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INTRODUCTION 

Spring Creek Coal, LLC (SCC) submitted a major revision application(Application) on 
November 1, 2013, to the Montana Department of Environmental Quality (DEQ) for a major 
revision to their surface mine permit (C1979012), known as the TR1 Project, at the Spring 
Creek Mine (SCM), an existing surface coal mine near Decker, Montana (MT) (Figure 1). 
The SCM is operated by the Navajo Transitional Energy Company, LLC (NTEC).  

The proposed TR1 Project would allow SCC to mine approximately 72 million additional 
tons of coal and disturb an additional 977 acres within the existing permit boundary. The 
TR1 Project would extend the life of the mine by approximately four years, from 2027 to 
2031. The proposed mine disturbance would use existing infrastructure at the SCM. The 
approved surface mining permit boundary would remain the same at 9,220 acres (Figure 
2). The TR1 Project would change the currently-approved postmine topography to better 
resemble the premine topography and provide additional flat-benched areas for sage 
grouse habitat. 

DEQ’S RESPONSIBILITIES AND PURPOSE OF THE WRITTEN FINDINGS 

Responsibilities 

DEQ is responsible for administrating the Montana Strip and Underground Mine 
Reclamation Act (MSUMRA) (82-4-201 et seq., MCA) and the implementing rules (ARM 
17.24.301-1309) adopted under MSUMRA. The permitting decision before DEQ is to make a 
decision under its MSUMRA authority. 

In addition, DEQ has the responsibility of fulfilling the requirements of the Montana 
Environmental Policy Act (MEPA) (Section 75-1-101, et seq., MCA) MEPA requires an 
environmental review of actions taken by the State of Montana that may significantly affect 
the quality of the human environment. The intent of the environmental review is to inform 
the public and public officials of the anticipated impacts in Montana associated with the 
TR1 Project. This environmental review, culminating in the issuance of the Final EIS on 
March 12, 2020, was conducted to fulfill the requirements of MEPA.  

DEQ’s need for the action, under MEPA, was to analyze the potential environmental 
impacts from the project in order to make a more fully informed decision prior to approval 
or disapproval of the Application under Section 82-4-227, MCA. In accordance with 75-1-
201(4)(a), MCA, DEQ cannot impose measures on any permit, in this case, the surface-mine 
permit, as part of the MEPA review process beyond what is required for compliance with 
MSUMRA and other state statutes. However, nothing prevents SCC and DEQ from mutually 
developing measures that may, at the request of the applicant, be incorporated into a 
permit or other authority to act, (75-1-201(4)(b), MCA). The conditions under which DEQ 
could deny the TR1 Project are described in the Final EIS (see Section 1.4, Agency Roles 
and Responsibilities). 

The Montana Environmental Policy Act (MEPA), Section 75-1-201, et seq., Montana Code 
Annotated (MCA), requires the preparation of an EIS for state actions that may significantly 
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affect the quality of the human environment. The EIS includes a detailed statement on the 
environmental impact of the proposed action and a no action alternative. DEQ issued a 
Draft EIS on August 27, 2019 and made the draft available for public review and comment 
for 30 days. The Final EIS addresses issues and concerns raised during the public comment 
period and at a public meeting. All new information and analysis supplied during the 
comment period and developed in response to comments received were used to prepare 
the Final EIS. 

Written Findings 

The purpose of this document is to set forth DEQ’s decision on SCC’s Application and the 
reason for the decision. In accordance with ARM 17.4.629 (1), at the time of the agency’s 
decision concerning a proposed action for which an EIS was prepared, the agency shall 
prepare a concise public record of decision. This record of decision has been integrated 
into DEQ’s Written Findings documenting the permitting decision under MSUMRA and 
fulfills the requirements of MEPA.  

Part one of the Written Findings contains the MEPA record of decision and describes the 
alternatives considered, documents DEQ’s decision, the reason for the decision, and the 
special conditions surrounding the decision or its implementation. Part two serves as the 
Written Findings which documents DEQ’s MSUMRA permitting decision.  The agency action 
at issue is DEQ’s permitting decision. The decision is based on information provided by SCC 
in its Application, the Draft EIS (2019) and Final EIS (2020), the Written Findings (Part II), 
and the Cumulative Hydrologic Impact Assessment (CHIA). The CHIA includes an analysis 
of impacts on the hydrologic balance and an assessment of the Probable Hydrologic 
Consequences of the proposed project.   
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Figure 1. Project Location 
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Figure 2. Proposed TR1 Project 
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I. RECORD OF DECISION

DEQ has prepared a concise public Record of Decision (ROD) for the Spring Creek Mine TR1 
Project EIS. Pursuant to ARM 17.4.629(1), the following sections constitute DEQ’s ROD. 

DESCRIPTION OF THE ALTERNATIVES 

DEQ evaluated two alternatives in the EIS: a No Action Alternative and the Proposed 
Action. The Proposed Action included additional mitigation measures. MEPA’s 
implementing rules require a “reasonable alternatives analysis,” including a “no action 
alternative,” in an EIS. In accordance with MEPA, DEQ is required to consider alternatives 
that are realistic and technologically available and that represent a course of action that 
bears a logical relationship to the proposal being evaluated, ARM 17.4.603(2)(b). The 
alternatives are summarized below and described fully in Chapter 2 of the Final EIS. 
Alternatives considered but eliminated from further analysis are also summarized below 
and described in detail in Section 2.4 of the Final EIS. 

No Action Alternative 

Under the No Action Alternative, the SCM TR1 application would not be approved by DEQ 
for one or more of the conditions for denial listed in Section Error! Reference source not 
found. of the EIS. SCM would continue to operate the mine and process coal produced 
within their current disturbance area. At an average production rate of approximately 18 
million tons per year, the mine life is expected to continue through approximately 2027.  

Selection of the No Action Alternative would not have changed the status of the Spring 
Creek Mine that is currently permitted and being mined and/or reclaimed by SCC (see Final 
EIS, Section 2.2). 

Proposed Action Alternative (Selected Alternative) 

Under the Proposed Action, SCM would add 977 acres of additional disturbance to expand 
mining in pits and add approximately 72 million tons of recoverable coal. The mine life 
would be extended approximately 4 years to 2031 at an annual production rate of 18 
million tons. The additional coal reserves are of similar coal quality compared to the 
currently leased and permitted coal mining reserves and annual coal production would not 
change. The number of employees and facilities would not change, but their employment 
and use would be extended by approximately 4 years. 

The overall permit boundary would remain unchanged at 9,220 acres. The total life-of-
mine disturbance within the permit boundary would increase by 977 acres from the 
current 6,134 acres to the proposed 7,111 acres. 

Mitigation Measures 

Sage Grouse On-going Mitigations: These measures include best practices to reduce noise 
impacts to wildlife, particularly for the predicted topsoil salvage noise level at the Pasture 
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lek. The best practices are listed in the revised SCM Fish and Wildlife Plan (ARM 17.24.312) 
in the TR1 Project Application (SCM, 2017b) and include: 

• Minimize surface disturbance activities to the extent practicable (e.g., soil salvage,
road construction, grubbing, logging, exploratory drilling, etc.) during the primary
breeding season for most species in the region (i.e., April 1 through July 31);

• Honor sage grouse lek buffers to the extent practicable and schedule disturbance
activities near active leks to occur outside the breeding season; and

• Monitor all environmental variables, including vegetation, soils, wildlife (terrestrial
and aquatic, as warranted), water and air quality/meteorology, to proactively
mitigate mine related impacts.

SCM would complete the wildlife mitigation required under stipulations from Federal Coal 
Lease Modification MTM-069782 and Land Use Lease MTM-74913 including the 
development of a Habitat Recovery and Replacement Plan (HRRP) to mitigated for impacts 
to sage grouse and other wildlife habitats in the disturbance area. Some of the HRRP tasks 
are linked with reclamation of the TR1 Project Area and will only be completed if the TR1 
Project is approved by the DEQ and the Federal Mine Plan revision approved by the OSM. 
The HRRP tasks are provided in Table 2.2-1 of the EIS. 

Sage Grouse Compensatory Mitigation: SCC would also deposit compensatory mitigation 
funding in the amount of $107,727 into the Montana Sage Grouse Oversight Team’s 
Stewardship Fund.  

Cultural Resource Mitigation: SCC would be required to completed mitigation before the 
disturbance of one site that is recommended as eligible for the National Register of Historic 
Places. 

COMPARISON OF ALTERNATIVES 

Table 1.1
 Comparison of Effects by Alternative and 

Resource Resource No Action Proposed Action (with 
Mitigations) 

Air Quality Excellent air quality with limited 
local sources of pollutants and 
consistent wind dispersion. SCM 
to continue to control fugitive 
dust per SCM’s Montana Air 
Quality Permit (MAQP) #1120-
12. 

Air quality would continue to be 
excellent. An estimated annual 
emission of PM10 of 668.53 tons 
per year over the additional 4 
years if mine life. Fugitive dust 
would continue to be controlled 
per SCM’s MAQP #1120-12 

Land Use SCM would not expand mining 
to the TR1 area and approved 
land use would remain 
unchanged. The 977 acres of 

Surface disturbance for the 
additional 977 acres would be 
reclaimed to 748 acres of wildlife 
habitat and 229 acres of Grazing 

D-000241



7 

grazing land would not be 
disturbed.  

Land. 

Noise SCM would not expand mining 
to the TR1 area and existing 
noise levels are estimated to be 
approximately L90 15 dBA and 
L50 20 dBA, which are typical for 
sparsely populated, rural 
locations, with man-made noise 
sources intermittently higher. 
The predicted L50 noise levels 
would exceed ambient noise by 
more than +10 L50 dBA during 
pre-strip operations at 3 of the 4 
nearest leks. 

Expanded mining in Pits 1, 2, and 6 
would result in short-term noise 
impacts at 3 sage grouse leks. The 
L50 noise levels are predicted to 
exceed the ambient noise by more 
than +10 L50 dBA at the Pasture lek 
during topsoil salvage in 2029, 
when the equipment is closest to 
the lek.  

Socioeconomics SCM would maintain current 
level of 281 employees for about 
5 years (at 13 to 14 million tons 
per year); would increase to 340 
employees with increase to 18 
million tons per year. Total 
annual taxes and royalties paid 
to Montana to remain at 
approximately $42 million. 

Maintain approximately 281 to 340 
employees and income for an 
additional 4 to 7 years. Total taxes 
and royalties of $42 to $59.5 
million would continue to be paid 
to Montana over 4 to 7 more years. 

Soils SCM would not expand mining 
to the TR1 area and there would 
be no impacts to soils on the 977 
acres. 

An additional 977 acres would be 
disturbed with long-term and 
moderate impacts to soil physical 
properties, loss of soil structure, 
soil compaction, and potential soil 
erosion. Soil productivity would 
return to previous levels within 10 
years after reclamation. 

Transportation SCM would continue to ship coal 
by rail, with an incidental 
amount by truck hauling, until 
all recoverable coal is mined in 
approximately 2027. An annual 
average daily traffic (AADT) 
count on Highway 314 would 
continue at about 176. 

Continue to ship coal for about 4 
additional years using the same 
methods and daily traffic counts. 

Vegetation and 
Reclamation 

SCM would not expand mining 
to the TR1 area and there would 
be no impacts to vegetation on 
the 977 acres. 

The TR1 area supports sagebrush, 
grassland (including cheatgrass), 
greasewood, and limited stands of 
juniper in the draws and steeper 
slopes. Mining disturbances could 
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result in additional weed 
infestations that would require 
monitoring and treatment. Much of 
TR1 reclamation is at the end of 
mining because of lengthening 
existing haul roads to recover the 
additional coal reserves. As a 
result, the haul road areas would 
be left unreclaimed for longer 
periods. (SCM would pay sage 
grouse compensatory mitigation 
amount of $107,727 for loss of 615 
functional acres of sage grouse 
habitat.) 

Water Mining would continue in the 
current permit area but not 
expand into the TR1 area. 
Existing impacts include 
reductions in the surface flow in 
Pearson Creek and reductions in 
the flow of the Anderson-Dietz 
(A-D) aquifer to the Tongue 
River Reservoir. Impacts to 
ground water would taper off 
over the remaining life of mine. 

Most of the TR1 expands mining 
within the South Fork Spring Creek 
and Pearson Creek Drainage areas 
as shown in Figure 3.11-1. The TR1 
revision would also reduce surface 
flow within the South Fork Pearson 
Creek ephemeral stream channel. 
The Proposed Action is modeled to 
discharge at approximately 157 
gallons per minute to the Tongue 
River Reservoir from mining the A-
D aquifer. As a result, the Proposed 
Action Alternative is projected to 
reduce ground water flow by an 
additional 28 gallons per minute or 
45 acre-feet per year. Impacts 
would continue until TR1 Project 
Area is reconnected with Pearson 
Creek and the Tongue River 
Reservoir. 

Wildlife Wildlife habitat consists of 
sagebrush-steppe, upland 
grassland, bottomland, 
reclaimed grasslands, and 
agriculture fields. Impacts 
general to all wildlife species 
include mortality, disturbance, 
and habitat loss and would 
primarily be from road kill, 

SCM has completed or nearly 
completed 12 of 14 HRRP 
requirements in advance of the 
TR1 Project. SCM also voluntarily 
participates in the CCAA related to 
TR1 to help minimize impacts to 
sage grouse and other 
anthropogenic activities in the 
area. SCM also submitted the SOSI 
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collisions with powerlines and 
fences, and trapping in pits. 
These impacts would continue 
through the life of the mine but 
would be minimized through 
reclamation and continued 
adherence to existing plans that 
are part of the SCM permit. 
Additional voluntary 
conservation measures (CCAA, 
SOSI) would also help minimize 
impacts to wildlife, including 
sage grouse. 

Plan to provide broad, long-term 
direction for management of 
wildlife species of special interest 
that occur in the SCM wildlife 
monitoring area. 
(SCM would pay sage grouse 
compensatory mitigation amount 
of $107,727 for loss of 615 
functional acres of sage grouse 
habitat.) 

Cultural 
Resources 

There would be no additional 
ground disturbance with the 
potential to disturb cultural 
sites. Sites in the TR1 Project 
Area will continue to degrade 
naturally, which may result in 
data loss over time. 

TR1 would adversely affect one site 
that has been determined to be 
eligible for the NRHP. The 
approved mitigation plan for the 
one site would be completed prior 
to disturbance.  

PUBLIC INVOLVEMENT 

MEPA provides for public review and comment at the initiation of a project during scoping 
and once the environmental analysis is made available in the draft EIS document. Issues 
were identified from public scoping comments, from other agencies’ comments, and from 
internal discussions. Relevant issues were identified as ones with potential associated 
impacts that would adversely affect a resource area; these were retained for detailed 
analysis in this EIS. Nonrelevant issues were either beyond the scope of the Proposed 
Action, not supported by scientific evidence, or have no unresolved conflicts to resources 
(EQC, 2013); these nonrelevant issues were not carried forward for detailed analysis. 
Resource areas anticipated to be affected by the Proposed Action are provided in Section 
1.6.1. of the Final EIS. Resources with no anticipated impacts or which are outside the 
scope of the analysis are presented in Section 3.2 of the Final EIS. 

The SCM TR1 Project EIS scoping period began on April 6, 2018 and ended on May 7, 2018. 
DEQ held a scoping meeting and open house on April 18, 2018 at the Hardin High School in 
Hardin, Montana. The full transcript for the scoping meeting is included in the 
Administrative Record. DEQ also accepted written comments at the meeting, on DEQ’s 
website, and by regular mail. DEQ published a legal notice of the scoping period and public 
meeting in the Big Horn County News, Billings Gazette, and Sheridan Press during the 
weeks of April 8 and April 15, 2018.  

The draft EIS was made available for public review and comment on August 27, 2019 with 
a 30-day comment period ending September 26, 2019. DEQ issued a press release 
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announcing the comment period and a public meeting. The public meeting was held 
September 11, 2019 from 6:00 to 8:00 pm at the Big Horn County Extension Office in 
Hardin, Montana. Oral and written comments were accepted at the meeting. 

Written and oral comments on the draft EIS appear in their entirety along with DEQ’s 
responses to the comments in Appendix B. 

