'.::::::1~~~:4 1------------i·:::::::::--·r-·· ----. ---·r------- ----1-------------
Secant Poisson's Ratio: 0.11 -r _t____ - ! -r ----------r·----------
Temperature (°F): Ambient ____________ ----------r-----------r-----------r------------r-----------r------------

-2,000 0 2,000 4,000 6,000 8,000 10,000 12,000 

Microstrain 

TFN5 21025 
orr,o r,r,r 2'i . 201R 

Agapito Associates, Inc. 
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UCS-03/E 

Brook Mine 
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' I I 1 I I I I I -- ---- -------r------------r----- ---- --- ---- --- -------;-------- ---- -r------------r------- --- --r----------- --r- ------- -----r------- --- --
------- ------r------------;-------------- ------- ------;------------;--------------r-------------r ----------r-----------r------------

r - 1 1 - . 1 r i r 
--------------r------- -----;-------------- --------------1--------------1--------- ---i---------------r--------------r------ ------;--------------

-------------r---------- --r---- 2 .ooo- --------------1--------------1------------ 1--------------r--------------r--- ---------r--------------
-------------:------------- : -------------- --------------1--------------;-------------- --------------r--------------: -------------r--------------

-------------1--------------r ------------ --------------1--------------1--------------. -------------:----------- -r--------------:--------------

············1 · ············1·· ........... ··············1··············1··············' ············r······ ····r············r············· 

-_____ t____ -----t-----1:500 --------------1----------___ ( _____ --- ----r ~------------- r-

i" --------------~--------------t------ ------ --------------t--------------t------------- +------------ :--------------:·-------------t--------------

S: ! 1 l i i i i i 
81 . ---- ---- ---- --~- ---- --- ------t-- ----- ----- -- ------------1--- -----------!--- --- ---- - -~------ --- ----~ --- -----------~ ------- -------t------- -------
e : : : i : l : 

..... I I I I I I I 

~ -------------r--------------r-------- ---- --------------1--------------1--------- ---r---- ------r--------------:--------------r--------------
~ ---- ---------r--------------r-------- --- --------------1--------------1-------- -----r ----------r--------------!--------------r--------------
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1,000 2,000 
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3,000 

Agapito Associates, Inc. 

ial Strain 

:UCS-03/E 

2017-4 

rom (ft): 116.75 

o (ft): 117.25 

y: Sandstone 

oz):50.04 

(inch): 6.00 

Diameter (inch): 2.96 

pcf): 130.98 

{psi): 2211.05 

etric Strain 

ulus (10"6 psi): 0.41 

entPoisson's Ratlo:0.24 

nt Young's Modulus (10"6 psi) : 0.34 

n's Ratio: 0.09 

(°F):Ambient 
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1 I I I I ____________________ .. _____________________ ., _________________________________________ .. _____ - - ---- _______ .._ ____________________ ....._ ___________________ _ 
t I I t I 
I I I I 
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I 1 I I 
I I I I -- ------ --- --- --- - -- .. ----- ---- --- --- ·- ---- - --- -- -- - --- --- ---- -- ---- - ·- - ·----- ... - -- - - - ---- ---- -... - - --- --- --------.-- -- - -- -- ------- -- --
I I I I 
I I I I 
I I I I 
I 4 I I I -· ·------- ---- ------r--- ----· ----------- -r- ------- ----· -- ·--- ------- ----· --· ------r--- ----· ---- --- ----t·--·-- ·--- ---· ------r·--· --- -------· -----

------ ---- ---- --- ---1- --- ---- ---- -------- -r------ --- ---- --- ---- --- ---- -------- ------1- ---- -------- --- -----!·------------ -------;---- ----------- ----- -

::: :: : t ·: f::: :: 3,8 .. : : ·: :: ::::j:: : ❖ ::+ 

: : ::] : :: :::::: :::: :::::::: ::::;:: : :: ::J : :: 
:::f:: : :: :::::i:::: :••oo: ::::::: :::r:: : ::: ::~:: ::r ::::: 

! . r:· :+··-~:::.· .. ···t ·::::·· : r··:.::.·:::: 
111 
I!! -Cl) 

1,500 

- - - -- - -----
- Axial Strain 

- Radial Strain 

:::J: r: : : : : ;...... ............... = v:om'.'"~~~·'" .. . 
-·-------·----------;----------------·----i-----·-----t,e ' Hole ID: 2017-4 

' ' -··-----------------j---------------------;-----·----·--·--· Depth From (ft): 124.50 

: : Depth To (ft): 125.00 
--------------------1--·------------------r·----------------- Lithology: Mudstone I Sandstone 

' ' ·-·--·--- -------·----r- ·--·---------------r------- ·--··----·- Weight (oz): 48.39 
·-----------·----·---1--·--·----·----------[----------··------- ::::a~::;::eh;;i:~6h~: 2.94 

: F : :1: ::500: :::·:::······ ~:· ~=~·g~f~~~~:::•·pol)0.'3 
: : : :: : T . : i : ·: .. : ... • · : : ::: ::1 ::.:.• ;::::.::::;;;~:::[~:·· .. ,, '·" 

-6,000 -4,000 -2,000 0 2,000 

Microstrain 
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---- ._ ______________ --------- ...... _____________ _ 

-- -.. - ----------.--------------- -- --- -- .... ·-------------
• I I < ' ------ --------1-- ----- -------1··- -------- --- ... ---- --- ------- ------------__ ,._ --- -------- --r- --- ----- _____ ,. -- --- -------- -1--------- -----. ------ --------

--------------1--------------;--------------: ----------- --- --------------t---------------1--------------t---------------1-----------------------------: :: : r: : +: : :: :.: · : :.: :::j:: :.:: : j: :::: 

:: J ::: : ~ :: ~ :~: :: :: :::: :::1: :: :J: _ ::: : : 
: : : j :: 1:: ::::~ : 2 500 : : : :: :::: :::r :: : :::::: :: :~ j : ::: :: :::' ::: : :: : 

1 1 t 1 - -------
r - r-·· -····· ···-~;eoo- ·-·· ---· ···-·· r 1 - - -···---

! :: :: r= +:: :· =: : :::::: ::::: := t: : :::::+: : , :: 
~ I [ .500 : 

- Axial Strain 

Radial Strain 

············-t·····•---••·-t··-··-··--·--·. -·-·-- ---·-- ·--·--········,· ······--····f -···········,··········· - Volumetric Strain · 

-··------··--r····---·--·-·r·-·--···-···-·L······· ..... ··-·····-·-···· -···-·-···· Sample ID: lJCS.06/E 

: r:::::r: : :: •;ioo _ ::::.:: __ :: 
Hole ID: 2017•4 

Depth From (ft) : 125.40 

Depth To {ft): 125.90 

----·-·-·--·-t····-········t··--···-·-·-··L-· - - - t Lithology: Mudstone/ Sandstone 

f:: t : ::: : --- --·-·-··-· _,_ - ~::~::i:~;::::::::. , .. 
·············t····,········t··-······-···-,····-··5 Density (pcf): 142.62 

·---··------•-i---------··-··.;. .............. L........... Strength (psi): 3039.00 
: : Tangent Young's Modulus (10"6 psi): 0.31 
' ' .. - ·r-

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' --------------L------------•-'--•••----------'-•-••••••••-•• 
' ' ' ' ' ' ' ' ' ' 

·8,000 -6,000 ·4,000 ·2,000 0 2,000 

Microstrain 

Tangent Poisson's Ratlo:0.25 

Secant Young's Modulus (10"6 psi): 0.27 

Secant Poisson's Ratio: 0.20 

Tern perature (°F): Ambient 

4,000 6,000 8.000 10,000 12,000 

21025 
RECD OCT 25 ,2018 
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0
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·····•···••1~•·••··1••i•i:••••··-. . ~~I~~~~ ~i;~ .... 
··············:··········-···:-······ · : · Strength (psi):3888.70 
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Axial Length ( 
Average Diam 
Density(pcf): 
Strength (psi): 

-------eoo-

------400 

Tangent Young's Modulus (10"6 psi): 0.19 ______ _ 

Tangent Poisson's Ratio:0.19 
Secant Young's Mo 

Se cant Poiss 

Temperature 
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Agapito Associates, Inc. 

(ft): 132.40 

(ft): 132. 90 

y: Coal 

(oz): 27.29 

(Inch): 5.47 

iameter (Inch) : 2.97 

cf) : 77.62 

psi): 1461.90 

ulus(10•6 psi): 0.15 

ent Poisson's Ratio : 0.47 

ulus (10•6 psi): 0.07 

n's Ratio : 0.21 
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l · 1 l 
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i ::: ::f:: : J_:-------------· __ : l::::: :::::::: 
--Axial Strain .l..... l 

Radial Strain ··- -- ----------.-------------- -----------,-------- ------ ---------,---• ---------------------
- Volumetric Strain 

---- -·--·r---- --- - -- ----,.-- -- -·------ . - ·-----· 

Sample ID: UCS-10/E 

Hole ID: 2017-4 

Depth From (ft): 132.90 

Depth To (ft): 133.40 

Lithology: Coal 
Weight (oz):28.14 

' ' ·------ ------- ------------- ----------•--- ___________________ ,. _______________________ _ 
' ' ' ' ' ' ' ' ' ' ' ' -------- ----- ------------- ----------,-- ---------------------.-------------------------
' ' ' ' ' ' ' ' 

--------- ----- ------------ ---------- -----·------------------r------------------------
' ' ' ' ' ' ·-------- ---- ------------ -------- -·------------------------•------------------------
' ' ' ' Axial Length (inch) : 5.51 : : 

Average Diameter(lnch): 2.99 ·-------500 . ··-··--··-· ------- -·-r--·---------------------i ·-----------------------
Density ( pcf): 78.47 

~:r:gneg=~::i~=:.:~;ulus (10A6 psi): 0.24 :::::::::::_ :: :::::::::-_:::--:_::::::t::::::::::::::::::::::::r:::::::::::::::::::::::: 
Tangent Poisso 

' ' Secant Young's Modulus (10A6 psi): 0.13 ------------.-------------------------•----- ------------------

Secant Poisson's Ratio: 0.21 

Temperature (0 F): Ambient 

-1 5,000 -10,000 

October 2018 

-5 ,000 0 
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fF NS 21025 
RECD DCT 25, 2018 

Addendum MP-6-103 DEQ Ex. 5-451



RAMACO 

July 6, 2018 

UCS-13/E 

Brook Mine 

Page B-10 

I I t I I I I I I 

::::::::::::1:::::::::::::1 ::::::::::::r:::::::::::1::::::::::::: ::::::::::::+::::::::::::1:::::::::::::1::::::::::::r:::::::::::1::::::::::::: 
------ -- --- . j------ -. --. --t----. --. ---. +-. ----------i-------. ----- ----. -------+------------i--. --. --- ----f----------. -+-------. ----j--. -------. --

------------ :- _____ :::::--::::::::)::::::::::::J:::1,600:_ :::::::::::t:::::::::::j:::::::::::::t::::::::::::t:::::: ) ::::::::::::: 
----------- --1-- -----------:---- -- -- ___ : ______ --- --1------------- -----------+-----------1-- - -- --- -r- --- -----r----- ----1-------------
----------- -1------ ----·-·t·· ----- --:----· ----- - ------ --- ----- ------- :------------:--------- ----:---------- --:--- --- ----!·------------

