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1.0 INTRODUCTION 

The Montana Department of Environmental Quality (DEQ) is the regulatory authority for coal mining 
operations in the state of Montana and implements the Montana Strip and Underground Mine 
Reclamation Act (MSUMRA) and the administrative rules pursuant to the Act. The Federal Office of 
Surface Mining Reclamation and Enforcement (OSMRE) implements the Surface Mining Reclamation and 
Control Act of 1977 (SMCRA), and has granted primacy to DEQ as the regulatory agency for coal mining 
in Montana. As such, DEQ is responsible for the review and decisions on all permit applications to 
conduct surface coal mining operations within the state with oversight from OSMRE.  
 
This assessment of cumulative hydrologic impacts is prepared by DEQ as part of the permit review 
process for Amendment 3, submitted by Signal Peak Energy, LLC (SPE) for the Bull Mountains Mine No. 1 
(SMP C1993017).  It includes an analysis of anticipated hydrologic impacts associated with mining in and 
adjacent to the proposed permit area. 
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2.0 REGULATORY ENVIRONMENT 

Administrative Rule of Montana (ARM) 17.24.314(1) requires that DEQ determine that a given proposed 
mining and reclamation operation has been designed to minimize disturbance to the hydrologic balance 
on and off the mine plan area, and prevent material damage1 to the hydrologic balance2 outside the 
permit area. In order to evaluate whether the proposed mining and reclamation plan has been designed 
to prevent material damage, a Cumulative Hydrologic Impact Assessment (CHIA) is prepared by DEQ. 
Prior to making a permitting decision, DEQ makes an assessment of cumulative hydrologic impacts of all 
existing and anticipated mining operations. The CHIA analysis must be sufficient to determine whether 
mining impacts to the hydrologic balance on and off the permit area have been minimized and material 
damage outside the permit area has been prevented [ARM 17.24.314(5)]. 
 

2.1 MATERIAL DAMAGE CRITERIA 
Following the definition of material damage in 82-4-203(31), Montana Code Annotated (MCA), material 
damage criteria are established for the evaluation of both groundwater and surface water quality and 
quantity, and are used to determine whether water quality standards and beneficial uses of water, 
including water rights, outside the permit boundary have been or are expected to be impacted by 
mining activities.  The interruption or diminution of a surface water or groundwater supply to the extent 
that an existing use is precluded is considered to be material damage. When material damage occurs 
mitigation is required; mitigation would include dependable, long-term replacement of a resource 
acceptable for the designated use [ARM 17.24.314(1)(c) and 17.24.648] or treatment to return water  
quality to state standards.  
 
Material damage criteria include applicable numeric and narrative water quality standards, and criteria 
established to protect existing beneficial uses of water. Baseline water quantity and quality is compared 
against changes or anticipated changes in quantity and quality associated with mine activity to 
determine if uses have been impacted or water quality standards exceeded outside the permit 
boundary.  Threshold criteria are used by DEQ to identify potential problems in water quality and 
quantity before these problems escalate to material damage (Table 2-1). 
 
The Montana Water Quality Act (MWQA) is the primary basis for water quality protection in the state of 
Montana. Rules promulgated under the authority of MWQA establish surface water and groundwater 
standards [ARM 17.30.subchapter 6 and 17.30.subchapter 7] to protect the designated beneficial uses 
of state waters. Numeric standards published in Circular DEQ-7, Montana Numeric Water Quality 
Standards, were developed using guidance from the Environmental Protection Agency (EPA) which 
includes: 
 

1 “Material damage” means, with respect to the protection of the hydrologic balance, degradation or reduction by coal mining 
and reclamation operations of the quality or quantity of water outside of the permit area in a manner or to an extent that land 
uses or beneficial uses of water are adversely affected, water quality standards are violated, or water rights are impacted. 
Violation of a water quality standard, whether or not an existing water use is affected, is material damage. [82-4-203(31), MCA] 
2 “Hydrologic balance” means the relationship between the quality and quantity of water inflow to, water outflow from, and 
water storage in a hydrologic unit, such as a drainage basin, aquifer, soil zone, lake, or reservoir, and encompasses the dynamic 
relationships among precipitation, runoff, evaporation, and changes in ground water and surface water storage. [82-4-203(24), 
MCA] 
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• National Recommended Water Quality Criteria (NRWQC) developed under Section 304(a) of 
the Clean Water Act 

• Drinking Water Lifetime Health Advisory (HA) and Maximum Contaminant Levels (MCL) 
developed under the Safe Drinking Water Act 

 
Montana's surface water and groundwater rules also contain narrative standards [ARM 17.30.620 
through 17.30.670 and 17.30.1001 through 17.30.1045]. The narrative standards are designed to 
address water quality for which sufficient information does not yet exist to develop parameter-specific 
numeric standards. These narrative standards are established to protect beneficial uses from adverse 
effects, supplementing the existing numeric standards. 
 
2.1.1 Surface Water Material Damage Criteria 
Material damage to surface water occurs when, as a result of mining, any of the following are met: 

 
• Surface water quality standards outside of the permit area are violated 
• Land uses or beneficial uses of water outside of the permit area are adversely affected to 

the extent that an existing use is precluded 
• A surface water right is adversely impacted 

 
Material damage criteria for surface waters3 include the numeric water quality standards established in 
Circular DEQ-7 (where applicable) and water use criteria established for parameters where specific 
numeric standards have not been developed. Surface water quality standards contained in ARM 
17.30.620 through 17.30.670 vary according to stream classification. Numeric standards for parameters 
including Escherichia coli bacteria, color, turbidity, pH, and temperature, change with stream 
classification. Surface waters in the Bull Mountains Mine area are classified as C3 surface waters [ARM 
17.30.611]. Beneficial uses of surface waters are established according to the streams’ water use 
classification. Specific water quality standards (along with general provisions) protect the established 
beneficial uses for each classification [ARM 17.30.620].  
 
Beneficial uses of C3 waters are given in ARM 17.30.629:   
 

“Waters classified C-3 are to be maintained suitable for bathing, swimming, and recreation, and 
growth and propagation of non-salmonid fishes and associated aquatic life, waterfowl, and 
furbearers. The quality of these waters is naturally marginal for drinking, culinary, and food 
processing purposes, agriculture, and industrial water supply. Degradation which will impact 
established beneficial uses will not be allowed.” 

 
With the exception of some spring-fed stream reaches and stockwater ponds, surface waters in the 
vicinity of the Bull Mountains Mine are typically ephemeral4, flowing only in response to precipitation 

3 “Surface waters” means any waters on the earth's surface including, but not limited to, streams, lakes, ponds, and reservoirs; 
and irrigation and drainage systems discharging directly into a stream, lake, pond, reservoir, or other surface water. Water 
bodies used solely for treating, transporting, or impounding pollutants shall not be considered surface water. [ARM 
17.30.602(33)] 
4 “Ephemeral stream” means a stream or part of a stream which flows only in direct response to precipitation in the immediate 
watershed or in response to the melting of a cover of snow and ice and whose channel bottom is always above the local water 
table. [ARM 17.30.602(12)] 
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events or for short reaches below the issue point of springs or seeps. As stated in ARM 17.30.637(6), 
“Ephemeral streams are subject to ARM 17.30.635 through 17.30.637, 17.30.640, 17.30.641, 17.30.645, 
and 17.30.646 but not to the specific water quality standards of ARM 17.30.620 through 17.30.629” 
(including Circular DEQ-7, Montana Numeric Water Quality Standards).  
 
Applicable water quality standards for ephemeral surface waters are therefore predominantly narrative 
and primarily include the General Treatment Standards [ARM 17.30.635], General Operational 
Standards [ARM 17.30.636], General Prohibitions [ARM 17.30.637], and other descriptive portions of the 
surface water quality standards.  
 
Numeric surface water standards for perennial and intermittent streams are in Table 2-2. This list is not 
exhaustive, and only includes selected parameters known to be potentially associated with coal mining 
impacts that are monitored by Montana coal mines. These numeric water quality standards apply to 
perennial/intermittent streams only and not to ephemeral streams. 
 
The predominant beneficial use of surface water in the area is drinking water for livestock and wildlife. 
Water quality guidelines established for livestock use (Table 2-3) are based on limits for livestock 
consumption found in documents published by the Montana Extension Service (Sigler and Bauder, 2012, 
Hutcheson, 2001). These are not enforceable standards but are used by DEQ for guidance in evaluating 
suitability of pre- and postmine water quality for livestock use. It is not uncommon for water quality in 
the area to naturally exceed these livestock water quality guidelines. 
 
Surface water availability is variable in the Bull Mountains area. Surface water quantity is generally 
governed by the seasonal runoff from storms and snow melt. Runoff models submitted with as-built 
pond designs model the water and sediment retention of sediment control ponds. These models are 
also used to assess water quantity impacts to downstream users and uses from the capture and/or 
attenuation of storm runoff. Runoff from areas disturbed by mining operations is required to be 
managed in a manner that prevents surface water pollution (e.g. increased suspended solids, changes in 
pH, increases in metals of concern, etc.) outside the permit area to the extent possible with the best 
technology currently available [ARM 17.24.633].  
 
Impacts to surface water supply and water rights are evaluated with respect to regional and local 
impacts to surface water resources and natural variations in seasonal and yearly runoff. Mitigation for 
the loss of a beneficial use of surface water or a water right requires provision of a dependable, long-
term replacement water resource of acceptable quality for the designated use and adequate quantity to 
support the existing and/or planned future use [ARM 17.24.314(1)(c) and 17.24.648]. 
 
Material damage criteria are therefore a combination of applicable narrative standards, numeric 
standards, and livestock beneficial use criteria. Impacts to surface water rights are evaluated on a case-
by-case basis, and include an analysis of climatic conditions and the natural availability of surface water. 
 
2.1.2 Groundwater Material Damage Criteria 
Groundwater material damage occurs when, as a result of mining, any of the following circumstances 
occur: 
 

• Groundwater quality standards outside of the permit area are violated 
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• Land uses or beneficial uses of groundwater outside of the permit area are adversely 
affected to the extent that an existing use is precluded 

• A groundwater right is adversely impacted 
 
Protection of groundwater quality for beneficial uses is based on narrative standards established by 
ARM 17.30.1006 (Table 2-4) and numeric standards for individual parameters in Circular DEQ-7 (Table 2-
2). Water quality guidelines established for livestock use are shown in Table 2-3. Groundwater quality in 
the area may naturally exceed these livestock water quality guidelines. Groundwater released from the 
mine is not required to be purer than natural, background conditions [75-5-306, MCA and ARM 
17.30.629(2)(k)].  
 
Beneficial uses of groundwater outside the permit boundary include livestock and domestic use. Wells 
completed in the alluvium, overburden, and underburden supply livestock water. Wells for domestic use 
typically have reported completion depths that suggest utilization of groundwater from the 
underburden. The location of private wells and water rights are discussed in Section 6.0, Water 
Resource Uses. 
 
Water levels and water quality are monitored inside and outside the permit boundary to establish 
baseline conditions and measure subsequent changes so that impacts during and after mining can be 
anticipated and evaluated. Analytical results of water quality parameters most likely to be affected by 
mining are compared to standards to determine suitability of the water for current and anticipated uses. 
The amount of change to water quality or quantity that can be tolerated before material damage results 
will depend upon the baseline water level and water quality at a given location. Baseline water levels or 
water quality that is marginally supportive of a given use are more vulnerable to changes that would 
cause material damage than water levels or water quality more supportive of an established use. 
 
A transient groundwater flow model was developed to predict drawdown impacts to water levels in 
aquifers affected by operations at the Bull Mountains Mine. Impacts to wells and springs located within 
the modeled drawdown area can be anticipated and mitigated to avoid material damage. Mitigation for 
the loss of a beneficial use of groundwater or a water right requires providing a dependable, long-term 
replacement water resource of acceptable quality for the designated use and adequate quantity to 
support the existing and/or planned future use [ARM 314.24.314(1)(c) and 17.24.648]. 
 

2.2 CUMULATIVE HYDROLOGIC IMPACT ASSESSMENT 
The Cumulative Hydrologic Impact Assessment (CHIA) includes an assessment of the Probable 
Hydrologic Consequences (PHC) of the proposed operation (Nicklin, 2013[1]). The PHC determination is 
prepared by the applicant [ARM 17.24.314(3)] and approved by the regulatory authority (DEQ). Prior to 
making a permitting decision, DEQ makes an assessment of all hydrologic impacts of the proposed 
operation, existing, previous, or anticipated mining that collectively impact surface and groundwater 
systems in a cumulative impact area. The CHIA analysis must determine whether mining impacts to the 
hydrologic balance on and off the permit area have been minimized and material damage outside the 
permit area has been prevented [ARM 17.24.314(5)]. The hydrologic balance is defined as "the 
relationship between the quality and quantity of water inflow to, outflow from, and storage in a 
hydrologic unit such as a drainage basin, aquifer, soil zone, lake, or reservoir, and encompasses the 
dynamic relationships among precipitation, runoff, evaporation, and changes in ground and surface 
water storage as they relate to uses of land and water within the area affected by mining and the 
adjacent area" [ARM 17.24.301(54)]. 
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CHIA development involves the analysis of critical aspects of the hydrologic system within a defined 
cumulative impact area to predict the type and magnitude of impacts to the hydrologic system from 
proposed and existing mining. The CHIA process includes the following: 1) define the area to the studied, 
2) describe the hydrologic system, the baseline values, and subsequent changes, 3) identify hydrologic 
resources likely to be affected, 4) develop criteria for evaluating the impacts, 5) estimate the impacts of 
mining on hydrologic resources, and 6) make a material damage determination and prepare a statement 
of findings. 
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3.0 PROPOSED PERMITTING ACTION 

Signal Peak Energy, LLC (SPE) submitted Permit Amendment Application No. 3  that would increase the 
mine permit area of their underground coal mine (Bull Mountain Mine No. 1) by adding 7,161 acres and 
expanding the mine from five longwall panels (approved under Amendment 00187) to fourteen longwall 
panels (Figure 3-1). This area is included in 18 sections within Township 6 North, Range 27 East. 
 
SPE is the operator of Montana’s only active underground coal mine. The proposed plan includes room 
and pillar mining to develop nine additional panels for longwall mining.  If approved, Amendment No. 3 
would extend the permit boundary toward the northeast and increase the permit area by 7,161 acres 
for a total area of 14,896 acres.  Total acreage of the underground mine plan would be 10,569 acres.  
Approval of this amendment would increase the potential of the ground surface (directly above the 
panels and within the angle of draw) to be adversely affected by subsidence caused by mining. 
 
Approximately 20 acres of additional surface disturbance is expected as a result of this amendment. This 
amount of additional disturbance is necessary to construct temporary surface facilities that support 
underground mining. Temporary surface support facilities include boreholes, associated pads, power 
lines, and roads. No significant changes to the reclamation plan are proposed since Amendment No. 3 
only addresses expansion of the permit area to allow continuation of underground mining.  Plans for the 
mitigation of impacts to springs, seeps and drainages are included in SMP C1993017.  Site-specific plans 
for the repair or mitigation of impacts related to subsidence or other mining impacts will be developed 
as they are identified, in consultation with DEQ and affected landowners. 
 
If approved, Amendment No. 3 would add approximately 176 million tons of in-place coal reserves or 
110 million tons of mineable coal.  Of this, approximately 83 percent would be recoverable (91 million 
tons of coal. 
 

3.1 BACKGROUND & MINING HISTORY 
Bull Mountain Mine No. 1 (Figure 4-1) is approximately 15 miles southeast of Roundup, MT in 
Musselshell and Yellowstone counties. Mining Permit C1993017 was originally issued to Meridian 
Minerals on October 15, 1993, transferred to Glacier Park Company on September 25, 1995, transferred 
to Mountain Inc., on November 20, 1995, and to BMP Investments, Inc. (BMPII) on July 2, 2002. BMPII 
was renamed Bull Mountain Coal Mining (BMCM), Inc. on December 13, 2006 and the permit was 
transferred to SPE on September 15, 2008. 
 
Coal fields in the area extend from the Bull Mountains to just north of Roundup and the Musselshell 
River (Perry, 1962). Mining in the greater region began in the early 1880’s, and commercial mining was 
underway by about 1906. Coal was shipped to smelters and used as a source of fuel for the railroads 
(Slagle and others, 1986). All of the mines near the town of Roundup were abandoned by 1956. By the 
mid-1980’s, the last few mines operating in the coal field were located south of Roundup in the Bull 
Mountains and included the P.M. Mine, the Divide mine, and the Storm King Mine (Slagle and others, 
1986) (Figure 3-2). These mines mined the Mammoth Coal seam underlying the Bull Mountains that is 
approximately 10 feet to 15 feet in thickness.  
  
The largest mines were the Divide (or Carlson) mine and the adjacent Gildroy mine, each with about 70 
to 80 acres of underground room and pillar mining. These mines are approximately 1.5 miles south of 
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the Bull Mountains Mine No.1 portals area and extracted Mammoth Coal. Two mines, the P.M. Mine 
and Meridian Test Pit (Figure 3-2), are the predecessors of Bull Mountains Mine No.1. The P.M. Mine 
included 51 acres of room and pillar mining. The Meridian test pit included 90 acres of strip mining that 
were reclaimed upon completion of mining. The P.M. Mine was operated as an underground coal mine 
in the 1930’s that was converted to a surface mine in 1972 by the Maged Family. In 1989 Meridian 
Minerals Company (Meridian) opened the Meridian Test Pit surface mine to the southeast. P.M. Coal 
Company then reopened the underground mine in 1991. The Meridian Test Pit surface mine and the 
underground mine combined were termed the Bull Mountains Mine. The remaining mines in the area 
were all much smaller underground operations that used room and pillar or other simple mining 
techniques and have been abandoned. The majority of mines are located where the Mammoth Coal 
crops out at the surface, and it is the coal seam that was most likely mined. 
 

3.2 CURRENT MINING OPERATIONS 
Coal at Bull Mountains Mine No. 1 is recovered using continuous mining and longwall mining methods. 
Continuous mining includes cutting parallel entries (main entries) approximately 8 to 10 feet high by 
about 20 feet wide intersected by regularly spaced tunnels or crosscuts. Pillars or unmined areas 
between the entries and crosscuts are the primary supports of the mine. This method of mining is 
known as “room-and-pillar mining” and is used primarily for developing entries necessary for 
transportation, ventilation, utilities, and providing access to longwall panels.  
 
Longwall mining requires a significant amount of up-front preparation, or “development” using 
continuous mining methods. In order to supply power, water, air, and safe transportation corridors to 
the longwall panels, a set of parallel entries must be established. These main entries, or “mains,” are 
designed to remain intact for the life of mine, and allow access to the longwall panels via “gate roads”. 
Gate roads are driven roughly perpendicular to the mains, and consist of three parallel entries. Besides 
providing worker access to the longwall panels, gate roads are vital for the installation of longwall 
equipment, ventilation of the working area, and transportation. Once gate roads have been developed 
around a panel, the longwall equipment can be installed. 
 
Longwall mining is a method that removes all coal from each longwall panel, effectively achieving 100 
percent coal extraction, and causes surface subsidence. Longwall mining uses a series of hydraulic 
supports, or shields, set up along the longwall face that function as temporary supports to protect 
workers and equipment. A cutting machine or shearer moves back and forth along the coal face and line 
of shields, cutting the coal in a series of passes. After the shearer completes a pass the entire system 
(shields, shearer, and face conveyor) advances (perpendicular to the shearer) and unsupported 
overburden is allowed to collapse into the void formally occupied by coal.  
 
At full production SPE is capable of mining longwall panels at a rate of 11,000,000 tons of raw coal per 
year. This is equivalent to the longwall face advancing approximately 55 feet per day. However, actual 
production rates are expected to be less. Each gate road is designed to stay open for the first panel, but 
yield as the adjacent panel is mined-out, mining out of sequence would limit access to some panels and 
limit coal conservation. Panels must be mined in sequential order to achieve maximum coal recovery. 
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4.0 REGIONAL OVERVIEW 

The permit and proposed amendment area of Bull Mountains Mine No.1 is located in the Bull Mountains 
in central Montana, within the Northern Great Plains physiographic province (Figure 4-1). The Bull 
Mountains lie within the drainage basins of the Yellowstone River and the Musselshell River. The lands 
to the north of the Bull Mountains drain to the Musselshell River while the lands to the south drain to 
the Yellowstone River. The majority of the proposed permit amendment area is located within the 
Rehder Creek and Fattig Creek drainages, which are tributaries of the Musselshell River. 
 
Differential erosion of rocks of varying hardness and resistance is the main process active in forming the 
present landscape. The underlying rocks are composed of interbedded shales, claystones, siltstones, 
coals, and sandstones; however, the high mesas and ridges are capped by "clinker". Clinker is a term 
used to describe the baked sedimentary rocks resulting from burning of underlying coal beds. The shales 
and claystones tend to be easily eroded, while the sandstone and clinker are more resistant to erosion. 
Sheet and rill erosion are active geomorphic processes in the upper drainage basins, and mass wasting 
occurs locally along the steep-walled ridges. Ephemeral streams occur throughout the area; intermittent 
flow, which may occur on lower reaches of Rehder and Fattig creeks during wet years, has been 
observed along portions of the streams supported by springs or seeps associated with groundwater base 
flow. 
 
Vegetation in the Bull Mountains Mine No. 1 study area includes silver sagebrush-mixed grasslands, 
mixed grasslands, ponderosa pine-mixed grassland, burned ponderosa pine-mixed grassland, and 
relatively small areas of improved pasture and wetlands. In 1984 an intense fire burned much of the 
forest leaving many scattered charred logs and dead trees. Currently the burned area is dominated by 
grasses. 
 

4.1 CLIMATE 
The climate of south central Montana is classified as semiarid continental. Precipitation and 
temperature measurements have been collected at the mine and also at the nearby climate stations at 
Roundup, MT (National Weather Service Cooperative Observer ID 247214) and Billings, MT (National 
Weather Service Cooperative Observer ID 240807). Climate data are available from the Western 
Regional Climate Center (WRCC, 2013) with temperature and precipitation records for Roundup and 
Billings going back to 1914 and 1948, respectively.  
 
Figure 4-2 shows average precipitation data from the past 30 years at Roundup and Billings, MT. The 
average annual precipitation (1983-2012) at Roundup (elevation 3,230 ft) is 13.58 inches and Billings 
(elevation 3,570 ft) is 13.36 inches. The average peak precipitation month is June at Roundup (2.53 
inches) and May at Billings (2.21 inches), while the average minimum monthly precipitation occurs in 
January at Roundup (0.37 inches) and December at Billings (0.46 inches).  
 

4.2 TOPOGRAPHY 
The topography in the mine area consists of gently sloping valleys bounded by moderately steep to very 
steep ridges capped by isolated sandstone and clinker mesas. Elevations range from approximately 
3,700 to 4,700 feet above mean sea level. Surface slopes vary from zero to 15 percent in the vicinity of 
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the proposed surface facilities and up to 50 percent or more in the higher elevations of the Bull 
Mountains. 
 

4.3 GEOLOGY  
Alluvial deposits (gravel, sand, and silt) are generally unconsolidated and typically occur in ephemeral 
drainages or areas of lower elevation in the stream and valley bottom areas. Alluvial deposits are 
generally less than 40 feet in thickness.  
 
The Bull Mountain coal region and vicinity is underlain by a sequence of sedimentary rocks that 
comprise the Bull Mountain Basin. This sequence of rocks is comprised of an alternating sequence of 
sandstones, siltstones, shales, carbonates, clinker, and coal approximately 12,000 feet in thickness that 
range from early Paleozoic to Tertiary in age. The basin is underlain by Precambrian metamorphic 
basement rocks (Wheaton, 1992). The sedimentary sequence was deposited or formed in a single 
depositional center of the Powder River Basin but is now isolated or separated from the main basin due 
to post-depositional tectonics and erosion. 
 