DECISION  
DEQ, selects the Proposed Action with stipulations, consistent with SCC’s TR1 Application 
for C1979012 and as described in the Final EIS, as the selected alternative.  The reasons for 
this decision and the conditions surrounding the decision are addressed in detail below 
and in Part II, MSUMRA Written Findings, Conditions/Modification.  

REASON FOR DEQ’S DECISION 

The reason DEQ selected the Proposed Action with conditions is that it complies with the 
regulatory requirements of MSUMRA (see Part II: MSUMRA Written Findings), is 
sufficiently protective of resources in the project area and vicinity and is implementable by 
DEQ. As documented in the Final EIS, the Proposed Action meets the project’s stated 
purpose and need (Section 1.3) and is consistent with all applicable regulatory 
requirements (Section 1.4), while minimizing potential impacts (Section 2.6.1). In 
addition, Proposed Action addresses the issues of concern identified during the scoping 
process. Additional information for DEQ’s decision is addressed in detail in Part II, 
MSUMRA Written Findings, Conditions/Modification. 

MSUMRA’s regulatory requirements and environmental performance standards are 
protective of resources. Pursuant to ARM 17.24.405 and 82-4-227, MCA, MSUMRA provides 
all practical means to avoid or minimize environmental harm, including, without limitation, 
measures addressing water quality and quantity impacts, wildlife impacts, reclamation, and 
other measures. DEQ determined that SCC’s TR1 Application was complete on December 6, 
2013 and acceptable under MSUMRA on February 10, 2020.  

SPECIAL CONDITIONS SURROUNDING THE DECISION 

As a condition of this approval in order to mitigate for Greater Sage-grouse (GRSG) habitat 
impacts  and pursuant to Section 82-4- 227(2)(a) and 82-4-231(10)(j), MCA), SCC shall, prior 
to undertaking any ground-disturbing activities in connection with TR-1, offer for deposit 
via wire transfer or cashier’s check consisting or cleared and available funds, a financial 
contribution of $107,727 to the Montana Sage Grouse Oversight Team (MSGOT) Stewardship 
Account for Compensatory Mitigation for impacts to GRSG habitat, or to such other or 
additional account or recipient as DEQ may thereafter designate (Mitigation Funding). Such 
Mitigation Funding shall be used to implement grazing systems, conservation easements, or 
to buy or retire private mineral leases either within the lands identified as crucial sage 
grouse habitat in the SEIS area or having similar habitat characteristics.  
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APPEAL OF DEQ’s MEPA DECISION 75-1-201(5)(a)(ii), MCA 

Any action or proceeding challenging a final agency decision alleging failure by DEQ to 
comply with or inadequate compliance with a MEPA requirement must be brought in state 
district court or in federal court, as appropriate, within 60 days after issuance of the record 
of decision pursuant to Section 75-1-201(5)(a)(ii), MCA. 

ADDITIONAL INFORMATION 

The Final EIS and electronic copies of this record of decision & Written Findings can be 
downloaded as PDFs from DEQ’s webpage:  http://deq.mt.gov/Public/ea/coal. For 
additional information regarding the Final EIS or to request a CD version of the Final EIS, 
please contact the DEQ Project Coordinator, Jen Lane, DEQ Director’s Office, DEQ, PO Box 
200901, Helena, MT 59620-0901, 406-444-4956, JLane2@mt.gov. 

APPROVAL 

This record of decision is effective on signature. 

3/27/2020 

Shaun McGrath, Director Date 
Montana Department of Environmental Quality 
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II. MSUMRA WRITTEN FINDINGS

Table I - Introductory Table 

Applicant ………………………………………………………… Spring Creek Coal, LLC (SCC) 
Name of Mine ………………………………………………..... Spring Creek Coal Mine (SCM) 
MSHA Number ………………………………………………… 24-01457
Type of Mine …………………………………………………… Strip 
Type of Application …………………………………………. Major Revision 
Area within existing permit boundary (acres) …... 9,220 
Proposed Increase in Permit Area (Acres) ………… 0 
Total proposed permit area (acres) ………………….. 9,220 

FINDINGS 

Table II – Permit and Review Chronology 

March 2, 2012 DEQ receives Minor Revision MR168 to add LBM and Land 
Agreements, which was re-submitted as Major Revision TR1. 

November 1, 2013 Application for Major Revision TR1 is received. 

December 5, 2013 DEQ sends out First Round Completeness Deficiency 

December 5, 2013 DEQ receives response to First Round Completeness Deficiency. 

December 6, 2013 DEQ determines that Major Revision TR1 is complete. 

December 11, 2013 DEQ sends out the notice of application. 

February 12, 2014 DEQ receives the affidavit of publication from SCC. The Public 
Notice was published December 19 and 26 and January 2 and 9, 
2014 in the Big Horn County News. 

February 10, 2014 

March 31, 2014 

DEQ receives comments from Western Environmental Law Center 
and Northern Plains Resource Council. 

DEQ sends out First Round Acceptability Deficiency. 
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August 18, 2014 DEQ receives SCC’s response to the first-round acceptability 
deficiency for Major Revision TR1. 

December 9, 2014 DEQ sends the second-round deficiency letter to SCC. 

March 11, 2015 DEQ receives SCC’s response to the second-round acceptability 
deficiency for TR1. 

June 17, 2015 DEQ sends the third-round deficiency letter to SCC. 

July 9, 2015 DEQ receives SCC’s response to the third-round acceptability 
deficiency for TR1. 

September 11, 2015 DEQ sends the fourth-round deficiency letter to SCC. 

November 3, 2015 DEQ receives SCC’s response to the fourth-round acceptability 
deficiency for TR1. 

December 21, 2015 DEQ sends the fifth-round deficiency letter to SCC. 

May 4, 2016 DEQ receives SCC’s response to the fifth-round acceptability 
deficiency for TR1. 

June 20, 2016 DEQ sends the sixth-round deficiency letter to SCC. 

July 20, 2016 DEQ receives SCC’s response to the sixth-round acceptability 
deficiency for TR1. 

June 20/27, 2016 DEQ received a copy of the SCC Resource Recovery and Protection 
Plan (R2P2). 

June 28, 2016 DEQ sends the seventh-round deficiency letter to SCC. 

June 28, 2017 DEQ receives SCC’s response to the seventh-round acceptability 
deficiency for TR1. 

October 2017 DEQ begins the EIS process for TR1. 

February 10, 2020 DEQ found that the TR1 original application, submitted on 
November 1, 2013, and revised through June 28, 2017, is 
acceptable, and the applicant has complied with Montana's 
permanent regulatory program.  See Administrative Rule of 
Montana (ARM) 17.24.406(a). 
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February 10, 2020 DEQ publishes Notice of Acceptability in the Billings Gazette on 
February 13 and 20, 2020. No comments were received.  

February 12, 2020 DEQ receives a public records request from Montana 
Environmental Information Center.  

March 12, 2020 DEQ issues the Final Environmental Impact Statement for TR1. 

1. DEQ found that the Major Revision TR1 application, submitted on November 1,
2013, and revised through June 28, 2017, is complete and accurate, and the
applicant has complied with Montana's permanent regulatory program.  See
Administrative Rule of Montana (ARM) 17.24.405(6)(a).

2. The applicant has demonstrated that reclamation, as required by the Montana Strip
and Underground Mine Reclamation Act and implementing rules, can be
accomplished under the proposed reclamation plan (see ARM) 17.24.405(6)(a).

3. The Major Revision TR1 application area is not located:

a) within an area under study or administrative proceedings under a petition to be
designated as unsuitable for strip or underground coal mining operations.  See (82-
4-227(9), MCA;

b) within an area designated unsuitable for strip or underground coal mining
operations pursuant to 82-4-227(9), MCA;
c) on any lands  within the boundaries of units of the national park system, the

national wildlife refuge system, the national wilderness preservation system, the
national system of trails, the wild and scenic rivers system, including study
rivers designated under section 5(a) of the Wild and Scenic Rivers Act or study
rivers or study river corridors established in any guidelines issued under that
act, or national recreation areas designated by an act of congress, or  on any
federal lands within national forests, subject to the exceptions and limitations of
30 CFR 761.11(b) and the procedures of 30 CFR 761.13 (see, 82-4-227(13));

d) on any lands upon which mining would adversely impact any publicly owned park
or place included in the National Register of Historic Places (see ARM 17.24.1131);

e) where the operation will constitute a hazard to a dwelling, public building, school,
church, cemetery, commercial or institutional building, public road, stream, lake, or
other public property (see 82-4-227(7), MCA) except as conditioned below;

f) within 300 feet of any occupied dwelling (see 82-4-227(7)(a), MCA);
g) within 300 feet of any public building, church, school, community or institutional

building, or public park ((see 82-4-227(7)(b), MCA);
h) within 100 feet of a cemetery (see 82-4-227(7)(c), MCA); or
i) within 100 feet of the outside right-of-way line of a public road (see 82-4-227(7)(d),

MCA).

4. The Applicant has obtained all surface and mineral rights to conduct mining and
reclamation operations authorized under the Major Revision TR1 application area.
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5. DEQ has made an assessment of the cumulative hydrologic impacts of all anticipated
coal mining on the hydrologic balance within the cumulative impact area.  See
Attachment 1 which is incorporated into these findings by reference.  In that
assessment, DEQ has determined that this application with modifications will
minimize disturbance of the hydrologic balance on and off the mine plan area
and will not result in material damage to the hydrologic balance outside the permit
area.

6. The Applicant has paid all reclamation fees from previous and existing operations as
required by 30 CFR Chapter VII, Subchapter R, as verified through the Applicant
Violator System (AVS check of 3/24/20).

7. The proposed application is not likely to jeopardize the continued existence of
threatened or endangered species or result in the destruction or adverse
modification of their critical habitats, as determined under the Endangered Species
Act of 1973 (16 U.S.C. 1531 et seq.) (see ARM 17.24.751)(see memorandum of
8/3/2017 from USFWS).

8. The Applicant has obtained or applied for required air quality and water quality
permits (see 82-4-231(2), MCA).

9. There are no pending MSUMRA violations for the Applicant at the SCM.  No other
strip- or underground-coal-mining operation that is owned or controlled by the
applicant or by any person who owns or controls the applicant is currently in
violation of Public Law 95-87, as amended, any state law required by Public Law 95-
87, as amended, or any law, rule, or regulation of the United States or of any
department or agency in the United States pertaining to air or water environmental
protection, the department may not issue a strip- or underground-coal-mining
permit or amendment, other than an incidental boundary revision, until the
applicant submits proof that the violation has been corrected or is in the process of
being corrected to the satisfaction of the administering agency (82-4-227(11), MCA)
(AVS check of 3/24/20).

10. Records of DEQ and OSMRE show that the applicant does not own or control any
strip- or underground-coal-mining operation that has demonstrated a pattern of
willful violations of Public Law 95-87, as amended, or any state law required by
Public Law 95-87, as amended, when the nature and duration of the violations and
resulting irreparable damage to the environment indicate an intent not to comply
with the provisions of the Montana Strip and Underground Mine Reclamation Act
(82-4-227(12), MCA) (AVS check of 3/24/20).

11. The Applicant is in compliance with all applicable federal and state cultural resource
requirements, including ARM 17.24.318, 1131, and 1137, and as explained in the
conditions listed below.
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12. The required bond for the SCM permit is $110,000,000.  The bond was calculated as
part of the Minor Revision MR248 submitted on April 30, 2019. Bond will be
updated as part of SCC’s annual permit commitments by April 15, 2020.

13. On the basis of the information set forth in the application, in an onsite inspection,
and in an evaluation of the operation by the Department, the applicant has
affirmatively demonstrated that the requirements of MSUMRA will be observed and
that the proposed method of operation, backfilling, grading, subsidence
stabilization, water control, highwall reduction, topsoiling, revegetation, or
reclamation of the affected area can be carried out consistently with the purpose of
MSUMRA.

Private Property Takings 

14. The 1995 Montana state legislature passed House Bill (HB) 311, which requires a
state agency to prepare an assessment of whether a proposed agency action will
result in a taking of private property.  DEQ prepared the assessment which
concludes that the action approval of Major Revision TR1 application does not result
in the taking of private property.  The Private Property Takings Assessment is
attached to these Written Findings as Attachment 2.

DECISION 

15. Based on the information found in SCC’s Application and these findings, DEQ hereby
approves in part Major Revision TR1 application as revised through June 28, 2017,
and DEQ grants the permit subject to the following conditions/modifications:

CONDITIONS/MODIFICATIONS (IF ANY) 

16. ARM 17.24. 318, 1131:  Treatment of cultural resources within SMP C1979012 is
covered by a MOA developed under the provisions of Section 106 of the National
Historic Preservation Act and pursuant regulations (36 CFR 800).  Treatment of all
cultural resources, including incidental discoveries during the course of mining,
must be handled according to the provisions of this MOA.

17. As a condition of this approval in order to mitigate for Greater Sage-grouse (GRSG)
habitat impacts  and pursuant to Section 82-4- 227(2)(a) and 82-4-231(10)(j),
MCA), SCC shall, prior to undertaking any ground-disturbing activities in connection
with TR-1, offer for deposit via wire transfer or cashier’s check consisting or cleared
and available funds, a financial contribution of $107,727 to the Montana Sage
Grouse Oversight Team (MSGOT) Stewardship Account for Compensatory Mitigation
for impacts to GRSG habitat, or to such other or additional account or recipient as
DEQ may thereafter designate (Mitigation Funding). Such Mitigation Funding shall
be used to implement grazing systems, conservation easements, or to buy or retire
private mineral leases either within the lands identified as crucial sage grouse
habitat in the SEIS area or having similar habitat characteristics.
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RESPONSES TO PUBLIC COMMENTS 

No comments were received during the acceptability determination comment period. 

REFERENCES CITED   

Spring Creek Coal, LLC Final Environmental Impact Statement (DEQ, March 12, 2020) 

Spring Creek Coal, LLC Spring Creek Coal Mine Surface Mining Permit (SMP C1979012) 
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1.0 INTRODUCTION 


The United States Department of Interior, through the Office of Surface Mining Reclamation and 
Enforcement (OSMRE), has regulatory jurisdiction over coal mining under the Surface Mining 
Control and Reclamation Act of 1977 (SMCRA), 30 U.S.C. § 1201 et seq. SMCRA was enacted, inter 
alia, to ensure that coal mine permittees throughout the United States would take the necessary 
steps to protect the public from serious environmental and health risks that could arise from the 
coal mining operations, activities, and effects regulated under SMCRA 30 U.S.C. § 1201.  


SMCRA establishes a program of cooperative federalism that allows the states to enact and 
administer their own coal mining regulatory programs under SMCRA. Id. at § 1253. Once a state’s 
program obtains “primacy”, it exercises primary jurisdiction over the regulation of the surface 
effects of coal mining and reclamation operations within that state. Montana operates an approved 
state program and has obtained primacy under SMCRA (45 CFR 21560; 30 CFR 926.15, 926.16, and 
926.30). 


The Montana Department of Environmental Quality (DEQ) is charged with the administration and 
enforcement of the state program under The Montana Strip and Underground Mine Reclamation 
Act (MSUMRA), and the Administrative Rules of Montana (ARM) adopted pursuant thereto. See 
Section 82-4-201, et. seq., Montana Code Annotated (MCA); ARM 17.24.301 through 17.24.1309. 


MSUMRA explicitly authorizes strip and underground coal mining operations within the state in 
accordance with its provisions and requirements. DEQ is responsible for ensuring that surface and 
underground coal mines in Montana operate in accordance with the requirements of MSUMRA. No 
person may engage in strip or underground mining operations in Montana without first obtaining a 
permit from DEQ (82-4-221, MCA). DEQ may not approve an application for a strip- or underground 
coal mining permit or major revision to a permit unless DEQ determines, upon an evaluation of the 
proposed mining operation, that the application affirmatively demonstrates that the requirements of 
MSUMRA and the rules promulgated thereunder will be observed, that reclamation can be carried out 
consistently with the purpose MSUMRA (82-4-227(1), MCA) and that the assessment of the probable 
cumulative impact of all anticipated mining in the area on the hydrologic balance has been made by DEQ 
and the proposed operation of the mining operation has been designed to prevent material damage to 
the hydrologic balance outside the permit area (82-4-227(3)(a), MCA). An operator must also file a bond 
with DEQ and in an amount to be determined by DEQ, conditioned upon the faithful performance of the 
requirements set of MSUMRA and rules promulgated thereunder. 82-4-223(1), MCA.  
 