-- ---- -----+------------:-- ---- -------, -----------:---1,400- ---- -----+----------+-----------:-----------+-- -------+------------
------------j-------------r-------------~ ----------i------------- ------ -----~------------1-------------r-------------~-- --------1-------------

- --1 --- -----r-- -- -T --- ---r------- - -- -r ·- ------r---- r ------ ---r - -i-- --------
___ --- -- ----j---------- ---\--- ----. --- -+-- --. ---. --j---. ---- --- -- - -- -------- ' --- ---. -----i-- ------- --- -f--- ---- ______ ' ---. -- ·----j--- ---. ---. --
------ ------ ;- -------- --- -; ------ -------; ----- -----;---1,200- ------------ -----------•-------------;------------ ------------;-------------

] ::;:::::-_ l :.- -_:;.:::::-- --r 1 
• l···r 1··········.1 ············1······ 1i··1··_:· 
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- - Voll.metric Strain ·----T·----------r----- ------ ------------r--------- -r·------- -r-----------r-----------r·----------

Sample ID:UCS~1-~;~ - r-· - -j------aOO r -_- __ --1 :_ -:_ -: 1- __ :_: __ ::+:---- -. --1-------------

::t~D;r:o;7(~~): 144.10 ::_ :::: ::::::::::::;::::::::- ):::::- _::)::::::::::::::::::::::::f ::::::::::: 
Depth To (ft): 144.60 --- --- ------------r------ ---r- --------r------------ t-----------r-----------

~~~~}~iS~~::::;~ ... t ::: :: :]:: : :::• ::: ]~:: :::1 :::] :: : : 
Density (pcf):81 .64 

~~l)E~\~~~f: J:~;:::o:·;:· :;~ . :::: :: ••-: ::•:+:J: :::: :1::::::1.::::::::1 :::::: : 
-10,000 -8,000 -6 ,000 -4 ,000 -2,000 0 2,000 4,000 6,000 8,000 10,000 12,000 

Microstrain 
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! 1 1 400 i 1 1 ' ! 1 1 
ca -- - -1 ·•1 ------ ---r- ------1 --1 . ---·r --r - - ---r·-- --- -
~ 

. 

- Axial Strain 

Radial Strain 

- Volumetric Strain 

Sample ID: UCS-14/E 

Hole ID: 2017-4 

Depth From (ft) : 144.60 

Depth To (ft): 145.10 

Lithology: Coal 
Weight (oz): 30.87 

Axial Length (inch): 6.16 

Average Diameter(inch): 2.99 

Density ( pcf): 77 .34 

·····-······; ···--······· ;······HlO· ········· ··· ···········; ············ ;-- ···· Strength (psi): 1054.58 

: :: : t:i f :: i: :I :: :::1 :::::1:: : ~!~~~~! l~F~~Jf :::,:::· 
·1,500 ·1 ,000 .5()() 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 

Microstrain 

TFNS 21025 
f?E CD Der 25,2018 

Agapito Associates, [nc. 
October 2018 Addendum MP-6 -1 05 DEQ Ex. 5-453
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------ --------------------, 

UCS-15/E 

' ' ' . ------------------------1.--- ---------------------1.------------------- ----- ------------------------1----- --------------- ---- -~------ ------------------
' I I I 

' ' ' ' I I I I 
I t I I 
I I I I 

I I I I ------- - --•--------·r---•----------------------,.-----------------······· ························r---·---------·----------r-··--··- ········---·--
1 I I I 

_,_..,..~ l : : 

:~ : :: : :.r: -_:----:::--::-:::: ·t:::::::::: :: : :::: T :::: ::::r:·: : : 
------------------------:----------- -------·---:-- --------2;500- ------------------------:-----------------------:--· ·----·--·-------·--

·~ T : ·r ~ ::: : 1:::~ :: ::::: 
·-- ------r-· - ' - -- ------- --- --·------r- ----- ---- --- ·- - i ---·------------

-------- -------- --- ---- ·r---------- ----------- ---r-- ---- --- -------- ----- --- ----- --- -------- ---r ---- -------- --------- --r------------- ----- ------
________________________ ! ________________________ ! __ ___ -------2 .ooo - ----- -------------·-r--·---------------- ---;-----·------------------

----- ------- ----------- -r--· ------ -------- ---- ---r----- -- -- ----- --- -- --- ------- --- -- ---- ------r- --- ----- --- ----- -----f------· --- ·----------- --

________________ -_ --___ -[ ______________________ -r------- ___ -- ___________ -------------- _______ J _____________ ---------·------------------------
i" : : : : 
C. : : : : 

I ................ ::: .. :.[ : ........... -• :. :: f ::::::•::• ..... -'~ ..... -··•:••••·•••• •·· .. :. ... .. . .......... ···;············•·:· :••:•:: 
----- ---- . --- ----------r-------- ---- ·-- ------ ---;------- --- ------ -----. ----------- -- ---- ------r--- --- -- --------------r---- ---------------- ----

- Axial Strain _c____ - , • 

Radial Strain ----------------.------------------- ----- ---------------- --------------------.------·------------------
- Vohmetric Strain 

Sam pie ID: UCS-15/E 

Hole ID: 2017-4 

Depth From (ft): 145.30 
Depth To (ft): 145.80 

Lithology: Coal 
Welght(oz):25.37 

Axial Length (inch): 5.33 

----+·---·----- ·-- 1- ;0 ' -- ·----------

---------- ---- -------------- ------ -- ------ ---------- ----- ---~ --------------- -------- -

' ' ---------- --- ------------- ------- -.. ------------------------.-------------------------

' ' -- ------------ ------ ---.,.------------------------r------------------------
' ' ' ' ' ' ' ' ' ' -- ----------- ---- -----·------------------------·------------------------
' ' ' ' ' ' ' ' ' ' ' ' Average Diameter(lnch):2.80 - ·--------- --- -------r--·---------------------r·-·------------·--------

De ns ity (pct): 83.80 ' ' 

~:r:;eg:~::i~:;;:;:UIUS (10A6 psi): 0.26 ::::::::::::_ - --------- - -- __ ::::::::t:::::::::::::::::::::::r:::::::::::::::::::::::: 
' ' ' ' ' ' ' ' 

Tangent Poisson's Ratlo :0.30 
' ' - Secant Young's Modulus (10A6 psi): 0.17 --- ---- --- ----- •--. --- --- -------- ---- ---~- --- ---- ---- ---- --------

Secant Poisson's Ratio: 0.18 

Temperature (0 F):Ambient 

-15,000 -10,000 -5 ,000 0 

Microstrain 

' 

5,000 10,000 15,000 

TFNS,, 
H L./025 
Ecoocr25 ______________________ ,,2018 

Agapito Associates, Inc. 
October 20 18 Addendum MP-6 - 106 DEQ Ex. 5-454



RAMACO 

July 6, 2018 

-----------------------· .. -

. - ---------.. 

- ___ .. __________ -

. .. ,.. ---- -

UCS-16/E 

---------- --

Brook Mine 
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------ ------· - - ------------- --·--

' ' ------------------------r------------------------i _______________________ t ________________________ ------------------------:------------------------
-------- --- - ---- ---- -;-- ------- ----- --- ---- -;- ------- ----------------t,------ ----- --- --------- -- ---- -------- ---- - -----r----- -------- -----------

= : :: ~ ::: f = ::: ,: :: 1200 :::: :::c:: : 

······· ·· · • · • · ···· · ·· •• r••••••·. ••·••••·••••••• r ········ -· •• •••••••••~• •••••••••• •• •••••••• •••••••••• · • ·· ·. ··· • · ••r••• · •••••••••••••• •••• 

=: =:l ::.: r····· ·;··· ·:·•· •= .. :::: : 

-- -- ---- ____ ( ----- -l _: ___ :: - t 
' . . . . . . . . . . . . . 

I· ····r····· ···r·········~ ··············••=· =:: ···· 
--Axial Strain 

~ ' 
Radial Strain 

- Volumetric Strain 
------------------- ---- -r------. -. ---- ---. ------r------------ ---- --- --- -+----- ---- ---- ------- -- ---- - ----- -- ---- ---- -r-- --- -------- --------. --

Sam pie ID: UCS-16/E ------------------------------------- -- ----- --- ------------•------------------------

Hole ID: 2017-4 ---------------'. ---------------- -4-00 __ -------------·------------------------
Depth From (ft) : 147.40 
Depth To (ft) : 147.90 

Lithology: Carb Mudstone 

Weig ht (oz): 30.22 

Axial Length (inch): 5.89 
Average Diameter(lnch):2.98 

Density ( pcf): 79.38 
Strength (psi): 1338.06 

TangentYoung's Modulus (10"6 psi): 0.22 

Tangent Poisson's Ratio:0.50 
Secant Young's Modulus (10"6 psi): 0.18 

Secant Poisson's Ratio: 0.16 

Tern perature (0 F): Ambient 

-20,000 -15,000 -1 0,000 

---------------.---------------------- - --------------,.------------------------

---------------L---------------------- ..... . . .............. ~ ....................... . 

--------------+------- ------ 200 -

--~ 

---------------1..--------- --------------

-5,000 

Microstrain 

0 

-----------------r------------------------

-------·----- ----r------------------------

•-------•--••-•••--L---•-••••••••••------••• 

----------------- -

f -··-·- ----. -

•••••••••••••••••••••• L •••••••••••••••••••••••• 

5,000 10,000 

TFNs 2/025 
P.Eco nr:r 

----------------------· _2,5, 2019 
Agapito Associates, Inc. 

October 2018 Addendum MP-6-107 DEQ Ex. 5-455
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UCS-18/E 

' ' ' ' 

Brook Mine 

Page B-14 

_____________________ .. ___________________ _ --------------------J.---------------------1.--------------------J.---------------------.. --------------------I I I I 

' ' ' ' ' ' ' ' ' ' ' ' 1 I I I - . ---------- -------- ~--- ----------------- -----------------•-•'f••-------------------,---------------------1---------------------,---------------------
' I I I 
l I I I 
I I I I 
1 I I I 

:::::: ::::::::: :: ~:,: : ::::::::::r: : : :::r: :: : :J: :::: :::::::~: : ::: : 
: :: ::: :: : :: : :1 :: :r: :: ::r: :: :r: :: 
-------------------1---------- ---- -- -------------- -----( ------------- (-- - ----------1 - - ----- --- (· - ----------: ::: ::;:::::. = ::: : F: :r :::::::·::: :r:: : 

--- ----------- --- ---r---- --------· -- ------- --- ---- --- -------1----- ----------------r-- --- ------- ------ !--------- -- ---- ------r----- ---------------

____ :::_ :_: ___ ::::} ______________ ----- --------------------1___ -------------- __l__ ---- --'. . :- -ii : : : --------- ----·r··-----------------T-------
a. : : : ' ' 

! ::·:···:::•··:···::•:•:• ::·:••••·i; :. ·:. •:•::•: ••:••······• ::••••••••:::••:·· ·r ···•••·•••··•·••I••••••••••••••••• I•••:••:••••••••• • 
- .J. - ·--·------- - -- .J - Axial Strain 

. . Radial Strain -------------------- .. ------------------ -------------------- .. ------------- -- --.. -------------------- .. --------· . . . . . ' . . - Volumetric Strain 
' . . ---------- --- - --j"- -- ----- +,BOO ------- -- ------, :--- ·- - -- ; 

: •••• •••• •••• : ::r · r :s~;.:~t::: .. 
Depth To (ft): 153.00 

' ' 

: :::··•·:··•:::•·······:•~=• ••• :: ••:1••·· ········•I··· ~;f ~~?gf :~,;:h;., ... 
Density (pcf): 144.30 

::::•::::::•: • : :::::: :: :j :~ ::I: E~E;[~Jl{g~~:::·::~ 
Temperature (°F): Ambient 

-4 ,000 -2 ,000 0 2,000 4,000 6,000 8,000 10,000 