Tertiary age continental rocks of the Tongue River Member of the Fort Union Formation are the 
principal rock units disturbed by longwall mining at the Bull Mountains Mine No. 1. Rocks of the Tongue 
River Member consist of interbedded siltstones, sandstones, shales and coals and form the bedrock 
under the mine area where they extend to depths in the range of about 1100 feet below the base of the 
Mammoth Coal. Figure 4-3 illustrates the general geologic relationships in the region. Figure 4-4 shows a 
detailed lithologic column for the Bull Mountains (Meridian, 1990). It represents about 1250 feet of the 
uppermost portion of the Tongue River Member occurring at Bull Mountains. Rocks of the Tongue River 
Member are situated in a broad (approximately 10 miles) and relatively long (axial trace of 
approximately 15 miles) north-northwest plunging syncline (less than one degree) that includes the 
Mammoth Coal. This area includes approximately 150 square miles.  
 
A general description of the shallow stratigraphy of the Tongue River Member includes: 
 

• Overburden rocks include interbedded siltstones, sandstones, shales, clinker, and coal above the 
Mammoth Coal. These rocks thicken toward the north-northwest or along the plunge of the 
syncline and range from approximately 200 feet to over 800 feet in thickness. Clinker, a reddish-
brown, commonly brecciated pyro-metamorphic rock formed by prehistoric coal fires, occurs 
throughout the study area and commonly caps ridges or areas of higher elevation.  

• Rocks of the Mammoth Coal occur immediately below overburden rocks. This coal seam is the 
principal economic seam in the area and varies in thickness from eight to ten feet within the 
permit boundary.  

• Underburden rocks are similar to rocks of the overburden and are divided into the upper 
(immediately below the base of the Mammoth Coal) and deeper overburden. 

10/15/2013  4-2 



Amendment 3 CHIA – Cumulative Impact Area 

5.0 CUMULATIVE IMPACT AREA 

A cumulative hydrologic impact area (CIA) is defined by ARM 17.24.301(31): ‘"Cumulative hydrologic 
impact area" means the area, including, but not limited to, the permit and mine plan area within which 
impacts to the hydrologic balance resulting from the proposed operation may interact with the impacts 
of all previous, existing and anticipated mining on surface and ground water systems’. "Anticipated 
mining" includes the entire projected life through bond release of all permitted operations and all 
operations required to meet diligent development requirements for leased federal coal for which there 
is actual mine-development information available. The size and location of a given CIA will depend on 
the surface water and groundwater system characteristics, the hydrologic resources of concern, and 
projected impacts from the operations included in the assessment. For this CHIA, a surface water CIA 
and a groundwater CIA are delineated to assess impacts associated within these distinct hydrologic 
resource areas. 
 

5.1 SURFACE WATER CUMULATIVE IMPACT AREA 
The surface water CIA includes all areas that may see a measurable change in water quantity or water 
quality due to mining activities at the Bull Mountains Mine. The surface water CIA is presented in Figure 
5-1.The CIA extends beyond the proposed Amendment No. 3 boundary and includes Rehder Creek to its 
confluence with Halfbreed Creek, and Fattig Creek to stream monitoring station 52996, both of which 
flow north to the Musselshell River. The CIA extends southward to include a number of named and 
unnamed ephemeral watercourses that flow south from the Bull Mountains to the Yellowstone River. 
CIA boundaries were established to allow evaluation of any potential impacts to streams, springs, and 
ponds that could reasonably be affected by present and future mining operations on and off the permit 
area. The CIA boundaries are established downgradient from potentially affected streams and springs, 
and include all surface water monitoring stations to allow assessment of impacts to stream water quality 
and quantity. Likewise, the CIA extends southward to include springs and ephemeral stream channels 
that could potentially be affected by subsidence-related changes in hydrology as Dunn Mountain and 
the southern portions of the permit area are undermined. 
 

5.2 GROUNDWATER CUMULATIVE IMPACT AREA 
The groundwater CIA boundary is based on the anticipated or potential extent of impacts to 
groundwater affected by mining based on the hydrology of the mine area.  Potential impacts to 
groundwater include changes to water level or water quality such that the resource is no longer 
available or suitable for established uses.  
 
The groundwater CIA is presented in Figure 5-2. This area is drawn to include mining-induced 
groundwater impacts from drawdown of the Mammoth Coal and underburden aquifers, as well as 
impacts upon shallow aquifers (alluvium and shallow fractured bedrock) from operations (ponds, 
conveyors, storage areas including fueling and laydown areas) within the facilities area, and impacts 
from the Waste Disposal Area (WDA). Water storage areas or ponds, pipelines, conveyors, fuel and 
other storage areas including the WDA have the potential to affect the shallow groundwater system of 
Rehder Creek and its tributaries such as PM Draw. Also, any mining-induced water quality impacts are 
expected to be contained within the CIA.  
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Results of the new transient flow model (Nicklin, 2013[2]) indicate that drawdown in the upper 
underburden and Mammoth Coal aquifers immediately after the cessation of mining would extend 
approximately three miles down gradient of the permit boundary to the northwest and generally extend 
to the outcrop of the Mammoth Coal in the cross and up gradient directions (Figure 5-2). 
 
The groundwater CIA includes a buffer area around the modeled upper underburden five-foot 
drawdown contour and is also extended around the facilities area. The modeled drawdown for the 
upper underburden is used to define the CIA instead of the drawdown for the Mammoth Coal because 
drawdown in the upper underburden has a greater areal extent.
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6.0 WATER RESOURCE USES 

Historic and current surface and groundwater uses in and adjacent to the mine area include domestic, 
livestock, wildlife, and industrial uses. Wells located within and immediately adjacent to the CIA were 
identified from the Montana Bureau of Mines and Geology, Groundwater Information Center (GWIC). 
Registered surface water and groundwater rights were identified from records at the Montana 
Department of Natural Resources and Conservation (DNRC). Groundwater users (wells and groundwater 
rights) are shown in Table 6-1 and Figure 6-1, and surface water users (surface water rights) are shown 
in Table 6-2 and Figure 6-2. 
 

6.1 DOMESTIC  
Domestic use is indicated in GWIC or DNRC records for 33 wells within the groundwater cumulative 
impact area. Domestic or private wells in the area generally produce water under confined conditions 
from relatively deep underburden sandstones that are hydrologically separated from the upper 
underburden aquifer and Mammoth Coal, although a few domestic wells are completed in the upper 
underburden. Office Supply Well No. 1 (OSW), which supplies water to the mine office facilities, also 
produces from the deep (355 to 405 feet) and relatively thick (50 feet) underburden sandstones. 
  

6.2 INDUSTRIAL  
Three industrial supply wells, currently used for mining operations are completed in carbonate rocks of 
the Madison Group, at depths greater than 8,700 feet. These wells produce hot (approximately 165⁰F) 
and highly mineralized water that is isolated from the shallow aquifers of the Fort Union Formation by 
thousands of feet of confining rock units. The water contains concentrations of fluoride and 
radionuclides in excess of drinking water standards for groundwater that make the deep Madison well 
water unsuitable as potable water.  Shallow aquifers disturbed by mining (i.e., overburden, Mammoth 
Coal and upper underburden) are not expected to have an effect on aquifers of the Madison Group. 
 
Groundwater extraction from the Madison aquifer is expected to be approximately 600 acre-feet per 
year and will not have a significant drawdown effect on the aquifer. The nearest Madison well off site is 
approximately 20 miles from the mine and calculations indicate that the radius of influence of the 
Madison Group wells in use at the mine is limited to several miles (DNRC, 2012). 
 
Industrial water from the Madison wells is stored in Madison Pond No. 1, a lined pond used by the mine 
for coal processing in the preparation plant, and to control road dust and dust generated during mining. 
Wastewater generated from the preparation plant and underground dust control is filtered and re-used 
in a closed-loop system. 
 

6.3 AGRICULTURE  
Livestock watering is the dominant water use in the CIA, and surface water, springs, and groundwater 
wells in the CIA area are used for livestock watering. Water quality in surface water, springs, and shallow 
wells is variable and may change seasonally with the availability and use of the water source. Deeper 
wells provide a more consistent and reliable water source. 
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60 wells that lie within the groundwater CIA are identified for stockwater use in the GWIC and DNRC 
databases. The completion depths listed for stockwater wells indicate that groundwater resources used 
for supply include alluvium, overburden, coal, and upper and deep underburden aquifers. There are also 
46 groundwater rights listed for stockwater use at springs in the groundwater CIA. These springs are 
primarily sourced from overburden aquifers with a few sourced by the Mammoth Coal. 
 
Livestock are listed as the use at 30 of the 34 surface water rights within the surface water CIA in the 
DNRC database. Livestock use of surface water is typically directly from the source or at a stock pond. 
The remaining four surface water rights are listed for irrigation use.  Nearly half of the surface water 
rights in the surface water CIA are owned by SPE. 
 

6.4 AQUATIC AND WILDLIFE HABITAT  
Aquatic plants, macroinvertebrates, and vertebrates are associated with springs and ponds in the permit 
area. Fish have not been found in any of the ponds or stream reaches, and no threatened or endangered 
aquatic species or habitat has been identified in the area. Aquatic species are associated predominantly 
with stock ponds and rely on spring-water inputs for the maintenance of habitats. 
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7.0 MONITORING PROGRAM 

Surface water and groundwater monitoring programs have been implemented at the Bull Mountains 
Mine No. 1 and are the basis for assessment of mining impacts on water resources. Monitoring has been 
designed to collect water quantity and quality information pertinent to the evaluation of impacts. The 
monitoring plan identifies parameters, sampling frequency, geologic units monitored, and site locations.  
All current monitoring sites are shown on Figure 7-1 and Figure 7-2. A list of currently required analytical 
parameters is shown in Table 2-2. Quality assurance is an essential part of analytical requirements. 
 
In addition to monitoring requirements issued under Mine Permit C1993017, the Bull Mountains Mine 
No. 1 also monitors MPDES-regulated discharges from the facilities and waste disposal areas, as directed 
under MPDES Permit No. MT0028983. The Bull Mountains Mine has eight outfalls under the MPDES 
Permit, of which six discharge to PM Draw and two discharge to Rehder Creek. 
 
As mining proceeds or potential impacts are anticipated, the monitoring plan is revised to accommodate 
changes, including replacement of monitoring sites or development of new sites. Monitoring is required 
to continue through the final phase of bond release. 
 

7.1 SURFACE WATER 
Surface water monitoring began in 1989 with the original permit applicant, Meridian. Baseline surface 
water quality and quantity data were collected by Meridian from 1989-1991 as required by ARM 
17.24.304. Monitoring resumed in 2003 when BMPII, assumed the surface mining permit from Meridian. 
Currently Signal Peak Energy operates the mine and collects surface water monitoring data associated 
with streams, springs, and ponds in accordance with ARM Section 17.24.314 (Permit C1993017, Vol. 3, 
Section 314, Protection of the Hydrologic Balance).  
 
Streamflow is typically ephemeral in nature, with local spring inputs forming wet areas or short reaches 
of streamflow before infiltration into the alluvium. Flow from most springs is dependent upon 
precipitation and recharge of shallow perched aquifers that feed area springs and seeps. Continuous 
flow is therefore infrequent to rare. 
 
Stream monitoring consists of the collection of water quality parameters and flow measurements at 12 
established surface water monitoring stations within and outside of the permit area. Streams are 
sampled for a variety of field parameters, analytical constituents, peak flows, and instantaneous flows 
(Table 7-1). The stream monitoring network is shown in Figure 7-1. 
 
Spring (spring and seep) monitoring consists of collection of water quality parameters and flow 
measurements at 81 established monitoring stations on and off the permit area. Springs are sampled for 
a variety of field parameters, analytical constituents, peak flows, and instantaneous flows (Table 7-1). 
The spring monitoring network is shown in Figure 7-1. 
 
Pond monitoring consists of collection of field parameters at 16 established stock pond monitoring 
stations. Measurements are scheduled monthly at 13 ponds and semi-annually at 3 ponds. Parameters 
associated with pond sampling are field parameters only, as included in Table 7-1. The pond monitoring 
network is shown in Figure 7-1. 
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7.2 GROUNDWATER 
Meridian installed the majority of the wells in the original monitoring network at Bull Mountains Mine 
No. 1 between 1989 through 1991. A number of wells installed by the Montana Bureau of Mines and 
Geology (MBMG) as early as 1981 were incorporated into the monitoring network that included 110 
monitoring wells by 1995. With the exception of MBMG wells and a few wells that were transferred to 
landowners, the Meridian monitoring wells were abandoned and reclaimed after the Bull Mountains 
Mine No. 1 closed in 1998. 
  
In 2002 and 2003, BMPII constructed a new monitoring network for the Bull Mountains Mine No. 1. The 
new monitoring wells were designed and completed to monitor the same stratigraphic interval in the 
same general location as the former monitoring wells. In some cases, new well construction differed 
from construction of the former well due to different drilling conditions and other limitations or 
purposes. BMCM reinstated the frequency and type of groundwater monitoring specified in the 
Meridian permit document including water level measurements, water chemistry field parameters, and 
groundwater quality sampling and laboratory analyses. While data from the original set of wells can 
generally be compared with data from the new wells, differences in well construction or monitoring 
methods and techniques create problems that prevent comparison of water level and water quality data 
between the old and new monitoring networks. 
 
The monitoring plan was revised and updated in 2012. Currently, there are 105 groundwater wells 
which are monitored: 42 alluvial, 28 overburden, 15 Mammoth Coal, and 20 underburden (Figure 7-2). 
The existing groundwater monitoring wells and schedule are shown in Table 7-2. As overburden 
collapses into the void where Mammoth Coal has been removed, future groundwater monitoring wells 
will be installed in the gob to monitor the quality and quantity of water as the depleted aquifer is 
recharged.
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8.0 BASELINE HYDROLOGIC CONDITIONS 

The goals in establishment of baseline hydrologic conditions are to characterize the local hydrology, 
understand the regional hydrologic balance, and identify any water resource or water use that could be 
affected by the mining operation.  
 
The hydrologic and geologic data required to evaluate baseline hydrologic conditions, probable 
hydrologic consequences, and cumulative hydrologic impacts of mining was collected by the original 
permit applicant, Meridian, from 1989-1991 and submitted with the initial permit application, and are 
discussed in detail in Sections 17.24.304(1)(e) and (f), respectively, of Mine Permit C1993017. 
 
Baseline hydrologic and geologic data of the permit area and adjacent area of potential hydrologic 
impact were collected from a number of sources including literature review, hydrogeologic field 
reconnaissance, static water level measurements, aquifer tests, groundwater and surface water 
sampling and well and spring inventories. Monitoring data were collected by Meridian, the Louisiana 
Land and Exploration Company (LL&E), Yellowstone Coal Company, the P.M. Mine, Consolidation Coal 
Company, the United States Geological Survey (USGS), MBMG, and the Mine Safety and Health 
Administration (MSHA). 
 
Baseline monitoring in the area was begun by LL&E as early as 1980. MBMG began monitoring the area 
in 1981 with the installation of eight monitoring wells. During baseline monitoring between 1989 and 
1991 by Meridian and MBMG, a total of 3509 flow and water level measurements were taken, 614 
water quality samples were collected, 59 aquifer tests were performed, and continuous flow data from 
three surface water sites and one spring were collected. In addition, narrative descriptions of surface 
drainage and channel characteristics were included in baseline water quality and quantity assessments.  
 
Although the mining permit was originally issued to Meridian in the fall of 1993, substantial mining and 
disturbance at the mine site did not occur until mining by SPE began in 2008. Data collected by BMPII. 
and SPE from 2003 to 2008 may be considered baseline data for the purposes of impact assessment, and 
in some cases data collected from 2008 to present may also be considered baseline data where it was 
collected outside the area of mining influence (i.e. Fattig Creek drainage). 
  

8.1 SURFACE WATER BASELINE 
Surface water baseline conditions were derived from a network of surface water monitoring stations 
(springs/seeps, streams, ponds) established during initial permit development and include data 
predominantly from 1989 through 1991. Data collection resumed in 2003 with the onset of mining 
activities and continues presently. 
 
8.1.1 Surface Water Regime 
The region is drained by tributaries of the Musselshell and Yellowstone Rivers north and south of the 
permit area, respectively. Tributaries within and in the vicinity of the permit area that drain north to the 
Musselshell River include Fattig Creek, Rehder Creek, East Parrot Creek and Halfbreed Creek. Tributaries 
that drain south to the Yellowstone River include Pompey’s Pillar Creek, Railroad Creek, and Razor 
Creek. There are no perennial streams within the surface water cumulative impact area. The nearest 
perennial stream of consequence is lower Halfbreed Creek which flows into the Musselshell River 
approximately 18 miles to the north. Tributary streams in the area are generally ephemeral and have 
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deeply cut valleys that often flood after heavy rains (Woolsey and others, 1917). Some drainages within 
the project study area contain intermittent reaches, which vary from year to year depending upon 
precipitation received in the contributing drainages and the amount of spring output contributing to 
baseflow. 
 
8.1.2 Surface Water Quantity 
Baseline water quantity data consists primarily of data collected from 1989 through 1991, and includes 
flow and/or water level data for streams, springs/seeps, and ponds. Streamflow in the study area are 
typically ephemeral, with short reaches supporting intermittent streamflow during wet years or periods 
of prolonged or above average precipitation. Typically streams flow only in response to seasonal 
snowmelt, precipitation events, or directly below spring inputs from local perched aquifers. The shallow 
alluvium or colluvium and bedrock outcrops in the study area are generally conducive to natural spring 
discharges. These springs are an expression of groundwater as geologic units crop out. At these 
outcrops, surface flow is initiated. The length of the surface expression is dependent on a number of 
variables, including amount of flow, width, and depth of alluvium/colluvium, and landowner 
manipulation of the drainage for livestock use. 
 
Landowner manipulation of spring inputs has a dominant effect on surface flow as indicated at the 
major springs in the permit area including numbers 14325 (Busse Water), 17415 (Litsky), and 16655 
(Cold Water). At these locations, embankments have been constructed across the drainages to form 
ponds which impound water for livestock. These ponds control downstream drainage and in some cases 
the ponds are large enough to eliminate downstream flow. Ponds are typically located directly below 
spring issuances or directly atop the spring input and are a reflection of spring water inputs from shallow 
groundwater movement. 
 
In the absence of immediate precipitation events or spring snowmelt, stream and pond water quantity is 
generally governed by spring inputs from shallow perched aquifers that respond to seasonal 
precipitation. In most years, streambeds are dry, except below spring issue points. Sustained 
streamflows were observed, however, in 1991 when 19.1 inches of precipitation was recorded in 
Roundup, an amount nearly six inches above the 30-year (1982-2011) annual average of 13.4 inches. 
Sustained streamflows on Rehder Creek and Fattig Creek were again observed from 2011 through 2013 
as a result of well-above average precipitation during the spring of 2011 and 2013.  Conditions observed 
during the baseline periods should therefore be viewed within the context of regional precipitation 
trends, and at times, represent conditions during a period of above-normal precipitation. 
 
As mining progresses and coal is removed through the longwall mining process, subsidence of 
overburden has the potential to affect spring flows and, consequently, associated stream flows.  Due to 
ephemeral conditions in potentially affected drainages, the limited streamflow data set precludes 
detailed analysis and establishment of typical numeric baseline streamflow conditions. Rather, potential 
impacts from mining activity are more readily evaluated through changes in groundwater discharge 
from springs and the location of issue points that feed established ponds and stream reaches. 
 
Flowing or ponded baseline conditions were reported for 36 individual springs from 1989 through 
1991. Table 8-1 presents an estimated average flow rate for 30 springs with flows greater than 1.0 gpm 
during the baseline monitoring period, and represents baseline flow conditions for springs for the 
climatic conditions observed during the 1989-1991 baseline monitoring timeframe. 
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8.1.3 Surface Water Quality 
Baseline surface water quality data consists primarily of data collected from 1989-1991, and includes 
field parameters and analytical water quality samples from streams, springs/seeps, and ponds. 
Precipitation at Roundup, MT during this period was 15.2, 11.6, and 19.1 inches, respectively.  The 30-
year average annual rainfall at Roundup is 13.4 in. 
 
Baseline (1989-1991) stream water quality data consists of water quality samples (n=10) from eight 
stream-sampling locations. All samples were collected during runoff events and represent water quality 
associated with ephemeral stormwater flows; seven of the 10 samples were collected during a single 
major storm event in June 1991. Table 8-2 presents summary water quality statistics for analytical water 
quality samples collected during this time frame. A low number of observations (n=10) and high 
variability among data results reflects the ephemeral event-driven nature of surface flows in the area. 
Ephemeral flows are typically high in suspended solids as they occur in response to storm-driven events, 
resulting in detects of several metals (iron, manganese, aluminum, zinc) associated with suspended 
sediment. Other, less common metals (cadmium, chromium, mercury, nickel, silver) were detected at 
very low levels, or were not detected at all in baseline samples. As sampling events were from 
stormwater events on ephemeral streams, numeric standards in Circular DEQ-7 do not apply (see 
Section 2.2.1). 
 
Baseline pond water quality data (1991) consists of water quality samples (n=20) from 16 pond-sampling 
locations. Table 8-3 presents summary water quality statistics for analytical water quality samples 
collected during the sampling time frame (05/91-08/91). Baseline pond water quality data was collected 
from May through July of 1991 during a period of unusually high precipitation and may not reflect 
typical conditions in the region, which typically are much dryer. 
 
Baseline spring water quality data (1989-1991) consists of water quality samples (n=231) from 16 spring-
sampling locations. Spring water quality data is comparable to overburden water quality;  sulfate and 
total dissolved solids (TDS) ranged from 11 mg/L to 3,020 mg/L and 226 mg/L to 6,030 mg/L and 
averaged 466 mg/L and 1,118 mg/L, respectively. Table 8-4 presents summary water quality statistics 
for analytical water quality samples collected during this time frame. 
 
In addition to baseline spring water quality data collected by Bull Mountains Mine No 1, Wheaton and 
Donato (1991) reported concentrations of sulfate and TDS collected in 1978 from six seepage sites along 
Halfbreed Creek just west of the permit area. Respective sulfate and TDS concentrations ranged from 
370 mg/L to 640 mg/L and 947 mg/L to 1,460 mg/L and averaged 508 mg/L and 1,182 mg/L. Similarly, 
Wheaton and Donato (1991) reported concentrations of sulfate and TDS from eleven springs in the 
vicinity of the permit area. Respective sulfate and TDS concentrations ranged from 11 mg/L to 2,400 
mg/L and 420 mg/L to 4,170 mg/L and averaged 615 mg/L and 1,592 mg/L. 
 

8.2 GROUNDWATER 
Baseline water level and water quality were measured in the alluvium, overburden, Mammoth Coal, and 
underburden during the baseline period 1989 - 1991. Monitoring continued during ownership by 
subsequent operators, but most of the monitoring wells used to determine baseline conditions were 
abandoned when the mine closed in 1998. A new network of 121 monitoring wells was completed in 
2002 and 2003 by BMPII and continued to monitor baseline conditions as substantial mining disturbance 
had not yet occurred. 
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8.2.1 Groundwater Regime 
Groundwater in the mine area occurs in the alluvial, overburden, Mammoth Coal, and underburden 
aquifers. Groundwater flow is generally toward the north-northwest except in the often dry alluvial 
aquifer system. Contiguous rock units including the sandstone above the Rock Mesa Coal (lower 
overburden aquifer), the Mammoth Coal, and the underburden are saturated across much of the study 
area. 
 
Aquifer tests were performed by the MBMG and Meridian from 1982 through 1991. Aquifer tests results 
are summarized in Table 8-5. These results show a wide range of hydraulic conductivity (geometric 
mean between 28 and 0.013 feet per day) that decreases with depth. For example, unconsolidated 
alluvium has a hydraulic conductivity that is four orders of magnitude greater than that of the 
underburden. Storage coefficients were determined by 11 aquifer pumping tests in bedrock aquifers. 
These results indicate a wide range of storage coefficients in the overburden and the Mammoth Coal 
ranging from 1 x 10-3 to 6 x 10-6. The underburden values were even wider in range, from 1 x 10-1 to 4 x 
10-6. In general, this indicates that groundwater typically occurs under confined conditions in bedrock 
aquifers. 
 
8.2.2 Alluvial Baseline 
Alluvial sediments locally are up to 20 feet in saturated thickness but are generally dry in the permit area 
except following periods of significant precipitation. Alluvial baseline water quantity was determined by 
a network of 25 relatively shallow monitoring wells completed in alluvium that occurs in the valley 
bottoms of the larger ephemeral stream channels. Alluvial material is not a major aquifer in the region 
due to its limited saturation and areal distribution. 
 