“In determining the amount of the bond, the department shall take into consideration the 
character and nature of the overburden, the future suitable use of the land involved, and 
the cost of backfilling, grading, highwall reduction, subsidence stabilization, water control, 
topsoiling, and reclamation to be required, but the bond may not be less than the total 
estimated cost to the state of completing the work described in the reclamation plan.” 


This Cumulative Hydrologic Impact Assessment (CHIA) is prepared by DEQ as part of the written findings 
for Major Revision 1 (TR1), submitted by Spring Creek Coal, LLC for the Spring Creek Mine Permit No. 
SMP C1979012. It includes an analysis of anticipated hydrologic impacts, including both surface and 
groundwater systems, from the operations associated with the proposed operation of TR1 and all 
previous, existing, and anticipated mining in the cumulative impact area to ensure that the proposed 
operation has been designed to minimize disturbance of the hydrologic balance on and off the permit 
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area and to prevent material damage to the hydrologic balance outside the permit area (ARM 
17.24.314(1)).  
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2.0 REGULATORY ENVIRONMENT 


Under MSUMRA, DEQ must prepare this CHIA as part of the written findings the DEQ must issue when it 
approves a permit, a major revision to a permit, or an amendment to a permit. See Section 82-4-231(8) 
(f), MCA; ARM 17.24.314(5); 17.24.405(1).  


In pertinent part, MSUMRA conditions approval of an application for coal mine operating permit on 
demonstration by the applicant that:  


“the assessment of the probable cumulative impact of all anticipated mining in 
the area on the hydrologic balance has been made by the department and the 
proposed operation of the mining operation has been designed to prevent 
material damage to the hydrologic balance outside the permit area.” 


Section 82-4-227(3)(a), MCA; see also ARM 17.24.405(6)(c). 


This requirement was adopted to make MSUMRA’s requirements equivalent to a requirement in 
SMCRA. See Chapter 550, Laws of 1979. Neither SMCRA nor the applicable federal rules provide a 
definition of “material damage” or “designed to prevent material damage.” However, MSUMRA was 
amended to define “material damage” in 2003. See 2003 Mont. Laws p. 651, 655 (Ch. 204, § 2) (adopting 
definition for “material damage”). Section 82-4-203(31), MCA, defines “material damage” as follows:  


“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 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.” 


Section 82-4-203(25), MCA, also provides a definition of “hydrologic balance”: 


“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.” 


As the statutory definition of the phrase “hydrologic balance” makes clear, DEQ is charged with 
assessing material damage at the level of a hydrologic unit, “such as a drainage basin, aquifer, soil zone, 
lake, or reservoir…” 82-4-203(25), MCA. 


MSUMRA does not, however, define “prevent” or “designed to prevent.” Accordingly, “designed to 
prevent” should be understood according to its plain meaning within its statutory context. “Prevent” 
means “to keep from happening or existing.” (Merriam-Webster, 2019). Therefore, “designed to prevent 
material damage” means designed to keep material damage from happening. 


Each permit application must contain a detailed description of: 


“the measures to be taken during and after mining activities to minimize 
disturbance to the hydrologic balance on and off the mine permit area, and 
prevent material damage to the hydrologic balance outside the permit area” 


ARM 17.24.314(1). MSUMRA does not provide a definition or criteria for the areal extent included in 
“outside the permit area”. DEQ uses the definition of “adjacent area(s)” as defined in 82-4-203(2), MCA, 
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and any other areas outside the permit area that are included within the cumulative hydrologic impact 
area to define the area where material damage to the hydrologic balance must be prevented. “Adjacent 
area” denotes: 


“the area outside the permit area where a resource or resources are or could 
reasonably be expected to be adversely affected by proposed mining operations, 
including probable impacts from underground workings.” 


Thus, the material damage analysis will not include any areas located outside the cumulative hydrologic 
impact area boundaries hereby established by DEQ in this CHIA. 


This CHIA considers the preventative measures as well as the cumulative hydrologic impacts for the 
proposed TR1 of the Spring Creek Coal Mine. Although this CHIA considers cumulative hydrologic 
impacts of other existing, previous, and anticipated mining, impacts caused by existing or previous 
mining that are not intensified or augmented by the operations proposed for TR1 are not considered 
because they are not cumulative with the impacts of TR1. Material damage determinations for existing 
and previous mining, if required, were made at the time that mining was approved, and this CHIA does 
not invalidate or supersede those determinations. Similarly, separate material damage determinations 
for future anticipated mining, if required, will be made in the CHIA(s) prepared for those permit 
applications at the time they are submitted by the applicant and determined to be acceptable by DEQ. 


2.1 MATERIAL DAMAGE CRITERIA 
Following the general principles explained above, material damage criteria are established for the 
evaluation of impacts to the hydrologic balance for both groundwater and surface water quality and 
quantity, and are used to determine whether water quality or quantity outside the permit area will be 
impacted by the proposed operation of TR1 to the extent that land uses or beneficial uses of water are 
adversely affected, water quality standards outside the permit area will be violated, or water rights 
outside the permit area will be impacted.  


Material damage criteria include applicable numeric and narrative water quality standards, and criteria 
established to protect beneficial uses of water and water rights. Baseline water quantity and quality is 
derived from monitoring data and compared against changes or anticipated changes in quantity and 
quality associated with mine activity to determine if beneficial uses will likely be adversely affected, 
water quality standards violated, or water rights impacted outside the permit boundary. 


The Montana Water Quality Act (MWQA), codified at 75-5-101 through 75-5-410, MCA, is the primary 
basis for water quality protection in the state of Montana. Rules promulgated under the authority of 
MWQA designate beneficial uses and establish surface water and groundwater standards (ARM 17.30, 
Subchapters 6, 7, and 10) to protect the designated beneficial uses of state waters. Numeric standards 
published in Circular DEQ-7, Montana Numeric Water Quality Standards (MDEQ 2017), were developed 
using guidance from the United States Environmental Protection Agency (EPA). Numeric standards for 
nutrients are contained in Circular DEQ-12A, Montana Base Numeric Nutrient Standards (DEQ 2014). 


Montana's surface water and groundwater rules also contain narrative standards (ARM 17.30.620 
through 17.30.657, and 17.30.1005 through 17.30.1006, respectively). The narrative standards include 
general prohibitions and describe water quality goals. These narrative standards are established to 
protect beneficial uses from adverse effects, such as harmful or toxic substances that may impact 
human health, animal, plant, or aquatic life; objectionable sludge or discoloration that causes nuisance 
or adversely impacts beneficial uses; or conditions that produce excessive algal growth or undesirable 
aquatic life. 
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The degradation or reduction of surface water or groundwater quantity outside the permit area as a 
result of the proposed mining such that a water quality standard is violated, a water right is impacted, or 
a land use or beneficial use of water is adversely affected is considered material damage. As required 
pursuant to ARM 17.24.314(1), the TR1 permit application contained a detailed description, including 
maps and data, of the measures that the Spring Creek Mine would take during and after the proposed 
mining activities in TR1 to “minimize disturbance of the hydrologic balance on and off the mine plan 
area and to prevent material damage to the hydrologic balance outside the permit area.” 


2.1.1 Surface Water Material Damage Criteria 
Material damage to surface water occurs when, because of the proposed mining operations, any of the 
following criteria are met: 


• Surface water quality or quantity is degraded or reduced to the extent that land uses or
beneficial uses of water outside of the permit area are adversely affected;


• Surface water quality standards outside of the permit area are violated; or
• A surface water right outside the permit area is adversely impacted.


Surface waters are defined in ARM 17.30.602(31) as: 
“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.” 


Water quality standards and beneficial uses of surface waters are established according to the stream 
classification. The following water quality standards are applicable to surface waters: 


• Numeric water quality standards established in Circulars DEQ-7 and DEQ-12A (where
applicable);


• Specific numeric and/or narrative water quality standards established to protect and
maintain the beneficial uses (where applicable) for a waterbody’s specific classification;


Numeric surface water standards for parameters of concern applicable to surface waters are shown in 
Tables 2-1, 2-2, 2-3, and 2-4. The parameter list includes selected parameters known to be potentially 
associated with coal mining impacts monitored by Montana coal mines. Pursuant to ARM 17.30.637(4), 
the specific water quality standards in ARM 17.30.629 apply to perennial or intermittent streams, but 
they do not apply to ephemeral streams. Ephemeral streams are defined in ARM 17.30.602(10) as: 


“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.” 


See also 82-4-203(18), MCA, for the equivalent MSUMRA definition of “ephemeral drainageway.” 


Surface water is classified in ARM, and water classification defines the applicable laws protecting surface 
water quality and quantity. Within the TR1’s Cumulative Impact Area there are both C-3 and B-2 types of 
surface waters. Tributary surface waters in the Tongue River watershed are classified as C-3 surface 
waters [ARM 17.30.611(1)(c)]. Beneficial uses of surface waters are established according to stream 
water use classification. Beneficial uses of C-3 waters are set forth 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 
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marginal for drinking, culinary, and food processing purposes, agriculture, and 
industrial water supply.” 


Beneficial uses for C-3 include the uses for which the waters are to be maintained as suitable. The 
quality of C-3 waters is otherwise marginal for any other uses which may exist in a particular water such 
as drinking, culinary and agricultural/industrial/food processing purposes (MDEQ, 2018). This means 
that C-3 water is naturally within lower limits of quality to support drinking, culinary, and food 
processing purposes, agriculture, and industrial water supply. 


As demonstrated in Section 7.1 of the CHIA, Surface Water Baseline, C-3 streams within TR1’s 
Cumulative Impact Area are ephemeral. As stated in ARM 17.30.637(4), 


 “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”  


Applicable water quality standards for C-3 ephemeral streams 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. Circular DEQ-7 and DEQ-12A standards do not apply to ephemeral C-3 
streams.  


In addition, numeric standards for electrical conductivity (EC) and sodium adsorption ratio (SAR) have 
been established for the Tongue River drainage (ARM 17.30.670). For all tributaries and other surface 
waters in the Tongue River watershed, the monthly average numeric water quality standard for EC is 
500 µS/cm, and no sample may exceed an EC value of 500 µS/cm. The monthly average numeric water 
quality standard for SAR from March 2 through October 31 is 3.0, and no sample may exceed an SAR 
value of 4.5. The monthly average numeric water quality standard for SAR from November 1 through 
March 1 is 5.0, and no sample may exceed an SAR value of 7.5. Additionally, these parameters are 
subject to the purer than natural requirements of 75-5-222, MCA. 


The Tongue River and Tongue River Reservoir are classified as B-2 surface waters [ARM 17.30.611(1)(c)]. 
Beneficial uses of B-2 waters are set forth in ARM 17.30.624: 


“Waters classified B-2 are to be maintained suitable for drinking, culinary, and 
food processing purposes, after conventional treatment; bathing, swimming, and 
recreation; growth and marginal propagation of salmonid fishes and associated 
aquatic life, waterfowl and furbearers; and agricultural and industrial water 
supply.” 


As shown in Table 2-2, numeric standards applicable to B-2 waters include the water quality standards 
in Circular DEQ-7 (MDEQ 2017). ARM 17.30.624 and ARM 17.30.637 also include narrative and numeric 
standards applicable to B-2 waters. The criteria presented in DEQ-7 include numeric standards for the 
protection of human health (HHS), and aquatic life (Acute and Chronic ALS). In addition to the numeric 
water quality standards established in Circular DEQ-7, Circular DEQ-12A establishes numeric nutrient 
(nitrogen and phosphorus) standards for the protection of recreational (bathing, swimming, and 
recreation) and aquatic life uses for wadeable streams (MDEQ 2014b). The standards established in 
DEQ-12A apply to wadeable streams which are tributaries to the Tongue River Reservoir but not the 
Tongue River Reservoir itself. 


In addition, numeric standards for EC and SAR have been established for the Tongue River (ARM 
17.30.670). For the Tongue River Reservoir, the monthly average numeric water quality standard for EC 
is 1,000 µS/cm and no sample may exceed an EC value of 1,500 µS/cm. The monthly average numeric 
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water quality standard for SAR is 3.0 and no sample may exceed an SAR value of 4.5. For the mainstem 
Tongue River, from November 1 through March 1, the monthly average numeric water quality standard 
for EC is 1,500 µS/cm and no sample may exceed an EC value of 2,500 µS/cm. The monthly average 
numeric water quality standard for SAR is 5.0 and no sample may exceed an SAR value of 7.5. From 
March 2 through October 31, the monthly average numeric water quality standard for EC is 1,000 µS/cm 
and no sample may exceed an EC value of 1,500 µS/cm. The monthly average numeric water quality 
standard for SAR is 3.0 and no sample may exceed an SAR value of 4.5. 


Criteria for evaluation of support of any existing human drinking water uses include the DEQ-7 human 
health standards in Table 2-2 as well as the EPA’s National Secondary Drinking Water Regulations 
(NSDWRs) and World Health Organization’s (WHO) Guidelines for Drinking Water Quality in Table 2-4. 
The applicable human health standards in DEQ-7 are enforceable limits which cannot be exceeded with 
respect to any existing drinking or culinary uses. A violation of any DEQ-7 water quality standard outside 
the mine permit area as a result of the proposed operations in TR1 would constitute material damage. 
The NSDWRs and WHO Guideline and Acceptability Values in Table 2-4 are not enforceable standards, 
but are guidelines uses by DEQ in evaluating the suitability of premine and postmine water quality for 
human use. Values based on health effects, such as the WHO Guidelines Values are more critical for 
supporting human use than those based on aesthetic properties, such as WHO Acceptability Aspects 
(WHO 2011) and NSDWRs (USEPA 2009). NSDWRs are established to assist public water systems in 
managing their drinking water for aesthetic considerations, such as taste, color, and odor. These 
contaminants are not considered to present risk to human health at the established secondary 
maximum contaminant levels. 


Criteria for evaluation of existing surface water support of livestock drinking water use include the water 
quality guidelines established for livestock use shown in Table 2-5, and the availability of water in 
sufficient quantity to support the use. The limits are not enforceable standards but are guidelines used 
by DEQ for evaluating suitability of premine and postmine water quality for existing livestock use. 
However, an exceedance of these guidelines does not constitute a violation of a water quality standard 
for purposes of making a material damage determination outside the permitted area, unless such 
exceedance were to result in the degradation or reduction of water quality outside the permitted area 
such that an existing beneficial use of drinking water for livestock and wildlife is adversely affected.  


The guidelines in Table 2-5 represent values established from a variety of scientific studies. Even above 
the limits, harmful effects are not guaranteed or even necessarily likely. The criteria for livestock 
drinking water use are considered protective of wildlife drinking water use because wildlife are typically 
more adapted to naturally variable water quality than domesticated animals.  


The criteria for evaluation of surface water support for existing irrigation use include the guidelines in 
Table 2-6, and the availability of water in sufficient quantity to support the use. The limits are not 
enforceable standards but are used by DEQ for guidance in evaluating suitability of premine and 
postmine water quality for any existing irrigation uses. The guidelines in Table 2-6 represent values 
established from a variety of scientific studies. However, an exceedance of these guidelines does not 
constitute a violation of a water quality standard for purposes of making a material damage 
determination outside the permitted area, unless such exceedance were to result in the degradation or 
reduction of water quality outside the permitted area such that an existing beneficial use of irrigation of 
agricultural crops is adversely affected. The guidelines in Table 2-6 include both “threshold” and “upper” 
limits to accommodate uncertainty in scientific studies of toxicity in plants, the variety of crops, and 
variability in soil physical properties and chemistry. Threshold limits represent the values below which 
there are expected to be no adverse effects. Upper limits represent the concentration above which 
harmful effects have been documented. Between the two limits adverse effects may or may not occur, 
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and may or may not be considered harmful, depending on the specific details unique to the situation. 
Even above the upper limit, harmful effects are not guaranteed or even necessarily likely. 