Microstrain 

TFNS ,, 'O 
R ~ I 25 
.£co ocr 25 

---- - - ------ - - ---- ---------'-' 20 18 
Agapito Associates, Inc. 
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UCS-20/E 

' ---- _____________ _.________________ ---- -- __________________ .. ____ -- ·- __________ _,_ ________________ _ 

' 
' ' ' ' ' ' -- ------------ ... ------ ----------- ·-- ------ -- - -- - ---------------... - ·- ·-- -- ....... - ---- ---..--- --------------
' ' ' ' ' ' I I I I I I --- ----------- ---r--- -------- ----r--- ----------- --- --- ----- --- -------t ---- ------- --- --r· ------- ---- -----1------ ---- --------1--· - ------------

--- --- -----------1---- -------- --- -- ---- --- ---- · ------ --- · ---- --- · ---- --t- --- -------- --- -- : ---- --- ---------1------ --- -------- -:- --- -------- --- -

-----------------t-----------------1- ----- 3;000 · ------------------ ------------------!. ______________ i _______________ i -----------------
-- -------- ---- ---1---- --------------1--- ------- ---- --- ---- ----------- ---,--- ---- -----------r-- ---- ---- --- --r----- -------- --1------ --- -- -------

____ ---_________ J_ ___ ------ --- __J_ ·--- ------- -. - . --- -- _____________ :--- --------------r_- -------------r--------- ----_1. ·---------------

-----------------:-----------------:-----·- ---------- ------------------. ------------------:-- -------------~------ ----------:------------------

: •• •••••••f ••••••••••••••••!••••••· .500 • ••:••••••••••••· ••••• • •••:r•· _•••• •• •••~i ::•••• •••=••••F=•••••••••• -------- ---------r----- --- ------- --1-- ------- -- ----- ----------------··r·-- ------- ------ --' ----- --------- -1--------------- ---r------- ----------

. :r · ·· · I 2.•00 . . . _ . .

1 
+ 

i ············•·f ············r·•- :: :::• : :::: :: ' ·:·· ' ·+· ::: r····· 
1 1 1,500 1 1 

-1:- - •.!: '.!:. - - Axial Strain 
. Radial Strain r . 'j . . .. .. . . . , ... i,:,,~;:.::;~IE- Vol-obi< Stralo . 

•::•: I••:•:::J : ::~= ~~~;i2r~iE." 
-----------------+-----------------j ---------------- ::~a:~;en~:~~t:~!;~~s:,: 2.94 

' ' ----------------+---------------+--------- -500- Density (pcf): 147 .75 
_________________ l_ ________________ !__________ _____ __ _____________ _ __ ,______________ Strength (psi): 3222.69 

--- --- -- -i,------- -- i, ;:~::~:;:~:!~,:=t~:~~-~:A6psi):0.41 
Secant Young's Modulus ( 10A6 psi) : 0.37 

-- ---- -----r------· 1 

t : 
' ' ' ' ' ' 

-6 ,000 -4,000 -2 ,000 0 2,000 

Microstrain 

Secant Poisson's Ratio: 0.09 
Temperature (°F): Ambient 

4,000 6,000 8,000 10,000 

fFNS ') 
L /025 

REco ncr 25 
,2019 

- - -----------------------------------------
Ag a pit o Associates, Inc. 
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> p. 
p. 
(I) 

::s 
p. 
t: s 
~ 
'tl 

I 

°' I .... .... .... 

• (JQ 
Cl 

"O 
;::::;.· 
0 

• V, 
V, 
0 
(') 

i:ii" .... 
(I) 

~v, -::s 
(') 

AGAPITO ASSOCIATES, INC. 
Consulting Engineers 

CLIENT 
JOB NUM BER 

DATE 

Ramaco Carbon 
940-01 

June 25 , 2018 

This speadsheet is for ax.ial, di.amt!tral ur lump point load tab· 

Failure 
Depth Depth Gauge 
From To Pressure 

Sample No. Hole ID (ft) 1ft) {psi) 

PLT-D-01 2017-4 106.60 106.80 139 
PLT-D-02 2017-4 111.30 I I I.SO 177 
PLT-D-03 2017-4 116.50 116.70 62 
PLT-D-04 2017-4 125.00 125.20 351 
PLT-D-05 2017-4 126.50 126.70 216 
PLT-D-06 2017-4 126.80 127.00 I 52 
PLT-D-07 2017-4 128.50 128.70 104 
PLT-D-08 2017-4 128.90 129.10 38 
PLT-D-09 2017-4 129.20 129.40 65 

PLT-A-01 2017-4 140.80 141.00 374 
PLT-A-02 2017-4 146.80 147.00 148 

:0 ,., -, ..,, 
c--:, 
~ C;,J 
Cr) 

-.:, 
: ., "-> 
- 1 ..... , 

c::::, .. _., 
, .,/} ~ 

c:.,, 
~ 
c::::. -00 

"Failure Test 
Load" P Orientat ion 

(lb) (AID) 
24 1 D 
307 D 
107 D 
609 D 
374 D 
264 D 

180 D 
66 D 
I 13 D 

648 A 
257 A 

HOLE NUMBER 
MOISTURE CONDITION 

T EMPERATURE 

D w D, 

(inch} (inch} (inch} 
2.89 1.97 2.89 
2.90 2. IS 2.90 
2.90 2.21 2.90 
2.96 1. 85 2.96 
2.99 2.28 2.99 
2.99 2.04 2.99 
3.00 2.54 3.00 
3.00 2.13 3.00 
3.0 1 1.95 3.0 1 

2.56 2.98 3.12 
2.61 2.99 3.16 

D ' 

(inch2
) 

8.34 

8.39 
8.43 
8.79 

8.95 
8.96 

8.98 
8.99 
9.06 

9.71 
9.96 

ril Z ril Z/SZ/Z ril ~ peuue.os 

POINT LOAD TESTS 

2017-4 

? ~ 
~ ~ > 
?-, (; 

As Received I-',) 0 
Ambient C ._ 

Oo 
UCS Conversion Factor 21 0 

Uncorrected Corrected Point 
Point Load Size Load Index, 

Index, l 1 Correct ion IS(,.> ucs 
(psi) Factor, F {psi) (psi} Litholo,v 

29 1.1 9 34 Sandstone 
37 1.19 44 Sandstone 
13 1.19 IS Sandstone 
69 1.20 83 Mudstone / Sandstone 
42 1.21 SJ Mudstone 

29 1.21 36 Mudstone 

20 1.21 24 Coal 
7 1.21 9 Coal I Carb Mudstone 
12 1.21 IS Carb Mudstone 

67 1.23 82 1,725 Coal 
26 1.24 32 669 Carb Mudstone 

O:l 
'"'o "'I 

~ 
0 
0 

(1:i :,.;-' 

\j ~ I 
I-',) a· 

(I) 

DEQ Ex. 5-459
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0 
(') 
r+ 
0 
er 
(I) 
"1 
1') 

0 ..... 
CX) 

• 0. 
0. 
(I) 

::s 
0. 
c:: s 
s::: 
"O 
I 

O'I 
I ..... ..... 
w 

• (JQ 
ti, 

"O 
;::;: 
0 

• VJ 
VJ 
0 
(') 

s.;· ..... 
(I) 

~VJ 

= (') 

SYMBOLS: 

AGAPITO ASSOC IA TES, INC. 
Consulting Engineers 

CU ENT 
JOB NU MBER 

DATE 

Ramaco Carbon 
940-0 1 

Jul 3, 2018 

A 

B 
C 

Weight of drum plus sample at natural moisture content (oz) 

Weight of drum plus oven-dned sample before first cycle (oz) 

Wet ht of drum oz) 

Specimen No. Hole ID Interval Length of 
From To Interval A 

(ft) (ft) (ft) (oz) 
2017-4-SI 2017-4 129.00 130.00 1.00 72.00 
2017-4-S2 2017-4 146.20 148.00 1.80 70.04 
2017-4-S3 20 17-4 146.20 148.00 1.80 70.99 
2017-4-S4 20 17-4 152.00 152.50 0 50 75.51 
2017-4-S5 2017-4 I 56.50 157.50 I 00 72.10 

• Type 1- Retained pieces remained virtually unchanged 
U = Retained materials consist of large and small pieces 

Ill = Retained matenals 1s ex:clusivelv small frawnents 

~ 

'"Ti 
--, ..., 

c:-:, :.e t:::, 
Cr:, 

t::::, 
c:-:, "-.) ..... ..... , 

"-:) c:::i 
"-> c.n c.n ~ 

"-> c:::, -0o 

B C 
(oz) (oz) 

71.20 53 .39 
67.51 53.40 
68.18 52 .65 
71 61 53 .62 
71.39 52 .96 

HOLE NUMBER 
MOISTURE CONDITION 

OVEN TEMPERATURE 

SLAKE DURABILITY TESTS 

2017-4 
As Received 

70°F 

D Weight of drum plus oven-dned sample before second cycle (oz) 

W F Weight of drum plus oven-dned sample after second cycle (oz) 

\Va ter Water 
Temperature Cycle Tern perature Cycle 

I 2 Moisture Slake Durability 

D Before After w,. Before After Content Index 

(oz) (O F) (O F) (oz) (O F) (O F) (%) t.(2) 
60 33 69.0 74.2 55.48 72.5 75 9 4.5% 11.8 
58.95 690 74 .2 57.8 1 72.5 75 9 18.0% 31.3 
57.42 69.0 74 .2 56.14 72.5 75.9 18.1% 22.4 
69 78 74 2 75 .6 66.39 75 .8 76.8 21 7% 7 1 0 
68.15 74 2 75 6 63 95 75 8 76 8 3.9*/, 59 7 

riJ Z riJ Z/BZ/Z riJ 'peuu'e.oS 

Retained Materials D~ criotion 

Litholou Type* 
Carb. Mudstone III 
Carb. Mudstone m 
Carb. Mudstone Ill 
Mudstone n 
Mudstone II 

to "ti "1 
~ 0 

~ 0 
~ 

t:, s::: 
I a· .._ 

(I) 

DEQ Ex. 5-461
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APPENDIX E-BEFORE AND AFTER PHOTOGRAPHS OF SLAKE 
DURABILITY TEST SPECIMENS 

TFNS 2/025 
lll'.'f.D r-;:- 'l ,. 
. ' ' (; 1 ,_ l . 2 0 1 R 

Agapito Associates, Inc. 
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940-01 

2017-4-S1 

129.0 - 130.0 FT 

2017-4-SO I ( 129 .0-130.0')-Before 

2017-4-S02 ( 146.2-148.0' )- Before 

' ' 

940-01 

• • 

2017-4-51 

129.0 - 130.0 FT 

Brook Mine 

Page E-2 

' .. . 

.. , .. 
.. · ~:, .. .. 

, l 

-~ . 

2017-4-S0I (129.0-130.0')- After 

• 

• 

940-01 

·2017-4-52 

146.2 - 148.0 FT 

.. 

·~· .. .. , 
• • ,k , 

'J". t ··.· . 
·• -,· ...... 

• 

20 I 7-4-S02 ( 146.2-148.0' )- After 

Figure E-1. Before and After Photographs of Uniaxial Compressive Strength Test 
Specimens 

Agapito Associates, Inc. 

TFNS 21025 
RECD Der 25,2078 
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940-01 

2017-4-S03 (146.2-148.0 ')- Before 

940-01 

152.0 - 152.5 FT 

20 I 7-4-S04 (152.0-152.5' )- Before 

940-01 

2017-4-S3 

146.2 - 148.0 FT 

Brook Mine 

Page E-3 

20 I 7-4-S03 ( 146.2-148.0')- After 

940-01 

2017-4-S4 

152.0 - 152.5 FT 

2017-4-S04 ( 152.0-152.5')- After 

Figure E-1. Before and After Photographs of Uniaxial Compressive Strength Test 
Specimens (continued) 

TFNS 21025 
· - REC D nr.r 2,5,2018 

Agapito Associates, Inc. 
October 2018 Addendum MP-6- 116 DEQ Ex. 5-464
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156.5 - 157.5 FT 

940-01 

2017-4-S5 

156.5 - 157.5 FT 

Brook Mine 

Page E-4 

•" . • ~ J•. 1 • I ,_ .,.. ,.. .. . 
.. t !. ' . .. 

20 I 7-4-S05 ( 156.5-157.5')- Before 20 I 7-4-S05 ( 156.5-157.5')- After 

Figure E-1. Before and After Photographs of Uniaxial Compressive Strength Test 
Specimens (concluded) 

TFNS 21025 

Agapito Associates, lnc. 
REGO ncr 2.5, 20 18 
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ALTERNATE DESIGN CHARTS FOR 1.8 STABILITY FACTOR 

TFNS 21025 
p rr.n ,nr.r 25' 2018 

Agapito Associates, Inc. 
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September 13, 2018 

Design 
Depth of Cover, ft 6 

100 72 
125 72 
150 72 
175 82 
200 92 
225 103 
250 113 
275 123 
300 133 
325 142 
350 152 
375 162 
400 171 

7 
84 
84 
84 
88 
99 

111 
122 
133 
144 
155 
166 
177 
188 

Coal strength, psi 762 

336 

312 

288 

264 

·= t 240 
C 

~ 
~ 216 
..J 
..J 
ii: 
co 192 w 
~ 
C 
w 168 a: 
:::, 
a 
w 

144 ·1 a: 

120 

96 

72 

48 
100 150 

T 

Mining Hei~ ht, ft 
8 9 10 11 12 13 
96 108 120 132 144 156 
96 108 120 132 144 156 
96 108 120 132 144 156 
96 108 120 132 144 156 

105 111 120 132 144 156 
118 125 131 137 144 156 
130 138 146 153 160 167 
143 152 161 169 177 185 
155 165 175 185 194 203 
167 179 190 201 211 221 
180 192 205 217 228 239 
192 206 219 233 245 258 
204 219 234 248 263 276 

14 15 
168 180 
168 180 
168 180 
168 180 
168 180 
168 180 
173 180 
192 200 
212 220 
231 241 
250 261 
270 282 
290 303 

16 
192 
192 
192 
192 
192 
192 
192 
207 
228 
250 
272 
294 
316 

Brook Mine 

Page C-2 

17 18 
204 216 
204 216 
204 216 
204 216 
204 216 
204 216 
204 216 
214 220 
236 244 