Measurements from baseline alluvial wells indicated that the alluvial aquifer is generally dry in the 
permit area and becomes partly saturated in Rehder Creek near the northern border of the permit 
boundary. Alluvial groundwater flow in Rehder Creek is toward the west-northwest (downstream). The 
alluvium of ephemeral tributaries from the permit area into Rehder Creek is generally dry and becomes 
partly saturated along short reaches due to spring discharge and during significant seasonal 
precipitation events. 
 
Alluvial baseline water quality was determined by monitoring 11 wells (Table 8-6). Data from these wells 
indicate that alluvial groundwater in the permit area and vicinity is generally of a magnesium-sulfate or 
magnesium-bicarbonate composition. Specific Conductance (SC) ranged between 759 µS/cm and 2,360 
µS/cm with a mean of 1,625 µS/cm, and sulfate concentrations ranged from 143 mg/L to 1,000 mg/L 
with a mean of 535 mg/L. Alluvial groundwater ranged between Class I and Class II water (Table 2-4). 
However, most alluvial groundwater quality falls into Class II. Water quality of most alluvial groundwater 
is suitable for livestock. 
 
8.2.3 Overburden Baseline 
Overburden rocks are commonly over 200 feet in thickness and range to over 800 feet in thickness 
within the permit boundary. Shallow overburden groundwater is typically unconfined, perched, and 
often moves laterally along sedimentary layers before discharging as springs, seeps, or into alluvium 
(Figure 4-3). Water levels in the perched aquifers and spring flow issuing from them are strongly 
influenced by seasonal and periodic fluctuations in precipitation. Deeper overburden groundwater 
occurs in sandstones stratigraphically above the Rock Mesa and the Mammoth Coal seams (Figure 4-4). 

10/15/2013  8-4 



Amendment 3 CHIA – Baseline Hydrologic Conditions 

These sandstones are up to 80 feet in thickness. Flow in these sandstones is generally toward the north-
northwest, nearly coincident with the synclinal structural axis. 
 
Overburden baseline groundwater quantity was determined by a network of 26 groundwater wells. 
Where saturated, overburden groundwater occurs under both confined and unconfined conditions 
depending upon the proximity to the outcrop. Baseline data indicate that overburden groundwater is 
associated with alternating perched aquifers and rock units of low permeability and unsaturated rocks 
that extend to approximately 100 feet in depth. However, deeper overburden rocks are saturated and in 
hydrologic connection with the underlying strata. 12 of the 26 baseline overburden monitoring wells 
were completed in sandstones within the lower overburden above the Rock Mesa and the Mammoth 
Coal seams. 
 
16 wells were used to determine the baseline water quality of the overburden aquifer (Table 8-7). 
Water in the overburden wells is generally of sodium-bicarbonate or sodium-sulfate composition, and is 
relatively poor in quality due to high sulfate and SC. Overburden baseline SC ranged from 464 µS/cm to 
3,330 µS/cm, with an average of 1,644 µS/cm, and sulfate concentrations ranged between 12 mg/L and 
1,410 mg/L, with an average of 1,143 mg/L and 457 mg/L. Water sampled from overburden wells ranged 
from Class I through Class III groundwater, but most wells produce Class II water. Only wells 30-2 and 
62721-10W, located east and upgradient of mining, had water classified as Class I groundwater. Locally, 
baseline water quality within the deeper overburden wells is suitable for livestock. 
 
8.2.4 Mammoth Coal Baseline 
The west margin of the Mammoth Coal crops out at the mine portal. Near the western margin, the coal 
is dry but becomes saturated and eventually becomes confined toward the synclinal axis. Groundwater 
flow in this unit is toward the north-northwest, following the direction of synclinal plunge. Recharge 
reaches the Mammoth Coal via exposed outcrops, subcrops, and from infiltration through the 
overburden. 
 
The geometric mean hydraulic conductivity of the Mammoth Coal is 0.16 ft/day (Table 8-5). Although 
the hydraulic conductivities for the Mammoth Coal are relatively higher than the overburden, they are 
typically inadequate to provide a reliable source of well water and few production wells are completed 
in the coal. Figure 8-1 illustrates the potentiometric surfaces in the Mammoth Coal and in overburden 
sandstones above the Rock Mesa Coal. Water levels indicate that the Mammoth Coal aquifer is isolated 
from overlying overburden aquifers. 
 
Mammoth Coal baseline groundwater quantity was determined by a network of 14 groundwater wells. 
Water levels in most Mammoth Coal wells showed little natural fluctuation and did not vary more than 
two feet over the period of baseline monitoring, except in one well near the Mammoth coal outcrop 
which showed larger fluctuations apparently in response to precipitation. 
 
Baseline water quality of the Mammoth Coal aquifer was determined from samples from 10 wells (Table 
8-8). Generally, sodium and sulfate are the dominant ions in groundwater collected from most 
Mammoth Coal monitoring wells. SC and sulfate baseline concentrations in the Mammoth Coal tend to 
be greater than in the overburden. SC ranged from 1,400 µS/cm to 3730 µS/cm with an average of 2,272 
µS/cm. Sulfate concentrations ranged from 251 mg/L to 1,690 mg/L, with an average of 798 mg/L.  
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Mammoth baseline groundwater samples fall into Class I through Class III groundwater. However, water 
from most Mammoth Coal wells is Class II groundwater. Mammoth Coal groundwater is generally 
suitable for watering livestock. 
 
8.2.5 Underburden Baseline 
In the context of the mine permit, the term underburden refers to rocks below the base of the 
Mammoth Coal. Generally, the underburden aquifer can be divided into two distinct aquifers:  1) the 
upper underburden aquifer immediately below the base of the Mammoth Coal that is hydraulically 
connected to the Mammoth Coal, and 2) the deep underburden sandstones hydraulically isolated from 
the upper underburden aquifer that typically occur hundreds of feet below the base of the Mammoth 
Coal. 
 
The upper underburden has very low conductivities with a geometric mean of 0.013 ft/day and does not 
supply substantive amounts of groundwater to wells. The deep underburden is characterized by a 50-
foot thick massive fluvial sandstone at a depth of approximately 350 feet below the Mammoth Coal. The 
deep underburden provides much of the domestic and livestock well water in the vicinity of the mine, 
including the office supply well used by the mine. A pump test of the office well completed in these 
deep sandstones indicated a hydraulic conductivity of 3.8 feet per day, which is two orders of magnitude 
higher than the conductivities of the upper underburden and the Mammoth Coal (Table 8-5).  
 
Underburden baseline quantity was determined from a network of 19 wells. Groundwater in the upper 
underburden generally occurs under confined conditions and flows north-northwest like the overlying 
aquifers. 
 
Baseline water quality of the upper underburden was determined by 12 monitoring wells (Table 8-9). 
The baseline water quality of the upper underburden is similar to that of the Mammoth Coal. Sulfate 
was the dominant anion and sodium tended to be the dominant cation. Underburden groundwater 
generally fell into Class II and III. Respective SC and sulfate concentrations of the upper underburden 
aquifer ranged from 1,440 µS/cm to 4,280 µS/cm and 216 mg/L to 2,680 mg/L. Average SC and sulfate 
concentrations were 2,721 µS/cm and 1,121 mg/L. Upper underburden wells are typically suitable for 
livestock use, and some are marginally suitable for domestic use. Water quality analysis of a sample 
from the office well completed in the deeper underburden indicated Class I groundwater, and is suitable 
for the mine public water supply. Most deeper underburden wells are suitable for domestic and 
livestock use. 
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9.0 HYDROLOGIC IMPACT ASSESSMENT 

As required by ARM 17.24.314(5), DEQ must provide an assessment of the cumulative hydrologic 
impacts of the proposed operation and all anticipated mining upon surface and groundwater systems in 
the cumulative impact area. The assessment must be sufficient to determine if the Bull Mountains Mine 
No. 1 operation has been designed to prevent material damage to the hydrologic balance outside the 
permit area. This process takes into account the measures to be taken during and after mining to 
minimize impacts to the hydrologic balance, and evaluates hydrologic monitoring data with respect to 
these measures to determine whether impacts to the hydrologic balance have been minimized and 
material damage prevented.  Material damage criteria include Montana water quality standards and 
water quality criteria to support the approved post-mine land use. 
 
To prevent material damage outside the permit area, action thresholds have also been established for 
surface water and groundwater inside the permit area in order that potential water quantity or quality 
impacts are anticipated and mitigated prior to reaching levels that exceed standards or impinge on 
designated uses (Table 2-1). 
 

9.1 MINIMIZATION OF IMPACTS 
Montana’s Strip and Underground Mine Reclamation Act requires permit holders to employ measures to 
minimize disturbance to the hydrologic balance.  Per ARM 17.24.314(1), the proposed measures must 
minimize disturbance of the hydrologic balance sufficiently to sustain the approved postmining land use 
and the performance standards of subchapters 5 through 12 and must provide protection of:  

a) the quality of surface and ground water systems, within both the proposed mine plan and 
adjacent areas, from the adverse effects of the proposed strip or underground mine operations; 

b) the rights of present users of surface and ground water; and 
c) the quantity of surface and ground water within both the proposed mine plan area and adjacent 

areas from adverse effects of the proposed mining activities, or to provide alternative sources of 
water in accordance with ARM 17.24.304(1)(e) and (f) and 17.24.648, where the protection of 
quantity cannot be ensured. 

 
Among these measures are requirements and performance standards given for a variety of processes 
and activities. These include requirements and standards for drainage control, pond design and 
maintenance, sediment control, road design and maintenance, reclamation, permitted discharges to 
surface waters, and protection of undisturbed drainages.  In addition, adherence to Best Technology 
Currently Available (BTCA) and Best Management Practices (BMPs) in the design and implementation of 
equipment, devices, systems, methods, and techniques is required for the minimization of hydrologic 
disturbance. These requirements and performance standards established in ARM 17.24 subchapter 5 
through subchapter 12 are incorporated into operation and reclamation plans included throughout the 
Bull Mountains Mine No. 1 surface mining permit (SMP C1993017), and have been reviewed and 
approved by DEQ.  
 

9.2 HISTORIC, PRE-LAW MINING 
Past coal mining in the area include the P.M. Mine and some historic, small-scale operations along the 
Mammoth Coal outcrop that utilized room and pillar methods, which resulted in some limited residual 
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subsidence (USDI, 2011). Existing residual impacts from historic coal mining in the area near the Bull 
Mountains Mine No.1 are unknown, as water quality data for these historic mining areas is unavailable. 
 
Water quality data from underground coal mines to the north of the CIA (near Roundup, MT), however, 
is available. Water quality data reported by Reiten and Wheaton (1988) indicate that the average 
groundwater concentrations of TDS and sulfate at underground coal mines in the Roundup area, 
sampled between 1910 and 1986, were 1,324 mg/L and 659 mg/L, respectively. Later, Wheaton (1992) 
again reported concentrations of TDS and sulfate in the groundwater of coal mined areas near Roundup 
collected between 1986 and 1991. Average TDS and sulfate concentrations were 2,647 mg/L and 1,445 
mg/L, respectively.  
 
These data do not represent water quality at the Bull Mountains Mine No. 1, but are presented to 
illustrate that residual water quality from abandoned mines in the area near Bull Mountains have the 
potential to influence water quality where historic workings are in close proximity to existing monitoring 
wells. At this time, it is unknown whether historic workings have influenced water quality in the Bull 
Mountains area, however no residual impacts from historic mining have been identified. 
 

9.3 ALLUVIAL VALLEY FLOORS 
As defined in 82-4-203(3)(a) and (b), MCA, "’Alluvial valley floor’ means the unconsolidated stream-laid 
deposits holding streams where water availability is sufficient for subirrigation or flood irrigation 
agricultural activities. The term does not include upland areas that are generally overlain by a thin 
veneer of colluvial deposits composed chiefly of debris from sheet erosion and deposits by 
unconcentrated runoff or slope wash, together with talus, other mass movement accumulation, and 
windblown deposits”. 
 
The presence of an alluvial valley floor is determined by the presence of geologic, hydrologic, and 
biologic properties necessary to support agriculture. Alluvial deposits are found in both the Rehder and 
Fattig Creek valleys, however the alluvial deposits are generally dry and do not provide a source of 
subirrigation. Historic and current farming also does not depend on surface irrigation. Therefore, no 
alluvial valley floor has been identified in the area. 
 

9.4 SURFACE FACILITIES AND WASTE DISPOSAL AREA IMPACTS  
The facilities and waste disposal area (WDA) of the Bull Mountains Mine No. 1 are located to the 
northwest of the longwall panels (Figure 9-1). The main facilities area lies within PM Draw and an 
unnamed ephemeral tributary to Rehder Creek, and includes coal processing, storage and loading 
facilities, the WDA, unpaved roads, the rail loop, equipment fueling and storage areas, shops, the mine 
portal, and the mine offices.  Additional peripheral facilities such as unpaved roads, crib pads, boreholes, 
power lines, and other improvements are located throughout the permit area and serve to support mine 
operations.  
 
Within the disturbed area, Bull Mountains Mine No. 1 uses a network of ditches and detention ponds to 
convey and treat mine water and stormwater runoff. Mine water and stormwater from disturbed areas 
are detained within ponds, allowing suspended solids to settle out before discharge to ephemeral 
drainages, Rehder Creek and PM Draw, in accordance with MPDES Permit MT0028983. Solids retained in 
the ponds are removed to maintain sediment volume in the pond below 60% of the as-built storage 
volume. Sediments removed from settling ponds are disposed of in the WDA along with coal processing 
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wastes and mine development wastes.  Coal processing wastes are comprised of shales, sandstones, 
mudstones, and unrecovered coal fines that are removed from mined coal to make it marketable.  Coal 
processing wastes make up more than 90% of the material disposed of in the WDA.  Mine development 
wastes consist of shales, sandstones, mudstones, and poor quality coal that are removed to access 
economic-quality, or to maintain safety and access to underground workings.  Mine development 
wastes are hauled directly to the WDA from underground without further processing.  Mine 
development wastes makes up less than 10% of the materials in the WDA.  Both coal processing waste 
and underground mine wastes use water from the deep underburden Madison wells (see Section 6.2) 
for cleaning and processing. 
 
Each MPDES-permitted outfall at the facility is associated with a sediment pond designed to contain the 
runoff from a 10-year, 24-hour rainfall event. Table 9-1 provides a description of the discharge point for 
each outfall. Influent flow to sediment ponds consists mainly of stormwater runoff from the disturbed 
zones within the facilities area. Sediment ponds are discharged periodically by pumping to retain pond 
storage capacity once adequate time for settling has occurred so that the discharge will comply with 
applicable MPDES requirements. Precipitation events in excess of the design capacity of a pond may 
cause discharges from ponds as flows overtop low lying spillways. Outfalls 001 and 008 are the primary 
outfalls controlling release of mine-produced water to Rehder Creek and PM Draw.  
 
In addition to stormwater runoff, Outfall 006 is associated with a sediment pond (Pond F) that also 
receives groundwater discharged from underground mine workings (Figure 9-1). Water in this pond is 
either used for dust control or pumped into a second, lined storage pond for re-use underground. Ponds 
at outfalls 001, 002, 004, 005, and 008 may occasionally receive underground mine discharge water if 
water must be pumped from Pond F to other sediment ponds. 
 
9.4.1 Impacts to Surface Water: Surface Facilities and WDA 
No permanent effects to the quantity and quality of surface water are anticipated from the facilities and 
WDA. Flow through disturbed areas is ephemeral, occurring only in response to precipitation, and is 
managed through sedimentation ponds and regulated under DEQ's MPDES permitting section. 
 
Due to the low precipitation in the area, pond discharges are infrequent. Recent discharges in 2011 and 
2013 were the first since 1991. Extended wet spring conditions were widespread across much of 
Montana in the spring and early summer of 2011 and 2013, and wet-weather discharges were reported 
at the Bull Mountain Mine No. 1 in both circumstances. During discharges which occurred in 2011 (Table 
9-2), total recoverable iron, pH, total suspended solids (TSS), and oil and grease were within allowable 
limits. Settleable solids and pH effluent limitations were exceeded during a July 2011 discharge at Outfall 
008, however violations were not issued due to widespread flooding throughout the region, and a 'state 
of emergency' issued by Montana Governor Schweitzer, in response to the extreme hydrologic 
conditions. 
 
Discharges at several outfalls occurred again in 2013 (Table 9-3).  Discharges were the result of a 
precipitation event in excess of the 10-yr/24-hour event flow, and effluent limitations for iron and TSS 
are therefore not applicable per ARM 17.24.633(5).  SPE did receive a violation, however, due to 
settleable solids results being in excess of permit effluent limitations at Outfall 008, which controls 
discharge from the WDA.  DEQ conducted a follow-up assessment in response to this discharge by 
sampling channel sediments at three locations downstream from Outfall 008.  At each location, 
sediments were sampled for a variety of constituents including arsenic, barium, cadmium, chromium, 
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lead, mercury, selenium, and silver.  Toxicity characteristic leaching procedure (TCLP) analyses were 
conducted, and results compared against EPA solid waste criteria established under the Resource 
Conservation and Recovery Act (RCRA).  Results showed non-detects for all TCLP parameters in all 
samples at levels well below criteria established by RCRA, indicating that’s settleable solids released 
during these events posed no toxic threat to the environment. 
 
In addition to analytical parameters for which limits are established (Table 9-3), several additional water 
quality parameters (nutrients, metals) are collected, in accordance with MPDES permit requirements,  to 
assist in characterizing effluent quality from disturbed lands within the facilities area.  This additional 
information collected on effluent water quality is used to inform analysis for future MPDES permitting 
actions. 
 
Due to the use of deep Madison well water for coal processing, the potential for the accumulation of 
Madison water constituents in coal processing waste emplaced in the WDA exists, however they are not 
anticipated to approach levels of concern for groundwater or surface waters.  Groundwater flow 
through the WDA is controlled to prevent groundwater flow from the WDA to underlying aquifers, 
thereby limiting their potential for contamination due to WDA materials.  Likewise, surface water runoff 
is controlled through MPDES-permitted outfalls.  As stated earlier, runoff from the WDA is rare and only 
occurs during significant precipitation events, which would provide significant dilution of any constituent 
concentrations that may be present in WDA runoff water. Therefore, it is not anticipated that 
constituents in coal processing wastes will contribute significantly to groundwater or surface water 
quality conditions. 
 
During the life of the mining operation, ditches and culverts are employed to handle surface runoff 
within and around the mine facilities area. All ditches and culverts are routinely inspected to ensure that 
accelerated erosion is not occurring at the outfalls. No long term or permanent water quality impacts 
are anticipated due to the emplacement of these structures. Ponds are used to retain stormwater runoff 
from events equivalent to or less than the 10-year 24-hour precipitation event. Ponds are anticipated to 
alter the duration, volume, timing, and frequency of stormwater runoff through PM Draw downstream 
of the mine area. This attenuation of runoff has limited potential to affect downstream surface water 
quantity and, as no surface water rights are held on PM Draw or Rehder Creek downstream of the 
facilities area (Figure 6-2), diminution or withholding of streamflows from ephemeral flow events is not 
expected to significantly impact downstream surface water users.  The nearest downstream water rights 
are located on perennial reaches of Halfbreed Creek. 
 
Outside the main facilities area, land disturbance from peripheral support facilities has the potential for 
hydrologic impacts, and may include geomorphic alteration of channels, increases in sediment loading 
to drainages, and alteration of stream hydrographs.  Surface water impacts to ephemeral streams 
resulting from surface disturbance are assessed through adherence to established and approved design 
criteria for the installation and maintenance of roads, culverts, and other surface structures, and 
through the proper placement and usage of BMPs designed to minimize surface impacts to 
watercourses. Surface water control and treatment plans have been designed to protect the hydrologic 
balance within the permit area and adjacent areas in accordance with ARM 17.24.314(2)(a) and (b) and 
17.24.631 through 17.24.652. A detailed discussion of practices employed to comply with these 
requirements is provided in Permit C1993017, Vol. 3, Section 314, 3.0 Surface Water and Groundwater 
Control and Treatment Plan. 
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Adherence to the surface water control plan is evaluated through monthly inspections by DEQ staff. 
Where impacts or the potential for impacts is observed, DEQ conducts an assessment of the issue and 
directs the operator to comply with permit conditions as stated in the approved control and treatment 
plan. Currently, there is no compelling evidence that surface disturbance has impacted surface water 
resources off the permit area. 
 
9.4.2 Impacts to Groundwater: Surface Facilities and WDA 
The alluvial aquifer with the greatest potential to be affected by operational impacts is in PM Draw since 
this drainage goes through the principal areas of operations. Figure 9-2 presents hydrographs for alluvial 
monitoring wells BMP-26 and BMP-40 in PM Draw and show that the alluvium has been unsaturated 
except after the significant precipitation in 2011.  
 
The WDA where coal waste is stored is in the drainage of an unnamed tributary just south of Rehder 
Creek. Potential impacts to the Rehder Creek alluvial aquifer and shallow bedrock may occur due to 
precipitation, runoff, and infiltration from the WDA. However, impacts are limited by compaction to 
engineering standards of materials placed in the WDA.  Figure 9-3 presents hydrographs of static water 
level (SWL) and selected water quality data for Rehder Creek alluvial monitoring well BMP-33 and 
overburden monitoring well BMP-52 located near the northern boundary of the WDA. Water levels in 
both wells show a response to the high precipitation event of 2011. Recent water quality data for both 
of these wells have shown increases in conductivity and TDS, with an increase in sulfate also evident in 
alluvial well BMP-33. These increases do not appear to be related to the WDA because similar increases 
also occurred in up gradient Rehder Creek alluvial well BMP-1 (Figure 9-8). The abnormally high water 
levels in the alluvial aquifer due to the significant precipitation in 2011 may be responsible for mobilizing 
additional ions in shallow groundwater and producing the observed increases in water quality 
parameters. 
 
After the WDA fill has reached it final elevation and is graded, it will be covered with a minimum of 4 
feet of the best available non-toxic and non-combustible material, including subsoil and topsoil as 
described in the Reclamation Plan.  No subdrainage systems will be installed. Toxic, acid-forming and 
other deleterious materials will be handled and covered in accordance with the Rules 17.24.505(2) and 
17.24.204(2). The WDA will be revegetated in accordance with the Reclamation Plan.  
 

9.5 UNDERGROUND MINE IMPACTS 
9.5.1 Impacts Due to Subsidence  
Subsidence impacts include those hydrologic impacts introduced as a result of surface subsidence cracks 
or deformation of overlying strata as the coal is mined. Each longwall panel at the Bull Mountains Mine 
No. 1 consists of a large block of coal, approximately 1,250 feet in width by 15,000 to 23,300 feet in 
length. Surface depressions or subsidence troughs are expected to form as the overburden is 
undermined and coal is extracted. Overburden rocks are allowed to flex downward, fracture (creating a 
Fractured Zone) and collapse or cave into the void (forming a Caved Zone) causing immediate and 
progressive surface subsidence as the longwall system advances along the length of the panel. 
Generally, the amount of surface subsidence is less than the thickness of the coal seam and has been 
predicted to be about 70 percent of the extraction height in the Bull Mountains (Agapito, 1990).  
 
The Mammoth Coal ranges in thickness from 8 to 12 feet in the permit area, so approximately seven to 
eight feet of surface subsidence is expected. This was confirmed in August 2011 when Panel 2 
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undermined the communication tower on Dunn Mountain and seven feet of subsidence was recorded. 
No damage to the towers was recorded; tension on the guy-wires was constantly adjusted as Panel 2 
approached and undermined the tower. Linear surface fractures, minor rockslides, and small sink-like 
depressions (approximately 5 feet in depth) have occurred in some areas of higher overburden. This 
amount of subsidence including surface fracturing was anticipated as discussed in the 
protection/mitigation plan that was submitted and approved prior to initiation of longwall mining.   
 
Continued mining as proposed under Amendment No. 3, would create surface subsidence features 
similar to those experienced to date. Where subsidence features occur within established ephemeral 
watercourses, the profiles of these drainages may be modified by small ridges held up over barriers, 
pillars, mains, and by depressions over the longwall panels. Minor damage to roads and fences is 
anticipated, and minor cracks have been observed in the fall of 2013 along some roads above Panel 3.  
 