No specific criteria have been established for the evaluation of the suitability of water for industrial and 
commercial uses. Compliance with industrial and commercial uses is largely established by TR1’s 
compliance with more protective and sensitive beneficial uses such as livestock and irrigation. The water 
quality requirements for industrial and commercial uses are variable and dependent on the specific use 
and are also typically less stringent than the criteria for the other uses listed above. Available water 
quantity is a significant consideration when evaluating the suitability of surface water for existing 
industrial and commercial uses, as these uses often require water in much greater quantities than other 
uses. 


All drainages in the Cumulative Impact Area are subject to the General Prohibitions contained in ARM 
17.30.637.  


The General Prohibitions contained in ARM 17.30.637 include the following proscriptions: 


“(1) State surface waters must be free from substances attributable to municipal, 
industrial, agricultural practices or other discharges that will: 


(a) settle to form objectionable sludge deposits or emulsions beneath the
surface of the water or upon adjoining shorelines;


(b) create floating debris, scum, a visible oil film (or be present in
concentrations at or in excess of 10 milligrams per liter), or globules of
grease or other floating materials;


(c) produce odors, colors, or other conditions as to which create a
nuisance or render undesirable tastes to fish flesh or make fish inedible;


(d) create concentrations or combinations of materials which are toxic or
harmful to human, animal, plant, or aquatic life; and


(e) create conditions which produce undesirable aquatic life…


(2) No wastes may be discharged and no activities conducted such that the wastes
or activities, either alone or in combination with other wastes or activities, will
violate, or can reasonably be expected to violate, any of the standards.


3) Until such time as minimum stream flows are established for dewatered
streams, the minimum treatment requirements for discharges to dewatered
receiving streams must be no less than the minimum treatment requirements set
forth in ARM 17.30.1203.


(4) Treatment requirements for discharges to ephemeral streams must be no less
than the minimum treatment requirements set forth in ARM 17.30.1203.
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.”


According to 75-5-103(34), MCA, ‘state waters’ means a body of water, irrigation system, or drainage 
system, either surface or underground. However, the term does not apply to ponds or lagoons used 
solely for treating, transporting, or impounding pollutants. Flood control reservoirs located within the 
Spring Creek and Decker permit boundaries for the purpose of impounding water for the safety of 
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miners downstream are not considered ‘state waters’. As such, the water in these reservoirs is not 
subject to water quality standards for C-3 waters.  


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 long-term 
replacement water resource which provides water in like quantity, quality, and duration as the premine 
water [ARM 17.24.314(1)(c) and ARM 17.24.648]. 


Material damage criteria are therefore a combination of applicable narrative standards, numeric 
standards, and beneficial use designations and 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. 


DEQ’s material damage assessment with respect to point source discharges of pollutants to surface 
waters is informed by the strict mandates of the MPDES permitting process. MPDES permits require 
pollutant controls and effluent limits which ensure that a discharger will comply with minimum 
technology-based treatment requirements and meet water quality standards (75-5-401(1)(a) and (b), 
MCA; ARM 17.30.1203; 17.30.1311). 


The general water quality prohibitions contained in ARM 17.30.637 apply to all surface waters in the 
region. Within the Tongue River watershed and the permit area of TR1, compliance with the general 
prohibitions of ARM 17.30.637 is hindered in some places by non-mining activities such as historical and 
ongoing livestock use that can create undesirable aquatic life (nuisance algae and/or impacted aquatic 
communities) or conditions that are harmful to aquatic life. Likewise, impacts from non-mining activities 
may also hinder compliance with the specific water quality standards of ARM 17.24.629(2)(a-k), 
particularly those that may be influenced by livestock use or disturbance from livestock watering (e.g. E. 
coli, dissolved oxygen, pH, and sediment). 


2.1.2 Groundwater Material Damage Criteria 
Groundwater material damage occurs when, because of the mining and reclamation operations, any of 
the following criteria are met: 


• Groundwater quality standards outside of the permit area are violated;
• Land uses outside of the permit area are adversely affected;
• Beneficial uses of groundwater outside of the permit area are affected to an extent that is


harmful, detrimental, or injurious to a use; or
• A groundwater right outside the permit area is adversely impacted.


Protection of groundwater quality for beneficial uses is based on narrative and numeric standards set 
forth in ARM 17.30.1006 and numeric standards for individual parameters in Circular DEQ-7 (MDEQ 
2017). The groundwater classes defined in ARM 17.30.1006 determine which standards apply. Beneficial 
uses listed by ARM 17.30.1006 for each groundwater class are shown in Table 2-7 which also lists the 
applicable specific standards for each class. The applicable DEQ-7 numeric standards are the 
groundwater human health standards. Numeric standards for parameters monitored by the mines are 
listed in Table 2-2. 


Groundwater in the Spring Creek Mine area exhibits a locally variable natural specific conductivity that 
spans Class I, Class II, and Class III, with Class II and Class III being most common. For all groundwater 
classes for parameters for which human health standards for groundwater are not listed in DEQ-7, there 
is to be no increase of a parameter to a level that renders the waters unsuitable for existing or 
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anticipated uses, or harmful, detrimental, or injurious to the beneficial uses listed for the class (ARM 
17.30.1006). 


Listed beneficial uses for groundwater fall into four main categories: 


i. Human drinking water (public and private water supplies, drinking, culinary/food processing);
ii. Animal drinking water (drinking water for livestock and wildlife);


iii. Irrigation (both natural subirrigation and water pumped from wells); or
iv. Commercial and industrial uses.


Criteria for evaluation of groundwater support of human drinking water uses include the DEQ-7 human 
health standards and guidelines for drinking water in Table 2-4, as well as the availability of water in 
sufficient quantity to support the use. The human health standards in DEQ-7 are enforceable limits 
which cannot be exceeded. The guidelines in Table 2-4 are not enforceable standards, but they are used 
by DEQ in evaluating the suitability of premine and postmine groundwater quality for human use. These 
guidelines are considered to be pertinent credible information for evaluation of compliance with the 
narrative standards in ARM.17.30.1006. Values based on health effects (WHO Guideline Values) are 
more critical for supporting human use than those based on aesthetic properties (WHO Acceptability 
Aspects and NSDWRs). The criteria for support of human drinking water use are also considered 
protective of culinary and food processing uses because the most restrictive requirements for these uses 
would be for water which comes in contact with food to be consumed by humans. 


Criteria for evaluation of groundwater support of livestock drinking water use include the water quality 
guidelines established for livestock use shown in Table 2-5, and the availability of water in sufficient 
quantity to support the use. The limits are not enforceable standards but are used by DEQ for guidance 
in evaluating suitability of premine and postmine water quality for livestock use. These guidelines are 
considered to be pertinent credible information for evaluation of compliance with the narrative 
standards in ARM 17.30.1006. Even above the limits, harmful effects are not guaranteed or even 
necessarily likely. The criteria for livestock drinking water use are considered protective of wildlife 
drinking water use because wildlife are generally more acclimatized to naturally variable water quality 
than domesticated animals. 


The criteria for evaluation of groundwater support for irrigation use include the guidelines in Table 2-6, 
and the availability of water in sufficient quantity to support the use. The limits are not enforceable 
standards but are used by DEQ for guidance in evaluating suitability of premine and postmine water 
quality for irrigation use. These guidelines are considered to be pertinent credible information for 
evaluation of compliance with the narrative standards in ARM.17.30.1006. The guidelines in Table 2-6 
include both “threshold” and “upper” limits to accommodate uncertainty in scientific studies of toxicity 
in plants, the variety of species of crops, and variability in soil physical properties and chemistry. 
Threshold limits represent the values below which there are expected to be no adverse effects. Upper 
limits represent the concentration above which harmful effects have been documented. Between the 
two limits adverse effects may or may not occur, and may or may not be considered harmful, depending 
on the specific details unique to the situation. Even above the upper limit, harmful effects are not 
guaranteed or even necessarily likely. 


No specific criteria have been established for the evaluation of the suitability of water for industrial and 
commercial uses. The water quality requirements for industrial and commercial uses are variable and 
dependent on the specific use, and are typically less stringent than the criteria for the other uses listed 
above. Available water quantity is a significant consideration when evaluating the suitability of 
groundwater for industrial and commercial uses, as these uses often require water in much greater 
quantities than other uses. 
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Impacts to groundwater supply and water rights are evaluated with respect to regional and local 
impacts to groundwater resources and natural variations in seasonal and yearly recharge. Mitigation for 
the loss of a beneficial use of groundwater or a water right requires provision of a long-term 
replacement water resource which provides water in like quantity, quality, and duration as the premine 
water supply [ARM 17.24.314(1)(c) and ARM 17.24.648]. 


Water levels and water quality are monitored inside and outside the permit boundary to establish 
baseline conditions and measure subsequent changes during and after mining. Analytical results of 
water quality parameters most likely to be affected by mining are compared to standards and guidelines 
to determine suitability of the water for beneficial uses. Groundwater level decline outside the permit 
boundary must not impact a use to the extent that groundwater supply for the use is no longer 
adequate. 


2.1.3 Nondegradation of Water Quality 
Montana’s nondegradation policy is codified at 75-5-303, MCA, and implemented in the ARM Title 17, 
Chapter 30, Subchapter 7. All state waters are subject to Tier I nondegradation policy, which is 
contained in 75-5-303(1), MCA, and provides that existing and anticipated uses and the water quality 
necessary to protect those uses must be maintained and protected. See ARM 17.30.705(2)(a). Tier II of 
the nondegradation policy is contained in 75-5-303(2) through (6), MCA. Under Tier II, the quality of high 
quality waters may not be significantly degraded unless DEQ issues an authorization to degrade under 
75-5-303(3) through (6), MCA, and ARM 17.30.705(2)(b). An authorization to degrade follows a detailed
process described in ARM 17.30.706 through 708. As stated in Section 75-5-303(3)(c), MCA, existing and
anticipated uses must be protected even when an authorization to degrade is issued.


The material damage determination in the context of an MSUMRA permit review is a design review 
function [see Section 82-4-227(3)(a), MCA] that is not intended to serve as a groundwater discharge 
permit or an authorization to degrade. The process for authorization to degrade is not appropriate 
during MSUMRA permit review absent objective evidence of a discrete, quantifiable, potential point-
source discharge to be evaluated. See ARM 17.30.707 and 708. At such time as a discrete, quantifiable, 
potential point-source discharge that causes significant degradation of high-quality water outside the 
permit area is indicated, the process for an authorization to degrade would be warranted. 


Section 75-5-317, MCA and ARM 17.30.716 establish categories and classes of activities that cause 
nonsignificant changes in water quality, and are therefore exempt from the nondegradation provisions. 
These activities include, in pertinent part: 


“(2)(a) existing activities that are nonpoint sources of pollution as of April 29, 
1993;  


(2)(b) activities that are nonpoint sources of pollution initiated after April 29, 
1993, when reasonable land, soil, and water conservation practices are applied 
and existing and anticipated beneficial uses will be fully protected;” 


The definition of point source is found in Section 75-5-103(29), MCA: 


"’Point source’ means a discernible, confined, and discrete conveyance, including 
but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, 
container, rolling stock, or vessel or other floating craft, from which pollutants are 
or may be discharged.” 


The term “nonpoint source" means “a diffuse source of pollutants resulting from the activities of man 
over a relatively large area, the effects of which normally must be addressed or controlled by a 
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management or conservation practice.” ARM 17.30.702(18). New source discharges to groundwater 
from spoil recharge water are exempt from the nondegradation policy under 75-5-317(2)(b), MCA, 
“when reasonable land, soil, and water conservation practices are applied and existing and anticipated 
beneficial uses will be fully protected.” “Reasonable land, soil, and water conservation practices”, in 
turn, means:  


“[M]ethods, measures, or practices that protect present and reasonably 
anticipated beneficial uses. These practices include, but are not limited to, 
structural and nonstructural controls and operation and maintenance procedures. 
Appropriate practices may be applied before, during, or after pollution-producing 
activities.” 


ARM 17.30.602(23). Nonpoint source discharges by mineralized mine spoil water qualify for non-
significance status because the mine operation applies "reasonable land, soil, and water conservation 
practices” that include measures to protect present and reasonably anticipated beneficial uses of 
groundwater such as mine design, contouring spoil backfill to approximate premine topography 
including drainage morphology and density, revegetation of disturbed soil, drainage control and 
impoundments which detain surface runoff or for sediment control and management of runoff water. 
See ARM 17.30.602(23). 


The protection of existing uses of state waters is honored by MSUMRA’s protection of water rights and 
private wells from mining impacts [ARM 17.24.314(1)(b)] and by the requirements that project must be 
designed to prevent material damage (including adverse effects to beneficial uses or the violation of 
water quality standards [82-4-203(32), MCA]). MSUMRA and attending administrative rules also require 
implementation of reasonable land, soil, and water conservation practices [e.g. ARM 17.24.314(1)(a); 
ARM 17.24.314(2)(a) and (b); ARM 17.24.701(1) and (3); and Section 82-4-231(1), MCA]. 


Compliance with the nondegradation policy for point source discharges to surface waters at the Spring 
Creek Coal Mine is achieved through issuance of a Montana Pollutant Discharge Elimination System 
(MPDES) permit. Protection from point source pollution is ensured by the MPDES discharge permit, 
which incorporates effluent limitations and other conditions that the authorized discharges must meet 
in order to maintain the beneficial uses of the water. Such effluent limits and conditions are designed to 
protect the beneficial uses of the receiving water and downstream water quality. In addition, the MPDES 
review process determines whether the receiving water is high quality and ensures that either the 
discharge does not significantly degrade the receiving water or, if necessary, an authorization to 
degrade is obtained. 


Storm water settling ponds that discharge to groundwater are considered to be point sources, and 
compliance with nondegradation policy for point source discharges is achieved through issuance of an 
MPDES permit. Compliance with the nondegradation policy for point source discharges to groundwater 
at the Spring Creek Coal Mine is achieved through issuance of the MSUMRA operating permit under 82-
4-221, MCA.


2.2 CUMULATIVE HYDROLOGIC IMPACT ASSESSMENT 
Prior to making a permitting decision, DEQ makes an assessment of the cumulative hydrologic impacts 
(this CHIA) to the hydrologic balance as a result of the proposed mining operation, including all previous, 
existing, or anticipated mining that may cumulatively impact surface and groundwater systems. 
‘"Cumulative hydrologic impacts" means the expected total qualitative and quantitative, direct and 
indirect effects of mining and reclamation operations on the hydrologic balance.’ ARM 17.24.301(31). 
The CHIA must determine whether the proposed operation has been designed to minimize disturbance 
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to the hydrologic balance on and off the permit area and prevent material damage outside the permit 
area [ARM 17.24.314(5)]. 


The CHIA is informed by an assessment of the probable hydrologic consequences of the proposed 
operation that is submitted by the operator with the permit application. “Probable hydrologic 
consequences” is defined in ARM 17.24.301(93) as: 


“the projected results of proposed strip or underground mining operations 
that may reasonably be expected to alter, interrupt, or otherwise affect 
the hydrologic balance. The consequences may include, but are not 
limited to, effects on stream channel conditions and the aquatic habitat 
on the permit area and adjacent areas.” 


The Probable Hydrologic Consequences (PHC) document (Spring Creek Coal Co. and WWC Engineering 
2016) is prepared by the applicant [ARM 17.24.314(3)] and must be approved by DEQ. 


CHIA development involves the analysis of critical aspects of the hydrologic system within a defined 
cumulative hydrologic impact area to predict the type and magnitude of impacts to the hydrologic 
system from previous, existing, and anticipated mining. ARM 17 24.301(32) defines “cumulative 
hydrologic impact area” to mean: 


“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, at a minimum, the entire projected lives 
through bond release of all operations with pending applications and all 
operations required to meet diligent development requirements for 
leased federal coal for which there is actual mine-development 
information available.” 


The CHIA process includes the following: 1) develop criteria for evaluating impacts to the hydrologic 
system, 2) define the cumulative hydrologic impact area, 3) describe the hydrologic system, the baseline 
values, and natural variability, 4) identify hydrologic resources likely to be affected, 5) estimate the 
impacts of mining on hydrologic resources, and 6) make a material damage determination and prepare a 
statement of findings. 