259 268 
282 292 
306 317 
329 342 

Mining width, ft 11 .50 No. web pillars 19 
Pillar widths in italics ha-.e width-to-height ratios of 1. 0 

26 
Mining 
Height, 

24 ft 

22 ~ 6.0 
.i:: 7.0 

20 t 
C ~ 8.0 
~ 

18 a: -+-9.0 j 
..J - 10.0 16 ii: co 
w 11 .0 ~ 

14 fi:l 12.0 a: 
5 a --- 13.0 

12 ~ 

i 14.0 

10 --- 15.0 
i 
I - 16.0 

8 
17.0 

6 18.0 

4 
200 250 300 350 400 

DEPTH OF COVER, ft 

Figure C-1. Web Pillar Design Chart, 1.8 Stability Factor 

TFNS 21025 
RECD nr.r 25 , 2018 

Agapito Associates, Inc. 
October 2018 Addendum MP-6- 119 DEQ Ex. 5-467
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Design 
Depth of Cover, ft 6 

100 9.5 
125 12.7 
150 15.8 
175 19.0 
200 22.2 
225 24.0 
250 24.0 
275 26.6 
300 29.3 
325 32.1 
350 34.8 
375 37.6 
400 40.3 

7 
10.1 
13.5 
17.0 
20.5 
24.0 
27.5 
28.0 
28.7 
31 .7 
34.7 
37.7 
40.7 
43.7 

Coal strength, psi 762 

70 

60 
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i 50 

0:: 

:3 
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0:: 40 w 
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0:: 
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Ill 
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0:: 
5 a 
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20 

10 

100 150 

Mining Hei! ht, ft 
8 9 10 11 12 13 
10.7 11 .2 11 . 7 12.1 12.5 12.9 
14.4 15.1 15.8 16.5 17.1 17.7 
18.1 19.1 20.0 20.9 21 .8 22.6 
21 .8 23.1 24.3 25.4 26.5 27.5 
25.6 27.1 28.6 29.9 31 .2 32.5 
29.4 31.2 32.9 34.5 36.0 37.5 
32.0 35.2 37.2 39.0 40.8 42.5 
32.0 36.0 40.0 43.6 45.6 47.6 
33.9 36.0 40.0 44.0 48.0 52.0 
37.1 39.4 41 .6 44.0 48.0 52.0 
40.3 42.9 45.2 47.5 49.7 52.0 
43.6 46.3 48.9 51.4 53.8 56.1 
46.8 49.8 52.6 55.3 57.9 60.3 

14 15 16 
13.3 13.6 14.0 
18.3 18.8 19.3 
23.3 24.1 24.8 
28.5 29.4 30.3 
33.7 34.9 36.0 
38.9 40.3 41 .6 
44.2 45.8 47.3 
49.5 51 .3 53.1 
54.8 56.8 58.8 
56.0 60.0 64.0 
56.0 60.0 64.0 
58.3 60.4 64.0 
62.7 65.0 67.3 

Brook Mine 
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17 18 
14.3 14.6 
19.8 20.2 
25.5 26.1 
31 .2 32.1 
37.1 38.1 
42.9 44.2 
48.8 50.3 
54.8 56.4 
60.7 62.6 
66.7 68.8 
68.0 72.0 
68.0 72.0 
69.5 72.0 

Mining width, ft 11 .50 No. web pillars 19 
Pillar INidths in italics ha1.e width-to-height ratios of 1. 0 

Mining 
Height, 

ft 

-+-6.0 

7.0 

-¾- 8.0 

-+-9.0 

- 10.0 

11 .0 

12.0 

-a- 13.0 

14.0 

-+-15.0 

- 16.0 

17.0 

18.0 

200 250 300 350 400 

DEPTH OF COVER, ft 

Figure C-2. Barrier Pillar Design Chart, 1.8 Stability Factor 
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Design 
Depth of Cover, ft 

100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
375 
400 

6 7 
65.1 61 .6 
64.5 61 .1 
63.9 60.5 
60.7 59.0 
57.8 56.0 
55.1 53.1 
53.1 51 .0 
51.0 49.0 
48.9 47.0 
47.2 45.1 
45.5 43.4 
43.9 41.7 
42.5 40.3 

Coal strength, psi 762 

";!. 

~ 50 +--r-r----r
w 
> 
0 
(J 

~ 

! 
I r t 

Mining Hei! ht, ft 
8 9 10 11 12 13 
58.6 55.8 53.3 51 .0 48.9 46.9 
58.0 55.3 52.8 50.5 48.4 46.5 
57.5 54.7 52.3 50.0 47.9 46.0 
57.0 54.2 51.8 49.5 47.5 45.6 
54.5 53.1 51.3 49.1 47.0 45.1 
51 .5 50.1 48.9 47.8 46.6 44.7 
49.2 47.6 46.2 45.0 43.9 42.8 
47.1 45.4 43.8 42.5 41.4 40.3 
45.2 43.6 42.0 40.6 39.3 38.1 
43.3 41 .6 40.2 38.8 37.6 36.4 
41.4 39.9 38.3 37.0 35.9 34.8 
39.8 38.2 36.8 35.4 34.2 33.1 
38.3 36.7 35.2 33.9 32.7 31 .6 

Mining width, ft 11.50 

Tl 
35 +-+--i-----+-+--,----,--,--+-+--r--.....-+----r__,__----'--

!tt 
30 +-+--+--+-t--+-i --+----+-t--T--+---+--t---+--+-___,____--+--t--+-----+---
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44.3 
43.9 
43.4 
43.0 
42.0 
39.4 
37.1 
35.3 
33.7 
32.1 
30.6 

15 16 
43.5 42.0 
43.1 41 .6 
42.7 41.2 
42.2 40.8 
41 .8 40.4 
41.4 40.0 
41.0 39.6 
38.5 37.7 
36.2 35.4 
34.2 33.3 
32.7 31 .7 
31 .2 30.3 
29.7 28.8 
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17 18 
40.5 39.2 
40.2 38.8 
39.8 38.5 
39.4 38.1 
39.0 37.7 
38.6 37.3 
38.2 37.0 
36.9 36.2 
34.6 33.9 
32.5 31 .8 
30.9 30.1 
29.4 28.6 
28.0 27.3 

No. web pi Ila rs 19 

Mining 
Height, 

ft 

-+-6.0 

7.0 

~ 8.0 

-+-9.0 

- 10.0 

11.0 

12.0 

---- 13.0 
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Figure C-3. Recovery Chart, 1.8 Stability Factor 
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Table C-1. Estimated Highwall Mining Recoveries for 1.8 Stability 
Factor 

Web Barrier 
Design Pillar Pillar 
Depth Width Width Penetration Number Recovery 

Panel (ft} (ft} (ft} (ft} of Holes (tons} 
I 266 15.4 47.6 1,904 10 121 , 100 
2 279 16.3 50.3 1,948 20 247,800 
3 333 19.8 56.0 1,990 20 253 , 100 
4 338 20.1 56.0 1,990 5 63,300 

Total 55 685 200 
Total Recovery for Reduced Penetration 1,800 629,600 

1,600 559,600 
1,400 489,700 
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ADDENDUM MP-7 

Blasting Plan Supplemental Materials 
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AAM~O B~kM~ 

BLASTER'S LOG 
RAMACO: BROOK MINE 

SHERIDAN COUNTY, WYOMING 

NOTE: THIS LOG MUST BE COMPLETED IN ITS ENTIRITY. 

BLAST 
LOCATION: __________________________ _ 
DATE: ______________ TIME: ____________ _ 

NEAREST WELL, PIPELINE, OR ENGINEERED STRUCTURE 
NAME: _____________ DISTANCE: ____ DIRECTION: ___ _ 

NEAREST INHABITED STRUCTURE 
NAME: _____________ DISTANCE: ____ DIRECTION: ___ _ 

WEATHER CONDITIONS 
TEMPERATURE: _____ CLOUDS: ________________ _ 
WIND DIRECTION: _________ WIND VELOCITY: ________ _ 
OTHER: ___________________________ _ 

MATERIAL BLASTED 
TYPE: ____________________________ _ 

HOLES 
NUMBER: __ DEPTH: SPACING: __ DIAMETER: __ BURDEN: __ 

EXPLOSIVES 
TYPE: ___________ TOTAL WEIGHT PER HOLE: ______ _ 
TYPE: ___________ TOTAL WEIGHT PER HOLE: ______ _ 
TYPE: ___________ TOTAL WEIGHT PER HOLE: ______ _ 
NUMBER OF ANFO BAGS: ____________________ _ 

DETONATED WITHIN ANY 8 -MILLISECOND DELAY PERIOD 
MAXIMUM WEIGHT OF EXPLOSIVES: ___ MAXIMUM NUMBER OF HOLES:. __ _ 
INITIATION SYSTEM: _____________________ _ 

STEMMING 
TYPE: ______________ LENGTH:. _________ _ 
TYPE OF PROTECTION USED: ___________________ _ 

DETONATORS 
TYPE: _____________ DELAY PERIODS: _______ _ 
AMOUNT OF DETONATING CORD: _________________ _ 

BOOSTERS 
TYPE: _____________ NUMBER: _________ _ 

DELAYS 
TYPE: _______ _____ LENGTH=·----------'l'r '--PF--H-N~s- 2 ,-: o-2H"5'--

, Eco JUL 30,2015 
July 2015 Addendum MP-7-2 DEQ Ex. 5-472



RAMACO 

SKETCH DRILL PATTERN AND DELAY PATTERN (ATTACH TO LOG) 

SEISMOGRAPH (IF REQUIRED) 

Brook Mine 

CALIBRATION SIGNAL OF GAIN SETTING: ______________ _ 
READING: _________________________ _ 
LOCATION: _________________________ _ 
DISTANCE: ________________________ _ 
NAME OF PERSON TAKING READING: _______________ _ 
NAME OF PERSON OR FIRM ANALYZING THE RECORD: _________ _ 
VIBRATION AND/OR AIRBLAST RECORDED: ____________ _ 

PROTECTIONS USED: ____________________ _ 
TIME OF DETONATION: ____________________ _ 
NOTE ANY MISFIRES: _____________________ _ 
NUMBER OF PERSONS IN BLASTING CREW: ____________ _ 

BLASTER-IN-CHARGE 
NAME: ______________ LICENSE NUMBER: _____ _ 

SIGNATURE: ________________________ _ 

TFN 6 2/025 
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RAMACO: BROOK MINE 
SHERIDAN COUNTY, WYOMING 

Brook Mine 

Blasting will be limited to daylight hours (between sunrise and one hour before 

sunset) Monday through Sunday of each week. Blasting will not be allowed to occur 

on any Federal holidays. 

Access to the blasting area will be controlled by fences and mme personnel. 

Signs stating "BLASTING AREA" will be posted at the public access points to the Brook 

Mine Permit Area, and in the vicinity of the immediate blasting site. Mine personnel 

will prevent unauthorized entry to the immediate blasting area starting at least 10 

minutes prior to the blast, and after the blast until the area has been declared free 

from unusual hazards due to the blasting operation. 

Warning of a blast will consist of one siren blast given for one minute, five 

minutes prior to the explosives blast. One minute prior to the blast, a siren blast will 

be given ending with blast detonation. A 15-second siren blast will be given as an all

clear signal after the blast site has been inspected by authorized personnel for proper 

detonation of explosives. All sirens will be audible for one-half mile from the blast site. 

Meanings of the signals will be displayed. 

It may be necessary to blast at times other than those specified before due to 

emergencies caused by changing weather conditions or to meet operator and public 

safety requirements. 

Any resident or owner of a man-made dwelling within one-half mile of any part 

of the Brook Mine Permit Boundary may request a preblast survey. Contact the 

Wyoming Department of Environmental Quality, Land Quality Division, 2100 West 5 th 

Street, Sheridan, Wyoming, 82801 to request a pre blast survey. 

October 2018 

RAMACO, LLC 
Brook Mine 

1101 Sugarview Drive, Suite 201 
Sheridan, WY 82801 

TFNS 2/025 
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RAMACO: BROOK MINE 
SHERIDAN COUNTY, WYOMING 

Brook Mine 

DAILY BLASTING SCHEDULE AUTOMATIC CALLER SIGN-UP FORM 

Name: ______________________________ _ 

Address: ------------------------------
Phone Number Requested for Automatic Calls to be Received: _________ _ 

Request to be removed from caller list must be in writing addressed to: 
RAMACO, LLC 
Brook Mine 
1101 Sugarview Drive, Suite 201 
Sheridan, WY 82801 

October 2018 

TFNS 21025 
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ADDENDUM MP-8 

Wildlife Monitoring Plan 
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RAMACO Brook Mine 

MP-8.1 INTRODUCTION 

RAMACO, LLC (RAMACO) will conduct annual wildlife monitoring at the 

proposed Brook Mine permit area and in the lands adjacent to the permit area. 

The following wildlife monitoring plan is based on regulations approved by 

Wyoming Department of Environmental Quality /Land Quality Division 

(WDEQ/LQD). Depending on the type of survey being conducted, the survey 