State regulations require mine operators to promptly repair damage to private property, and 
landowners must be provided with a mining schedule at least six months before their property is 
undermined. The schedule must contain enough information to enable landowners to move cattle to 
safe areas, and to avoid hazardous areas while mining is taking place. 
 
The main hydrologic issue regarding subsidence at the Bull Mountains Mine No. 1 is the potential for 
loss or diminution of the quantity and quality of groundwater and surface water, and impacts to wells, 
springs, ponds, and stream reaches as a result of subsidence-related fracturing of overburden shales and 
sandstones. The potential exists for the alteration of surface and shallow groundwater flow paths as a 
result of subsidence-related fracturing. 
 
Near vertical subsidence fractures are expected to be controlled or buffered by thick and relatively soft 
shales. Subsidence fractures in areas of shallow overburden cover may cause diversion of the shallow 
groundwater, and some increased lateral drainage from higher overburden units to lower springs also 
may occur as a result of flow along subsidence fractures. Settling and compression after mining are 
expected to heal or close most subsidence fractures, thereby returning the shallow groundwater flow 
directions, including flow to springs, to approximately the premining orientation. Some spring impacts 
are expected as not all pre-existing hydrologic flow-paths may be reestablished to pre-mine conditions. 
If flow to the springs is impacted, the permittee is committed to replacing the water resource following 
methods discussed in Permit C1993017, Vol. 3, Section 314, 5.0, Mitigation Plans. 
 
Portal discharge is possible after reclamation, and would be controlled initially by seals and a piping 
system as the rubble zone saturates and water levels rise. However, even without a piping system, the 
temporary effectiveness of the portal seals would probably not allow water levels to raise much beyond 
the elevation of the portal. Chemical and physical deterioration of the portal seals is expected to limit 
the operational life of the seals to a relatively short period. Seepage through the fractured shallow 
bedrock around the portal seals and deterioration of the seals should prevent filling of the mine pool 
much above the elevation of the portal. Any water flowing through the portal opening will be discharged 
into PM Draw at an approved MPDES discharge location, and be subject to MPDES regulatory 
requirements. 
 
To date, only the first three panels of the proposed total of 14 longwall panels have been mined under 
the current permit. A network of springs and surface water stations are monitored regularly to evaluate 
the potential for impacts or material damage during or post mining. As longwall mining approaches 
monitored springs, the frequency of flow monitoring increases from monthly or quarterly  to weekly so 
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that any discernible impacts may be evaluated and mitigated in a timely manner and in accordance with 
the approved mitigation plan.  Thus far, several springs above panels 2 and 3 have been under mined.  
 
Litsky Spring (Station No. 17415), the first known spring to be affected, was undermined in late-
March/early-April of 2012. Recent site visits and monitoring data confirm that the pond at Litsky Spring 
maintains water for livestock and wildlife use, suggesting that flow from the spring has not been 
impacted as to affect water supply at the site. 
 
Adjacent monitoring wells BMP-60 and BMP-90 (Figure 9-4), however, recorded the drop in overburden 
water levels as the area under Litsky Spring was mined, followed by recharge of monitoring wells as 
subsidence fractures healed and water levels rebounded. The drop in water level in well BMP60 was 
more pronounced as it was located over the middle of panel 2, while BMP 90 is located closer to an 
underground gate road which limits the short-term subsidence observed at this well location.  Presently, 
the water level in well BMP 60 is about 5 feet below historically low levels, while BMP 90 remains about 
3 feet above historically low levels.  The drop in water level in BMP 60 reflects both loss of water due to 
undermining and subsidence (estimated elevation loss due to subsidence is estimated at 3 feet).  Recent 
recharge from abnormally high precipitation in 2011 and 2013 confounds comparison of existing well 
levels to historical (2003 to present).  As subsurface strata continues to deform and heal, it is anticipated 
that water levels will be reestablished at a stratigraphic level equivalent to pre-undermining.  Continued 
monitoring of water levels will inform understanding of short and long-term response of underlying 
strata and consequent flow paths to undermining and subsequent recovery. 
 
More recent undermining of springs occurred in 2013 when several springs (17115, 17145, 17165, 
17185, & 17315) were undermined as the longwall miner advanced through panel 3 (Figure 7-1).  
Springs 17115, 17165 and 17315 are typically dry, precluding any evaluation of impacts from 
undermining.   Spring 17145 was dry in the months prior to undermining; after undermining in March 
2013, flow was reported at @ 0.5 gpm (Figure 9-5a).  Spring 17185 exhibited a brief interruption of flow 
immediately after undermining in May of 2013, and flow resumed within two weeks and has shown no 
discernible interruption in flow since recovery (Figure 9-5b).  In both cases flows were higher after 
undermining than before undermining; however undermining occurred in the spring during a period of 
abnormally high precipitation. As present flows are within the range of historic flows recorded at these 
sits (Figure 9-5c), it is unclear whether the flows observed after undermining are a result of increased 
precipitation and recharge of overburden aquifers, of increased transmissivity due to deformation and 
fracturing of overburden strata or a combination of factors.   In either case, spring flows were not 
adversely affected in the short term.  Continued monitoring of wells and springs will allow additional 
evaluation of potential impacts as longwall mining advances and additional springs are undermined.  
 
Mitigation of impacts from subsidence generally involves replacement of water supplies lost or diverted 
by subsidence-related processes with the purpose of maintaining premine land uses. Mitigation plans in 
the permit include restoring springs, stream reaches, and ponds by opportunistic development of 
springs where they appear, guzzler emplacements, horizontal wells, vertical wells, pipeline systems, 
deepening or rehabilitating existing wells, reclamation of stream reaches and function, water treatment 
where appropriate or necessary, and restoring premine land uses (MDSL, 1993). Detailed monitoring 
and mitigation plans are provided in Permit C1993017, Vol. 2, Section 313, Appendix 313-2 Spring/Seep 
Mitigation Plan. 
 
Likewise, the rights of present and future groundwater and surface water owners or users will be 
protected in accordance with ARM 17.24.314(1)(b) and 17.24.648. ARM 17.24.648 states that "the 
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permittee will replace the water supply of any owner of interest in real property who obtains all or part 
of his supply of water for domestic, agricultural, industrial or other legitimate use from a surface or 
underground source if such supply has been affected by contamination, diminution, or interruption 
proximately resulting from strip or underground mining operation by the permittee". To protect uses 
replacement water must be of a quality and quantity sufficient to satisfy premining consumption 
requirements. 
 
9.5.2 Impacts Due to Dewatering 
Groundwater monitoring data, maps and graphs and the groundwater flow model included in the PHC 
were the chief tools used to assess groundwater impacts to the hydrologic balance within the CIA. 
Groundwater levels and quality data reported in annual hydrology reports submitted to DEQ each year 
by SPE were also used in this analysis. This data was used to evaluate water quantity and water quality 
in the potentially affected aquifers in the groundwater CIA. 
 
9.5.2.1 Groundwater Model 
The Amendment No. 3 application included a transient flow model to evaluate the potential effects of 
mining on groundwater in the area surrounding the mine (Nicklin, 2013[2]). Figure 9-6 shows the model 
domain and layering. The groundwater model simulates flow in all aquifers of concern but is focused on 
the Mammoth Coal and upper underburden, as these aquifers are expected to experience the greatest 
effects from mining. The groundwater model is calibrated by comparing model results to measured 
water levels from monitoring wells and adjusting model parameters to achieve the best simulation of 
groundwater conditions. After calibration the model was run forward in time to predict water levels at 
the end of mining. In this predictive simulation, the mine tunnels are added to the model according to 
the proposed mine plan schedule as drains which simulate the dewatering associated with mine 
development. As mining progresses the material properties of the Mammoth Coal and overburden 
layers are also modified to simulate the collapse of material into the void left behind by longwall mining, 
and the subsidence and fracturing that occurs above the mined out areas. The results of this simulation 
are shown in Figure 9-7, which displays the predicted drawdown in the Mammoth Coal and upper 
underburden at the end of mining. In the Mammoth Coal, the area of the mine workings is completely 
dewatered, and an area of drawdown extends primarily to the north of the mine. A drawdown cone of 
depression is formed in the upper underburden, centered on the northern part of the mine workings 
and extending throughout the life of mine area and to the north. Drawdown to the south, east, and west 
in both the Mammoth Coal and the upper underburden is limited by the outcrops of the aquifers in 
those directions. 
 
9.5.2.2 Alluvium 
46 alluvial monitoring wells monitor the alluvial aquifer system in the Bull Mountain area (Figure 9-8). 
Historic monitoring data indicates that the alluvium within and near the permit boundary is often dry. 
Generally, alluvial water levels have increased over time (since 2003) and are responsive to seasonal 
precipitation events, especially during events in May of 2011.  
 
Rehder Creek drains much of the proposed permit area. Figure 9-9 shows Rehder Creek alluvial 
responses in upgradient well BMP-17 and down gradient wells BMP-19 and BMP-1, indicating that all 
wells responded to increased precipitation in 2007 and 2011. Also notable in Figure 9-9 is how the 
degree and duration of saturation increases moving downstream. At upstream well BMP-17 alluvial 
water is present only after major precipitation events, moving downstream at well BMP-19 a small 
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amount of water is usually present except during long dry periods, further downstream at well BMP-1 
alluvial groundwater is always present. 
 
Portions of the proposed permit area are also drained by Fattig Creek and Railroad Creek, and alluvial 
wells from these drainages are shown in Figure 9-10. Well BMP-77 is completed in the Fattig Creek 
alluvium and shows a similar increasing trend with response to precipitation events as seen in the 
Rehder Creek alluvium. Alluvial groundwater quality in Fattig Creek also shows a response to the 
significant precipitation event of 2011, with increases in SC, TDS, and sulfate. Well BMP-80 is located in 
the Railroad Creek drainage, and shows the presence of alluvial groundwater only in response to major 
precipitation events. 
 
Tributaries of Rehder Creek known as the 16 and 17 drainages drain the majority of the current permit 
area. Water levels and quality in alluvial wells in these drainages are shown in Figure 9-11. Alluvial well 
BMP-62 shows an example of alluvial groundwater influenced by inflow from the shallow overburden 
aquifer. Alluvial groundwater is present most of the time, with seasonal variations in water level due to 
snowmelt and increase spring precipitation evident. Water quality at BMP-62 is also much better than at 
other alluvial wells. The 17 drainage is the only drainage which has been undermined to date. Alluvial 
monitoring wells BMP-32 in the 16 drainage and BMP-45 in the 17 drainage show that alluvial water 
quantity and quality are similar in both drainages, indicating that undermining has not affected alluvial 
water quality or quantity in the 17 drainage. 
 
The alluvial hydrographs discussed above indicate that there is no evidence that mining and associated 
dewatering of the Mammoth Coal have affected water levels of the alluvial aquifer system. Because the 
alluvial aquifer is typically a perched aquifer supplied by recent precipitation or snow melt, additional 
mining is not expected to affect water levels in the alluvial aquifer. 
 
Water quality of the alluvial groundwater generally declined recently, however, based on the alluvial 
water quality graphs discussed above this appears to be due to significant precipitation in 2011 and the 
resultant higher alluvial water levels. Currently, there is no evidence that alluvial water quality has been 
impacted by mining. No exceedances of water quality standards were observed for any of the alluvial 
monitoring wells. The additional proposed mining is not expected to have any effects on alluvial water 
quality. 
 
9.5.2.3 Overburden  
Overburden water levels are monitored by 33 monitoring wells within the permit boundary and vicinity 
(Figure 9-12). Generally, water levels in shallow overburden (BMP-47, total depth (TD)=40 feet) and 
relatively deep overburden wells (BMP-4, TD=200 feet) have increased over time (Figure 9-13). Shallow 
well BMP-47 in the Rehder Creek drainage shows an abrupt water level increase of approximately 15 
feet due to seasonal precipitation in June 2011. By contrast, deeper well BMP-4 shows a slow but steady 
increase in water level in the deeper overburden aquifer in an area remote from mining. 
 
Figure 9-13 shows that the water-level response of shallow overburden well BMP-47 is similar to that of 
nearby Rehder Creek alluvial well BMP-1 (Figure 9-9), indicating that both the shallow overburden and 
alluvium rapidly respond to seasonal precipitation events. Respective well logs show alluvium directly 
overlying overburden bedrock in Rehder Creek drainage indicating a likely hydraulic connection. 
 
Currently, there is little evidence that longwall mining has had a significant impact upon overburden 
water levels except in areas affected by subsidence. Water levels in monitoring wells BMP-60 and BMP-
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90 in the vicinity of longwall panel 2 have shown declines of approximately nine feet and 18 feet, 
respectively (Figure 9-4). Inspection of the hydrographs for the two wells indicates that water levels in 
these relatively shallow overburden wells (BMP-60, TD=50 feet; BMP-90, TD=30 feet) were slowly 
declining from the precipitation of 2011 and then declined abruptly between February 2012 and April 
2012 when BMP-60 went dry. Figure 9-4 indicates that after this period water levels in both wells began 
to recover and subsequently have had a slow decline, likely due to dry conditions. 
 
The abrupt decline of water levels suggests that the relatively shallow overburden and perched aquifer 
system in the vicinity of these wells was partially drained via subsidence fractures that healed over the 
period between February and April 2012 leading to the water level rebound as seen in Figure 9-4. Well 
log data indicates that relatively impermeable gray shale occurs below the respective screened intervals. 
These rocks may have become fractured, allowing perched groundwater to drain into the mine 
workings, and then healed due to compression and settling. This data may illustrate that the various 
perched aquifers within the upper overburden may have become temporarily dewatered by subsidence 
fractures in the vicinity of BMP-60 and BMP-90 due to mining. Monitoring data will continue to be 
collected to evaluate the affect upon local overburden dewatered due to subsidence fractures. 
 
Similar temporary overburden dewatering may occur over all longwall mining areas as subsidence 
occurs, but these effects are expected limited in spatial and temporal extent. No long term effects on 
overburden water quantity are expected as a result of mining. 
 
Comparison of current and baseline water quality concentrations of TDS, sulfate, bicarbonate, and 
specific conductance show no significant differences, indicating that mining has not impacted water 
quality of the overburden aquifer. The water quality of shallow overburden (BMP-43, Figure 9-13) and 
Rehder Creek alluvium (BMP-1, Figure 9-9) located just down gradient of mining remains relatively 
consistent, but shows a decline in water quality during the rise of water levels associated with the 2011 
high precipitation event. Deeper overburden water quality at well BMP-4 (Figure 9-13) has remained 
consistent over time. 
 
Elevated arsenic concentrations were reported in 2006 from monitoring well BMP-10, located over 
longwall panel 4 and up gradient of mining at that time. The initial arsenic concentration (0.051 mg/L) 
recorded in 2006 was approximately five times the DEQ-7 human health limit of 0.01 mg/L. Arsenic 
concentrations in this well have rapidly declined (Figure 9-14) and are currently below laboratory 
detection limits. The source of the elevated arsenic concentrations in the overburden aquifer is 
unknown but its location up gradient indicates that it is not related to mining. A similar pattern of 
declining concentrations was recorded in this well for iron, which was associated with a less pronounced 
decline of specific conductance, TDS, sulfate, and bicarbonate (Figure 9-14). 
 
Because overburden groundwater does not flow through the mine workings, or come into contact with 
the mine gob, mining is not expected to affect overburden groundwater quality. 
 
9.5.2.4 Mammoth Coal  
17 groundwater monitoring wells monitor water levels of the Mammoth Coal aquifer in and outside of 
the permit boundary (Figure 9-15). Water level data associated with a number of wells, especially those 
within the permit boundary, indicate that longwall mining and the development of gate roads has 
lowered water levels and created a cone-of-depression in the Mammoth Coal that radiates outward 
from panels 3 and 4 as mining continues. Figure 9-16 indicates that drawdown or the radius of influence 

10/15/2013  9-10 



Amendment 3 CHIA – Hydrologic Impact Assessment 

is greater east of mining because of confined conditions within the coal; unconfined conditions prevail 
west and south of mining where the radius of influence is limited. 
 
Hydrographs show that the respective water levels in BMP-37, BMP-11, and BMP-8 have been lowered 
approximately 30, 25, and 18 feet respectively (Figure 9-17). Mammoth Coal drawdown is not observed 
three miles east of BMP-8 toward BMP-14 and BMP-21 (Figure 9-18), where water levels have remained 
stable or increased slightly during the same general period (2004-2011). Similarly, drawdown rapidly 
decreases west of BMP-37 as water levels in BMP-30 have shown a general increasing trend since 2003 
as seen in the hydrograph of BMP-30 (Figure 9-18). Mammoth Coal wells to the south of BMP-11 are 
typically dry. 
 
Water levels in the Mammoth Coal north of the permit boundary in wells BMP-3 and BMP-5 generally 
declined from 2003-2010, which is likely attributable to mining related drawdown (Figure 9-19). Water 
levels in both of these wells increased following the high precipitation of 2011, with BMP-3 water levels 
rising 15 feet due to the hydraulic connection of the Mammoth Coal and alluvium near this location. 
Since 2011 water levels in BMP-3 have declined to approximately the same level as 2012 and BMP-5 
water levels have declined approximately two feet below 2010 levels. The high precipitation of 2011 
may have acted to temporarily interrupt mining related drawdown at BMP-3 and BMP-5, but does not 
appear to have altered the long term trend of drawdown north of the mine. 
 
The water level observations in Mammoth Coal monitoring wells are generally consistent with the 
expected pattern of decreasing drawdown radiating outward in all directions from the dewatered mine 
area. Current Mammoth drawdown illustrated in Figure 9-16 (calculated drawdown 2004-2011) lies 
within the predicted drawdown of the groundwater flow model described in the PHC. Hydrologic 
impacts of longwall mining activity upon the Mammoth Coal are limited by the extent of the coal to the 
south and west. The amount and extent of drawdown in the Mammoth Coal is expected to increase as 
mining progresses, particularly to the north of the active mine area. Following the completion of mining, 
water levels will begin to recover, and are expected to reach a post-mine equilibrium within 50 years. 
 
Currently, there is no evidence that mining has affected the water quality of the Mammoth Coal aquifer. 
Comparison of SC, TDS, sulfate, and bicarbonate concentrations in Mammoth Coal wells over time 
indicate that there are no persistent trends associated with mining. Figure 9-17, Figure 9-18, and Figure 
9-19 indicate that water quality data have generally been consistent over time regardless of changes in 
water level. Water quality of BMP-37, BMP-11, and BMP-8 are generally unchanged through time 
despite being in the immediate vicinity of active longwall mining. The average specific conductivity of 
water produced by Mammoth Coal wells is higher relative to the alluvial and overburden aquifers due to 
relatively greater concentrations of sulfate and sodium. Approximately one-half of the Mammoth Coal 
wells produce Class II water and one-half produce Class III water. This data is consistent with Mammoth 
Coal baseline water quality (Class II to Class III). No exceedances of DEQ-7 standards were observed in 
any of the Mammoth Coal wells. 
 
Because mine dewatering produces groundwater flow towards the mine working during mining, no 
water quality affects are expected during mining. After mining is completed, some of the mine gob will 
become saturated. Groundwater quality in the mine gob is expected to be degraded relative to natural 
water quality, however, due to the small quantity of gob influenced water and the slow water 
movement in the Mammoth Coal this poor quality water is not expected to migrate outside the permit 
boundaries within 50 years after mining. 
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9.5.2.5 Underburden 
The underburden aquifer in the area is monitored by 25 monitoring wells (Figure 9-20). The drawdown 
map (Figure 9-21) of the upper underburden aquifer within the permit area show water level declines 
similar to and development of a cone-of-depression nearly coincident with the drawdown observed in 
the overlying Mammoth Coal aquifer. This indicates the upper underburden aquifer has also been 
affected by mining and that a hydraulic connection exists in some areas between the Mammoth Coal 
and upper underburden aquifers where the potentiometric heads are similar. 
 
Comparing the hydrographs for upper underburden wells BMP-12, and BMP-9 in Figure 9-22 to the 
hydrographs for co-located Mammoth Coal wells BMP-11, and BMP-8 (respectively) in Figure 9-17 
shows that while drawdown has occurred at both locations in both aquifers, the timing and magnitude 
of drawdown can vary. This is likely due to the variable geology of the underburden, where the water 
bearing units tend to be discontinuous and separated by lower permeability rocks.  Although no 
underburden well is co-located with Mammoth Coal well BMP-37 (Figure 9-17), underburden well BMP-
44 (Figure 9-22), located approximately one mile north shows a similar water level response to 
mining. Figure 9-23 shows underburden wells located to the east (BMP-83 and BMP-15) and west (BMP-
31) of the mine area which have not been affected by mine drawdown. The two wells east of the mine 
are in similar locations as Mammoth Coal wells BMP-21 and BMP-14 (Figure 9-18) and show similar 
water level trends. Underburden well BMP-31 is co-located with Mammoth Coal well BMP-30, but the 
underburden well shows water level fluctuations not observed in the Mammoth Coal well indicating a 
hydraulic separation between the hydrologic units at this location. The water level fluctuations in the 
underburden well do not appear to be related to mining and recent water levels have been similar to 
those first observed in 2003. 
 
Underburden wells north of the mine show different water level responses depending on local geologic 
factors (Figure 9-24). Underburden well BMP-38 shows no effects of mining related drawdown, and the 
well mimics the water level response of the alluvial aquifer observed in co-located well BMP-33 (Figure 
9-3) indicating that the underburden is hydraulically connected to the alluvium near this location. As 
illustrated in Figure 9-24 water levels in underburden well BMP-6 show a general decreasing trend since 
2007, but recovered in response to the high precipitation in 2011. The decrease in water level in BMP-6 
is similar to the response seen in Mammoth Coal well BMP-5 (Figure 9-19) and is likely related to mine 
drawdown. 
 
Due to the hydraulic connections between the Mammoth Coal and the upper underburden, the effects 
of mining on upper underburden water quantity are expected to be similar to those described for the 
Mammoth Coal. 
 
By contrast, the relatively deep sandstones of the lower underburden aquifer are hydraulically isolated 
from the Mammoth Coal and upper underburden aquifers. Aquifer test data (Hydrometrics, 2009) 
associated with the Office Supply Well (OSW) confirm that confined conditions exist in these relatively 
deep sandstones (355-405 feet) and that the nearest domestic well, a distance of approximately 4,200 
feet from the OSW, will not be adversely impacted by continuously pumping the OSW at approximately 
6 gpm. During a pump test, observation well 62614-100-UB (BMP-121), located 3,346 feet from OSW, 
recorded 1.4 feet of drawdown. Projected drawdown shows 3.3 feet of drawdown in monitoring well 
BMP-121 and three feet of drawdown in the nearest private well after 20 years of continuous pumping. 
These relatively deep sandstones are the source of domestic use and are isolated from the effects of 
mining.  
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Baseline water quality of the upper underburden aquifer is similar to water quality observed between 
2003 and 2011. Currently there is no evidence that mining has affected the water quality of the upper 
underburden aquifer. Water quality graphs show no persistent trends or changes in the water quality of 
the underburden aquifer even in areas where the potentiometric surface of the upper underburden has 
been affected by mining (Figure 9-22). Consistent water quality has been recorded in a number of other 
underburden wells indicating they have remained unaffected by mining. BMP-15 (Figure 9-23), located 
down gradient just outside the eastern Amendment 3 boundary; BMP-31 (Figure 9-23), located down 
gradient along the western permit boundary; and BMP-6 (Figure 9-24), located immediately down 
gradient just north of the Amendment boundary  show consistent water quality from 2003 to the 
present. 
 
Approximately one-half of the underburden wells exhibit Class II water and the rest have Class III water 
consistent with baseline SC and water quality. Based upon monitoring well information, there is no 
evidence of any mining related impacts to upper underburden or to the relatively deep upper 
underburden water quality in the vicinity of the Bull Mountains Mine No. 1 and no exceedances of DEQ-
7 water quality standards have been reported in the wells. 
 