3.0 PROPOSED PERMITTING ACTION 


Spring Creek Coal, LLC submitted an application for a major revision, TR1, to the Spring Creek Mine’s 
Permit No. SMP C1979012 that, if approved, would add 72 million tons of coal through an increase of 
977 acres of disturbance. The permit area would not increase (Figure 3-1). If approved, TR1 mining 
represents an approximate 15% increase in the amount of Anderson-Dietz coal approved for removal by 
the Spring Creek Mine. Spring Creek Mine began construction in April 1979, and production began in 
December 1980. If approved, the additional mining cuts in TR1 and current projection would extend 
mining operations to 2031 with final reclamation concluding by 2034. This is a four-year extension of 
mine life. 
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3.1 PREVIOUS MINING 
The Tongue River member of the Fort Union Formation has been mined for coal since the late 1800s. 
Prior to opencut mining starting in the 1940s, the earliest mines were small underground operations 
primarily focused on mining the Monarch / Canyon and Roland coal seams along the Tongue River east 
of Ranchester, WY in the area of the proposed Brook Mine and reclaimed Big Horn Mine. A number of 
pre-law reclaimed open pits can still be seen on satellite imagery north of the Brook Mine (Figure 3-2).  


The Big Horn Mine is a fully reclaimed mine immediately south of the Montana – Wyoming border. 
Underground mining started near the Big Horn Mine in 1903 and transitioned to surface strip mining in 
the 1950s (Dunrud and Osterwald 1980). Multiple small coal mines operated in the area and were 
consolidated into the Big Horn Mine in 1963. Mining ceased in 1999 and backfilling was completed in 
2000 (Big Horn Coal Company 2002). The original permit area was 3,690 acres, and 2,305 acres have 
been released. Currently there are 1,385 acres remaining in the permit. 


North of the Big Horn Mine is the Ash Creek Mine, which is now fully contained within the Youngs Creek 
Mine permit boundary. Since the Youngs Creek Mine was an amendment and name change to the Ash 
Creek Mine, the analysis of the Ash Creek Mine will be discussed as impacts from the Youngs Creek 
Mine. Coal mining took place at the Ash Creek Mine in the late 1970s, and only 140 acres were disturbed 
by the operation (WDEQ 2011).  


3.2 EXISTING MINING 
There are three active coal mines in the Tongue River basin: Spring Creek Mine, West Decker Mine, and 
East Decker Mine. 


Total 2018 coal production at the Spring Creek Mine was 13.7 million tons (Spring Creek Coal Co. 2019). 
Total 2018 coal production at the Decker Mine was 4.7 million tons from East Decker (Decker Coal 
Company 2019a) and none from West Decker (Decker Coal Company 2019b). The Spring Creek Mine 
encompasses 9,220 permitted acres, the West Decker Mine encompasses 7,357 permitted acres, and 
the East Decker Mine encompasses 4,361 permitted acres. Together these mines cover 20,938 acres or 
over 32 square miles. 


Strip mining at the Spring Creek and Decker Mines consists of topsoil salvage, overburden removal by a 
dragline or truck and shovel, and removal of the coal seam by truck and loader/shovel. Coal is loaded 
onto trains for transport to consumers. Blasting is also used for removal of overburden and 
fragmentation of the coal seam. Overburden from the next cut is used to backfill the previous pit. 
Backfill material is commonly referred to as spoil. The backfilled spoil material is regraded to an 
approved postmine topography and the salvaged topsoil or other suitable material is spread on the 
surface. Seeding of approved vegetation follows. 


3.2.1 Decker Mine 
The Decker mines consist of two active mine permits located on the west and east sides of the Tongue 
River Reservoir, approximately 25 miles north of Sheridan, Wyoming. Large-scale mining in the Decker 
area was initiated at the West Decker Mine in 1972. Three pit areas, known as pits 11, 12, and 16, have 
been developed at West Decker. Mining in Pit 11, the horseshoe-shaped pit that wraps around Pit 12, 
has removed only the uppermost (D1) coal seam. Prelaw (prior to 1978) mining occurred in the West 
Decker Pit 11 area. A total of 557.9 acres were mined prior to May 1978. Prelaw reclamation is only 
required to meet pre-1978 reclamation standards. Interior to Pit 11 is Pit 12, where both the D1 and D2 
seam were mined. Pit 12 coal removal was completed in 2007. Pit 16 lies to the north and was in 
production since 1992. Most production in Pit 16 is from the D2 coal, as much of the D1 was subject to 
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prehistoric burning. Mining at East Decker Pits 14 and 15 began in 1978. Pit 13 was opened in 1979. Pit 
20 was added with major revision TR3 in 2018. The D1 upper, D1 lower, and D2 seams are mined at East 
Decker. 


East Decker consists of 4,361 permitted surface acres: 81 federal acres, 759 state acres, and 3,521 
private acres (Decker Coal Company 2019a). Mineral acres consist of 3,575 federal acres, 590 state 
acres, and 196 private acres. Of the permit area acres, 3,279 acres are within the projected life of mine 
disturbance boundary. 2,746 acres have been disturbed as of 2019, and the East Decker Mine has 
attained Phase I (405 acres) and Phase II (299 acres) bond release on some of its reclamation. The mine 
has not applied for Phase III or Phase IV bond release on any of its reclamation fields. The current pit 
configuration cuts across all drainage basins, preventing the possibility of Phase IV bond release. 


West Decker consists of 7,357 permitted surface acres: 827 federal acres, 820 state acres, and 5,710 
private acres (Decker Coal Company 2019b). Mineral acres consist of 6,677 federal acres, 640 state 
acres, and 40 private acres. Of the permit area acres, 6,750 acres are within the projected life of mine 
disturbance boundary. 5,578 acres have been disturbed as of 2018, and no active mining occurred in 
2018 at West Decker. The West Decker Mine has attained 3,098 acres of Phase I and 1,119 acres of 
Phase II bond release. The mine has not applied for Phase III or Phase IV bond release on any of its 
reclamation fields. A number of open pits and access roads remain at West Decker, hindering 
reclamation of some areas and corridors. 


3.2.2 Spring Creek Mine 
Immediately west of the West Decker Mine is the Spring Creek Mine. Construction of the Spring Creek 
Mine began in April 1979 and the first coal was produced in December 1980. At the Spring Creek Mine, 
mining began in 1979 with the opening of Pits 1, 2, and 3, followed by Pit 4 in 2002 and Pit 6 in 2015. Pit 
4 is located exclusively in the Spring Creek drainage while Pits 1, 2, and 3 disturb portions of both South 
Fork Spring Creek and mainstem Spring Creek. Simultaneous mining from multiple pits allows blending 
coal of variable quality to meet contract needs. The Anderson-Dietz seam is recovered in two 40-foot 
lifts at the Spring Creek Mine. In addition to the Anderson-Dietz, a small area of Smith coal was mined at 
Spring Creek Mine in the northwest corner of Pit 1. 


As of 2019, the Spring Creek Mine has 9,220 permitted surface acres: 904 federal acres, 674 state acres, 
and 7,642 private acres (Spring Creek Coal Co. 2019). Mineral acres consist of 7,896 federal acres, 1,120 
state acres, and 204 private acres. Of the 6,182 life of mine disturbance acres, a total of 4,947 have been 
disturbed. Phase I bond release has been achieved on 1,310 acres, Phase II bond release has been 
achieved on 1,017 acres, and Phase III bond release has been achieved on 407 acres. There is currently 
no Phase IV bond release, and the mine is not anticipated to have any Phase IV for the foreseeable 
future. The mine’s configuration results in haul roads and facilities crossing all of the main drainage 
basins which may preclude Phase IV bond release until closure of the mine. The Spring Creek Mine 
Permit includes an annually reviewed bond. Generally, the bond is modified to reflect reclamation 
operating costs, but this annual review allows flexibility to include any additional mitigation costs. 


3.3  ANTICIPATED MINING 
The definition of “anticipated mining” is provided within the definition of the Cumulative Impact Area, 
and it “includes, at a minimum, the entire projected lives through bond release of all operations with 
pending applications and all operations required to meet diligent development requirements for leased 
federal coal for which there is actual mine-development information available” (ARM 17.24.301(2)). 
Following OSMRE’s Draft Guidelines, pending applications are those that DEQ or another regulating 
entity has in hand, whether or not the application has been certified as complete (OSMRE 1985).  
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A number of permitting actions have been initiated at mines within the Tongue River basin. In 
September 2018, Decker Coal submitted Amendment AM2 which expands the permit boundary and 
adds additional mining cuts in the East Decker Mine area (Figure 3-2). The proposed additional mining 
expands upon Pit 20 north through the Deer Creek drainage. The application was ruled complete by DEQ 
in August 2019 and is currently under review for acceptability. The proposed amendment would add an 
additional 4,466 surface acres to the East Decker permit and add 1,636 acres of projected life of mine 
disturbance.  


In addition to TR1, the Spring Creek Mine has also submitted Amendment AM5 which expands the 
permit boundary by 4,334 acres and the projected life of mine disturbance boundary by 989 acres, but 
the amendment does not add additional coal mining. The amendment is for a haul road to the Youngs 
Creek Mine in Wyoming. 


Wyoming has two mines that are either permitted but idle or under permit review. The Youngs Creek 
Mine in Wyoming along the Montana state border is a currently permitted mine approximately 12 miles 
north of Sheridan, Wyoming and approximately 17 river miles upstream of the Decker Mine operations 
(Figure 3-2). To date, no disturbance has occurred at the Youngs Creek Mine. The Brook Mine is a 
proposed mine approximately 31 miles upstream of the reservoir adjacent to the Tongue River, but the 
mine does not have an approved mine plan. The permit application is currently under review by the 
state of Wyoming. 


4.0 REGIONAL OVERVIEW 


The TR1 CIA is located near Decker, Montana, in the north part of the coal-rich Powder River Basin, 
which covers an area of approximately 7,765 square miles (Haacke, et al. 2013) (Figure 4-1). Typical 
vegetation includes silver sagebrush-mixed grasslands, mixed grasslands, ponderosa pine-mixed 
grassland, and areas of improved pasture and wetlands. 


Exposed rocks are sedimentary and of early Tertiary (Paleocene) age (Haacke, et al. 2013). Differential 
erosion of rocks of varying hardness and resistance is the main process active in forming the present 
landscape. Interbedded claystones, siltstones, coals, and sandstones are often capped by resistant 
"clinker" mesas and ridges. The siltstones and claystones tend to be easily eroded, while the sandstone 
and clinker, a term used to describe the baked sedimentary rock formed during natural burning of coal 
beds, 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.  


4.1 CLIMATE 
The climate of southeast Montana is classified as a semi-arid or steppe climate (Belda, et al. 2014) 
where the amount of precipitation is often below potential evapotranspiration. Long term temperature 
records from the Western Regional Climate Center (WRCC 2016b) for the Sheridan, Wyoming station 
approximate the thirty-year average temperature range for the Decker area (Figure 4-2). Sheridan, 
Wyoming is approximately 25 miles from the Decker and Spring Creek mines. Typically, the highest 
temperatures occur in July and August while the lowest temperatures occur in December and January. 
Figure 4-2 shows average precipitation data from the past 30 years at Spring Creek Mine, near Decker, 
Montana. The average annual precipitation (1985-2015) at Spring Creek Mine (elevation 3,718 ft) is 
11.08 inches. The average peak precipitation month is May (2.24 inches), while the average minimum 
monthly precipitation occurs in December (0.23 inches). 
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The closest pan evaporation station is also in Sheridan, Wyoming. Average yearly pan evaporation, as 
calculated from measurements taken between 1920 and 2005, is 44.14 inches (WRCC 2016a). A pan 
coefficient of 0.7 to 0.8 is typically applied to the pan evaporation data to obtain an estimate for 
evaporation from a surface water body (Potts 1988). Assuming a factor of 0.75 for the pan evaporation 
average at Sheridan, the approximate annual evaporation at the Spring Creek and Decker mines is 33.1 
inches. Evaporation is greatest from April to September with peak evaporation in July. 


4.2 TOPOGRAPHY 
The topography of south-central Montana and northern Wyoming is characterized by rolling hills, 
clinker-capped ridges, and scattered areas of bedrock outcrops in drainage bottoms (Slagle, Lewis and 
Lee 1985). The terrain is an erosion-driven landscape with the region dissected by a network of dendritic 
ephemeral drainages that have carved out coulees, swales, and drainage bottoms creating 
microclimates, a diverse vegetative community, and wildlife habitat. 


4.3 GEOLOGY 


Coal in the area is mined from the Paleocene Tongue River Member of the Fort Union Formation (Figure 
4-3). The depositional setting of the Fort Union Formation was fluvial, typically characterized by fine to
medium grained deposits that formed lenticular, truncated beds and abrupt facies changes (Widmayer
1977). The climate during the Paleocene epoch was significantly warmer and wetter than present, likely
comparable to the southern Gulf Coast of the US (Brown 1962). Meandering and braided stream
systems drained the uplifts of the Laramide Orogeny to the southwest, eventually reaching the
retreating Cannonball Sea in present-day North and South Dakota (Slattery, et al. 2015). Organic
deposits accumulated in floodplains and abandoned channels (Flores and Bader 1999). The Powder
River Basin continued to subside, permitting thick sequences of peat to accumulate. Coal seams
represent stable periods during the subsidence of the Powder River Basin, when subsidence nearly
matched deposition, and are the only stratigraphic units in the sequence with significant lateral
continuity (Ayers and Kaiser 1984). The coal seams are bounded by thin, discontinuous siltstone,
claystone, and sandstone beds, eroded from the uplifting Bighorn Mountains (Whipkey, Cavaroc and
Flores 1991). These sedimentary units typically are high in sodium, moderately to highly alkaline, and
low to moderately high in soluble salts. The sequence of Tongue River Member siltstones, claystones,
and sandstones above the first mineable coal seam is termed overburden, the strata between separate
mineable coal units are termed interburden, and the strata below the last mineable coal are termed
underburden (Figure 4-4). Overburden within the Fort Union Formation represents mostly deposits from
crevasse splays, channels, lacustrine, and well-drained swamp environments. Interburden deposits are
similar, with the addition of distal overbank material. Underburden represents primarily well-drained
swamp environments (Budai 1983). Clinker, a reddish-brown, commonly porous, and brecciated rock
highly resistant to weathering, is common throughout the coal-bearing region. It formed when siltstones
and claystones were baked during prehistoric burning of in-situ coal. The baked sedimentary rocks
became vitreous and brittle, commonly collapsing into the void created by the burned coal (Heffern and
Coates 1997).


Regional dip is approximately two degrees to the south-southeast. The beds form a gentle synclinal 
warp with the axis roughly coincident with the Tongue River Reservoir. Northeast-trending and, less 
commonly, northwest-trending normal faults with mapped lengths of up to five miles and measured 
displacements of up to 350 feet are numerous in the Decker area (Denson and Pierson 1991). 


The coal seams in the Spring Creek area are known by varying nomenclature (Flores, Spear, et al. 2010). 
In descending stratigraphic order, the uppermost seams are known locally as the Smith, Anderson, Dietz 
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1 (D1), and Dietz 2 (D2). At the Spring Creek Mine three seams converge to form a single 80-foot thick 
seam referred to as the Anderson-Dietz. This seam is recovered in two 40-foot lifts at the Spring Creek 
Mine. The next lower coal seam is approximately 15 to 20 feet thick, lies 100 feet below the Anderson-
Dietz, and is referred to at Spring Creek Mine as the Canyon seam (Figure 4-4). Coalbed methane (CBM) 
producers refer to the same seam as the Monarch. The Canyon seam has never been mined in the 
Decker area. 


5.0 CUMULATIVE IMPACT AREA (CIA) 


As indicated in Section 2.0 above, the first step in the CHIA process is for DEQ to define the boundaries 
of the CIA. CIA is defined as “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” (ARM 
17.24.301(2)). Accordingly, the CIA must include those areas within which impacts to the hydrologic 
balance resulting from the proposed operation in TR1 may interact with the impacts of all previous, 
existing, and anticipated mining on surface and groundwater systems and potentially develop a 
measurable change in water quantity or quality. DEQ is not required to include mining operations in the 
CIA whose impacts are not likely to interact with those of the proposed operation (ARM 17.24.301(30)); 
see also (OSMRE 1985) and (OSMRE 2007).  