area will include the Brook Mine permit area and up to a one-mile perimeter. 

Monitoring procedures are described by the following animal groups: 

• Upland Game Birds 

• Raptors 

• Migratory Birds of Conservation Concern 

• Threatened and Endangered Species 

MP-8.2 UPLAND GAME BIRDS 

MP-8.2.1 Lek Searches 

All suitable lek habitat on the term of permit area and a one-mile 

perimeter will be searched for new leks at least once each spring. Every third 

year (i.e., 2017, 2020, 2023, etc.) the entire permit area and a one-mile buffer 

will be searched for upland game bird leks. Lek searches will be conducted 

from late March through early May. 

Ground surveys will be employed to search for leks. Each mornmg 

search will be started approximately one-half an hour before sunrise and last 

until one hour after sunrise. A biologist will search for leks by slowly 

traversing roads in the area. Frequent stops will be made at vantage points to 

scan and listen for strutting birds. Sites where grouse are found displaying will 

be mapped and checked two more times during the breeding season. 

TFN 6 2/025 
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Several sage-grouse leks are located within the study area for the Brook 

Mine, but none are located within the Brook Mine permit area or within one 
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RAMACO Brook Mine 

mile. The Brook Mine is not situated within a designated sage-grouse core or 

connectivity area. Refer to Appendix D9 for a detailed discussion of lek 

attendance in the area. Any new sage-grouse leks that become established 

within one mile of the mine permit area, as identified during the wildlife 

monitoring surveys will be checked three times, from April through early May. 

In subsequent years, those leks will be monitored annually on three mornings. 

MP-8.2.3 Data Presentation 

The results of all surveys will be reported annually to WDEQ/LQD. Lek 

locations, including inactive leks, will be shown on a report map. Lek 

attendance will be reported as number of males and number of females 

observed. 

The d istance from each lek to the closest regular human or equipment 

activity will be determined annually and documented. The presence or absence 

of direct line-of-sight from leks to disturbance will also be noted. Acreage 

disturbed during the annual reporting period will be delineated by habitat type; 

cumulative disturbed acreage will also be calculated. Cumulative acreage of 

permanent reclamation (classified as upland or bottomland) will also be 

reported. 

MP-8.3 RAPTORS 

MP-8.3.1 Nest Surveys 

Surveys for nesting raptors in the Brook Mine study area began in 2013. 

Additional raptor surveys have been completed in the area for the nearby Big 

Horn Coal Mine, Young's Creek Mine, and Welch No. 1. During the Brook Mine 

surveys, 9 intact raptor nests were located within the permit area, and an 

additional 50 intact nest sites were located within two miles. Of the 59 total 

nest sites, 6 had been constructed for mitigation of nest sites removed by 

mining on adjacent areas, or due to powerline conflicts. The raptors known to 

nest on, or within two miles, or the permit area include the bald eagle, golden 

TF N 6 2/025 
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eagle, red-tailed hawk, great horned owl, burrowing owl, and osprey. Raptor 

nest sites are provided in the tables and on the map in Appendix D9. 

Monitoring of known nests and searches for new nests will be continued 

annually for the permit area and one-mile perimeter using the baseline 

sampling methods. Guidelines will be followed to prevent nest abandonment or 

loss of eggs or young. On or before mid-February, surveys for bald eagle, 

golden eagle and great horned owl nests will be initiated within one-half a mile 

of existing mining activities and those activities proposed for the coming year. 

Additional surveys of the permit area and one-mile buffer will be conducted in 

March to locate all bald eagle, golden eagle and great horned owl nests, and in 

April to locate all nests of most other species. From mid-May through mid

June, surveys will be completed to locate new raptor nests and check the 

status of all known nests. 

Scheduling of follow-up visits to previously identified nests will be timed 

to coincide with the breeding chronology of the species present. The objective 

of monitoring will be to document the occupation or territories, nest building, 

incubation, and fledgling success. 

Nests will be found by traversing the study area, primarily by vehicle, 

and looking for pairs of individual adult raptors. Once spotted, birds will be 

observed until it can be determined if they are breeding in the area. If their 

behavior does not provide conclusive evidence about breeding status, birds will 

be approached on foot. If that causes birds to display nest defense behavior, 

the surrounding area will be thoroughly searched for a nest. 

Nests will also be located by using a spotting scope to examine nesting 

habitat such as creek banks, trees and rimrocks. Because many raptors nest 

in trees, groves of trees may also be searched on foot. Whenever a nest is 

found, its location will be plotted on a topographic map. 

The status of nests will be recorded annually. The productivity of active 

nests will be determined prior to young birds having fledged. TFN 6 2/025 
RECD OCT 23,2015 
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MP-8.3.2 Prey Abundance 

A spotlight driving survey for lagomorphs will be conducted on two 

consecutive nights in August or September. The survey route will utilize roads 

within the permit area or adjacent lands. All major habitat types in the area 

will be included on the route. As reclaimed areas become available, these will 

also be included in the surveys. 

MP-8.3.3 Data Presentation 

Nesting raptor data will be presented in the annual reports submitted to 

WDEQ/LQD. Comparisons with previous years' data will be made and a table 

documenting history of all nests during the most recent five-year period will be 

presented. All nest locations will be shown on a wildlife monitoring map. 

The distance from all nests to the closest regular human or equipment 

activity will be measured annually. The presence or absence of visual barriers 

between the nest and disturbance will also be recorded. 

MP-8.3.4 Raptor Mitigation Plan 

Prior to each permit renewal or major amendment or revision, RAMACO 

will update the Raptor Monitoring and Mitigation Plan provided in Addendum 

MP-9. The plan will be submitted to the U.S. Fish and Wildlife Service (USFWS) 

for review and comment. A letter stating USFWS approval of the plan will be 

included with the permit application. 

MP-8.4 MIGRATORY BIRDS OF CONSERVATION CONCERN 

A monitoring and mitigation plan for migratory birds of conservation 

concern at the Brook Mine is provided in Addendum MP-9. Annual surveys 

will be conducted in conjunction with other wildlife monitoring from February 

through July. The dates and locations of all observations of migratory birds of 

conservation concern that are considered uncommon or rare will be reported to 

WDEQ/LQD in the annual reports. 
TFN 6 2/025 
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MP-8.5 FEDERALLY LISTED THREATENED AND ENDANGERED 
SPECIES 

Observations of any threatened and endangered species on or near the 

Brook Mine permit area will be reported in the annual reports to WDEQ/LQD. 

Any dead or impaired individual of a listed species found in the permit area will 

be reported to the USFWS within one working day. As of June 2015, the 

USFWS recognizes the greater sage-grouse (candidate species), Canada lynx 

(threatened species), and Ute ladies'-tresses (threatened species) as species 

that could potentially be impacted by projects in Sheridan County, Wyoming. 

The following subsections discuss these three species as well as other species 

of concern. 

MP-8.5.1 Greater Sage-Grouse 

The sage-grouse is not currently a listed threatened species. However, it 

1s a candidate species. The sage-grouse has been documented in the Brook 

Mine study area. No leks have been found in the permit area or one-mile 

perimeter. The nearest sage-grouse lek is a little over one mile from the permit 

area. The Brook Mine is not located in a designated sage-grouse core area. 

Sagebrush shrublands are present in the permit area and provide the primary 

habitat for sage-grouse. Sage-grouse presence will be monitored. Refer to 

Section MP-8.2 for the upland game bird monitoring plan. 

MP-8.5.2 Canada Lynx 

The Canada lynx requires mountainous forest habit. The Brook Mine is 

not located in an area with this type of habitat. Therefore, the Canada lynx 

should not be affected by this operation. 

MP-8.5.3 Ute Ladies'-Tresses 

Ute ladies'-tresses is a plant species. It is addressed in Appendix D8. 

Baseline studies did not find this plant species in the study area. Should 

either the plant or appropriate habitat be identified, the following protective 

TFN 6 2/025 
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• The mine will conduct surveys in areas of suitable habitat. 

• The mine will evaluate indirect effects, if any, of changes in hydrology on 
known Ute ladies'-tresses habitat, both on and off the permit area. 

• If the orchid is found, the mine will attempt to avoid direct removal of the 
plant or its habitat, including loss of the suitable hydrology which 
supports the habitat. 

• If avoidance is not possible, plant seeds and plant tissue shall be 
collected. Additionally, as many individuals as possible shall be 
"salvaged" and transported to an approved greenhouse facility for 
propagation. 

• If Ute ladies'-tresses occur in the permit area, and avoidance is not 
possible, the mine shall pursue easements for known populations on 
private lands to protect those existing populations. 