Similar to the Mammoth Coal, water quality in the upper underburden aquifer may be locally affected 
by poor quality water from the mine gob after mining is completed and water levels in the mine area 
recover. No water quality effects on the deeper underburden aquifer are expected due to the hydraulic 
separation between this aquifer and the mine. 
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10.0 MATERIAL DAMAGE 

As defined by Montana statue, “material damage means, with respect to protection of the hydrologic 
balance, degradation or reduction by coal mining and reclamation operations of the quality or quantity 
of water outside the permit area in a manner or to an extent that land uses or beneficial uses of water 
are adversely affected, water quality standards are violated, or water rights are impacted. Violation of a 
water quality standard, whether or not an existing water use is affected, is ‘material damage’” (82-4-
203, MCA). Observation of changes to the hydrologic balance observed with current mining provides a 
framework within which continued and future impacts can be anticipated. It is possible to make 
quantitative and qualitative projections regarding the severity and extent of impacts expected with 
proposed mining and to evaluate the likelihood that impacts will extend outside the permit area (Table 
2-1). 
 

10.1  CUMULATIVE IMPACT OF HISTORIC AND CURRENT MINING 
Currently there is no evidence that the quantity and quality of surface waters has been impacted by 
mining activities. Surface streamflow in the area is ephemeral and driven by storm events and extended 
periods of wet weather that act to recharge perched aquifers. Perched aquifers, in turn, supply spring 
flow and dry up during extended periods of below normal precipitation. Spring-flow may be impacted 
through subsidence processes related to undermining of the overburden aquifers, potentially 
interrupting, and/or altering subsurface flow-paths. Potential impacts to identified surface water users 
in the surface water CIA are shown in Table 6-2. 
 
Springs and seeps are monitored regularly in order to assess impacts from mining. Where flows from 
springs and seeps are impacted, water quantity and water rights have the potential to be impacted. 
Impacts to water rights are assessed and evaluated with respect to regional and local impacts to spring 
systems that feed surface water resources. To date, several springs under panels 2 and 3 have been 
undermined. While some springs (17145, 17185) have shown a temporary alteration or interruption of 
flows or adjacent well-water levels as anticipated, weekly monitoring of spring flows prior to and after 
undermining have shown no adverse long-term effects.    
 
As stated in Section 9.0, surface water runoff is controlled through a series of ponds and diversion 
structures in the facilities and WDA, and regulated through DEQ’s MPDES program. Discharges to 
surface waters are very infrequent with the first discharges in 20 years occurring during extreme wet 
periods in 2011 and 2013. Water management controls on peripheral facilities areas (permit lands not 
including the main facilities and WDA) include structures to control runoff from mine roads, pads, and 
other land surface disturbances, and are managed through the implementation of BMPs. BMPs typically 
include a variety of design considerations (culvert sizing, berming, placement of structures, etc.) and are 
described in detail in Permit C1993017, Vol. 3, Section 314, 3.0, Surface Water and Groundwater Control 
and Treatment Plan. Evaluation of impacts relating to surface water runoff and management are 
therefore evaluated with respect to adherence to approved design plans and permit conditions in 
controlling and managing surface runoff. No significant impacts to surface water resources have been 
observed to date regarding implementation and management of surface water controls, including 
MPDES-permitted discharges and surface BMPs. 
 
Current monitoring indicates mining has affected groundwater quantity by producing an area of 
drawdown around the dewatered mine workings. This area of drawdown is expected to increase and 
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expand as mining progresses and then recover after mining is completed. Potential impacts to identified 
groundwater users in the groundwater CIA are shown in Table 6-1. 
 
The most significant drawdown and the greatest radius of influence have been recorded in the 
Mammoth Coal (drawdown of approximately 30 feet in BMP-37) consistent with the predictions made in 
the PHC. Significant drawdown (approximately 20 feet in BMP-44) has also been recorded in the upper 
underburden that generally mimics the drawdown pattern or radius of influence of the overlying coal 
indicating that the upper underburden and coal aquifers are hydraulically connected.  
 
The flow model prediction in the PHC indicates groundwater associated with the Mammoth Coal and 
upper underburden aquifers will recover to near pre-mining levels approximately 50 years after the 
cessation of mining. After the conclusion of mining, the gate roads may remain intact or may collapse, 
thus each of these scenarios was tested using the groundwater model. If the gate roads collapse, 
groundwater levels in the northern part of the mine area and north of the permit area will return to 
near pre-mine levels. If the gate roads remain intact, a mine pool will form in the northern part of the 
mine workings resulting in post-mine water levels higher than pre-mine near the north permit 
boundary. In either scenario, some residual drawdown will persist in the southern part of the mine area 
indefinitely due to the change in aquifer properties from coal to gob. 
 
By contrast, very little drawdown has been recorded in the overburden aquifer except directly over 
panel 2 (BMP-60 and BMP-90) during active mining. Extensive overburden drawdown is expected over 
the mined area as mining advances consistent with predictions in the PHC as overburden subsidence 
fractures provide a series of transmissive conduits into the mineralized gob of the Caved Zone. 
Drawdown in the overburden is not expected outside of the subsidence area due to the generally 
perched and discontinuous nature of the overburden aquifers. Drawdown of the alluvial aquifer system 
is not expected as these sediments are often dry and become partially saturated due to significant 
precipitation events. 
 
Currently, there is no evidence that local and off permit groundwater quality of any of the hydrologic 
units has been degraded or impacted by mining. Groundwater quality of shallow and deep aquifers 
(alluvium, overburden, coal, and underburden) is monitored regularly by a network of 105 monitoring 
wells to alert DEQ about the potential for material damage during or post mining. 
 
A decline of groundwater quality is expected as longwall mining and subsidence continue to produce 
additional panels of collapsed and mineralized rubble in the Caved Zone (gob). Vertically transmissive 
and mineralized fractures may intercept and direct shallow groundwater into the Caved Zone affecting 
local overburden groundwater levels, spring discharge, and surface drainage that may ultimately 
increase mine discharge. This prediction is consistent with the PHC: “A general increase in total 
dissolved solids, sodium, and sulfate concentration is anticipated in the groundwater that flows through 
the gob and potentially in the highly fractured zones immediately above the mined out area” (Page 314-
5-47). As described in Section 6.2.3 of the PHC, Madison well water used in the underground mine 
workings is expected to constitute less than 0.1 percent of the total water in the mine gob voids. 
Because of this, the use of Madison well water in the underground mine workings is not expected to 
have any measurable impact on the quality of mine gob water. The eventual groundwater quality within 
the mined-out area or Caved Zone may become similar to the groundwater quality within abandoned 
coal mines near Roundup, MT where the average TDS, sulfate, and specific conductance concentrations 
are 2,042 mg/L, 1,106 mg/L and 3,038 µS/cm, respectively. However, the groundwater quality within the 
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Caved Zone may exceed these concentrations since the groundwater in the abandoned mines near 
Roundup does not come into contact with mineralized gob. 
 
 

10.2  MATERIAL DAMAGE ASSESSMENT 
10.2.1  Surface Water 
Evaluation of material damage to surface waters includes an assessment of potential impacts to surface 
waters and the monitored response of surface water systems to potential impacts. Material damage 
criteria established in Section 2.0 include water quality standards, beneficial use criteria for the support 
of livestock, and impact to water rights. 
 
Thus far, impacts to surface waters have been minimal; potential impacts include impacts to surface 
waters from water management and control within the facilities area and WDA, the effects of surface 
infrastructure (roads, culverts, pads) on surface waters outside the facilities and WD, and the effects of 
undermining and subsidence on springs and seeps. 
 
Impacts from surface water runoff both within the facilities area and WDA are evaluated through 
compliance with narrative water quality standards (for ephemeral streams) and MPDES permit 
requirements. Adherence with general operational provisions of the narrative surface water quality 
standards (ARM 17.30.635 through 17.30.637) constitutes compliance with water quality standards for 
ephemeral streams. On-site management of surface water is detailed in the Permit C1993017, Vol. 3, 
Section 314, 3.0, Surface Water and Groundwater Control and Treatment Plan, and includes a variety of 
surface water controls that meet the requirements of the narrative surface water quality standards 
contained in ARM 17.30.645 through 647. Adherence and compliance with the Surface Water and 
Groundwater Control and Treatment Plan is assessed during monthly mine inspections by department 
personnel, and through departmental management and oversight of permitted activity. No significant 
issues regarding compliance with this plan have been noted to date, and no material damage has been 
observed in regards to surface water runoff from disturbed areas within the permit area. With the 
exception of a wet-weather exceedance for settleable solids and pH during 2011 and 2013 (see Section 
9.4.1), MPDES discharges to date have been very infrequent and have not violated MPDES permit 
conditions. 
 
As underground mining thus far has progressed only through Panel 3, potential impacts to surface 
waters have been confined to springs within panels 2 and 3 and to the capture of stormwater runoff 
within the mine permit area. As described in Section 9.5.1, impacts due to subsidence have been 
limited, buffered by recent recharge of overburden aquifers,  and have had no impact on the quality and 
quantity of surface water resources (springs) in the permit area.  Accordingly, because the current 
mining methods are proposed to extend throughout the expanded permit area, significant, irremediable 
impacts to the quality and quantity of surface water resources are not expected from continued 
underground mining.  
 
Due to the fact that only the first three longwall panels have been undermined, surface water impacts 
are limited in their potential extent. To date, no material damage to surface waters is evident. Narrative 
standards for surface waters have not been violated or exceeded, and the quantity of surface waters 
(springs and ephemeral runoff) has not been impacted due to mining activity, and surface water rights 
have not been impacted.  Accordingly, because current mining activities are proposed throughout the 
expanded permit area, disturbance of the hydrologic balance on and off the permit area and material 
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damage to surface waters outside the permit area are not expected from continued underground 
mining. 
 
10.2.2  Groundwater 
Currently, there is no evidence of material damage and no material damage is predicted with mining 
proposed in Amendment 3. There is no evidence from monitoring data to suggest a change in 
predictions made in the PHC with regard to potential impacts to water quality and levels. Comparison of 
baseline and recent groundwater quality data show no significant changes. No water quality standards, 
numeric or narrative, have been exceeded and beneficial uses (domestic and livestock) have not been 
impacted.  
 
Mining is not expected to affect the alluvial aquifer beyond the permit boundary. The alluvial section 
within the boundary is generally dry. Groundwater levels in the overburden, Mammoth Coal and upper 
underburden near the western permit boundary have been lowered as a result of mining and drawdown 
in these aquifers will continue as mining advances. Mining proposed in Amendment 3 will result in 
continued drawdown to the east, south and north of the mine but is expected to remain largely within 
the mine permit boundary and drawdown will not affect most groundwater users. Mining related 
drawdown in these aquifers may affect a few domestic wells completed in the upper underburden north 
of the permit area. Since most domestic and stock wells produce from relatively deep sandstones (deep 
underburden aquifer) that are hydraulically isolated from mining by a relatively thick section of 
alternating shales and siltstones, no impact to these deeper wells is expected. SPE is committed to 
replacing any water supplies affected by mine related drawdown with a comparable permanent supply. 
 
Post mining groundwater quality within the mined-out area (Caved Zone) is expected to degrade after 
coming into contact with fresh rock surfaces exposed in subsidence fractures and mineralized rubble or 
gob. Oxidizing conditions are anticipated until after mining is complete and resaturation of the collapsed 
material has occurred. These conditions may result in increased sulfide oxidation, cation exchange, 
leaching, and weathering, which together may cause an increase in the concentrations of calcium, 
magnesium, sulfate and sodium ions.  Due to the buffering capacity of the alkaline mineralogy of the 
overburden and shallow underburden, development of acidic conditions in water present in the gob is 
extremely unlikely.  As explained above at 9.5.2, any degradation of groundwater quality is not expected 
to render groundwaters unsuitable for current or anticipated use.  Accordingly, because current mining 
methods are proposed throughout the expanded permit area, material damage to the quality or 
quantity of groundwater resources outside the proposed permit area is not expected from continued 
underground mining.  Although presently there is no evidence of a general increase in any water quality 
parameters that can be attributed to mining, continued monitoring will provide additional insights of the 
potential effects on groundwater quality predicted to accrue over time as mining progresses.   
 

10.3  CONCLUSION  
SPE’s Bull Mountains Mine No. 1 has supplied sufficient information for the completion of this CHIA and 
finding. Although DEQ analysis identified some surface water users and water rights holders outside the 
permit area that may experience a temporary impact to their water resources, the Bull Mountains Mine 
permit commits to replacing water supplies that have been affected by mining with water of similar 
quality and quantity.  
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At this time, DEQ finds that the operational and reclamation plans for the Bull Mountains Mine No. 1 
have been designed to minimize impacts to the hydrologic balance within the permit area and to 
prevent material damage outside of the permit area.  
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Figure 3-1: MAP  Proposed permit boundary and mine plan. 
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Figure 3-2: MAP  Historic coal mines in the region.  
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Figure 4-1: MAP Regional Overview. 
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Figure 4-2: 30-year Precipitation at Roundup and Billings, MT. 
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Figure 4-3: General schematic of regional geology and groundwater quality. 
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Figure 4-4: Detailed stratigraphic column of the Tongue River Formation in the vicinity of Bull Mountain Mine No.1. 
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Figure 5-1: MAP Cumulative hydrologic impact area – surface water. 


10/15/2013  13-8 







 Amendment 3 CHIA – Figures 


 
Figure 5-2: MAP Cumulative hydrologic impact area – groundwater. 
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Figure 6-1: MAP Groundwater users and water rights within the groundwater CIA. 


10/15/2013  13-10 







 Amendment 3 CHIA – Figures 


 
Figure 6-2: MAP Surface water rights within the surface water CIA. 
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Figure 7-1: MAP Surface water monitoring stations. 
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Figure 7-2: MAP Groundwater monitoring stations. 
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Figure 8-1: Geologic cross-section showing the Mammoth Coal aquifer isolated from the overburden aquifer. 
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Figure 9-1: MAP Facilities and Waste Disposal Area (WDA). 
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Figure 9-2: Water levels in alluvial wells in PM Draw. 
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Figure 9-3: Water levels and quality in shallow wells in wells near WDA. 
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Figure 9-4: Response of wells BMP 90 and BMP 60 to undermining. 
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Figure 9-5a: Recent Flow at Spring 17145 
 


 
Figure 9-5b: Recent Flow at Spring 17185 
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Figure 9-5c: Long-term historic spring flow and precipitation 
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Figure 9-6: Groundwater model domain and cross-Section (from Nicklin Figure 3M). 
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Figure 9-7: MAP Modeled drawdown at end of mining (from Nicklin Figure 11M page 2). 
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Figure 9-8: MAP Alluvial monitoring wells. 
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 Figure 9-9: Water levels and quality in in Rehder Creek alluvial wells. 
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Figure 9-10: Water levels and quality in Fattig Creek and Railroad Creek alluvial wells. 
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 Figure 9-11: Alluvial water levels and quality in the 16 and 17 drainages (Rehder Creek Tributaries). 
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Figure 9-12: MAP Overburden monitoring wells. 
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 Figure 9-13: Typical water level and quality in overburden wells. 
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 Figure 9-14: Water quality trends in overburden well BMP-10. 
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Figure 9-15: MAP Mammoth Coal monitoring wells. 
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Figure 9-16: MAP Mammoth Coal drawdown 2004-2011. 
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 Figure 9-17: Mammoth Coal wells affected by mining related drawdown. 


0


500


1000


1500


2000


2500


3000


3500


3830


3835


3840


3845


3850


3855


3860


3865


2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013


Co
nc


en
tr


at
io


n/
Co


nd
uc


tiv
ity


 


SW
L 


El
ev


at
io


n 
Mammoth Coal Well BMP-37 Water Level and Quality 


SWL (ft) SC (uS/cm) TDS (mg/l) HCO3 (mg/l) SO4 (mg/l)


0


500


1000


1500


2000


2500


3000


3885


3890


3895


3900


3905


3910


3915


2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013


Co
nc


en
tr


at
io


n/
Co


nd
uc


tiv
ity


 


SW
L 


El
ev


at
io


n 


Mammoth Coal Well BMP-11 Water Level and Quality 


SWL (ft) SC (uS/cm) TDS (mg/l) HCO3 (mg/l) SO4 (mg/l)


Dry, Base Screen 3885.7ft 


0


500


1000


1500


2000


2500


3845


3850


3855


3860


3865


3870


2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013


Co
nc


en
tr


at
io


n/
Co


nd
uc


tiv
ity


 


SW
L 


El
ev


at
io


n 


Mammoth Coal Well BMP-8 Water Level and Quality 


SWL (ft) SC (uS/cm) TDS (mg/l) HCO3 (mg/l) SO4 (mg/l)


10/15/2013  13-32 







 Amendment 3 CHIA – Figures 


 


 


 
 Figure 9-18: Mammoth Coal wells not affected by mining. 
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 Figure 9-19: Mammoth Coal wells north of the mine. 
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Figure 9-20: MAP Underburden monitoring wells. 
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Figure 9-21: MAP Underburden drawdown: 2004-2011. 
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 Figure 9-22: Upper underburden wells affected by mining. 
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 Figure 9-23: Upper underburden wells not affected by mining. 
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 Figure 9-24: Upper underburden wells north of the mine. 
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Table 2-1: Material damage limits and hydrologic balance thresholds. 
Category Definition 


Q
ua


nt
ity


 Li
m


it Degradation or reduction by coal mining and reclamation operations of water quantity 
outside the permit area in a manner or to an extent that land uses or beneficial uses of 
water are adversely affected, or a water right is impacted outside the permit area. 


Th
re


sh
ol


d Observation of drawdown within the permit boundary that is associated with mining and 
that may reasonably be expected to extend beyond the permit boundary with time and 
could preclude the current or potential future use of the water resource and that cannot 
be mitigated or replaced by an alternate water supply. 


Q
ua


lit
y 


Li
m


it 


Degradation or reduction by coal mining and reclamation operations of water quality 
outside the permit area in a manner or to an extent that land uses or beneficial uses of 
water are adversely affected, or violation of water quality standard occurs outside the 
permit area. 


Th
re


sh
ol


d Observation of persistent or long-term change in water quality within the permit 
boundary that is associated with mining and is approaching or commonly exceeds 
narrative or numeric (Circular DEQ-7) limits, may be expected to extend to areas outside 
the permit area with time and cannot be mitigated, treated or replaced by alternate 
water supply. 
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Table 2-2: Water quality analytes for surface and groundwater and applicable DEQ-7 standards 
(MDEQ, 2012) and National Secondary Drinking Water Regulations (NSDWRs).1 


Parameter 
DEQ-7 Human 


Health 
Standard 


DEQ-7 Surface Water 
Aquatic Life Standard NSDWR units 


Acute Chronic 


Physical 
Parameters 


pH    6.5 - 8.5 s.u. 
Specific Conductance     µS/cm 
Total Dissolved Solids (TDS)    500 mg/L 
Total Suspended Solids (TSS)2 


    mg/L 
Oil & Grease2 


    mg/L 


Common 
Ions 


Total Anions     meq/L 
Total Cations     meq/L 
Acidity (total as CaCO3)     mg/L 
Alkalinity (total as CaCO3)     mg/L 
Hardness (total as CaCO3)     mg/L 
Bicarbonate as HCO3     mg/L 
Carbonate as CO3     mg/L 
Cation/anion balance     % 
Calcium     mg/L 
Chloride    250 mg/L 
Fluoride 4   2 mg/L 
Magnesium     mg/L 
Potassium     mg/L 
Sodium Absorption Ratio (SAR)      
Sodium     mg/L 
Sulfate    250 mg/L 


Trace 
Metals 


Aluminum  0.75 0.087 0.05 - 0.2 mg/L 
Arsenic 0.01 0.34 0.15  mg/L 
Boron     mg/L 
Cadmium3 0.005 0.0087 0.00076  mg/L 
Copper3 1.3 0.052 0.030 1.0 mg/L 
Iron   1 0.3 mg/L 
Lead3 0.015 0.48 0.019  mg/L 
Manganese    0.05 mg/L 
Nickel3 0.1 1.5 0.17  mg/L 
Selenium 0.05 0.02 0.005  mg/L 
Vanadium     mg/L 
Zinc3 2 0.39 0.39 5 mg/L 
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Table 2-3: Continued. 


Nutrients  


Total  Nitrogen     mg/L 
Total Phosphorus     mg/L 
Nitrate-Nitrite 10    mg/L 
Total Ammonia4  24.1 3.65  mg/L 


1 NSDWRs are non-enforceable guidelines for contaminants that may cause cosmetic effects (such as skin 
or tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. 
2 Analyte collected for stream and pond samples only. 
3 Aquatic life limits are dependent on hardness. Median hardness of surface water samples from Bull 
Mountains Mine and nearby drainages is > 400 mg/L so the aquatic standard is shown calculated at a 
hardness of 400 mg/L. 
4 Aquatic standards shown calculated at 22°C, 7.0 pH with early fish life stages present. 
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Table 2-4: Guidelines for livestock water quality.  


Analyte 
Threshold 


limit 
(mg/L=ppm) 


Upper 
limit 


(mg/L=ppm) 
Comments 


Alkalinity (total as CaCO3) Unknown 1000*  
Aluminum 5** 10**  
Arsenic 0.2** 0.2+  
Bicarbonate (total as CaCO3) Unknown** <1000  
Boron 5** 30**  
Cadmium 0.01** 0.05+  
Calcium 100** 150**  
Chloride 100** 300**  
Copper 0.2** 0.5+  
Fluoride 2** 2+  
Iron --- ----* Not established, >0.3 may affect taste 
Lead 0.05** 0.1+  
Magnesium 50** 100**  
Manganese 0.05** 0.5**  
Nickel 0.25** 1+  
Nitrate (NO3 as N) 10** 20**  
Sodium 50** 300**  
Selenium 0.05** 0.10**  


Sulfate 1500* 2500* Upper limit is upper concentration for “no 
harmful effects” category 


Total Dissolved Solids (TDS) 3000* 4999* “Should be satisfactory for livestock” 
Vanadium 0.05* 0.1+  
Zinc 25** 50**/25*  


* Suitability of Water for Livestock Fact Sheet (Sigler and Bauder, 2012) 
** Beef Briefs (Hutcheson, 2001).  
+  Both references have the same limit and use common references 
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Table 2-5: Beneficial uses of MT groundwater [ARM 17.30.1006]. 


Montana GW Class 
[ARM 17.30.1006] Class I Class II Class III Class IV 


EC @ 25°C (µS/cm) <= 1000 > 1000; <= 2500 > 2500; <= 15000 > 15000 


Suitability Criteria Suitable Marginally suitable Marginally suitable  
Public water x x   
Private water x x   
Irrigation x x salt tolerant  
Livestock water x x x  
Commercial/ industrial x x x x 


Food Processing x x < 7000µ/cm  


Violation Prohibitions -- 
DEQ-7 human health 
standards 


x x 


When EC > 7000 µS/cm & K 
>= 0.1, nitrate nitrogen and 
nitrate plus nitrite nitrogen 
must not exceed 50 mg/L 


Only carcinogen standards apply. 
When K >= 0.1, nitrate nitrogen 
and nitrate plus nitrite nitrogen 


must not exceed 50 mg/L 


Violation Prohibitions -- 
standards not in DEQ-7 


No increase that renders the waters harmful, detrimental, or injurious to 
beneficial uses 


No increase that adversely affects 
existing beneficial uses 
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Table 6-1: Groundwater users within the groundwater CIA. This list excludes monitoring wells. 


Map 
# 


GWIC 
ID 


DNRC Water 
Right Site Name Type TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) 


Stratigraphic 
Unit Date Use Anticipated Impact 


1 18162 40A 188765 00 BMP 
Investments Inc Well 163 86 20 Deep 


Underburden 1957 Stockwater  


2 18163  Van Driest, Lena Well 237 150 7 Deep 
Underburden 1973 Domestic  


3 18164  Van Driest, Lena 
& Gaylord Well 125 100 5 Upper 


Underburden 1933 Domestic  


4 197963  Segars, Guz Well 240 132 1.5 Underburden 2002 Domestic  


5 18165  Schenk, Charlie 
M. Well 132 114 5 Upper 


Underburden 1961 Stockwater 0-5ft drawdown 


6 18166  Schenk, Charlie 
M. Well  85 8 Underburden 1910 Stockwater 0-5ft drawdown 


7 1453  
Schenk, C.M. - 
13 Mi. SE 
Roundup MT 


Well   3 Underburden  Stockwater 0-5ft drawdown 


8 18167  Schenk Well 100   Upper 
Underburden  Domestic 0-5ft drawdown 


9 18209  Schenk, Charles Well 132  5 Upper 
Underburden 1961 Stockwater 10-15ft drawdown 


10 18210  Meged Bros. 01 Well 250  12 Deep 
Underburden 1956 Stockwater  


11 249018 40A 30022892 
Signal Peak 
Energy LLC - 
Madison Well 1 


Well 8619 185 350 Madison 2005 Industrial Mine Water Supply 


12 250934 40A 30047210 Signal Peak 
Energy LLC Well 416 181 15 Deep 


Underburden 2009 
Public 
Water 
Supply 


Mine Water Supply 
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Table 6-1: Continued. 