Accordingly, the size and location of a given CIA depends on the surface water and groundwater system 
characteristics, the hydrologic resources of concern, and the extent of the interaction between 
projected impacts from the proposed mining operation, with the impacts from all previous, existing and 
anticipated mining operations included in the assessment. The delineation of the CIA is an iterative 
process which uses water monitoring data along with hydrologic models to predict the maximum extent 
of possible interaction with other coal mining impacts. DEQ estimates the size, shape, and location of 
the CIA for surface and groundwater on a map, which becomes the working CIA (OSMRE 1985).  


The surface water CIA and groundwater CIA are delineated separately to assess impacts associated 
within these distinct hydrologic resource areas (OSMRE 1985). DEQ’s assessment includes only those 
impacts from previous, existing, and anticipated mining operations at the Decker, Spring Creek, Youngs 
Creek, Brook, and Big Horn mines that may interact with impacts from the proposed mining operation in 
TR1. The estimated size and location of the surface water CIA and groundwater CIA are described in 
more detail below.  


5.1 SURFACE WATER CUMULATIVE IMPACT AREA 
As mentioned in Section 3.0, the Tongue River watershed has six major active, proposed, and partially 
reclaimed coal mines. The development of the surface water CIA is an iterative process, starting with the 
impacts from the proposed operation and expanding out, drainage by drainage, considering any other 
mining operations within the combined drainage area (OSMRE 1985); (OSMRE 2007). During this 
iterative process, qualitative and quantitative analyses are used to determine the maximum extent for 
the CIA within which a measurable change impacting water quantity or quality may be seen due to 
mining activities. 


The surface water CIA is presented in Figure 5-1. The CIA boundaries are established downgradient from 
potentially impacted streams and springs and include surface water monitoring stations to allow 
assessment of impacts to stream water quality and quantity. The surface water CIA boundary includes 
those areas where runoff from mining operations or water supply could be impacted by the proposed 
mining operations in TR1 in conjunction with impacts from other previous, existing and anticipated 
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mining. The surface water CIA includes all surface waters located within the Tongue River watershed 
which may see a measurable change in surface water quantity or quality due to mining impacts from the 
proposed operation that interact with impacts from previous, existing and anticipated coal mining. 
Spatially remote mining operations that will not result in measurable, additive effects of the proposed 
operation may be excluded from the CIA (OSMRE 1985); (OSMRE 2007).  


The TR1 proposed action includes additional mining and mining-related disturbance within the Spring 
Creek Mine permit boundary and adds additional mining cuts in the Pearson Creek and Spring Creek 
drainages. Both the Pearson Creek and Spring Creek drainages include mining disturbance downstream 
from the proposed additional TR1 mining activities at the West Decker Mine. Surface water impacts 
from TR1 will interact with mining-related impacts at the West Decker Mine in these two drainages. 
Therefore, the Pearson Creek and Spring Creek drainages starting upstream of the Spring Creek Mine’s 
mining disturbance and extending downstream to the confluence with the Tongue River Reservoir are 
included in the CIA. 


Both Pearson Creek and Spring Creek are minor tributaries to the Tongue River, and flow directly into 
the Tongue River Reservoir. The Tongue Rive Reservoir also receives water from other tributaries 
affected by coal mining in both Montana and Wyoming: Monument, Pond, Squirrel, Youngs, Coal, 
Middle, Deer, Ash, Goose, Hidden Water, and Slater creeks. In addition to the named creeks, there are 
also some small unnamed tributaries to the Tongue River that are affected by existing or anticipated 
coal mining activities (Figure 3-2). Since the mining activities associated with TR1 are contained within 
Pearson Creek and Spring Creek, they will not directly interact with impacts to the hydrologic balance 
from coal mining activities in any of the other tributary watersheds listed above. Therefore, the CIA 
excludes those tributaries not impacted by the proposed TR1 mining. 


Multiple mined coal seams sub-crop underneath the Tongue River or Tongue River Reservoir. In addition 
to potential changes in water quality and quantity from surficial disturbance of the tributary’s drainages 
and drainage basins, spoil water will contribute to the Tongue River’s water quality and quantity. The 
contributions from both spoil groundwater and surface water all flow to the Tongue River Reservoir. The 
surface water CIA is drawn to include cumulative impacts from TR1 and other coal mining in the area, 
and the location on the Tongue River where these impacts could interact and affect the hydrologic 
balance is the Tongue River Reservoir. As will be shown in Section 9.0, impacts from all mining upstream 
of the Tongue River Reservoir dam are not predicted to be measurable at the dam and therefore the CIA 
is not extended further downstream. The CHIA describes in detail in Section 9.2.2 why there will be no 
cumulative impacts to the Tongue River Reservoir and downstream Tongue River from upstream 
Wyoming mines. 


5.2 GROUNDWATER CUMULATIVE IMPACT AREA 
The groundwater CIA (Figure 5-2) for the Decker and Spring Creek mines covers approximately 85 
square miles. Unlike the surface water CIA, the groundwater CIA is a composite of the area potentially 
impacted by drawdown and the overlapping but not identical area potentially impacted by water quality 
effects. The boundaries of the groundwater CIA were determined by calculating a three-mile buffer zone 
around the proposed TR1 disturbances. This buffer zone was then compared to the simulated 
drawdown contours from the groundwater model used in evaluating previous applications (Nicklin Earth 
and Water, Inc. 2012), and found to be acceptably close to the 10-foot life-of-mine drawdown contour. 
The reason the buffer was used instead of the simulated drawdown contour is that the ten-foot 
drawdown contour was beyond the model boundary in some places and was thus discontinuous. 
Because the three-mile buffer is continuous and generally encloses the drawdown contour, it makes a 
more consistent starting point for developing a groundwater CIA. The buffer zone was then extended in 
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the downgradient direction (east-southeast) to the approximate centerline of the Tongue River/Tongue 
River Reservoir, as the Tongue River is incised through the units affected by mining and acts as a 
groundwater divide in this region. This extension captures areas through which water quality effects 
may travel, but is outside potential drawdown effects. Any groundwater quality effects from TR1 will not 
propagate past the divide. Any activities in the East Decker Mine will be hydrologically isolated from the 
effects of TR1. In determining the boundaries, consideration was also given for the potential of water 
quality impacts to groundwater from the proposed operation in conjunction with impacts from all 
previous, existing, and anticipated mining. Because the proposed TR1 cuts are mostly aligned with the 
natural gradient of existing or approved mining at Spring Creek Mine, there will be no significant 
increase in the width of aquifer affected. Because movement of spoil groundwater to the Tongue River 
is limited by the hydraulic conductivity of the intervening materials, there will be no significant increase 
in the rate of groundwater reaching the Tongue River. The increase in spoil volume will likely delay full 
recovery of the system slightly. Essentially all the spoil groundwater from the Spring Creek Mine will 
flow through the spoil from the West Decker Mine before reaching the Tongue River. Impacts to 
groundwater from nearby CBM production lie within and outside the boundaries of the CIA. Evaluating 
the extent of impacts associated with CBM production is not within the scope of this analysis (OSMRE 
2002).
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6.0 MONITORING PROGRAM 


Surface water and groundwater monitoring programs are required to meet mine permit obligations 
pursuant to ARM 17.24.314(2)(d), ARM 17.24.645 and ARM 17.24.646. Monitoring results from the 
Spring Creek and West Decker mines are the basis for assessment of mining impacts on water resources. 
The monitoring plan has been designed to collect water quantity and quality information in order to 
address the extent of impacts to the hydrologic balance on and off the permit area as a result of the 
proposed mining operations and to determine whether material damage may occur as a result of the 
proposed mining operations (Spring Creek Coal Co. 2015). 


The monitoring plan identifies the monitoring site locations, hydrogeologic units monitored, sampling 
frequency, and sampling parameters. Quality assurance is an integral part of sampling and analytical 
requirements. As mining proceeds or the potential for additional impacts are recognized, the monitoring 
plan is revised to accommodate changes, including the replacement of monitoring sites or the 
development of new sites. The monitoring plan at the Spring Creek Mine was last revised and updated in 
2016; the monitoring plan at the West Decker Mine was last revised and updated in 2014. As a condition 
of their permits, the mines are required to continue monitoring through the final phase of bond release. 


In addition to monitoring requirements contained in the mine permits, the Spring Creek and Decker 
mines also monitor MPDES-regulated discharges. The Spring Creek Mine monitors MPDES regulated 
discharges under MPDES Permit No. MT0024619. This permit has six outfalls. Three outfalls discharge to 
unnamed tributaries to Spring Creek, one discharges to South Fork Spring Creek, one discharges to 
Pearson Creek, and one discharges to an unnamed tributary to South Fork Spring Creek. The Decker Coal 
Mine has two MPDES permits, No. MT0000892 and No. MT0024210, which are for West Decker and East 
Decker, respectively. MPDES Permit No. MT0000892 has five permitted discharges; three discharges to 
the Tongue River Reservoir and two discharges to Pearson Creek. MPDES Permit No. MT0024210 has 
one permitted outfall to the Tongue River Reservoir. Any additional outfalls will be permitted under the 
MPDES program. 


6.1 SURFACE WATER 
Surface water monitoring began in May 1975 with the original Spring Creek Mine permit application. 
Baseline surface water quality and quantity data were collected from 1975 through 1978 as part of the 
initial permit application, which was updated in 1980 as an environmental baseline study pursuant to 
ARM 17.24.304. Currently Spring Creek Coal operates the mine and collects surface water monitoring 
data associated with streams, springs, and ponds in accordance with ARM 17.24.314. 


At the Spring Creek Mine, stream monitoring currently consists of the collection of water quality 
parameters and flow measurements at nine established surface water monitoring stations in and 
outside the permit area. Streams are sampled for a variety of field parameters, analytical constituents, 
peak flows, and instantaneous flows (Tables 6-1 and 6-3). The stream monitoring network is shown in 
Figure 6-1.  


Baseline water quality and quantity is monitored at four locations currently in the Spring Creek drainage 
(Figure 6-1). Upstream of all mining, Spring Creek Coal collects water quality and quantity data at Spring 
Creek stream station CB-2, which has been actively monitored since 1996. Downstream of mining, the 
Spring Creek Mine collects water quality and quantity data at Spring Creek stream stations CS-2 and CS-
3A (formerly CS-3). CS-2 is located downstream of Pit 4 and actively monitored from 1990 – 2016. CS-3A 
is located downstream of the facilities area and has been actively monitoring since 1990. Downstream of 
the Spring Creek Mine permit boundary, Decker Coal collects water quality and quantity data at Spring 
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Creek stream station USC-75 (formerly RS-2), which has been actively monitoring since 1975. Mining 
operations extend to the edge of the Tongue River Reservoir, and since flows are restricted, no water 
quality or quantity data exists downstream of the West Decker Coal Mine. 


Stream water quality and quantity is currently monitored at four locations in the South Fork Spring 
Creek drainage (Figure 6-1). Upstream of all mining, Spring Creek Coal collects water quality and 
quantity data at South Fork Spring Creek stream station SF-1R (formerly SF-1) and SF-2, both of which 
has been actively monitoring since 1999. Downstream of mining, Spring Creek Coal collects water quality 
and quantity data at South Fork Spring Creek stream stations RS-8. RS-8 is located downstream of Pit 1 
reclamation on a hydrologically disconnected section of South Fork Spring Creek, and it has been 
actively monitoring since 2011. In addition to the active monitoring sites, RS-7 was located downstream 
of mining in Pit 2 and was monitored from 1979 – 2011 until being mined through. Downstream of the 
Spring Creek Mine permit boundary, Spring Creek Coal collects water quality and quantity data at South 
Fork Spring Creek stream station RS-5, which has been actively monitored since 1976. There are no 
active stream monitoring sites on South Fork Spring Creek at the West Decker Mine because the stream 
has not yet been reclaimed. 


Baseline water quality and quantity is monitored at four locations currently in the Pearson Creek 
drainage (Figure 6-1). Upstream in Pearson Creek, near the eastern boundary of the Spring Creek Mine 
permit, Spring Creek Coal collects water quality and quantity at Pearson Creek stream station PC-2. 
Downstream in Pearson Creek, near the eastern boundary of the Spring Creek Mine permit, Spring Creek 
Coal monitors water quality and quantity at Pearson Creek stream stations PC-1 and PC-1ST. Lastly, just 
inside the west permit boundary at the West Decker Mine, Decker Coal monitors water quality and 
quantity at the Pearson Creek stream station UPC-80. Spring Creek Coal has been monitoring Pearson 
Creek since 2007, while Decker Coal has been monitoring Pearson Creek at UPC-80 since 1980. 


Some stream water quality, especially TSS monitoring, is done with auto-samplers, which collect water 
quality without field personnel on site. This is especially valuable for TSS sampling, as during runoff 
events the initial flush of water generally contains the maximum concentration of TSS, and timing field 
sampling to match unpredictable ephemeral flows is difficult. Two styles of auto-samplers are employed 
at the Spring Creek Mine to sample for TSS. The two styles are Sigma battery-powered samplers and 
static bottle sediment samplers. 


Spring (spring and seep) monitoring consists of collection of water quality parameters and flow 
measurements at one established monitoring station on the permit area. Springs are sampled for a 
variety of field parameters, analytical constituents, peak flows, and instantaneous flows (Tables 6-1 and 
6-3). The location of Rainy Spring is shown in Figure 6-1.


Spring Creek Coal monitors the South Fork Spring Creek Flood Control Reservoir semi-annually for water 
quality parameters, field parameters, and water depth. Eight additional impoundments, consisting of 
sediment ponds and the Carbone Flood Control Reservoir, are monitored for depth and operational 
integrity, but no water quality or field parameters are collected. The Carbone Flood Control Reservoir is 
located upstream of mining and sediment ponds are only sampled during discharge events as specified 
in MPDES Permit No. MT0024619. Parameters associated with sampling at the Spring Creek Flood 
Control Reservoir are included in Tables 6-1 and 6-3. The South Fork Spring Creek and Carbone Flood 
Control Reservoirs are shown in Figure 6-1. 


In addition, Decker Coal operates the East and West Decker coal mines and collects surface water 
monitoring data associated with streams, springs, and ponds in accordance with ARM 17.24.314. At 
Decker Coal Mine, stream monitoring currently consists of the collection of water quality parameters 
and flow measurements at 10 established surface water monitoring stations within and outside of the 
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permit area. Streams are sampled for a variety of field parameters, analytical constituents, peak flows, 
and instantaneous flows (Tables 6-2 and 6-3). The stream monitoring network is shown in Figure 6-1. 
From 2014 – 2017 additional surface water and groundwater data was also taken along Deer Creek for 
use in an Alluvial Valley Floor determination.  


At the West Decker Mine the Pearson Creek Flood Control Reservoir is monitored annually for water 
quality parameters, field parameters, and water depth. Twelve additional impoundments, consisting of 
sediment ponds and two flood control reservoirs in the Spring Creek drainage, are monitored for depth 
and operational integrity, but no water quality or field parameters are collected. The Pearson Creek 
Flood Control Reservoir is located upstream of mining and sediment ponds are only sampled during 
discharge events as specified in MPDES Permit Nos. MT0000892 and MT0024210. Parameters 
associated with sampling at the Upper Pearson Creek Flood Control Reservoir are included in Tables 6-2 
and 6-3. The Pearson Creek Flood Control Reservoir is shown in Figure 6-1. 


Currently, the U.S. Geological Survey operates two surface monitoring stations near the Tongue River 
Reservoir, located upstream and downstream of mining at the Spring Creek and Decker mines. USGS 
Station 06306300, Tongue River at State Line near Decker, MT, has continuously monitored discharge of 
the Tongue River prior to entering the reservoir since 1960. USGS Station 06307500, Tongue River at 
Tongue River Dam near Decker, MT, has continuously monitored discharge of the Tongue River at the 
dam outlet since 1939. In addition, Decker Coal has monitored water quality at two stations on the 
Tongue River Reservoir. TR0977 is located upstream of the Spring Creek and Decker mines, and has been 
sampled quarterly since 1976. TR1078 is located downstream of the Spring Creek and Decker mines, and 
has been sampled quarterly since 1978 (Figure 6-1). 


6.2 GROUNDWATER 
The locations of the monitoring wells are designed to monitor upgradient and downgradient changes in 
water level and water quality (Figure 6-2; Table 6-4). Analytical parameters required in the current 
monitoring plan are listed in Table 6-1. Most of the original wells remain in the current monitoring 
network, although some have been removed with the advance of mining. Additional wells have been 
installed as mining advanced to ensure adequate monitoring coverage remains to assess impacts.  