• To minimize potential competition in occupied Ute ladies'-tresses habitat, 
weed invasions in reclamation should be minimized. 

MP-8.5.4 Northern Long-Eared Bat 

The USFWS announced on April 1 of 2015 that the northern long-eared 

bat (Myotis septentrionalis) would be listed as a threatened species under the 

Endangered Species Act (ESA) with an effective date of May 1, 2015. This bat 

requires forested habitats for roosting and foraging. The bat has only been 

found in Wyoming in the northeastern part of the state in the Black Hills. 

Suitable habitat for the bat is not present on the Brook Mine and at this time 

the USFWS does not believe any projects in Sheridan County will impact this 

species (USFWS IPAC, 2015). 

MP-8.5.5 Bald Eagle 

The bald eagle 1s common m the Sheridan County area as a winter 

migrant and breeder. Bald eagles are commonly observed along the Tongue 

River and Goose Creek area in the winter. They tend to be scattered with few 

high concentration roost areas. Bald eagles breed and nest near the Brook 

Mine but not within the permit area. Bald eagle roost surveys are conducted 

during the winter period (December - February). 
TFN 6 2/025 
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If an active bald eagle nest or roost is found, the mine will establish a no 

disturbance buffer around the nest/ roost as agreed upon with the USFWS 

until nesting/roosting is complete. This no disturbance buffer may be modified 

if justified by local topography (i.e., limited sight lines from the nest/roost). 

Modification of the buffer zones must be approved by USFWS. Mining should 

avoid removing nesting or roosting areas and trees. Avoidance should not be 

an issue at the Brook Mine because surface disturbance is more limited than 

typical surface mines. If disturbance must occur in a nesting or roosting area, 

it will occur outside of the nesting/ roosting season. Any tree lost in these 

areas will be replaced by replanting trees of the same species as soon as 

possible; or trees may be replaced through construction of an approved 

artificial nest after mining in the affected area. 

MP-8.5.6 Mountain Plover 

Mountain plovers were not observed during the baseline studies although 

habitat in the form of black-tailed prairie dog colonies is abundant. Mountain 

plovers were not recorded on adjacent lands either. However, if active nesting 

areas are located and mining is proposed within one-quarter mile of any nest in 

the area, all mining activities will be planned to occur outside of the nesting 

period of early April through early July. If the nest(s) becomes inactive, and 

nesting is not reinitiated, mining can proceed in the areas prior to early July. 

If mining is planned for a nesting area, surveys for plovers will occur in the 

same year as the mining activity, within the proposed disturbance area, and in 

accordance to USFWS-approved guidelines. If an active nest not located during 

nesting surveys is found within 200 meters (0.12 mile) of active mining, mining 

activities in the area will cease until nesting is completed and the chicks leave 

the nest, or until the nest is no longer active. Reclamation of active nesting 

areas will return the area to similar premining topography and vegetative 

conditions. 
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MP-8.5. 7 Black-Footed Ferrets 

In February 2004, the USFWS Ecological Services Office in Cheyenne, 

Wyoming issued a letter stating "black-footed ferret surveys are no longer 

necessary in black-tailed pra1ne dog colonies state wide" (USDI, Fish and 

Wildlife Service, February 2, 2004). Due to the fact that only black-tailed 

prairie dog colonies are present within the Brook Mine study area, no black

footed ferret surveys or mitigation measures are required. 

MP-8.6 REFERENCES 

USDI, Fish and Wildlife Service (USFWS). (February 2, 2004). Black-footed 
Ferret Block Clearance Letter. Cheyenne, Wyoming: Ecological Services 
Office. 

USDI, Fish and Wildlife Service (USFWS) Information, Planning and 
Conservation System (IPAC). (June, 2015). Threatened and Endangerd 
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MP-9.1 INTRODUCTION 

RAMACO, LLC (RAMACO) intends to mine coal at the proposed Brook Mine 

within Sheridan County, Wyoming approximately 8.5 miles north of the city of 

Sheridan, Wyoming. The proposed Brook Mine is located within the Sheridan 

Coal Field of the Powder River Basin. 

To supplement the wildlife baseline data provided in Appendix D9, and the 

Brook Mine Plan, the following document provides a mitigation plan for 

migratory birds of conservation concern (migratory birds) and raptors . Wyoming 

Department of Environmental Quality/Land Quality Division (WDEQ/LQD) 

stipulates in Appendix B of the Coal Rules and Regulations that prior to permit 

approval, and each subsequent renewal, amendment, or revision, the U.S. Fish 

and Wildlife Service (USFWS) must be consulted to develop (or update) a raptor 

and migratory bird protection/ mitigation plan. 

Wildlife baseline studies were conducted at the Brook Mine permit area 

from 2013 through 2014 . Additional to the Brook Mine wildlife baseline study, 

wildlife baseline studies were conducted in the vicinity for the Youngs Creek Coal 

Mine (Permit No. 407), the Big Horn Coal Mine (Permit No. 213-T7), and the 

Welch No. 1 Coal Mine (Permit No. 497). 

The following discussion is a description of the Brook Mine permit area 

and the migratory bird/raptor study areas. Items of discussion include survey 

methods; status and expected occurrence of migratory birds and raptors; nesting 

history; potential impacts; and proposed monitoring and mitigation during 

operations. This monitoring and mitigation plan will be updated as necessary 

with any permit renewals, amendments, or revisions. 

MP-9.2 STUDY AREA 

The Brook Mine is located in north-central Sheridan County, Wyoming 

approxima tely 8.5 miles north of the city of Sheridan, Wyoming. The area is 

primarily rolling rangeland with steep hills and deep gullies that drain to the 
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Tongue River in the southern portion of the permit area. The bottomlands 

immediately adjacent to the Tongue River are relatively flat, and tend to have 

more trees along the Tongue River banks. Bottomland habitat also occurs in a 

minor extent along Slater Creek and Hidden Water Creek. Though less dense 

than along the Tongue River, trees do grow in the Slater Creek and Hidden Water 

Creek chan nels, and other draws within the permit area. Several small stock 

ponds lie within the permit area, and in the surrounding vicinity. Other bodies 

of water include abandoned mine pits related to historic coal mining activities. 

For a more detailed description of topography, refer to Appendix 05. For the 

baseline vegetation report, refer to Appendix 08. For habitats surveyed during 

the wildlife inventorying studies, refer to Appendix 09. 

MP-9.3 MIGRATORY BIRDS OF CONSERVATION CONCERN 

MP-9.3.1 Survey Methods 

The USFWS has currently expressed concern about 19 species of 

migratory birds in Sheridan County, Wyoming. This list of species provided in 

Table MP-9- 1 and revisions are available from the USFWS Wyoming website and 

will be updated as they make revisions. The potential status of these birds was 

assessed by reviewing literature on each species' life history and habitat 

requirements. General information on their occurrence and status in the region 

was derived from Wyoming Game and Fish Department's (WGFD) Atlas of Birds, 

Mammals, Amphibians, and Reptiles in Wyoming (2016 and subsequent 

revisions). Other site-specific information was obtained by reviewing baseline 

and monitoring data from the Youngs Creek Coal Mine (Permit No. 407), the Big 

Horn Coal Mine (Permit No. 213-T7), and the Welch No. 1 Coal Mine (Permit No. 

497). 

Surveys of migratory birds at the Brook Mine were conducted during the 

wildlife baseline studies for all avian species. On survey days, biologists drove 

and walked through the area scanning for migratory birds. However, efforts were 

concentrated in habitats most likely to attract these species, such as reservoirs, 
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playas, npanan areas, tree areas, and black-tailed praine dog (Cynomys 

ludovicianus) colonies. In addition to specific searches, observers also watched 

for migratory birds while conducting other field studies throughout the year and 

breeding bird transects were sampled in important habitats. All migratory bird 

sightings were recorded, including notes on location, habitat, and activity. 

MP-9.3.2 Migratory Bird Status and Expected Occurrence 

The seasonal and breeding status of migratory bird species of conservation 

concern in the region, and in the vicinity of the Brook Mine, are summarized in 

Table MP-9-1. General and site-specific records, and information on habitats 

available at the Brook Mine, were used to hypothesize the expected occurrence 

of each species listed in the area. Migratory bird of concern sightings made 

during baseline and monitoring studies were also noted. Fourteen of the 19 

species listed for the Sheridan County region have been recorded on or near the 

Brook Mine permit area. However, of these 14 recorded species, only five species 

observed were considered common, one species was occasionally observed and 

eight were uncommonly observed. 

MP-9.3.2.1 Raptor Species of Concern 

Four raptor species of concern are recognized for the region. All of those 

species have been observed in the vicinity of the Brook Mine permit area and 

include: 

• Bald Eagle 
• Burrowing Owl 
• Ferruginous Hawk 
• Golden Eagle 

Of these four raptors observed, only golden eagles and bald eagles are 

common. The other two raptor species are only uncommonly or occasionally 