Map 
# 


GWIC 
ID 


DNRC Water 
Right Site Name Type TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) 


Stratigraphic 
Unit Date Use Anticipated Impact 


13 206833  BMP Investment 
Inc. Well 417 174 14 Deep 


Underburden 2003 Irrigation  


14 18211 40A 73829 00 Signal Peak 
Energy LLC Well 200 20 12 Deep 


Underburden 1956 Stockwater  


15  40A 73834 00 Signal Peak 
Energy LLC Well   12 Unknown 1990 Industrial Mine Water Supply 


16 1456  
Meged Bros. - 
14 Mi. SE 
Roundup MT 


Well 200 20.8 10 Deep 
Underburden  Stockwater  


17  40A 30004013 
Bull Mountain 
Development Co 
#1 LLC 


Well 8500  1100 Madison 2002 Industrial  


18 255729 40A 30049157 
Signal Peak 
Energy LLC - 
Madison Well 3 


Well 9335 1125 350 Madison 2010 Industrial Mine Water Supply 


19  40A 30006087 Signal Peak 
Energy LLC Well    Unknown 2003 Industrial Mine Water Supply 


20 251371 40A 30049157 
Signal Peak 
Energy LLC - 
Madison Well 2 


Well 8713 280 350 Madison 2009 Industrial Mine Water Supply 


21 18212 40A 73816 00 Signal Peak 
Energy LLC Well 260 51 26 Deep 


Underburden 1989 Industrial Mine Water Supply 


22 18213  Meged Well 80   Upper 
Underburden 1946 Domestic 0-5ft drawdown 


23 18214  Van Driest, Lena 
& Gaylord Well 100 60 7 Underburden 1915 Stockwater  


24 18215  Van Driest Well 100 49 10 Underburden 1915 Stockwater  
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Table 6-1: Continued. 


Map 
# 


GWIC 
ID 


DNRC Water 
Right Site Name Type TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) 


Stratigraphic 
Unit Date Use Anticipated Impact 


25 132606  Keifer Land & 
Livestock Co Well 225   Underburden 1968 Unknown  


26 18240  Johnson, Donald 
& Dorothy Well 375 150 5 Deep 


Underburden 1979 Domestic  


27 18244 40A 16659 00 


Comly, Edward 
M & Joan B and 
Hannan, Beverly 
A & Kenneth E 


Well 417 300 4 Deep 
Underburden 1977 Domestic  


28 18245  Rahm Well 335 245 5.5 Underburden 1977 Domestic  


29 18257  Erickson Well 234   Deep 
Underburden 1976 Unused  


30 18258 40A 30013379 Carlson, Carl C & 
Darlene J Well 206  32 Deep 


Underburden 1955 Stockwater  


31  40C 188758 00 Charter Ranch 
Inc Spring    Mammoth 


Coal 1920 Stockwater Minor flow reduction due to 
drawdown possible 


32  40C 188755 00 Charter Ranch 
Inc Spring    Mammoth 


Coal 1920 Stockwater Minor flow reduction due to 
drawdown possible 


33 18298  Charter, Boyd Well 130  15 Deep 
Underburden 1958 Stockwater  


34  40C 108668 00 Signal Peak 
Energy LLC Spring    Overburden 1914 Stockwater Flow reduction due to 


drawdown possible 


35 18299  Unknown Well    Alluvium  Unknown  


36  40C 108667 00 Signal Peak 
Energy LLC Spring    Overburden 1914 Stockwater May be impacted by 


subsidence 


37 18300  Unknown Well   5 Alluvium  Unknown  


38 168805 40C 105834 00 Trowbridge, Jill J Well 400 168 2.5 OB/MC/UB 1998 Domestic 50-60ft drawdown 
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Table 6-1: Continued. 


Map 
# 


GWIC 
ID 


DNRC Water 
Right Site Name Type TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) 


Stratigraphic 
Unit Date Use Anticipated Impact 


39 192721 40C 30000484 Lake Mead 
Enterprises LLC Well 800 380 4 Deep 


Underburden 2001 Domestic & 
Stockwater  


40 125161 40C 78527 00 Lake Mead 
Enterprises LLC Well 300 148 10 Overburden 1991 Domestic Up 80ft drawdown possible 


41 167885 40C 104564 00 Wallace, Dale B Well 500 249 6 OB/MC/UB 1998 Domestic Mined through 


42  40C 64815 00 Duckworth, 
Gary Spring   10 Overburden 1925 Stockwater Up to 30ft drawdown 


possible 


43 267080  Colburn, Valee Well 1260 823 9.5 Deep 
Underburden 2012 Domestic  


44 18304 40C 15727 00 BMP 
Investments Inc Well   10 Alluvium 1977 Stockwater  


45  40A 188417 00 BMP 
Investments Inc Spring    Overburden 1910 Stockwater Minor flow reduction due to 


drawdown possible 


46  40A 188413 00 BMP 
Investments Inc Spring    Overburden 1910 Stockwater Flow reduction due to 


drawdown possible 


47  40A 188412 00 BMP 
Investments Inc Spring    Overburden 1910 Stockwater Flow reduction due to 


drawdown possible 


48 18308 40A 188420 00 BMP 
Investments Inc Well 167  20 Underburden 1961 Stockwater 20-30ft drawdown 


49 18311 40A 25223 00 BMP 
Investments Inc Well 195 105 15 Underburden 1979 Domestic & 


Stockwater 15-20ft drawdown 


50 18312  Johnson Well 165  15 Underburden  Domestic 15-20ft drawdown 


51 1462  Johnson - 13 Mi. 
SE Roundup MT Well 190  15 Deep 


Underburden  Domestic  


52 150821  Meridian 
Minerals Well 65   Overburden  Domestic & 


Stockwater 
Up to 20ft drawdown 
possible 
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Table 6-1: Continued. 


Map 
# 


GWIC 
ID 


DNRC Water 
Right Site Name Type TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) 


Stratigraphic 
Unit Date Use Anticipated Impact 


53  40A 188405 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


54  40A 188407 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


55  40C 108666 00 Signal Peak 
Energy LLC Spring    Overburden 1914 Stockwater May be impacted by 


subsidence 


56  40C 188762 00 Charter Ranch 
Inc Spring    Overburden 1920 Stockwater Flow reduction due to 


drawdown possible 


57 18313 40C 188741 00 Charter Ranch 
Inc Well   5 Unknown 1958 Stockwater 


Up to 70ft drawdown 
possible, may be impacted 
by subsidence or mined 
through 


58  40C 188761 00 Charter Ranch 
Inc Spring    Overburden 1920 Stockwater May be impacted by 


subsidence 


59  40C 108602 00 Signal Peak 
Energy LLC Well   5 Unknown 1956 Stockwater Up to 30ft drawdown 


possible 


60 18314 40C 108664 00 Signal Peak 
Energy LLC Well 200 60 5 Underburden 1956 Stockwater 15-20ft drawdown 


61  40C 188760 00 Charter Ranch 
Inc Spring    Overburden 1920 Stockwater May be impacted by 


subsidence 


62 18316  Charter, Boyd Well 443  4 Deep 
Underburden 1958 Stockwater May be mined through 


63  40C 108662 00 Signal Peak 
Energy LLC Spring    Overburden 1914 Stockwater May be impacted by 


subsidence 


64  40A 106925 00 Signal Peak 
Energy LLC Spring    Overburden 1914 Stockwater May be impacted by 


subsidence 
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Table 6-1: Continued. 


Map 
# 


GWIC 
ID 


DNRC Water 
Right Site Name Type TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) 


Stratigraphic 
Unit Date Use Anticipated Impact 


65  40A 188401 00 Signal Peak 
Energy LLC Spring    Overburden 1920 Stockwater May be impacted by 


subsidence 


66  40A 188402 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


67  40A 188403 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


68 127758 40A 80784 00 
Eastern 
Montana 
Mineral Inc 


Well 52 26 20 Overburden 1991 Stockwater 
Up to 40ft drawdown 
possible, may be impacted 
by subsidence 


69 194056  Bull Mtn. Land 
Co. Well 600 133 24 Deep 


Underburden 2001 Stockwater May have already been 
mined through 


70  40A 30006091 
Eastern 
Montana 
Mineral Inc 


Well 299  20 Underburden 2003 Stockwater 15-20ft drawdown 


71 18320  Johnson, Fred Well 204 143 15 Underburden 1954 Domestic 15-20ft drawdown 


72  40A 188400 00 BMP 
Investments Inc Spring    Overburden 1903 Stockwater May be impacted by 


subsidence 


73 18324  Johnson Well 190 45 15 Underburden  Stockwater 5-10ft drawdown 


74 1469 40A 188399 00 Signal Peak 
Energy LLC Well 360 180 3 Deep 


Underburden 1969 Stockwater  


75  40A 188416 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


76  40A 188418 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater 17415 undermined April 


2012, no impacts observed 


77  40A 188764 00 Signal Peak 
Energy LLC Spring    Overburden 1903 Stockwater 17315 undermined July 


2013, no impacts observed 
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78 127760 40A 80785 00 Signal Peak 
Energy LLC Well 730 482 15 Deep 


Underburden 1991 Stockwater  


79  40A 188414 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


80 127769 40A 80783 00 Signal Peak 
Energy LLC Well 130 70 15 Overburden 1991 Stockwater 


Up to 35ft drawdown 
possible, may be impacted 
by subsidence 


81 210277 40A 30008194 Two Lazy Two 
Ranch Inc Well 165 74 9 Overburden 2003 Stockwater 


Up to 40ft drawdown 
possible, may be impacted 
by subsidence 


82 206835  Charter, Steve Well 165 74 7 Overburden 2003 Stockwater 
Up to 45ft drawdown 
possible, may be impacted 
by subsidence 


83  40A 188763 00 Two Lazy Two 
Ranch Inc Spring    Overburden 1920 Stockwater May be impacted by 


subsidence 


84  43Q 60354 00 Glacier Park Co Spring   1 Overburden 1985 Stockwater May be impacted by 
subsidence 


85  43Q 52557 00 Glacier Park Co Spring   0.5 Overburden 1983 Stockwater Minor flow reduction due to 
drawdown possible 


86 18325  Pfister, William Well 195  15 Upper 
Underburden 1961 Stockwater 0-5ft drawdown 


87  43Q 30007519 Pfister, Ellen L Well    Unknown 2003 Stockwater 0-5ft drawdown 


88  43Q 195687 00 Pfister, Ellen L Spring   1.1 Overburden 1936 Stockwater May be impacted by 
subsidence 


89 705417  Pfister, L. Well   0.3 Overburden  Stockwater Up to 20ft drawdown 
possible 
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90 705418  Pfister, L. Well   0.8 Overburden  Stockwater Up to 20ft drawdown 
possible 


91  40A 73424 00 Pfister, Ellen L Pit   1 Overburden 1990 Stockwater May be impacted by 
subsidence 


92  40A 73423 00 Pfister, Ellen L Pit   1.5 Overburden 1990 Stockwater May be impacted by 
subsidence 


93  40A 195676 00 Pfister, Ellen L Spring    Overburden 1915 Stockwater 17165 undermined April 
2013, no impacts observed 


94  40A 73422 00 Pfister, Ellen L Spring   2 Overburden 1990 Stockwater 17145 undermined March 
2013, no impacts observed 


95  40A 188408 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater May be impacted by 


subsidence 


96  40A 188406 00 Signal Peak 
Energy LLC Spring    Overburden 1910 Stockwater 17185 undermined May 


2013, no impacts observed 


97 18330  Meged Bros. Well 250 150 8 Deep 
Underburden 1952 Stockwater  


98 196601  Bull Mtn. Land 
Co. LLC Well 600 201 22 Deep 


Underburden 2002 Stockwater  


99 18329  Meged Bros. Well 260  10 Deep 
Underburden 1958 Stockwater  


100  40A 73425 00 Pfister, Ellen L Pit   0.5 Overburden 1990 Stockwater May be impacted by 
subsidence 


101 705422  Pfister, L. Well    Unknown  Stockwater 0-5ft drawdown 


102 705423  Pfister Well 144   Overburden  Unused Up to 15ft drawdown 
possible 


103  43Q 44986 00 Pfister, Ellen L Well   0.5 Unknown 1982 Stockwater 0-5ft drawdown 
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104 209040 43Q 30011334 Pfister, Ellen L Well 380 141 4 Deep 
Underburden 2003 Stockwater  


105 705424  Pfister Well 270   Deep 
Underburden  Unused  


106 705426  Pfister, William Well 195  15 Underburden 1961 Unused 0-5ft drawdown 


107 138626 40C 86585 00 Wheeler, Sallie 
Busch Trust Well 470 330 3 Underburden 1993 Stockwater 0-5ft drawdown 


108  40C 109303 00 Wheeler, Sallie 
Busch Trust Well   3 Unknown 1960 Stockwater 0-5ft drawdown 


109  40C 109286 00 Wheeler, Sallie 
Busch Trust Spring    Overburden 1911 Stockwater Minor flow reduction due to 


drawdown possible 


110 19872  Tully Well   5 Unknown  Unknown 0-5ft drawdown 


111 19918  Van Driest Well 200  10 Underburden 1977 Stockwater 5-10ft drawdown 


112  40A 34272 00 
Montana, State 
Board of Land 
Commissioners 


Well   13 Unknown 1981 Stockwater 5-10ft drawdown 


113  40A 25840 00 
Montana, State 
Board of Land 
Commissioners 


Well   13 Unknown 1981 Stockwater 5-10ft drawdown 


114  40C 108656 00 Wheeler, Sallie 
Busch Trust Well   1 Unknown 1949 Stockwater  


115 19944 40C 109291 00 Wheeler, Sallie 
Busch Trust Well 59 45 20 MC/Upper 


Underburden 1961 Stockwater  


116  40C 108655 00 Wheeler, Sallie 
Busch Trust Well   20 Unknown 1961 Stockwater  


117  40C 108671 00 Wheeler, Sallie 
Busch Trust Well   20 Unknown 1961 Stockwater  
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118 208313 40C 30009594 
Parrott Creek 
Ranch LLC - Well 
#2 


Well 150 25 15 Upper 
Underburden 2003 Stockwater  


119  40C 109288 00 Wheeler, Sallie 
Busch Trust Spring    Overburden 1930 Stockwater Minor flow reduction due to 


drawdown possible 


120  40C 38974 00 Wheeler, Sallie 
Busch Trust Well 100  1.5 Underburden 1981 Stockwater 0-5ft drawdown 


121  40C 38975 00 Wheeler, Sallie 
Busch Trust Well 100  1.5 Underburden 1981 Stockwater 0-5ft drawdown 


122 234230  Anson, Tim Well 270 144 12 Deep 
Underburden 2006 Domestic & 


Stockwater  


123 246739  Champion, 
Robert A. Well 380 170 7 Deep 


Underburden 2008 Domestic  


124 183850 40C 112219 00 Sanborn, Darrell 
J & F. Juanita Well 256 205 10 Deep 


Underburden 1989 Domestic  


125 136662 40C 99005 00 
Briggs, Charlotte 
& John, & Ehlers 
Family Trust 


Well 177 95 10 Deep 
Underburden 1992 Domestic  


126 201760 40C 30013573 Miller, Elaine M 
& Mitchell R Well 350 174 7 Deep 


Underburden 2003 
Domestic & 
Lawn and 
Garden 


 


127  40C 30012624 Bogunovich, 
Sarah & Trevor Well    Underburden 2004 


Domestic & 
Lawn and 
Garden 


 


128 157650  Fahrenbach, 
Tony & Cynthia Well 415 185 6 Deep 


Underburden 1996 Domestic  
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129  40C 30007881 Beesley, Robert 
S Well    Underburden 2003 


Domestic & 
Lawn and 
Garden 


0-5ft drawdown 


130 19953 40C 64814 00 Bailey, Donald F 
& Joan S Well 140 90 20 Underburden 1938 Stockwater 0-5ft drawdown 


131 170383 40C 105807 00 Wheeler, Sallie 
Busch Trust Well 90 20 10 Upper 


Underburden 1998 Stockwater 5-10ft drawdown 


132  40C 109294 00 Wheeler, Sallie 
Busch Trust Spring    Overburden 1900 Stockwater Minor flow reduction due to 


drawdown possible 


133 19954 40C 109301 00 Wheeler, Sallie 
Busch Trust Well 20 18 10 Alluvium 1911 Stockwater  


134  40C 109290 00 Wheeler, Sallie 
Busch Trust Spring    Overburden 1912 Stockwater Minor flow reduction due to 


drawdown possible 


135  40C 109295 00 Wheeler, Sallie 
Busch Trust Spring   10 Overburden 1911 Stockwater Minor flow reduction due to 


drawdown possible 


136  40C 109293 00 Wheeler, Sallie 
Busch Trust Spring   10 Overburden 1911 Stockwater Minor flow reduction due to 


drawdown possible 


137  40C 109300 00 Wheeler, Sallie 
Busch Trust Spring   10 Overburden 1911 Stockwater Minor flow reduction due to 


drawdown possible 


138 19955 40C 64816 00 Wheeler, Sallie 
Busch Trust Well 250 200 3 Underburden 1961 Stockwater Up to 25ft drawdown 


possible 


139  40C 108651 00 Wheeler, Sallie 
Busch Trust Spring    Overburden 1914 Stockwater Flow reduction due to 


drawdown possible 


140 177461 40A 30001466 Thiele, Maureen 
C & Patrick A Well 298 166 5 Deep 


Underburden 1998 Domestic & 
Stockwater  


141 232077  Kubat, Michael 
S. Well 310 59 12 Deep 


Underburden 2006 Domestic  
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142 161859 40C 30001462 McFarlane, 
Tobin A Well 130 58 20 Upper 


Underburden 1995 Domestic & 
Stockwater 5-10ft drawdown 


143 19957 40C 64818 00 Bernhart, Sheri L 
& William J Well 36 31 10 Alluvium 1926 Stockwater  


144 130316 40C 83115 00 Bernhart, Sheri L 
& William J Well 90 35 12 Upper 


Underburden 1992 Domestic 5-10ft drawdown 


145 204757 40C 30026596 Tabor, Evalyne J 
& William D Well 350 90 9 Deep 


Underburden 2003 Domestic  


146 132711 40C 86620 00 
Duben, Michael 
J & Weese, 
Debra L 


Well 240 113 6 Deep 
Underburden 1992 


Domestic & 
Lawn and 
Garden 


 


147  40C 64817 00 Allen, Brian L & 
Larry J Spring   10 OB/MC 1925 Stockwater Flow reduction due to 


drawdown possible 


148  40C 188759 00 Charter Ranch 
Inc Spring    OB/MC 1920 Stockwater Flow reduction due to 


drawdown possible 


149 19958 40C 71634 00 
Hagood, 
Catherine S & 
James O 


Well 300 140 10 Deep 
Underburden 1989 Domestic  


150  40C 188757 00 Charter Ranch 
Inc Spring    Mammoth 


Coal 1920 Stockwater Flow reduction due to 
drawdown possible 
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1 43Q 197275 00 Mattfield, Connie M & 
Greg Dike 163.04 Unnamed Tributary of 


Razor Creek 1958 Irrigation  


2 43Q 189447 00 Mattfield, Connie M & 
Greg Dam  Unnamed Tributary of 


Razor Creek 1948 Livestock  


3 43Q 195695 00 Pfister, Ellen L Direct from 
Source  Spring, Unnamed Tributary 


of Pompeys Pillar Creek 1948 Livestock  


4 43Q 195699 00 Pfister, Ellen L Dam  Unnamed Tributary of 
Pompeys Pillar Creek 1938 Livestock  


5 43Q 195702 00 Pfister, Ellen L Dam  Unnamed Tributary of 
Pompeys Pillar Creek 1959 Livestock  


6 43Q 195701 00 Pfister, Ellen L Dam  Pompeys Pillar Creek, 
Middle Fork 1939 Livestock  


7 43Q 195700 00 Pfister, Ellen L Dam  
Unnamed Tributary of 
Unnamed Tributary of East 
Fork Razor Creek 


1945 Livestock  


8 43Q 108654 00 Signal Peak Energy, LLC Dam  Unnamed Tributary of 
Razor Creek 1950 Livestock  


9 43Q 42860 00 Montana, State Board 
of Land Commissioners Dam  Unnamed Tributary of 


Razor Creek 1945 Livestock  


10 40C 188740 00 Charter Ranch Inc Dam  Unnamed Tributary of 
Fattig Creek 1958 Livestock  


11 40C 188754 00 Charter Ranch Inc Dam  Unnamed Tributary of 
Fattig Creek 1920 Livestock  


12 40C 108669 00 Signal Peak Energy, LLC Dam  Unnamed Tributary of 
Fattig Creek 1973 Livestock May be impacted by 


subsidence 
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13 40A 188410 00 Signal Peak Energy, LLC Direct from 
Source  Rehder Creek 1957 Livestock  


14 40A 212187 00 Signal Peak Energy, LLC Headgate 91.74 Unnamed Tributary of 
Rehder Creek 1904 Irrigation  


15 40A 188404 00 Signal Peak Energy, LLC Direct from 
Source  Unnamed Tributary of 


Rehder Creek 1972 Livestock May be impacted by 
subsidence 


16 40A 188409 00 Signal Peak Energy, LLC Direct from 
Source  Rehder Creek 1920 Livestock May be impacted by 


subsidence 


17 40C 108665 00 Signal Peak Energy, LLC Dam  Unnamed Tributary of 
Fattig Creek 1973 Livestock May be impacted by 


subsidence 


18 40C 106923 00 Signal Peak Energy, LLC Dam  Unnamed Tributary of 
Fattig Creek 1973 Livestock May be impacted by 


subsidence 


19 40C 108663 00 Signal Peak Energy, LLC Dam  Unnamed Tributary of 
Fattig Creek 1950 Livestock May be impacted by 


subsidence 


20 40A 188421 00 Signal Peak Energy, LLC Diversion 
Dam & Dike 35.87 Unnamed Tributary of 


Rehder Creek 1903 Irrigation May be impacted by 
subsidence 


21 40A 188419 00 Signal Peak Energy, LLC Direct from 
Source  Unnamed Tributary of 


Rehder Creek 1950 Livestock May be impacted by 
subsidence 


22 40A 188766 00 Signal Peak Energy, LLC Natural 
Overflow 16.72 Unnamed Tributary of 


Rehder Creek 1903 Irrigation May be impacted by 
subsidence 


23 43Q 108658 00 Signal Peak Energy, LLC Direct from 
Source  Spring, Unnamed Tributary 


of Railroad Creek 1914 Livestock May be impacted by 
subsidence 


24 43Q 188739 00 Two Lazy Two Ranch 
Inc Dam  Unnamed Tributary of 


Railroad Creek 1950 Livestock  


25 43Q 188731 00 Two Lazy Two Ranch 
Inc 


Direct from 
Source  Spring, Unnamed Tributary 


of Railroad Creek 1920 Livestock Minor flow reduction due 
to drawdown possible 
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26 43Q 106427 00 Glacier Park Co Dam  Unnamed Tributary of 
Railroad Creek 1973 Livestock  


27 43Q 195703 00 Pfister, Ellen L Dam  Unnamed Tributary of 
Railroad Creek 1960 Livestock  


28 43Q 195677 00 Pfister, Ellen L Direct from 
Source  Spring, Unnamed Tributary 


of Railroad Creek 1959 Livestock May be impacted by 
subsidence 


29 40A 195704 00 Pfister, Ellen L Direct from 
Source  Unnamed Tributary of 


Rehder Creek 1914 Livestock May be impacted by 
subsidence 


30 40A 188415 00 Signal Peak Energy, LLC Direct from 
Source  Unnamed Tributary of 


Rehder Creek 1965 Livestock May be impacted by 
subsidence 


31 40A 188411 00 Signal Peak Energy, LLC Direct from 
Source  Unnamed Tributary of 