The appropriate frequency of water level measurements and water quality samples is chosen for each 
well. More frequent water quality samples are collected from new wells or wells that monitor an area of 
concern. Wells showing little or no change in water levels or in the trend of decline or recovery have less 
frequent measurements than wells which measure rapidly changing aquifer levels. Some wells, 
particularly wells in the Canyon Coal, have a history of venting dangerous gas. These wells are sampled 
and measured less frequently until there is sufficient water for the wells to be sampled safely (Spring 
Creek Coal Co. 2018b).
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7.0 BASELINE HYDROLOGIC CONDITIONS 


In establishing the baseline hydrologic conditions for this CHIA, DEQ has applied the methodologies 
outlined in OSMRE’s 2002 guidance document (OSMRE 2002). The goals for establishing baseline 
hydrologic conditions are to characterize the local premine hydrology, to understand the regional and 
local hydrologic balance, and to identify potential water resources or uses that could be affected by the 
proposed mining operation (OSMRE 2002). Monitoring surface water and groundwater prior to mining is 
essential to understanding the hydrologic conditions and informs the regulating agency of the potential 
for, and location of, impacts. Hydrologic monitoring was not required by statute prior to enactment of 
MSUMRA in 1978, thus there is no baseline data for some mine areas. Mining began at West Decker 
prior to enactment of MSUMRA. 


Although the majority of existing hydrologic information was collected after mining operations began, 
the substantial data sets developed over the last 30 years of monitoring provide insight into baseline 
conditions based on observed water quality and quantity trends. Upgradient groundwater quality data 
from all monitored units are representative of baseline water quality, as areas upgradient of mining 
have not been impacted by mine activity (OSMRE 2002). 


7.1 SURFACE WATER BASELINE 
Surface water baseline conditions were derived from a network of surface water monitoring stations 
(springs/seeps, streams, and ponds) established during initial permit development and upstream of 
mining activities and include data from 1980 through 2016. Data collection has continued with mining 
activities to the present.  


Baseline monitoring at Spring Creek Mine began in 1976, with the installation of stream monitoring sites 
in South Fork Spring Creek. The mining permit was originally issued to Spring Creek Coal in 1979. Since 
this time, monitoring has continued. In many cases data collected from 1980 to present may also be 
considered baseline data where it was collected outside the area of mining influence. For instance, data 
from monitoring stations upstream of mining disturbances is considered representative of baseline 
conditions. In addition to quality and quantity data, narrative descriptions of surface drainage and 
channel characteristics were included in baseline water quality and quantity assessments.  


DEQ has evaluated all data collected for the Spring Creek Mine and West Decker mine areas and 
determined which data can be used as baseline data. DEQ used a conservative approach in defining 
baseline data, and excluded some data from the baseline dataset even when mining influences were 
unlikely. Accordingly, it is highly unlikely that the baseline dataset includes any data which has been 
influenced by mining at the Spring Creek or Decker mines. DEQ also excluded data from the baseline 
dataset which showed obvious errors due to sample collection, analysis, or data processing.  


For baseline analysis, surface water samples are broken into three categories: streams, reservoirs, and 
springs. Water quality samples were chosen as representing baseline conditions if the sample was taken 
before mining related disturbance commenced upstream of the sampling location. Mining-related 
disturbance includes surface disturbances, such as the mine facilities, support facility construction 
activities, as well as surface mining operations, which disrupts surface flow patterns and runoff.  


7.1.1 Regional Drainage System 
The TR1 CIA is located within the Tongue River drainage system and ends at the reservoir dam. 
Originating in northern Wyoming, the Tongue River flows northeast into southeastern Montana, 
through the Tongue River Reservoir, and it eventually enters the Yellowstone River near Miles City, MT. 
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The Tongue River Reservoir was constructed in 1939 for flood control and irrigation water storage, and it 
was rebuilt in 1999 to raise the dam elevation. At the reservoir dam the Tongue River has a drainage 
area of 1,770 mi². The Spring Creek and Decker mine permit areas span the downstream and mid 
sections of six named drainages as well as a number of small unnamed drainage basins along the edge of 
the Tongue River Reservoir: Spring Creek, Pearson Creek, Pond Creek, Deer Creek, Middle Creek, and 
Coal Creek (Figure 5-1). TR1 would add additional disturbance to the Spring Creek and Pearson Creek 
drainages. 


Ephemeral channels in the area are generally of two types: gullies or grass swale topographic features 
and generally fall within the Rosgen A, B, or C channel type. The main streams in the area have small, 
well-vegetated channels and are situated in broad valleys, which form floodplains for extreme runoff 
events (TR1 Permit App, Vol 1).  


Ephemeral drainages serve an important hydrologic function in the Southern Montana glaciated plains 
ecosystem. Many drainages deliver sediment and runoff to larger intermittent or perennial streams 
during major flow events. This sediment serves to replenish river geomorphic features such as point 
bars, adds to the volume of the alluvial aquifer when deposited in the floodplain of the river, and carries 
a flush of nutrients needed to sustain aquatic life. Conversely, the drainages serve to retard or retain 
water during low flow events which can reduce inputs such as nutrient loads during these events into 
larger drainages. During longer duration flow events, some aquatic species may migrate upstream to 
utilize ephemeral waters and remnant ponded areas for breeding and/or hatching. 


7.1.2 Surface Water Quantity 
7.1.2.1 Streams 
Stream flows in the TR1 CIA are predominantly ephemeral, responding to seasonal snowmelt or 
precipitation events. Occasionally, isolated short reaches support streamflow during exceptionally wet 
years or periods of prolonged or above average precipitation. An example of this type of segment is 
South Fork Spring Creek at the monitoring station SF-1 / SF-1R. However, in most years, streambeds are 
dry, except during ephemeral flow events.  


The ephemeral nature of the streams within the CIA precludes detailed analysis and establishment of 
typical numeric baseline streamflow conditions. Figures 7-1, 7-2, and 7-3 show water quantity and 
quality data for monitoring locations on Spring Creek, South Fork Spring Creek, and Pearson Creek. Flow 
event magnitude, duration, and frequency are variable year to year and between sites, typical of 
ephemeral flow systems. Average daily flows generally do not exceed 10 cfs, but the Spring Creek and 
Pearson Creek drainages occasionally include flows in hundreds of cfs.  


The natural ranges of peak flows can be calculated for a number of recurrence intervals using U.S. 
Geological Survey (USGS) monitoring data and tools. The USGS has historic and currently operating 
stream gages in the Spring Creek and Decker mine area, for which flood-frequency statistics have been 
published (Sando, McCarthy and Dutton 2016). Additionally, the USGS has developed equations to 
estimate flood-frequency statistics in Montana based on readily available basin and climatic 
characteristics (Sando, et al. 2016). Estimated flood-frequency statistics for Spring Creek and Decker 
stream stations along with published USGS data are presented in Table 7-1. The stream monitoring 
locations providing data for flood-frequency estimates are presented in Figure 7-4. 


Table 7-1 shows some similarity between flood-frequency flows calculated from empirical data and 
flows calculated from basin and climatic characteristics in the Spring Creek drainage. In the Pearson 
Creek drainage, estimated flood-frequency flows are higher than flows based on empirical data. Because 
of the ephemeral nature of tributary flows, even a 20-year period of flow record only includes a small 
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set of measured flow events; the drainages at monitoring stations listed in Table 7-1 have years where 
there wasn’t a single flow event. The flow estimates of Sando et al. (2016) are derived from basin 
characteristics and do not account for local features such as stream channel morphology or soil 
infiltration and streambed permeability. Regardless, peak flows in all ephemeral tributaries range by at 
least one order of magnitude between the 2-year and 100-year recurrence period. In contrast, the 
Tongue River, comprised of a large watershed supporting perennial flow, exhibits much less variability in 
peak flow between all recurrence periods (Table 7-1). 


7.1.2.2 Ponds & Reservoirs 
Ponds at the Spring Creek and Decker mines consist of artificial flood control reservoirs constructed 
solely for the storage of runoff water upstream of mining operations and sediment control ponds 
located within mine permit boundaries. The flood control impoundments only hold water from runoff 
events, and water volumes persist only relative to runoff volume as a direct result of precipitation. Thus, 
during wet years impoundments may contain water throughout the year, while during dry years 
impoundments may only contain water for short periods of time.  


Flood control reservoirs are located upstream of mining operations in the Spring Creek and Pearson 
Creek drainages. The South Fork Flood Control Reservoir and the Carbone Flood Control Reservoir are 
located in the Spring Creek drainage and impound surface flows entering the Spring Creek Mine from 
native upstream drainages unaffected by mining. Downstream of mining in the Spring Creek drainage, 
two further flood control reservoirs impound runoff on Spring Creek and South Fork Spring Creek prior 
to entering mining on the West Decker Mine. The Pearson Creek Flood Control Reservoir is located on 
Pearson Creek, prior to the creek entering the West Decker Mine and downstream of the additional 
mining proposed in TR1. The South Fork Flood Control and Pearson Creek Flood Control reservoirs are 
monitored for water quality, and the samples collected are used as baseline data. However, only the 
South Fork Spring Creek Flood Control Reservoir consistently contains water. These ponds are strictly for 
use in mine operations and are not used for livestock or other agricultural purposes. 
 
There are a number of private instream dams constructed for livestock watering in the surrounding area 
outside of the mine permits. These ponds are not part of either the Spring Creek or Decker mine’s 
monitoring and sampling plan.  


7.1.2.3 Springs 
Springs typically occur where groundwater travels laterally along a low-permeability rock unit (typically 
shale or claystone) and discharges to the surface at the outcrop. Many springs in the Tongue River 
watershed do not produce water in reliable amounts and may go dry during normal or low-precipitation 
years. The one monitored spring in the Spring Creek and Decker area, Rainy Spring, only formed 
following the 2011 water year, where precipitation was nearly double the 30-year average. The spring is 
located between two instream dams. It is upstream of mining in the South Fork Spring Creek drainage 
directly above the South Fork Flood Control Reservoir, and it is also downstream of another large 
livestock dam constructed across South Fork Spring Creek. When this livestock reservoir is full, seepage 
through the shallow alluvium is likely the source for Rainy Spring. The water quality and quantity at this 
spring is unaffected by downstream mining activities. Since formation, despite continued above average 
water years, Rainy Spring flow volumes have steadily decreased, until going dry for parts of 2015. 


7.1.3 Surface Water Quality 
Baseline water quality data consists of measurements collected from 1980 through 2016. Water quality 
data consists of selected indicator parameters consisting of common ions, metals, and nutrients 
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analyzed from grab samples collected at stream, spring, and stock pond sampling stations, as well as 
field measurements of pH, conductivity, and temperature. Baseline sampling includes those indicator 
parameters or measurements that can reasonably be affected by mining activities. For instance, some 
parameters such as E. coli are not typically measured in surface waters because of the lack of mining 
sources that may affect concentrations of these parameters. 


7.1.3.1 Tongue River & Tongue River Reservoir 
Water quality measurements have been collected between the state line and immediately below the 
Tongue River Reservoir dam since the early 1970s by various governmental agencies. The Decker Mine 
has collected quarterly water quality data above and below the Tongue River Reservoir since 1977 / 
1978. However, there is no comprehensive data set for the Tongue River prior to the start of the first 
mining operations within the CIA; mining at West Decker started in 1972 and the earliest governmental 
water quality data is from 1974. For the purposes of looking at baseline conditions, data from 1974 – 
1978 is shown as baseline data (Figure 7-5). Mining at Spring Creek and East Decker started in 1979 and 
1978 respectively and consequently prior to 1978 the amount of mining disturbance in the CIA was 
comparatively small.  


Figure 7-5 shows that water quality in the Tongue River and Tongue River Reservoir is seasonal with the 
lowest SC and SAR in May through June (late spring, early summer) and the highest in December 
through March (winter). In the 1970s, SC varied between 200 µS/cm and 1,000 µS/cm while SAR 
typically varied between 0.4 and 1.2. The difference in SC from the upstream (TR09-77 and state line 
samples) and downstream (TR10-78 and reservoir samples) ends of the reservoir were usually within 
100 µS/cm.  


7.1.3.2 Streams 
A network of nine stream monitoring stations is maintained on Spring Creek and Pearson Creek and 
their tributaries. Table 7-2 presents baseline stream water quality in the Spring Creek and Decker area. 
For purposes of baseline water quality characterization, only water quality lab samples were used to 
generate statistics given in Table 7-2. 


As stream flows in the Spring Creek and Decker area are ephemeral, water quality data typically reflects 
conditions dominated by precipitation and runoff, snowmelt, or by short-lived flows resulting from local 
exceptional recharge events. Flashy conditions and periodic sampling frequencies result in high 
variability in sampling results, and it is not uncommon for sampling results for some parameters to span 
two or three orders of magnitude (Table 7-2). 


The limited stream flows and extremely variable stream water quality data set precludes detailed 
analysis and establishment of typical numeric baseline streamflow conditions. Ephemeral flows may be 
high in suspended solids when they occur in response to storm-driven events, resulting in elevated 
concentrations of metals that naturally occur in the soil (iron, lead, nickel, manganese, aluminum, and 
zinc). Snow-melt driven flows show the opposite condition with low suspended and dissolved solids 
resulting from clean snowmelt, sometimes over frozen ground. The frequency and variability of flow 
conditions is reflected in the variability of water quality results. 


Many historical water quality samples exceed current method detection limits listed in DEQ-7. Higher 
method detection limits reflect historical, less accurate sampling and laboratory methods. Some metals 
were above the lowest livestock water quality guideline threshold in baseline stream sampling (Table 2-
5; Table 7-2; Table 9-9). Baseline water samples from both the Spring Creek and Pearson Creek drainage 
basins had levels of metals such as aluminum, arsenic, copper, iron, manganese, and vanadium above 
the livestock guideline threshold. Of all the metals, total iron and manganese were the most frequent to 
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be above the guideline threshold. These metals are common in the soils of the area. Precipitation-driven 
ephemeral flows often contain high levels of total metals, carried in suspended sediment eroded during 
high intensity flow events. From groundwater samples, water that has interacted with the scoria in the 
area is known to acquire natural arsenic. The EC limit of 500 µS/cm set forth in ARM 17.30.670 (Table 2-
3) was exceeded in 47 of 155 baseline samples when compared to the Specific Conductance (SC) 
measurements, the SAR summer maximum standard was exceeded in 5 of 89 baseline samples, and the 
SAR winter maximum standard was exceeded 0 of 61 samples.  


The variability in water quality of South Fork Spring Creek, Spring Creek, and Pearson Creek is shown in 
Figure 7-6 for the major anions and cations. Samples from Spring Creek and Pearson Creek have similar 
values for the major anions and cations. South Fork Spring Creek has the highest range of variability 
compared to Spring Creek and Pearson Creek in all of the analytes shown in Figure 7-6 except for TSS 
where it has the lowest variability. High TDS in the baseline samples come mainly from samples taken at 
RS-7 from 1979 to 1982. RS-7 was located on a small tributary to South Fork Spring Creek and does not 
represent the water quality in the main channel. RS-7 samples also had higher SAR values than samples 
from the main channel. However, multiple samples from the main South Fork Spring Creek channel 
indicate that the main channel tends to also have higher a SAR than Pearson Creek or Spring Creek.  


TSS for all the samples varies over at least four orders of magnitude and is a direct result of the ground 
and weather conditions during the flow events (melt over frozen ground vs late spring and summer 
flashy storm events). The lower range of TSS values from South Fork Spring Creek is due to sampling bias 
and stream conditions at the time the samples were taken. Baseline statistics for South Fork Spring 
Creek are derived predominately from SF-1 samples collected during the longer duration flows. 
Extended baseflow occurred in 2012 and 2014 (Figure 7-3) after the high precipitation years of 2011 and 
2013, which temporarily recharged the alluvium upstream of the Spring Creek Mine. The flows do not 
represent the same type of flashy, sediment-laden stream flows that were sampled for baseline in 
Spring Creek and Pearson Creek.  