observed as summarized in Table MP-9-1. Birds of prey are discussed in more 

detail in the section on raptors. 
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MP-9.3.2.2 Non-Raptor Migratory Birds of Concern 

Fourteen species of non-raptor migratory birds of conservation concern 

have been identified by the USFWS for the Sheridan County region. Ten of these 

14 species of concern were observed on or in the vicinity of the permit area during 

the various baseline wildlife inventories completed in the area including: 

• Black-billed Cuckoo 
• Brewer's Sparrow 
• Lark Bunting 
• Lewis's Woodpecker 
• Long-billed Curlew 
• McCown's Longspur 
• Olive-sided Flycatcher 
• Pinyan Jay 
• Red-headed Woodpecker 
• Sage Thrasher 

The black-billed Cuckoo, Brewer's sparrow, lark bunting, Lewis's 

woodpecker, McCown's longspur, olive-sided flycatcher, red-headed woodpecker 

and sage thrasher have breeding habitat in the vicinity of the permit area. These 

species have a high probability of nesting within suitable habitats in the area. 

The black rosy-finch, Cassin's finch, chestnut-collared longspur, long-billed 

curlew, pinyon jay and rufous hummingbird have not been recorded nesting in the 

area and may only be present as seasonal migrants. 

The sage-grouse, a former candidate species (removed from listing 

consideration in October of 2015), was not observed on or within one mile of the 

permit area in 2013 or 2014 but has been observed in the area in the past. 

Suitable habitats in the form of sagebrush shrublands are still present on the site. 

The mountain plover was removed from the proposal to list in 2011 and has not 

been recorded on the study area in 2013, 2014 or prior years. 

MP-9.3.3 Migratory Bird Monitoring and Mitigation 

Wildlife monitoring on Brook Mine will include surveys from February 

through July for determination if migratory bird species of conservation concern 
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are nesting on the permit area or adjacent lands. Surveys are conducted in 

conjunction with all other wildlife monitoring surveys. Potential nesting habitat 

for mountain plovers is searched during the April through July period to determine 

the presence of these species. Sage-grouse lek surveys are conducted annually, 

as required. Bald eagle roost surveys are conducted during the winter period 

(December - February) and nest surveys are conducted in February through July. 

Many other species of federal concern may migrate through the area because 

potential nesting habitat is not available to entice them to reside there. If rare or 

uncommon species are observed nesting on the permit or adjacent areas where 

impacts may occur, the USFWS will be contacted for determination of the 

mitigation procedures to be implemented. 

MP-9.4 CANDIDATE, THREATENED OR ENDANGERED SPECIES 

Observations of any threatened and endangered species on or near the 

Brook Mine permit area will be reported in the annual reports to WDEQ/LQD. 

Any dead or impaired individual of a listed species found in the permit area will 

be reported to the USFWS within one working day. As of September 2018, the 

USFWS recognizes the threatened Canada lynx (Lynx 111.fus), and threatened Ute 

ladies'-tresses (Spiranthes diluvialis) as species that could potentially be 

impacted by projects in Sheridan County, Wyoming. 

The Canada lynx has never been recorded in the study area and would not 

be expected on the site because habitat is not present. Therefore no specific 

monitoring or mitigation measures are proposed for this species. 

The Ute ladies'-tresses occupies wetland habitats that contain subirrigated 

conditions usually into August. Prior surveys for this species have been 

conducted on site and no Ute ladies'-tresses were found. Additional surveys will 

be conducted for this species prior to disturbance of suitable habitats. 

The sage-grouse (a former candidate species) was not observed on the 

permit or within one mile in 2013 or 2014 but has been observed in the area in 

pnor years. Annual lek surveys are conducted as required and any leks, nesting 
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birds or individuals found will be protected. The reestablishment of sagebrush 

on reclaimed lands will provide habitat for the species following mining. 

The northern long-eared bat (Myotis septentrionalis) was listed as a 

threatened species under the Endangered Species Act (ESA) in 2015. The 

USFWS h a s not included this bat on their list of species that would be affected 

by projects in Sheridan County so no monitoring or mitigation is proposed. 

MP-9.5 RAPTORS 

A raptor nest inventory was completed for the RAMACO Brook Mine permit 

area and one to two mile perimeter in 2013 and 2014. The results of those 

surveys are provided in Table MP-9 -2 and locations are shown on map Exhibit 

MP-9-1. The bald eagle, golden eagle, red-tailed hawk (Buteo jamaicensis), great 

horned owl (Bubo uirginianus), osprey (Pandion haliaetus) and burrowing owl 

have been recorded nesting within the study area. Several other species have 

been observed on the site but nests of those species were not found or confirmed 

and some were seasonal migrants. 

MP-9.5.1 Raptor Monitoring 

Monitoring of known nests and searches for new nests will be continued 

annually for the permit area and one-mile perimeter using the baseline sampling 

methods. Guidelines will be followed to prevent nest abandonment or loss of 

eggs or young. On or before mid-February, surveys for bald eagle, golden eagle 

and great horned owl nests will be initiated within one-half mile of existing 

mining activities and those activities proposed for the coming year. Additional 

surveys of the permit area and one-mile buffer will be conducted in March to 

locate all bald eagle, golden eagle and great horned owl nests, and in April to 

locate nests of most other species. From mid-May through mid-June, surveys 

will be completed to locate new raptor nests and check the status of all known 

nests. 

TFNS 21D 25 
October 2018 

RECD DCT 25, 2018 
Addendum MP-9-8 

DEQ Ex. 5-493



RAMACO Brook Mine 

Scheduling of follow-up visits to previously identified nests will be timed 

to coincide with the breeding chronology of the species present. The objective of 

monitoring will be to document the occupation or territories, nest building, 

incubation, and fledgling success. 

Nests will be found by traversing the study area, primarily by vehicle, and 

looking for pairs of individual adult raptors. Once spotted, birds will be observed 

until it can be determined if they are breeding in the area. If their behavior does 

not provide conclusive evidence about breeding status, birds may be approached 

on foot. If that causes birds to display nest defense behavior, the surrounding 

area will be thoroughly searched for a nest. 

Nests will also be located by using a spotting scope to examine nesting 

habitat such as creek banks and rimrocks . Because many raptors nest in trees, 

groves of trees may also be searched on foot. Whenever a nest is found, its 

location will be plotted on a topographic map. 

The status of nests will be recorded annually. The productivity of active 

nests will be determined prior to young birds having fledged. 

Prey abundance will be determined by a spotlight driving survey for 

lagomorphs. This lagomorph survey will be conducted on two consecutive nights 

in August or September. The survey route will utilize roads within the permit 

area or adjacent lands. All major habitat types in the area will be included on 

the route. As reclaimed areas become available, these will also be included in 

the surveys. 

Nesting raptor data and prey abundance will be presented in the annual 

reports submitted to WDEQ/LQD. Comparisons with previous years' data will 

be made and a table documenting history of all nests during the most recent 

five-year period will be presented. All nest locations will be shown on a wildlife 

monitoring map. 
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The distance from all nests to the closest regular human or equipment 

activity will be measured annually. The presence or absence of visual barriers 

between the nest and disturbance will also be recorded. 

MP-9.5.2 Raptor Mitigation 

Map Exhibit MP-9-1 shows the five year term of permit disturbance area 

m relation to currently known raptor nests. Under the present plan mining 

operations during this permit term may be within the buffers, and impact nests, 

of the bald eagle, golden eagle, red-tailed hawk, osprey and great horned owl. 

The current USFWS buffers for raptor species commonly known to occur in the 

region or study area are listed below: 

Species Spatial Buffer (miles) Seasonal Buff er 

Golden Eagle 0.5 January 15 -July 31 

Ferruginous Hawk 1.0 March 15 -July 31 

Swainson's Hawk 0.25 April 1 - August 31 

Bald Eagle 0.5 January 1 - August 15 

Bald Eagle Roosts 0.5 November 1 - April 1 

Prairie· Falcon 0.5 March 1 - August 15 

Short-eared Owl 0 .25 March 15 - August 1 

Burrowing Owl 0.25 April 1 - September 15 

Osprey 0.25 April 1 - August 31 

Red-tailed Hawk 0.25 February 1 - August 15 

Great Horned Owl 0.125 December 1 - October 1 

Cooper's Hawk 0.25 March 15 - August 31 

Northern Harrier 0.25 April 1 - August 15 

American Kestrel 0.125 April 1 - August 15 

* From USFWS website (www.fws.gov/wyominges/Species/Raptors.php) . 

Timing and buffer stipulations may be adjusted on a nest specific basis with 

prior approval from the USFWS. 
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Prior to impacting a raptor nest site the USFWS and WGFD will be 

consulted and the appropriate permits obtained. Currently most of the osprey 

nests that may be impacted are located on man-made nesting platforms or power 

poles. Moving these nesting platforms or erecting new platforms will be the most 