Rehder Creek 1965 Livestock May be impacted by 
subsidence 


32 43Q 195682 00 Pfister, Ellen L Direct from 
Source  Spring, Unnamed Tributary 


of Pompeys Pillar Creek 1942 Livestock Minor flow reduction due 
to drawdown possible 


33 43Q 106428 00 Glacier Park Co Dam  Unnamed Tributary of 
Railroad Creek 1973 Livestock  


34 43Q 195696 00 Pfister, Ellen L Dam  Unnamed Tributary of 
Pompeys Pillar Creek 1936 Livestock  
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11256 Stream Rehder Creek 2243130 745165 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


11756 Stream Rehder Creek 2232241 747364 
Trapezoidal Flume; 
Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


12186 Stream P.M. Draw 2242383 736086 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


12456 Stream P.M. Draw 2237542 741105 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


15116 Stream Rehder Creek 
Tributary 2248902 741305 Crest Gauge; Staff 


Gauge 
TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


16956 Stream Rehder Creek 
Tributary 2249711 741375 Crest Gauge; Staff 


Gauge 
TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


17516 Stream Rehder Creek 
Tributary 2250825 736840 Crest Gauge; Staff 


Gauge 
TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


52786 Stream Fattig Creek 
Tributary 2266732 755415 Crest Gauge; Staff 


Gauge 
TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


52996 Stream Fattig Creek 2269113 756414 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


53486 Stream Fattig Creek 2269245 748955 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


53796 Stream Fattig Creek 2269851 753362 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


71426 Stream Railroad Creek 2272144 732926 Crest Gauge; Staff 
Gauge 


TSS auto-sampler, 
grab sample 


Monthly; 
Event Based 


Monthly; 
Event Based 


Monthly; 
Event Based 


11115 Spring Rehder Creek 2246215 749310 Tank Grab sample Monthly Semi-annually Monthly 
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14115 Spring Rehder Creek 2261622 737086 Visual Estimate  Quarterly  Quarterly 
14155 Spring Rehder Creek 2262863 737867 Visual Estimate  Quarterly  Quarterly 
14165 Spring Rehder Creek 2261398 738933 Visual Estimate  Quarterly  Quarterly 
14255 Spring Rehder Creek 2258985 740478 Visual Estimate Grab sample Monthly Semi-annually Monthly 
14325 Spring Rehder Creek 2255672 741609 V-Flume & Transducer Grab sample Continuous Quarterly Monthly 
14405 Spring Rehder Creek 2255682 743736 Visual Estimate  Quarterly  Quarterly 
14415 Spring Rehder Creek 2254605 743035 Visual Estimate  Quarterly  Quarterly 
14535 Spring Rehder Creek 2252202 743756 Visual Estimate  Quarterly  Quarterly 
14655 Spring Rehder Creek 2250996 746870 Visual Estimate  Semi-annually  Semi-annually 
14785 Spring Rehder Creek 2247965 745633 Tank  Quarterly  Quarterly 
16135 Spring Rehder Creek  2261608 733229 Visual Estimate Grab sample Monthly Semi-annually Monthly 
16145 Spring Rehder Creek  2261032 733099 V-Notch Weir  Monthly  Monthly 
16165 Spring Rehder Creek  2261443 734256 Visual Estimate  Monthly  Monthly 
16255 Spring Rehder Creek  2259933 734358 Visual Estimate Grab sample Monthly Semi-annually Monthly 
16275 Spring Rehder Creek  2259532 735065 Visual Estimate  Semi-annually  Semi-annually 
16355 Spring Rehder Creek  2258106 735482 Visual Estimate Grab sample Monthly Semi-annually Monthly 
16365 Spring Rehder Creek  2257265 735888 V-Flume & Transducer Grab sample Continuous Semi-annually Monthly 
16625 Spring Rehder Creek  2254634 738756 Visual Estimate Grab sample Monthly Semi-annually Monthly 
16655 Spring Rehder Creek  2253695 739380 V-Flume & Transducer Grab sample Continuous Semi-annually Monthly 
16755 Spring Rehder Creek  2253948 740872 V-Notch Weir Grab sample Monthly Semi-annually Monthly 
16855 Spring Rehder Creek  2251713 740628 Visual Estimate Grab sample Semi-annually Semi-annually Semi-annually 
16955 Spring Rehder Creek  2250438 741406 Visual Estimate Grab sample Semi-annually Semi-annually Semi-annually 
17115 Spring Rehder Creek  2258627 724797 Visual Estimate Grab sample Monthly Semi-annually Monthly 
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17145 Spring Rehder Creek  2258434 726008 Pipe Grab sample Monthly Semi-annually Monthly 
17165 Spring Rehder Creek  2257134 727554 Visual Estimate  Monthly  Monthly 
17185 Spring Rehder Creek  2256019 728820 Tank Grab sample Monthly Semi-annually Monthly 
17255 Spring Rehder Creek  2256659 730038 Visual Estimate  Quarterly  Quarterly 
17275 Spring Rehder Creek  2255989 730704 Tank Grab sample Monthly Semi-annually Monthly 
17315 Spring Rehder Creek  2253867 731225 Visual Estimate Grab sample Monthly Semi-annually Monthly 
17415 Spring Rehder Creek  2250935 734183 V-Flume & Transducer Grab sample Continuous Semi-annually Monthly 
17515 Spring Rehder Creek  2250825 736840 Visual Estimate  Monthly  Monthly 
17655 Spring Rehder Creek  2256345 734300 Visual Estimate  Quarterly  Quarterly 
17685 Spring Rehder Creek  2254979 736246 V-Flume & Transducer Grab sample Continuous Semi-annually Monthly 


41125 Spring East Parrot 
Creek 2247940 751661 Visual Estimate  Quarterly  Quarterly 


41165 Spring East Parrot 
Creek 2248645 757080 Visual Estimate  Quarterly  Quarterly 


41185 Spring East Parrot 
Creek 2247856 757197 Visual Estimate  Quarterly  Quarterly 


41215 Spring East Parrot 
Creek 2253677 753805 Visual Estimate  Quarterly  Quarterly 


51255 Spring Fattig Creek 2275266 754372 Visual Estimate  Quarterly  Quarterly 
52125 Spring Fattig Creek  2260595 743255 Visual Estimate  Monthly  Monthly 
52145 Spring Fattig Creek  2260377 744781 Visual Estimate  Semi-annually  Semi-annually 
52165 Spring Fattig Creek  2261456 747018 Visual Estimate  Quarterly  Quarterly 
52225 Spring Fattig Creek  2258180 744869 Visual Estimate Grab sample Quarterly Semi-annually Quarterly 
52375 Spring Fattig Creek  2259226 749861 Visual Estimate  Semi-annually  Semi-annually 
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52455 Spring Fattig Creek  2261799 750729 Visual Estimate  Monthly  Monthly 
52535 Spring Fattig Creek  2255549 751705 Visual Estimate  Quarterly  Quarterly 
52545 Spring Fattig Creek  2255952 753680 Visual Estimate  Semi-annually  Semi-annually 
52565 Spring Fattig Creek  2259665 752395 Visual Estimate  Semi-annually  Semi-annually 
52655 Spring Fattig Creek  2263453 753109 Visual Estimate Grab sample Monthly Semi-annually Monthly 
52855 Spring Fattig Creek  2268562 756045 Visual Estimate  Semi-annually  Semi-annually 
53115 Spring Fattig Creek 2264374 737763 Visual Estimate  Quarterly  Quarterly 
53125 Spring Fattig Creek 2263929 737147 Visual Estimate  Quarterly  Quarterly 
53175 Spring Fattig Creek 2266384 741452 Visual Estimate  Monthly  Monthly 
53195 Spring Fattig Creek 2268751 743280 Visual Estimate Grab sample Monthly Semi-annually Monthly 
53285 Spring Fattig Creek 2269087 742409 Visual Estimate  Semi-annually  Semi-annually 
53385 Spring Fattig Creek 2269946 743127 Visual Estimate  Semi-annually  Semi-annually 
53455 Spring Fattig Creek 2268991 747058 Visual Estimate  Semi-annually  Semi-annually 
53465 Spring Fattig Creek 2269042 747509 Visual Estimate  Semi-annually  Semi-annually 
53475 Spring Fattig Creek 2269177 747854 Visual Estimate  Semi-annually  Semi-annually 
53485 Spring Fattig Creek 2269108 748289 Visual Estimate Grab sample Monthly Semi-annually Monthly 
53495 Spring Fattig Creek 2269098 749407 Visual Estimate  Semi-annually  Semi-annually 
53535 Spring Fattig Creek 2263562 744452 Visual Estimate  Semi-annually  Semi-annually 
53575 Spring Fattig Creek 2265960 746081 Visual Estimate  Semi-annually  Semi-annually 
53635 Spring Fattig Creek 2273577 743214 Visual Estimate  Semi-annually  Semi-annually 
53685 Spring Fattig Creek 2270443 749299 Visual Estimate  Semi-annually  Semi-annually 
53755 Spring Fattig Creek 2267559 751020 Visual Estimate  Quarterly  Quarterly 
53855 Spring Fattig Creek 2267787 753212 Tank  Semi-annually  Semi-annually 
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Table 7-1: Continued. 


Site 
ID 


Site 
Type Drainage 


Easting  
(NAD 83 
St. Pl. ft) 


Northing  
(NAD 83 
St. Pl. ft) 


Instrumentation Measurement Frequency 


Water Depth/Flow Water Quality 
Sampling 


Water 
Depth/Flow 


Water Quality 
Sampling 


Field 
Parameters 


71115 Spring Railroad Creek 2264471 736014 Pipe Grab sample Monthly Semi-annually Monthly 
71125 Spring Railroad Creek 2263708 734467 Visual Estimate  Quarterly  Quarterly 
71355 Spring Railroad Creek 2269864 731716 Visual Estimate  Semi-annually  Semi-annually 
71465 Spring Railroad Creek 2274099 731481 Visual Estimate Grab sample Monthly Semi-annually Monthly 
72115 Spring Railroad Creek  2262601 730712 Visual Estimate  Semi-annually  Semi-annually 
72125 Spring Railroad Creek  2263679 730196 Tank Grab sample Quarterly Semi-annually Quarterly 
72155 Spring Railroad Creek  2264391 729091 Visual Estimate Grab sample Monthly Semi-annually Monthly 
72175 Spring Railroad Creek  2265968 727858 Visual Estimate  Semi-annually  Semi-annually 
72185 Spring Railroad Creek  2267075 726193 Visual Estimate  Monthly  Monthly 


81155 Spring Pompeys Pillar 
Creek 2266334 723991 Visual Estimate  Quarterly  Quarterly 


81165 Spring Pompeys Pillar 
Creek 2262458 725677 Visual Estimate  Quarterly  Quarterly 


81185 Spring Pompeys Pillar 
Creek 2269252 717586 Visual Estimate Grab sample Monthly Semi-annually Monthly 


81235 Spring Pompeys Pillar 
Creek 2265443 716045 Visual Estimate  Monthly  Monthly 


81335 Spring Pompeys Pillar 
Creek 2262627 714193 Visual Estimate Grab sample Monthly Semi-annually Monthly 


14417 Pond Rehder Creek 2253945 743056 Staff Gauge  Monthly  Monthly 
14537 Pond Rehder Creek 2252324 743528 Staff Gauge  Monthly  Monthly 
14857 Pond Rehder Creek 2247449 744692 Staff Gauge  Monthly  Monthly 
16667 Pond Rehder Creek 2252402 740538 Staff Gauge  Monthly  Monthly 
17147 Pond Rehder Creek 2258679 726377 Staff Gauge  Monthly  Monthly 
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Table 7-1: Continued. 


Site 
ID 


Site 
Type Drainage 


Easting  
(NAD 83 
St. Pl. ft) 


Northing  
(NAD 83 
St. Pl. ft) 


Instrumentation Measurement Frequency 


Water Depth/Flow Water Quality 
Sampling 


Water 
Depth/Flow 


Water Quality 
Sampling 


Field 
Parameters 


17257 Pond Rehder Creek 2256931 729989 Staff Gauge  Monthly  Monthly 
17317 Pond Rehder Creek 2254674 730947 Staff Gauge  Monthly  Monthly 
17417 Pond Rehder Creek 2250821 734670 Staff Gauge  Monthly  Monthly 
17517 Pond Rehder Creek 2250264 737682 Staff Gauge  Monthly  Monthly 
17817 Pond Rehder Creek 2249218 740142 Staff Gauge  Monthly  Monthly 
17917 Pond Rehder Creek 2249201 740889 Staff Gauge  Monthly  Monthly 
52227 Pond Fattig Creek 2258527 745467 Staff Gauge Grab sample Monthly Semi-annually Monthly 
53757 Pond Fattig Creek 2269413 751201 Staff Gauge  Semi-annually  Semi-annually 


81157 Pond Pompeys Pillar 
Creek 2266163 723765 Staff Gauge  Monthly  Monthly 


81237 Pond Pompeys Pillar 
Creek 2264947 716260 Staff Gauge  Semi-annually  Semi-annually 


81327 Pond Pompeys Pillar 
Creek 2261454 716856 Staff Gauge  Semi-annually  Semi-annually 
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Table 7-2: Groundwater monitoring plan. 


Well ID 
Easting 


(NAD 83 
St. Pl. ft) 


Northing 
(NAD 83 
St. Pl. ft) 


Elevation 
(NAD 83 
St. Pl. ft) 


Total 
Depth 


(ft) 


Aquifer 
Monitored 


Measurement Frequency 


Water Levels Water Quality Sampling Field Parameters 


BMP1 2248041 744632 3,906 36.5 Alluvium Monthly Semi-annually Semi-annually 
BMP2 2248182 744990 3,924 63 Overburden Bi-monthly Annually Annually 
BMP3 2248346 744994 3,929 185 Mammoth Coal Bi-monthly Annually Annually 
BMP4 2255682 749254 4,212 201 Overburden Semi-annually Annually Annually 
BMP5 2255685 749245 4,212 498 Mammoth Coal Quarterly Annually Annually 
BMP6 2255689 749234 4,211 519 Underburden Semi-annually Annually Annually 
BMP7 2255451 737490 4,200 292 Overburden Quarterly Annually Annually 
BMP8 2255438 737503 4,199 398 Mammoth Coal Quarterly Annually Annually 
BMP9 2255467 737476 4,200 418 Underburden Quarterly Annually Annually 
BMP10 2256494 730204 4,344 350 Overburden Quarterly Semi-annually Semi-annually 
BMP11 2256494 730189 4,344 458 Mammoth Coal Quarterly Semi-annually Semi-annually 
BMP12 2256498 730171 4,344 493 Underburden Quarterly Semi-annually Semi-annually 
BMP13 2266268 749132 3,929 38 Overburden Semi-annually     
BMP14 2266253 749127 3,929 157 Mammoth Coal Semi-annually Annually Annually 
BMP15 2266241 749123 3,930 191.5 Underburden Semi-annually Annually Annually 
BMP16 2242406 745436 3,812 37 Alluvium Monthly Semi-annually Monthly 
BMP17 2255697 741694 4,105 9 Alluvium Monthly Semi-annually Semi-annually 
BMP18 2233526 747133 3,703 16 Alluvium Monthly     
BMP19 2252715 743301 4,017 10 Alluvium Monthly     
BMP20 2247703 741845 3,910 31 Alluvium Monthly     
BMP21 2271846 737779 4,322 456 Mammoth Coal Semi-annually Annually Annually 
BMP22 2271829 737768 4,322 291 Overburden Semi-annually     
BMP23 2271863 737776 4,322 78 Overburden Annually     
BMP24 2245530 731473 4,079 187 Underburden Semi-annually     
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Table 7-2: Continued. 


Well ID 
Easting 


(NAD 83 
St. Pl. ft) 


Northing 
(NAD 83 
St. Pl. ft) 


Elevation 
(NAD 83 
St. Pl. ft) 


Total 
Depth 


(ft) 


Aquifer 
Monitored 


Measurement Frequency 


Water Levels Water Quality Sampling Field Parameters 


BMP25 2245519 731488 4,079 158 Mammoth Coal Annually     
BMP26 2238112 741019 3,798 14 Alluvium Quarterly Annually Annually 
BMP27 2245415 733346 4,017 15 Alluvium Quarterly     
BMP28 2237553 735770 3,915 7 Alluvium Quarterly     
BMP29 2238500 735785 4,006 45 Overburden Quarterly Annually Annually 
BMP30 2238514 735785 4,006 77 Mammoth Coal Quarterly Annually Annually 
BMP31 2238537 735785 4,006 228 Underburden Quarterly Semi-annually Semi-annually 
BMP32 2250345 741365 3,971 12 Alluvium Quarterly Semi-annually Semi-annually 
BMP33 2243983 744108 3,836 31.4 Alluvium Monthly Semi-annually Semi-annually 
BMP34 2250739 736179 4,045 110 Overburden Monthly; Transducer Quarterly Quarterly 
BMP35 2250818 741484 3,974 6 Alluvium Annually     
BMP36 2249371 739401 3,962 10 Alluvium Annually     
BMP38 2243694 743879 3,850 129 Underburden Monthly     
BMP39 2244751 740072 4,068 280 Underburden Quarterly Semi-annually Semi-annually 
BMP40 2242130 735985 3,885 8.5 Alluvium Annually     
BMP43 2248761 741080 3,934 49.5 Overburden Monthly Semi-annually Semi-annually 
BMP44 2248786 741132 3,933 257 Underburden Monthly     
BMP45 2250307 737923 3,991 10.2 Alluvium Monthly Semi-annually Semi-annually 
BMP46 2250148 744481 3,959 27.5 Alluvium Quarterly Annually Annually 
BMP47 2250110 744436 3,955 40 Overburden Quarterly     
BMP48 2246591 742513 3,889 16 Alluvium Quarterly     
BMP49 2246803 742636 3,893 37 Alluvium Quarterly     
BMP50 2246827 742602 3,895 60 Overburden Semi-annually     
BMP52 2243802 743925 3,850 58.5 Overburden Monthly Semi-annually Semi-annually 
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Table 7-2: Continued. 


Well ID 
Easting 


(NAD 83 
St. Pl. ft) 


Northing 
(NAD 83 
St. Pl. ft) 


Elevation 
(NAD 83 
St. Pl. ft) 


Total 
Depth 


(ft) 


Aquifer 
Monitored 


Measurement Frequency 


Water Levels Water Quality Sampling Field Parameters 


BMP53 2229679 750479 3,647 39 Alluvium Monthly Semi-annually Monthly 
BMP54 2229680 750270 3,658 34.5 Alluvium Monthly   Monthly 
BMP55 2229679 750108 3,660 58.5 Underburden Quarterly Annually Annually 
BMP56 2253775 739349 4,088 340 Underburden Monthly Annually Annually 
BMP57 2253804 739369 4,092 30 Overburden Monthly Semi-annually Semi-annually 
BMP58 2250732 736241 4,047 168 Overburden Monthly; Transducer     
BMP59 2251270 734097 4,090 14 Alluvium Monthly     
BMP60 2251013 733983 4,102 50 Overburden Monthly; Transducer   Semi-annually 
BMP61 2255072 736011 4,177 10.5 Alluvium Monthly Semi-annually Semi-annually 
BMP62 2258233 735380 4,296 11 Alluvium Monthly Annually Annually 
BMP63 2260869 733093 4,487 126.1 Overburden Semi-annually Annually Annually 
BMP66 2261656 746663 4,038 160 Overburden Semi-annually Annually Annually 
BMP67 2269565 756301 3,678 9 Alluvium Quarterly     
BMP68 2250870 736927 4,018 10 Alluvium Monthly   Semi-annually 
BMP69 2261787 725407 4,213 170 Overburden Quarterly     
BMP70 2261798 725406 4,213 274 Mammoth Coal Quarterly Semi-annually Semi-annually 
BMP71 2261811 725405 4,213 308 Underburden Quarterly Semi-annually Semi-annually 
BMP72 2254684 738862 4,127 13 Alluvium Monthly Semi-annually Semi-annually 
BMP73 2251312 740708 4,055 17 Overburden Bi-monthly Semi-annually Semi-annually 
BMP75 2257921 753215 4,083 59.5 Overburden Annually     
BMP76 2269519 756365 3,679 18 Alluvium Monthly     
BMP77 2269608 756240 3,679 17 Alluvium Monthly Semi-annually Semi-annually 
BMP78 2263635 735944 4,570 127 Overburden Semi-annually Annually Annually 
BMP79 2257898 753211 4,084 399 Underburden Semi-annually Annually Annually 
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Table 7-2: Continued. 


Well ID 
Easting 


(NAD 83 
St. Pl. ft) 


Northing 
(NAD 83 
St. Pl. ft) 


Elevation 
(NAD 83 
St. Pl. ft) 


Total 
Depth 


(ft) 


Aquifer 
Monitored 


Measurement Frequency 


Water Levels Water Quality Sampling Field Parameters 


BMP80 2272109 732642 3,933 7.5 Alluvium Monthly Semi-annually Semi-annually 
BMP81 2270773 734245 4,052 63 Overburden Semi-annually Annually Annually 
BMP82 2270770 734261 4,052 164 Mammoth Coal Semi-annually Annually Annually 
BMP83 2270766 734272 4,053 193 Underburden Semi-annually Annually Annually 
BMP86 2245387 728769 3,969 11.5 Mammoth Coal Semi-annually     
BMP87 2235022 747155 3,726 42 Alluvium Monthly Semi-annually Monthly 
BMP88 2233654 746246 3,711 38 Alluvium Quarterly     
BMP89 2250200 744543 3,964 17 Alluvium Quarterly     
BMP90 2251078 733997 4,097 30 Overburden Monthly; Transducer Semi-annually Semi-annually 
BMP91 2255094 735983 4,178 75 Overburden Quarterly     
BMP92 2268496 746997 3,843 38.5 Mammoth Coal Semi-annually Annually Annually 
BMP93 2266883 755374 3,726 16.5 Alluvium Monthly Semi-annually Semi-annually 
BMP94 2257921 769863 3,723 39.5 Underburden Annually     
BMP95 2257911 769864 3,724 35.5 Mammoth Coal Annually     
BMP97 2257904 769703 3,702 12 Alluvium Semi-annually     
BMP98 2256652 769180 3,719 27.5 Underburden Annually     
BMP102 2254188 729897 4,296 285 Overburden Semi-annually     
BMP103 2245550 744264 3,858 33.5 Alluvium Annually     
BMP104 2243893 743954 3,840 10.5 Alluvium Monthly     
BMP105 2229682 749961 3,663 30 Alluvium Quarterly     
BMP107 2244933 739032 4,081 155 Overburden Semi-annually     
BMP108 2250069 744380 3,954 10 Alluvium Quarterly     
BMP109 2247040 742740 3,897 16 Alluvium Quarterly     
BMP111 2253964 739134 4,093 13 Alluvium Annually     
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Table 7-2: Continued. 