likely mitigation strategy for ospreys as well as some of the other nesting raptors. 

However all mitigation strategies will be approved by the USFWS and WGFD. 

Electric power lines will be constructed in accordance with "Suggested 

practices for Avian Protection on Power lines: The State of the Art in 2006" Avian 

Power Line Interaction Committee (APLIC). 2006. Edison Electric Institute, 

APLIC, and the California Energy Commission. Washington, D.C. and 

Sacramento, CA. 209 pp) to lessen the chance of raptor electrocution. 

MP-9.6 MITIGATION PLAN REVISIONS 

RAMACO may revise the Brook Mine Raptor and Migratory Bird Mitigation 

Plan prior to any permit revision, amendment, or renewal which will result in 

changes in the mining sequence or timing of nest site disturbances. RAMACO 

may first contact the USFWS to solicit their opinion regarding the need to revise 

the Mitigation Plan. If the USFWS determines the Mitigation Plan needs to be 

updated, a revised Mitigation Plan will be submitted to the USFWS for approval. 

A letter stating USFWS-approval of the revised Mitigation Plan will be included 

with the revision, amendment, or renewal. 

All monitoring and mitigation completed will be included in the annual 

wildlife monitoring reports submitted to the WDEQ-LQD. 
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Table MP-9- 1. USFWS Migratory Bird Species of Conservation Concern m 
Sheridan County, Wyoming (Updated September 2018)* 

Species 

Bald Eagle 
(Haliaeetus leucocephalus) 
Black Rosy-Finch 
(Leucosticte atrata) 
Black-billed Cuckoo 
( Coccyzus erythropthalmus) 
Brewer's Sparrow 
( Spizella brewen) 
Burrowing Owl 
(Athene cunicularia) 
Cassin 's Finch 
( Carpodacus cassiniz) 
Chestnut-collared Longspur 
( Calcarius omatus) 
Ferruginous Hawk 
(Buteo regalis) 
Golden Eagle 
(Aquila chrysaetos) 
Lark Bunting 
( Calamospiza melanocorys) 
Lewis's Woodpecker 
(Melanerpes lewis) 
Long-billed Curlew 
(Numenius americanus) 
Long-eared Owl 
(Asia otus) 
McCown's Longspur 
( Calcarius mccowniz) 
Olive-sided Flycatcher 
( Contopus coopen) 
Pinyan Jay 
( Gymnorhinus cyanoceohalus) 
Red-headed Woodpecker 
(Melanerpes erythrocephalus) 
Rufous Hummingbird 
(Selasphorus rufus) 
Sage Thrasher 
( Oreoscoptes montanus) 

Regional 
Seasonal 

Status 

Year-round 

Year-round 

Summer resident 

Breeder 

Breeder 

Year-round 

Summer resident 

Breeder 

Year-round 

Summer resident 

Breeder 

Breeder 

Breeder 

Breeder 

Summer resident 

Year-round 

Breeder 

Summer resident 

Breeder 

Observed in 
Brook Mine 
Area or in 
Vicinit 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Expected 
Occurrence in 

Study Area 

Common 

Uncommon 

Uncommon 

Common 

Uncommon 

Occasional 

Uncommon 

Occasional 

Common 

Common 

Uncommon 

Uncommon 

Uncommon 

Uncommon 

Uncommon 

Uncommon 

Uncommon 

Uncommon 

Common 

* Based on USFWS Wyoming Ecological Services Field Office, Cheyenne, Wyoming and IPAC 
(Information, Planning, and Conservation System), Updated September 2018. Regional 
Seasonal Status and Expected Occurrence compiled from Wyoming Game and Fish 
Department Atlas of Birds, Mammals, Reptiles, and Amphibians in Wyoming, 2012 and 
subsequent updates. 

Specific records of observations from wildlife baseline surveys for Youngs Creek Mine, Big 
Horn Coal Mine , and the Welch No. 1 Coal Mine . 
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Table MP-9-2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 

121 and 2014 
N 

" N Species/ Activity 
00 Nest Site Location Nest Substrate Status 2013 2014 

" N 
121 

Bald Eagle (BE) N 
121 

BEl T57N R85W Cottonwood Intact A,?,? A,1 +,? 
NWNE Sec. 24 

BE2 T57N R85W Cottonwood Intact A,l +, 1 A,2,2 
SENE Sec. 21 

BE3 T57N R84W Cottonwood Intact A,0,0 Goose 
SWSE Sec. 14 

BE4 T57N R84W Cottonwood Intact RT26a A,2 ,2 
NWNW Sec. 13 

Total BE Nests= 4 Total 3, 1 +, 1 + 3 ,5+,4+ 

Golden Eagle (GE) 

GEla T57N R84W Pine Intact I A,0,0 
SESE Sec. 5 

GElb T57N R84W Pine Intact I I 
NENE Sec. 8 

GElc* T57N R84W Pine Intact A,0,0 I 
NESE Sec. 9 

GE2 T57N R84W Pine Intact A,2,2 A,2,2 
NENE Sec. 27 

GE3 T57N R85W Cottonwood Intact A,2,2 A,2,1 
NWNW Sec. 11 

GE4 T57N R85W Cottonwood Intact A,1,1 I 
NESW Sec. 15 
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Table MP-9-2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 
121 and 2014 {Continued} 
N 

" Species/ Activity N 
00 Nest Site Location Nest Substrate Status 2013 2014 

" N 
121 

Golden Eagle (GE) - Continued N 
121 

GES T57N R84W Pine Intact A, 1,1 A,0,0 
SESW Sec. 2 

GE6 T57N R85W Cottonwood Intact A,0,0 I 

NENE Sec. 8 

Total GE Nests = 8 Total 6,6,6 4,4,3 

Red-tailed Hawk (RT) 

RTl * T57N R84W Cottonwood Intact A,0 ,0 A,3,3 
SWNW Sec. 18 

RT2a* T57N R85W Cottonwood Intact A,3,3 
NWNE Sec. 13 

RT2b* T57N R84W Cottonwood Intact A,2,2 I 
NWNE Sec. 13 

RT3a* T57N R84W Cottonwood Intact I I 
NWSW Sec. 18 

RT3b* T57N R84W Cottonwood Intact I I 
NESW Sec. 18 

RT4 T57N R84W Pine Intact I I 
NWSW Sec. 17 

RTS T57N R84W Cottonwood Intact A,0,0 A,0,0 
SESW Sec. 15 

RT6* T57N R84W Mitigation Intact I I 
NWNW Sec. 22 Platform 

RT7 T57N R84W Cottonwood Intact I A,0 ,0 
NENW Sec. 23 
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Table MP-9 -2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 

121 and 2014 (Continued} 
N 

" Species/ Activity N 
00 Nest Site Location Nest Substrate Status 2013 2014 

" N 
121 

Red-tailed Hawk (RT) - Continued N 
121 

RT8 T57N R85W Cottonwood Intact A,0 ,0 I 
SWSE Sec. 9 

RT9a T57N R84W Cottonwood Intact I I 
SESW Sec. 16 

RT9b T57N R84W Cottonwood No Longer I DN 
SESW Sec. 16 Intact 

RTl0 T57N R84W Cottonwood Intact A,2,2 A,2 ,2 
NENW Sec. 21 

RTll T57N R84W Mitigation Intact I I 
NENW Sec. 21 Platform 

RT12 T57N R84W Cottonwood Intact I GHl 
NENE Sec. 20 

RT13a T57N R84W Cottonwood Intact A,2,2 A,3 ,2 
SWNW Sec. 20 

RT13b T57N R84W Cottonwood Intact Goose I 
SWNW Sec. 20 

RT14 T57N R84W Cottonwood Intact A,2 ,2 I 
NENE Sec. 19 

RT15a T57N R84W Cottonwood Intact A,?,? Goose 
SWNE Sec. 19 

RT15b T57N R84W Cottonwood Intact A,?,? 
SWNE Sec. 19 

RT16 T57N R85W Cottonwood Intact A,? ,? A,?,? 
NENW Sec. 23 
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Table MP-9 -2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 

121 and2014(Continue~ 
N 

" Species/ Activity N 
00 Nest Site Location Nest Substrate Status 2013 2014 

" N 
121 Red-tailed Hawk (RT) - Continued N 
121 

RT17a T57N R85W Cottonwood Intact I I 
SESW Sec. 15 

RT17b T57N R85W Cottonwood Intact A,?,? 
SWSE Sec. 15 

RT18 T57N R85W Cottonwood Intact I A,0,0 
SWSE Sec. 16 

RT19 T57N R85W Cottonwood Intact I I 
NESW Sec. 3 

RT20 T57N R84W Pine Intact A,3,3 
SWSW Sec. 3 

RT21 T57N R84W Pine Intact A,0,0 A,0,0 
NWSE Sec. 10 

RT22 T57N R84W Pine Intact I I 
NENW Sec. 14 

RT23 T57N R84W Pine No Longer I ON 
NESW Sec. 21 Intact 

RT24 T57N R84W Cottonwood Intact I I 
NWSE Sec . 20 

RT25 T57N R84W Cottonwood Intact BE3 Goose 
SWSE Sec. 14 

RT26a T57N R84W Cottonwood Intact A,2,1 BE4 
NWNW Sec. 13 

RT26b T57N R84W Cottonwood Intact A,3,3 
NESW Sec. 13 

TFH S 2/025 
October 2018 

~CD OCT 25, 2018 
Addendum MP-9-17 

DEQ Ex. 5-502
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Table MP-9-2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 

121 and 2014 (Continued} 
N 

" Species/ Activity N 
00 Nest Site Location Nest Substrate Status 2013 2014 

" N 
121 Red-tailed Hawk (RT} - Continued N 
121 

RT27 T57N R84W Cottonwood Intact I I 
NWSE Sec. 11 

RT28a T57N R84W Cottonwood Intact A,2,2 I 
NESW Sec. 12 

RT28b T57N R84W Cottonwood Intact A,3,3 
NWSW Sec. 12 

RT29 T57N R84W Cottonwood No Longer I DN 
SWNE Sec. 11 Intact 

RT30 T57N R84W Pine Intact A,2,2 I 
NWSE Sec. 3 

RT31 T58N R84W Pine No Longer A,0,0 DN 
SWSE Sec. 32 Intact 

RT32 T58N R85W Cottonwood Intact A,0,0 A,0,0 
SESW Sec. 36 

RT33 T57N R84W Cottonwood Intact GH3 A,0,0 
SWSW Sec. 24 

Total RT Nests = 41 Total 15, 14+, 13+ 16,20+, 19+ 

Great Horned Owl (GH} 

GHl T57N R84W Cottonwood Intact I A,3,3 
NENE Sec. 20 

GH2 T57N R84W Platform Intact I I 
NENW Sec. 21 

GH3 T57N R84W Cottonwood Intact A,1,1 A,0,0 
SWSW Sec. 24 

October 2018 
TFNS 2 / 025 

Addendum MP-9- 18 
p F r, fl . T 'llj , 2018 
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Table MP-9-2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 

121 and2014(Continue~ 
N 

" Species/ Activity N 
00 Nest Site Location Nest Substrate Status 2013 2014 

" N 
121 Great Horned Owl (GH) - Continued N 
121 

GH4 T58N R85W Cottonwood No Longer A,2,2 ON 
SESW Sec. 36 Intact 

GH5 T57N R85W Cottonwood Intact A,2,2 
SWNE Sec. 17 

Total GH Nests= 5 Total 2,3,3 3,5,5 

Osprey (OS) 

OSl T57N R84W Platform Intact Goose I 
SESE Sec. 15 

OS2 T57N R84W Platform Intact Goose AT 
SESE Sec. 15 

OS3 T57N R84W Platform Intact A,0,0 A,3,3 
NWNW Sec. 22 

OS4 T57N R84W Platform Intact I I 
SWSE Sec. 15 

OS5 T57N R84W Light Pole Intact A,2,2 A,3,3 
NWNW Sec. 24 

Total OS Nests = 5 Total 2,2,2 3 ,6,6 

October 2018 TF NS 2/025 Addendum MP-9- 19 

RF.CD nr.r ~'j , 2018 DEQ Ex. 5-504



RAMACO Brook Mine 

Table MP-9-2. Raptor Nests Recorded on the Brook Mine Study Area in 2013 
and 2014 (Continued) 

Species/ 

Nest Site Location 
Nest 

Substrate 

Burrowing Owl (BO) 

801 T57N R84W 
NWNW Sec. 4 

Prairie Dog 
Burrow 

Total BO Nests = 1 

All Total Nests = 59 
(Adjusted for nests used by more tha n 

one spec ies) 

Abbreviation/ Symbol Codes 

Activity 

Status 2013 2014 

Intact 

Total 

Total 29,29+ ,28+ 30,44+ ,41 + 

X,#,# = Nest S ta tus (A-active, I- inactive), number of young hatched , number of young fledged 

Totals rows: #,#,# = tota l active nests, tota l young hatched , tota l young fledged 

* 

DN 

AT 

October 2018 

Denotes Nest Within Permit Area 

Nest Not Present 

Destroyed Naturally 
Nest Actively Tended 

TFNS 2/025 
RECD r.r. r 11.2018 

Addendum MP-9-20 

DEQ Ex. 5-505
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