Well ID 
Easting 


(NAD 83 
St. Pl. ft) 


Northing 
(NAD 83 
St. Pl. ft) 


Elevation 
(NAD 83 
St. Pl. ft) 


Total 
Depth 


(ft) 


Aquifer 
Monitored 


Measurement Frequency 


Water Levels Water Quality Sampling Field Parameters 


BMP112 2251134 734008 4,096 15.5 Alluvium Monthly     
BMP113 2251167 734016 4,095 12 Alluvium Monthly     
BMP115 2254382 722527 4,043 54 Mammoth Coal Semi-annually Annually Annually 
BMP116 2254393 722538 4,044 100 Underburden Monthly     
BMP117 2258366 714857 3,897 80 Underburden Monthly Annually Annually 
BMP118 2266395 725744 4,092 108 Overburden Monthly Semi-annually Semi-annually 
BMP119 2266382 725728 4,092 139 Mammoth Coal Quarterly Annually Annually 
BMP120 2266369 725713 4,091 160 Underburden Monthly Semi-annually Semi-annually 
BMP121 2238600 735897 4,002 467 Underburden Quarterly     
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Table 8-1: Springs with greater than 1.0 gpm average flow rate (Baseline data 1989-1991). 
Spring Site Avg Flow Rate (gpm) Source Spring Name 


14115 1.75 OB Red Fork Spring 
14165 1.81 OB  
14785 1.33 OB  
16145 1.90 OB  
16275 1.09 OB  
16625 1.34 OB  
17145 1.40 OB Bull Spring 
17165 2.25 OB  
17185 3.64 OB  
17275 3.58 OB  
17515 2.10 OB  
17655 2.02 OB  
51255 3.89 UB  
52125 1.30 OB  
52165 1.19 OB  
52455 4.60 OB Dugout Spring 
52535 2.33 OB  
52655 3.76 MC Wedding Cliff Spring 
53115 1.95 OB Spring Below Cliff 
53155 1.50 OB  
53175 4.96 OB Black Canyon Spring 
53195 4.39 OB  
53285 1.13 OB  
53415 2.63 OB  
53455 4.13 MC  
53485 4.44 MC "40" Spring 
53755 1.65 MC Lake Louise Spring 
71115 4.37 OB Big Spring 
72125 1.70 OB Mountain Spring 
72155 3.78 OB  
72175 2.42 OB  
72185 2.84 OB Deputy Dam Spring 
14255 7.68 OB  
16135 8.00 OB Dunn Corner Spring 
16255 5.61 OB  
16365 9.61 OB  
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12.1.1.1.1 Table 8-1: Continued. 
Spring Site Avg Flow Rate (gpm) Source Spring Name 


16955 7.65 OB  
17315 5.05 AL  
17685 6.06 OB  
53475 9.75 MC  
71465 7.55 UB Lower Railroad Creek Spring 
14325 11.97 OB Busse Water 
16355 17.40 AL  
16655 15.10 OB Cold Water Spring 
17415 10.88 OB Litsky Spring 


OB – Overburden, UB – Underburden, MC - Mammoth Coal, AL - Alluvium 
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Table 8-2: Baseline water quality summary statistics: Streams. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm)  168-1640 556 507 10 0 8 
pH - Lab@25°C (SU) 6.6-8.4 7.5 0.64 10 0 8 
Acidity 0.0-0.0 0.0 0.0 10 0 8 
Alkalinity as CaCO3 78-485 170 153 10 0 8 
Bicarbonate as HCO3 95-569 204 181 10 0 8 
Carbonate as CO3 0.0-11 1.2 3.3 10 0 8 
NO3-NO2 Nitrogen as N <0.05-1.0 0.23 0.33 10 4 8 
Sodium Absorption Ratio 0.01-1.02 0.251 0.316 10 0 8 
Sulfate 12-520 134 168 10 0 8 
Total Dissolved Solids 89-1180 369 360 10 0 8 
Total Suspended Solids <1.0-2420 994 994 10 1 8 
Aluminum <0.1-10.9 4.82 4.10 10 1 8 
Arsenic <0.005-0.009 0.006 0.002 10 5 8 
Barium 0.1-1.6 0.39 0.47 10 0 8 
Boron <0.1-0.1 0.1 0.0 10 10 8 
Cadmium <0.001-0.010 0.003 0.004 10 6 8 
Calcium 28-128 55.5 36.0 10 0 8 
Chloride <1.0-13 5.3 4.1 10 2 8 
Chromium <0.02-<0.02 <0.02 0.00 10 11 8 
Fluoride <0.1-0.4 0.1 0.09 10 6 8 
Iron 0.06-11.9 4.59 4.09 10 0 8 
Lead <0.01-0.06 0.02 0.02 10 5 8 
Magnesium <1.0-148 34.9 51.6 10 1 8 
Manganese <0.02-4.39 1.31 1.49 10 2 8 
Mercury <0.001-<0.001 <0.001 0.000 10 11 8 
Molybdenum <0.005-<0.005 <0.005 0.000 10 11 8 
Nickel <0.03-0.03 0.03 0.00 10 9 8 
Phosphorus 0.01-0.73 0.19 0.27 10 0 8 
Potassium 9.0-32 16 8.4 10 0 8 
Selenium <0.005-<0.005 <0.005 0.000 10 11 8 
Silver <0.000-<0.005 <0.005 0.002 10 11 8 
Sodium <1.0-65 13 22 10 2 8 
Vanadium <0.1-<0.1 <0.1 0.0 10 11 8 
Zinc <0.01-0.14 0.045 0.039 10 2 8 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 8-3: Baseline water quality summary statistics: Ponds. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm) 219-2220 1410 670 20 0 16 
pH – Lab@25°C (SU) 7.5-8.6 8.2 0.35 20 0 16 
Acidity 0.0-0.0 0.0 0.0 20 0 16 
Alkalinity as CaCO3 125-757 477 215 20 0 16 
Bicarbonate as HCO3 153-924 570 262 20 0 16 
Carbonate as CO3 0.0-22 6.0 7.3 20 0 16 
NO3-NO2 Nitrogen as N <0.05-0.41 0.081 0.092 20 9 16 
Sodium Absorption Ratio <0.01-3.64 0.935 0.941 20 1 16 
Sulfate 2.0-922 422 291 20 0 16 
Total Dissolved Solids 148-1650 1010 520 20 0 16 
Total Suspended Solids <1.0-173 35.9 45.2 20 1 16 
Aluminum <0.1-1.4 0.37 0.36 20 4 16 
Arsenic <0.005-0.007 0.005 0.001 20 12 16 
Barium <0.1-0.5 0.2 0.1 20 3 16 
Boron <0.1-0.2 0.1 0.03 20 6 16 
Cadmium <0.001-0.002 0.001 0.000 20 10 16 
Calcium 30-114 77.5 23.5 20 0 16 
Chloride 1.0-18 9.0 4.7 20 0 16 
Chromium <0.02-<0.02 <0.02 0.00 20 15 16 
Fluoride <0.1-0.53 0.27 0.12 20 2 16 
Iron <0.03-2.8 0.58 0.82 20 2 16 
Lead <0.01-0.02 0.011 0.003 20 14 16 
Magnesium 10-221 141 75.4 20 0 16 
Manganese <0.02-1.2 0.18 0.32 20 4 16 
Mercury <0.001-<0.001 <0.001 0.000 20 15 16 
Molybdenum <0.005-<0.005 <0.005 0.000 20 15 16 
Nickel <0.03-<0.03 <0.03 0.00 20 15 16 
Phosphorus <0.01-0.04 0.02 0.008 20 1 16 
Potassium 6.0-18 11 3.2 20 0 16 
Selenium <0.005-<0.005 <0.005 0.000 20 15 16 
Silver <0.005-<0.005 <0.005 0.000 20 15 16 
Sodium <1.0-249 65.9 67.9 20 1 16 
Vanadium <0.1-<0.1 <0.1 0.0 20 15 16 
Zinc <0.01-0.02 0.01 0.004 20 9 16 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 8-4: Baseline water quality summary statistics: Springs. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm) 356-6240 1580 755 231 0 37 
pH - Lab@25°C (SU) 7.1-10.0 7.9 0.36 231 0 37 
Acidity 0.0-0.0 0.0 0.0 229 0 37 
Alkalinity as CaCO3 153-1750 519 161 231 0 37 
Bicarbonate as HCO3 187-2140 626 194 231 0 37 
Carbonate as CO3 0.00-212 2.25 15.0 231 0 37 
NO3-NO2 Nitrogen as N <0.05-6.2 0.31 0.50 230 61 37 
Sodium Absorption Ratio 0.17-13.1 1.62 1.85 231 0 37 
Sulfate 11-3020 466 397 231 0 37 
Total Dissolved Solids 226-6030 1120 659 231 0 37 
Total Suspended Solids <1.0-552 32.9 93.0 136 38 36 
Aluminum <0.0-2.6 0.19 0.33 231 174 37 
Arsenic <0.000-0.033 0.005 0.002 231 222 37 
Barium <0.0-0.3 0.1 0.03 231 169 37 
Boron <0.0-0.3 0.1 0.04 231 82 37 
Cadmium <0.000-0.100 0.001 0.007 231 213 37 
Calcium 27-138 83.0 21.3 231 0 37 
Chloride 2.0-86 11 8.4 230 0 37 
Chromium <0.00-0.02 0.02 0.001 231 230 37 
Fluoride <0.1-23 0.53 1.5 231 1 37 
Iron <0.00-5.79 0.305 0.727 231 70 37 
Lead <0.00-0.04 0.01 0.003 230 215 37 
Magnesium 17-706 139 70.7 231 0 37 
Manganese <0.01-0.82 0.057 0.10 230 146 37 
Mercury <0.000-0.001 0.001 0.000 231 230 37 
Molybdenum <0.000-0.013 0.005 0.001 231 219 37 
Nickel <0.000-0.03 0.03 0.002 231 230 37 
Phosphorus <0.01-0.16 0.015 0.016 231 141 37 
Potassium <1.0-96 9.2 8.0 231 1 37 
Selenium <0.000-0.024 0.005 0.002 231 221 37 
Silver <0.000-0.006 0.005 0.000 230 228 37 
Sodium 6.0-888 111 130 231 0 37 
Vanadium <0.000-0.1 0.1 0.007 230 229 37 
Zinc <0.00-8.96 0.120 0.661 231 82 37 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 8-5: Summary of hydraulic conductivity (K) results.  


Hydrogeologic Unit Number of 
Tests 


Geometric Mean 
of K (ft/day) 


Min K 
(ft/day) 


Max K 
(ft/day) 


Alluvium 7 28 0.075 150 
Shallow Fractured Overburden 7 6.1 1.5 23 
Overburden 13 0.018 0.00061 0.6 
Mammoth Coal 15 0.16 0.011 6.2 
Underburden 33 0.013 0.0012 1.0 
source: Table 304(6)-9 (Meridian, 1990) 
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Table 8-6: Baseline water quality summary statistics: Alluvial Wells. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm) 759-2360 1625 312 44 0 11 
pH - Lab@25°C (SU) 6.5-8.3 7.8 0.35 44 0 11 
Acidity 0.0-0.0 0.0 0.0 44 0 11 
Alkalinity as CaCO3 292-639 456 61.6 44 0 11 
Bicarbonate as HCO3 357-780 557 75.2 44 0 11 
Carbonate as CO3 0.0-0.0 0.0 0.0 44 0 11 
NO3-NO2 Nitrogen as N 0.09-8.37 1.10 1.30 44 0 11 
Sodium Absorption Ratio 0.47-3.53 1.34 0.579 44 0 11 
Sulfate 143-1000 535 199 44 0 11 
Total Dissolved Solids 493-1850 1184 289 44 0 11 
Aluminum <0.1-0.2 0.1 0.02 44 42 11 
Arsenic <0.005-<0.005 <0.005 0.000 44 44 11 
Barium <0.1-0.2 0.1 0.03 44 36 11 
Boron <0.1-0.3 0.1 0.04 44 16 11 
Cadmium <0.001-0.010 0.001 0.001 44 37 11 
Calcium 68-148 105 19.3 44 0 11 
Chloride 3.0-23 12 3.5 44 0 11 
Chromium <0.02-<0.02 <0.02 0.00 44 44 11 
Fluoride 0.21-0.60 0.32 0.091 44 0 11 
Iron <0.03-0.31 0.050 0.054 44 32 11 
Lead <0.01-0.01 0.01 0.00 44 42 11 
Magnesium 57-233 140 28.1 44 0 11 
Manganese <0.02-0.26 0.026 0.037 43 42 11 
Mercury <0.001-<0.001 <0.001 0.000 44 44 11 
Molybdenum <0.005-0.006 0.005 0.000 44 42 11 
Nickel <0.03-<0.03 <0.03 0.00 44 44 11 
Phosphorus <0.01-0.24 0.033 0.049 44 24 11 
Potassium 6.0-14 9.2 1.8 44 0 11 
Selenium <0.005-<0.005 <0.005 0.000 44 44 11 
Silver <0.005-<0.005 <0.005 0.000 44 44 11 
Sodium 22-255 90.2 43.4 44 0 11 
Vanadium <0.1-<0.1 <0.1 0.0 44 44 11 
Zinc  <0.01-0.12 0.027 0.026 44 14 11 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 8-7: Baseline water quality summary statistics: Overburden Wells. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm) 464-3330 1644 585 77 0 16 
pH - Lab@25°C (SU) 6.8-8.7 7.7 0.37 77 0 16 
Acidity 0.0-0.0 0.0 0.0 77 0 16 
Alkalinity as CaCO3 249-1410 519 161 77 0 16 
Bicarbonate as HCO3 304-1720 640 251 77 0 16 
Carbonate as CO3 0.0-27 0.66 3.7 77 0 16 
NO3-NO2 Nitrogen as N <0.05-9.2 0.62 1.4 77 39 16 
Sodium Absorption Ratio 0.25-35.9 5.12 8.19 77 0 16 
Sulfate 12-1410 457 301 77 0 16 
Total Dissolved Solids 250-2700 1143 487 77 0 16 
Aluminum <0.1-9.5 0.25 1.1 77 70 16 
Arsenic <0.005-0.016 0.005 0.002 77 71 16 
Barium <0.1-0.5 0.1 0.06 77 63 16 
Boron <0.1-0.3 0.1 0.04 77 34 16 
Cadmium <0.001-0.006 0.001 0.001 77 65 16 
Calcium 9.0-285 90.7 54.0 77 0 16 
Chloride <1.0-23 9.6 4.6 77 2 16 
Chromium <0.02-<0.02 <0.02 0.00 77 77 16 
Fluoride <0.1-2.3 0.55 0.62 77 4 16 
Iron <0.03-91.8 1.44 10.5 77 25 16 
Lead <0.01-0.11 0.012 0.011 77 71 16 
Magnesium 5.0-225 96.3 57.8 77 0 16 
Manganese <0.02-3.18 0.155 0.379 77 17 16 
Mercury <0.000-<0.001 <0.001 0.000 77 77 16 
Molybdenum <0.005-0.148 0.011 0.022 77 60 16 
Nickel <0.03-<0.03 <0.03 0.00 77 77 16 
Phosphorus <0.01-0.24 0.028 0.041 77 44 16 
Potassium 3.0-94 11 17 77 0 16 
Selenium <0.005-0.005 0.005 0.000 77 76 16 
Silver <0.005-<0.005 <0.005 0.000 77 77 16 
Sodium 10-636 178 155 77 0 16 
Vanadium <0.1-<0.1 <0.1 0.0 77 77 16 
Zinc  <0.01-0.82 0.097 0.12 77 5 16 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 8-8: Baseline water quality summary statistics: Mammoth Coal Wells. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm) 1400-3730 2272 775 45 0 10 
pH - Lab@25°C (SU) 7.0-9.8 8.1 0.71 45 0 10 
Acidity 0.0-0.0 0.0 0.0 45 0 10 
Alkalinity as CaCO3 299-812 492 110 45 0 10 
Bicarbonate as HCO3 321-991 571 157 45 0 10 
Carbonate as CO3 0.0-131 14.3 33.5 45 0 10 
NO3-NO2 Nitrogen as N <0.05-2.0 0.13 0.29 45 26 10 
Sodium Absorption Ratio 1.29-43.1 18.7 15.2 45 0 10 
Sulfate 251-1690 798 478 45 0 10 
Total Dissolved Solids 862-2970 1608 679 45 0 10 
Aluminum <0.1-1.4 0.15 0.20 45 36 10 
Arsenic <0.005-0.008 0.005 0.000 45 42 10 
Barium <0.1-0.1 0.1 0.0 45 44 10 
Boron <0.1-0.2 0.1 0.03 45 16 10 
Cadmium <0.001-0.003 0.001 0.000 45 40 10 
Calcium 3.0-189 67.2 65.7 45 0 10 
Chloride 6.0-30 9.8 4.5 45 0 10 
Chromium <0.02-<0.02 <0.02 0.00 45 45 10 
Fluoride 0.11-2.8 0.57 0.51 45 0 10 
Iron <0.03-3.68 0.297 0.715 45 20 10 
Lead <0.01-0.02 0.01 0.001 45 41 10 
Magnesium 2.0-146 69.0 66.4 45 0 10 
Manganese <0.02-0.38 0.057 0.074 45 15 10 
Mercury <0.001-<0.001 <0.001 0.000 45 45 10 
Molybdenum <0.005-0.036 0.006 0.006 45 40 10 
Nickel <0.03-<0.03 <0.03 0.00 45 45 10 
Phosphorus <0.01-0.11 0.024 0.022 45 19 10 
Potassium 3.0-32 9.8 7.1 45 0 10 
Selenium <0.005-<0.005 <0.005 0.000 45 45 10 
Silver <0.005-0.006 0.005 0.000 45 44 10 
Sodium 85-712 405 202 45 0 10 
Vanadium <0.1-0.1 <0.1 0.0 45 45 10 
Zinc  <0.01-1.28 0.215 0.259 45 1 10 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 8-9: Baseline water quality summary statistics: Underburden Wells. 


Parameter1 Min-Max Mean Standard 
Deviation 


No. of 
samples2 


No. of Non-
Detects3 


No. of 
Sites 


Spec Cond - Lab@25°C (uS/cm) 1440-4280 2721 757 85 0 12 
pH - Lab@25°C (SU) 6.4-9.1 7.8 0.52 85 0 12 
Acidity 0.0-0.0 0.0 0.0 85 0 12 
Alkalinity as CaCO3 221-1160 548 207 85 0 12 
Bicarbonate as HCO3 270-1420 663 256 85 0 12 
Carbonate as CO3 0.0-43 3.1 9.0 85 0 12 
NO3-NO2 Nitrogen as N <0.05-1.55 0.285 0.391 85 29 12 
Sodium Absorption Ratio 0.77-43.2 13.4 12.9 85 0 12 
Sulfate 216-2680 1121 555 85 0 12 
Total Dissolved Solids 943-4520 2139 878 85 0 12 
Aluminum <0.1-2.7 0.23 0.48 85 72 12 
Arsenic <0.005-0.012 0.005 0.001 85 77 12 
Barium <0.1-0.1 0.1 0.0 85 82 12 
Boron <0.1-1.1 0.20 0.24 85 27 12 
Cadmium <0.001-0.007 0.001 0.001 85 72 12 
Calcium 7.0-293 108 94.3 85 0 12 
Chloride 6.0-98 21 21 85 0 12 
Chromium <0.02-<0.02 <0.02 0.00 85 85 12 
Fluoride <0.1-3.0 0.67 0.74 85 4 12 
Iron <0.03-11.5 0.62 1.9 85 50 12 
Lead <0.01-0.04 0.01 0.004 85 77 12 
Magnesium 2.0-577 154 191 85 0 12 
Manganese <0.02-0.53 0.099 0.11 84 17 12 
Mercury <0.001-<0.001 <0.001 0.000 85 85 12 
Molybdenum <0.005-0.109 0.010 0.017 85 57 12 
Nickel <0.03-<0.03 <0.03 0.00 85 85 12 
Phosphorus <0.01-0.17 0.021 0.027 85 43 12 
Potassium 4.0-41 13 5.9 85 0 12 
Selenium <0.005-0.006 0.005 0.000 85 84 12 
Silver <0.005-<0.005 <0.005 0.000 85 85 12 
Sodium 63-765 379 204 85 0 12 
Vanadium <0.1-<0.1 <0.1 0.0 85 85 12 
Zinc  <0.01-1.07 0.175 0.211 85 6 12 
1 All units are mg/l unless otherwise noted. 
2 All samples were collected between 4/89 and 10/91. 
3 Non-detects assigned the value of the detection limit in calculation of mean and standard deviation. 
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Table 9-1: Description of MPDES discharge points (outfalls). 


Outfall Latitude Longitude Description Receiving 
Water 


Receiving Water 
Classification 


001 46º16’32.42”N 108º25’44.55”W 
Overflow over spillway; Treated storm water runoff from coal 
piles, storage, and shop areas; occasional alkaline mine water 
pumped from Pond F. 


PM Draw C-3 


002 46º16’22.83”N 108º25’34.56”W 
Overflow over spillway; Treated storm water runoff from coal 
preparation plant and associated areas; occasional alkaline mine 
water pumped from Pond F. 


PM Draw C-3 


004 46º16’19.31”N 108º25’40.53”W 


Overflow over spillway; Treated storm water runoff from coal 
storage piles, coal preparation plant and associated areas, and 
fuel station areas; occasional alkaline mine water pumped from 
Pond F. 


PM Draw C-3 


005A 46º16’05.30”N 108º25’16.04”W 
Overflow over spillway; Treated storm water runoff from 
disturbed areas and waste storage area; occasional alkaline mine 
water pumped from Pond F. 


PM Draw C-3 


005B 46º16’2”N 108º25’8”W Direct discharge into waterway; Treated storm water runoff 
from reclaimed areas. PM Draw C-3 


006 46º16’13.53”N 108º25’28.63”W 
Overflow over spillway; Treated storm water runoff from 
disturbed areas and waste storage area. Also receives 
underground (alkaline mine) drainage 


PM Draw C-3 


008 46º17’06.52”N 108º24’37.93”W Overflow over spillway; Treated storm water runoff from waste 
storage and soil stockpile areas, alkaline mine discharge. Rehder Creek C-3 


009 46º17’09.79”N 108º24’59.37”W Overflow over spillway; Treated storm water runoff from soil 
stockpile areas. Rehder Creek C-3 


010 46º16’12.10”N 108º25’38.70”W Overflow over spillway; Treated storm water runoff from coal 
preparation plant associated areas. PM Draw C-3 
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Table 9-2: 2011 Effluent characteristics: MPDES Permit MT0028983. 


Parameter Units Permit 
Limits1 Minimum Maximum Mean2 Number of 


Samples 
Boron, dissolved mg/L -- <0.1 0.2 0.13 8 
Flow, 30-day average gal/min -- 93 609 309 8 
Flow, instantaneous maximum gal/min -- 180 2767 819 8 
Iron, total mg/L 6.0/3.0 0.27 38.003 9.75 8 
Oil and grease mg/L 10/-- <1 5.2 2.4 8 
pH su 6.0 - 9.0 7.54 9.74 8.33 11 
Settleable solids ml/L 0.5/ -- <0.5 0.7 0.5 8 
Total suspended solids mg/L 70/35 <10 12603 430 8 
1 Permit limits (except pH) are expressed as daily maximum/average monthly. 
2 Non-detects assigned a value equal to the detection limit in calculation of mean. 
3 This value was measured during a precipitation event; corresponding effluent limit does not apply. 
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Table 9-3: 2013 Effluent characteristics: MPDES Permit MT0028983. 


Parameter Units Permit 
Limits1 Minimum Maximum Mean2 Number of 


Samples 
Temperature F 


 
46.6 70.9 56.4 8 


Flow gpd 
 


57 32,316,480 5,597,478 8 
SC uS/cm 


 
820 2,685 1,431 8 


Sulfate mg/L 
 


244 1,610 709 8 
pH s.u. 6.0 - 9.0 7.47 8.66 8.1 8 
Settleable solids ml/L 0.5/ -- <0.2 64 <0.2 8 
Oil and Grease mg/L 10/-- <5.1 <5.3 <5.2 8 
Nitrogen, total mg/L 


 
0.67 3.9 2.49 8 


TKN mg/L 
 


0.7 3.2 1.43 8 
Nitrite + nitrate mg/L 


 
0.21 3.2 1.30 8 


Phosphorus, total mg/L 
 


0.016 0.67 0.23 8 
SAR n/a 


 
0.69 1.1 0.96 8 


Arsenic, total ug/L 
 


2.3 9.5 4.53 8 
Cadmium, total ug/L 


 
<0.08 0.17 0.11 8 


Copper, total ug/L 
 


0.97 29 9.86 8 
Iron, total mg/L 6.0/3.0 0.43 18.43 6.363 8 
Lead, total ug/L 


 
0.57 18 6.01 8 


Nickel, total ug/L 
 


3.5 19 10.1 8 
Silver, total ug/L 


 
<0.5 <0.5 <0.5 8 


Zinc, total ug/L 
 


5.5 66 26.1 8 
Aluminum, total ug/L 


 
750 11,100 3,908 8 


Aluminum, diss ug/L 
 


12 272 81 8 
Selenium, total ug/L 


 
1.4 16 6.1 8 


TDS mg/L 
 


253 2,270 850 8 
Mercury, total ug/L 


 
<0.2 <0.2 <0.2 8 


Total Suspended Solids  mg/L 70/35 NA NA3 NA NA 
1 Permit limits (except pH) are expressed as daily maximum/average monthly. 
2 Non-detects assigned a value equal to the detection limit in calculation of mean. 
3 This value was measured during a precipitation event; corresponding effluent limit does not apply. 
4 Violation issued 
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