Baseline water quality in Pearson Creek is variable because of the ephemeral nature of stream flows 
(Figure 7-1). Baseline TDS ranged from 74 to 800 mg/L, with a median of 213 mg/L (Figure 7-6). 
Exhibiting similar variability, baseline TSS ranged from 4.4 to 236,000 mg/L, with a median of 440 mg/L. 
Other parameters, such as bicarbonate, calcium, and fluoride, exhibit a similar large variance in 
maximum and minimum, with maximum values much higher than median values (Figure 7-6). Other 
parameters, such as chloride and magnesium, exhibit less deviation from the median.  


7.1.3.3 Ponds & Reservoirs 
Water quality data for flood control reservoirs is limited to two sites and highly variable (Table 7-3). 
Water quality data represents a periodic condition for most impoundments due to the fact that water 
quality samples are only collected when ponded water exists, and may represent a variety of conditions, 
from recent runoff to stagnant summer pools. Median TDS concentrations are higher than those taken 
from stream flow events (1,240 mg/L from reservoirs vs 194 mg/L for streams) while median TSS 
concentrations are lower than stream samples (18 mg/L from reservoirs vs 156 mg/L). The water quality 
in the reservoirs is consistent with ponded stream water that has been able to both evaporate water 
concentrating solutes and settle out suspended solids. 


Since both the South Fork Spring Creek and Pearson Creek flood control reservoirs are located in stream 
channels upstream of mining disturbance, and generally only receive recharge water during runoff 
events, the water quality of these ponds is highly reflective of ephemeral stream conditions. Similar to 
the streams baseline, high metals concentrations are not unusual, and neither are exceedances of water 
quality standards. Furthermore, water quality in ponds generally declines through the season, as 
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evaporation reduces water levels and concentrates parameters such as EC and SAR. These flood control 
impoundments were developed to control runoff entering mine areas, and are not intended as use for 
private or public drinking water supplies nor do they meet the definition of ‘state waters’.  


7.1.3.4 Springs 
The only spring in the CIA, Rainy Spring, emerged and flowed after the 2011 high precipitation year and 
has since gone dry. Only one water quality sample has been collected at Rainy Spring to date (Table 7-4). 
Metals concentrations are low in the spring sample, with most analytical results reported as non-
detects. There were no samples collected for TN or TP, and nitrate + nitrite did not exceed the DEQ-7 
HHS.  


The characteristics of Rainy Spring are of a spring that only flows after very high precipitation years and 
is not a regular source of surface water. So far, Rainy Spring has not produced a water volume that 
would support water-based recreation, irrigated agriculture, or most consumptive industrial uses. Rainy 
Spring, when flowing, discharges in the South Fork Flood Control Reservoir, where wildlife use may 
occur, even though some of the livestock water quality guidelines (e.g. iron and magnesium) given in 
Table 2-5 are not met. While water quality from Rainy Spring may meet agricultural requirements for 
crop use, available water volumes are not sufficient to support irrigation or other consumptive 
agricultural uses other than livestock or wildlife watering.  


7.2 GROUNDWATER BASELINE 
Baseline describes the condition that exists prior to influence or potential influence of mining on a 
groundwater resource (OSMRE 2002). Baseline data, in this context, can be collected prior to the 
influence of mining in a given area, or in a location that is upgradient or cross-gradient from mining 
disturbance. Determination of baseline conditions is complicated by unrelated ongoing stressors, which 
can induce variability unrelated to mining. 


Wells used for premine and baseline groundwater data collection were drilled by both Spring Creek and 
Decker mines as well as by the Montana Bureau of Mines and Geology (MBMG). Together, the baseline 
data set covers not only the mine permit areas but a large area to the south, west, and northeast of the 
mines. Monitoring wells at West Decker were installed after mining had begun in 1972 (Decker Coal 
Company 2018a). 


7.2.1 Groundwater Regime 
The local groundwater flow regime is generally controlled by topography and drains toward the Tongue 
River. The deeper regional regime flows northward and is stratigraphically controlled (Rankl and Lowry 
1990) but has little direct influence on the local flow. 


Groundwater in the area can be found in coal seams, alluvium, clinker, and sandstone (Slagle, Lewis and 
Lee 1985). Rapid facies changes in the sandstones and siltstones result in lenticular, discontinuous units 
that generally do not provide a reliable water resource. Typically, the sedimentary strata of the Fort 
Union Formation have low hydraulic conductivities and form aquitards between the coal seam aquifers, 
although they may supply limited water resources locally. 


The main shallow aquifers in the Spring Creek Mine area are coal seams. Permeability and hydraulic 
conductivity within the coal beds are highly variable and are a direct function of the degree, nature, and 
direction of secondary fracturing within the seam. In the absence of fracturing, the coal seams are a 
marginal aquifer, with low transmissivity. Transmissivity values from aquifer tests (pump and slug tests) 
at Spring Creek and Decker mines cover a wide range (Table 7-5). Production from supply wells 
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completed in the shallow coal seams ranges from 10 to 60 gpm (Van Voast and Hedges 1975), with rates 
of 15 gpm and less most common. 


Several significant northeast-trending normal faults form hydrologic boundaries in the area (Figure 4-3). 
Displacement of up to 350 feet has been documented on larger faults.  


Based on premine potentiometric maps (Van Voast and Hedges 1975), the flow direction of the premine 
groundwater system was from recharge zones in highlands east and west of the mines to discharge at 
the Tongue River. At Spring Creek, groundwater was moving from the west-northwest toward the 
Tongue River. 


Although most recharge to the groundwater system is assumed to occur in highlands outside the mine 
boundaries, local recharge occurs via clinker, seepage along drainages and the Spring Creek Fault (Spring 
Creek Coal Co. 1980), and ponds.  


Downward vertical flow gradients (between aquifers) predominate in the area. Because CBM production 
requires the reduction of pressure head, pumping produced substantial, widespread water level declines 
in coal aquifers in the Decker area (Meredith, Wheaton and Kuzara 2012). 


Water type in bedrock aquifers at Spring Creek Mine most commonly ranges from sodium bicarbonate 
to sodium sulfate (Figure 7-7 and Figure 7-8). Magnesium-calcium bicarbonate or calcium-magnesium 
sulfate types are less common. Magnesium-calcium sulfate-type water typically characterizes alluvial 
water. Water tends to be neutral to slightly alkaline with pH commonly near 7.5 (Table 7-6). 


There is no strong distinction in major ion chemistry between the bedrock aquifers. Sodium is the most 
common major cation, with bicarbonate and sulfate the most abundant anions. Fluoride is present at 
low concentrations in most samples. Trace metal chemistry among the bedrock aquifers is also similar. 
Boron, iron, and manganese are generally present in small concentrations. Small amounts of aluminum 
and zinc are occasionally reported in water quality analyses, but these metals are generally not 
persistent in repeated samples from a given well. Trace amounts of cadmium, copper, nickel, lead, 
vanadium, and selenium are less commonly reported. Coal deposits naturally contain trace impurities, 
including arsenic, boron, selenium, and other relatively common elements (Snow 1983). 


7.2.1.1 Regional 
The regional groundwater flow regime within the older strata of the Powder River Basin is not relevant 
to this study, as it has limited interaction with the local flow regime in this area (Lee 1981). 


7.2.1.2 Local 
7.2.1.2.1 Aquifer Parameters 


Transmissivity in most strata is relatively low, which results in low recharge rates and relatively slow 
recovery from drawdowns. Faults have a significant influence on groundwater movement. In most cases, 
the fault acts as a barrier of variable effectiveness, but in some instances the displacement of the fault 
has resulted in contact between two normally separated permeable units and increases flow locally. 


7.2.1.2.2 Flow 


Normal groundwater flow direction in the Decker-Spring Creek area is toward the hydrologic discharge 
boundary formed by the Tongue River (Slagle, Lewis and Lee 1985). Dewatering and removal of aquifers 
during mining causes temporary modification of flow direction in the vicinity of the mine pits as 
groundwater moves toward depressed water levels in the pit area. 
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7.2.1.2.3 Recharge and Discharge 


Recharge depends largely on lateral flow from adjacent aquifers. Vertical infiltration from precipitation 
is limited by low precipitation, a high evaporation rate, and low permeability of surficial materials. There 
is some local recharge from snowmelt and precipitation in drainages and depressions. Fractured clinker 
permits greater infiltration of precipitation and surface flow and locally may be a source of recharge 
(BLM 1977). Mine pits, sediment ponds, and stock ponds are also sources of local recharge. Local 
bedrock discharges are primarily to alluvium and springs. 


7.2.1.2.4 Water Quality 


Groundwater in the Spring Creek Mine area is generally sodium-bicarbonate type, with moderately high 
salinity. As is typical for coal-bearing sediments, iron, arsenic, and fluoride are often somewhat elevated 
(Drever, Murphy and Surdam 1977). The presence of thick coal seams influences geochemical processes 
to some extent (D. Clark 1995). Some coal has been burned in place through natural coal fires, leaving 
clinker deposits (baked porcellanite from clay minerals in contact with burning coal). Ash remaining in 
the clinker deposits often contains reactive minerals which, in combination with the high transmissivity 
of the clinker, may result in erratic water quality (Kolker, et al. 2009). 


7.2.2 Alluvial Baseline 
Alluvial water resources can be found in Spring Creek valley and beneath the Tongue River flood plain. 
Valley fill deposits are typically dominated by fine-grained colluvium; stream-laid deposits appear to 
represent only a minor part of the valley fill materials. 


At Spring Creek Mine, alluvial monitoring wells were installed in Spring Creek, South Fork Spring Creek, 
North Fork Spring Creek, and Pearson Creek drainages. All of these streams are ephemeral. Drill log 
descriptions indicate that alluvial material is predominantly colluvium with few gravel-bearing zones 
suggestive of water-laid deposits. These deposits generally range between 10 and 20 feet thick. 


SC in alluvial wells in the Spring Creek Mine averages around 2,300 µS/cm. This is within Class II 
(between 1,000 and 2,500 µS/cm) standards, although water quality in the alluvium is more variable 
than most groundwater sampled, ranging from 432 to 3,500 µS/cm (Table 7-6). 


7.2.2.1 Spring Creek 
Alluvial wells in the South Fork Spring Creek historically had a saturated thickness of 3 to 4 feet, 
although most of those wells have been removed by recent mining. At the southeast part of the Spring 
Creek permit area where the coal has burned and clinker is the predominant rock type, South Fork 
Spring Creek alluvium is dry. The upper reaches of Spring Creek and North Fork Spring Creek also overlie 
clinker. Clinker typically forms highly transmissive water table aquifers of limited areal extent. Some 
clinker is so highly transmissive that it is largely dry (Slagle, Lewis and Lee 1985). Surface runoff and 
precipitation enter clinker and may form zones of saturation along the irregular clinker base. 


Baseline measurements from South Fork Spring Creek wells within a mile downstream of Pit 1 recorded 
a saturated thickness of up to 20 feet or more. When five earthen dikes in the South Fork Spring Creek 
drainage were breached by flooding, water levels in the monitoring wells dropped up to 17 feet, leaving 
some wells dry and others with only a foot or two of water. 


Twelve monitoring wells were completed in Spring Creek alluvium in the Carbone graben, between the 
Spring Creek and Carbone faults. Many of the original Spring Creek alluvial wells installed in the Pit 4 
area were completed partially in sandy bedrock below the valley fill and consequently gave water level 
measurements that suggested that there was greater saturation in valley fill material than actually 
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existed. In 1998, four new alluvial wells were installed to the base of the alluvium at the same sites as 
four existing wells completed below unconsolidated material into bedrock. The new wells remained dry. 
Most of the alluvial wells in the Pit 4 area had a history of being dry or recorded only a trace to a couple 
of feet of groundwater, often coincident with snowmelt runoff. 


7.2.2.2 Pearson Creek 
Wells drilled in Pearson Creek alluvium to evaluate baseline water levels indicated that the valley fill has 
the ability to transmit groundwater in some spots, but the supply is not adequate to sustain permanent 
underflow through the system. Water levels measured after snowmelt indicated local saturation of 
between a few inches and 10 feet. Water levels declined precipitously within a month or two after 
snowmelt (Spring Creek Coal Co. and WWC Engineering 2008). No alluvial wells on Pearson Creek have 
been sampled for water quality, as none have had sufficient water for sampling. 


7.2.3 Clinker Baseline 
Specific conductance of clinker aquifers average around 900 µS/cm. This is within the range of Class I 
water quality (<1,000 µS/cm), but is very limited and sporadic in quantity. Water from the clinker 
aquifers occasionally contains arsenic above the human health standard (HHS) of 0.010 mg/L (Table 7-
6). The occurrence of high levels of arsenic is sporadic and appears to have a natural source 
(HydroSolutions, Inc. 2015). 


Spring Creek’s Phase 2 Arsenic Study (HydroSolutions, Inc. 2015) discusses the relationship between 
clinker and dissolved arsenic concentrations in depth.  


7.2.4 Overburden Baseline 
Overburden is the term used to describe the bedrock strata that overlie the Anderson-Dietz coal. 
Deposits are typically composed of laterally discontinuous, thinly bedded and fine-grained, silty 
sandstone and claystone. Lenses of fine sandstone may host perched ground water in the overburden.  


Water quality in the overburden includes Class II and Class III groundwater. Baseline SC averages around 
2,700 µS/cm with a range between 1,450 µS/cm and 7,900 µS/cm (Table 7-6).  


7.2.5 Anderson-Dietz Coal Baseline 
West of the Spring Creek Mine permit area, the Anderson-Dietz aquifer appears to be under confined 
conditions. This aquifer is unconfined in the east part of the permit area (where there is extensive 
clinker) and in Spring Creek Mine’s Pearson Creek area. Baseline water levels indicate that the 80-foot 
thick Anderson-Dietz coal seam was unconfined in the central permit area, where Pits 1, 2, and 3 have 
subsequently been developed (south of the Spring Creek Fault). Water levels in the north part of the 
permit area, near Pit 4, indicated that the Anderson-Dietz aquifer was confined in the western two-
thirds of the Carbone graben prior to mining. 


Baseline SC in the Anderson-Dietz coal seam averages around 2,800 µS/cm, which classifies the water on 
average as Class III water quality (between 2,500 and 15,000 µS/cm) (Table 7-6). Arsenic concentrations 
in excess of the HHS are relatively common in Anderson-Dietz wells. 


7.2.6 Interburden Baseline 
Interburden refers to strata between the Anderson-Dietz coal and the Canyon coal. Relatively few 
monitoring wells have been completed in the interburden, as sufficient permeability for groundwater 
movement is relatively rare. Where permeable materials can be found in the interburden, it is a 
potential source of relatively high salinity water. 
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Specific conductance in interburden samples is relatively high, averaging over 2,600 µS/cm. Chloride and 
fluoride are relatively high, while sulfate concentrations are comparatively low. 


7.2.7 Canyon Coal Baseline 
The Canyon aquifer lies 100 to 150 feet below the Anderson-Dietz coal seam. It was confined 
throughout the Spring Creek area prior to CBM production. Pressure head in the Canyon seam is 
variable, but prior to gas production the water level was locally as much as 300 feet above the top of the 
unit. Gassy conditions in the Canyon seam occasionally make it difficult to monitor and take accurate 
water level measurements. 


Water quality ranges from Class II to Class III water with an average SC around 2,200 µS/cm (Table 7-6).  


7.2.8 Underburden Baseline 
Groundwater in the underburden (below the Canyon Coal) has the lowest average SC (approximately 
1,850 µS/cm), chloride (approximately 5 mg/L), and arsenic (0.0003 mg/L) of any other lithology except 
clinker. Sulfate and iron concentrations are mid-range compared to other lithologies sampled.  
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8.0 WATER RESOURCE USES 


Current and historic groundwater uses in the Decker/Spring Creek area include domestic, livestock, and 
water supply for the mine. Groundwater users (wells and groundwater rights) are shown in Table 8-1 
and Figure 8-1, and surface water users (surface water rights) are shown in Table 8-2 and Figure 8-2. 


As shown in Table 8-1, most wells and springs in the CIA are used for stockwater. Wells are primarily 
completed in the underburden, while springs are primarily sourced from the overburden. Table 8-1 
shows that Spring Creek Mine (either as Spring Creek Coal LLC or through Arrowhead 1 LLC, a subsidiary 
incorporated in 2012) owns many of the wells and the rights to springs in the CIA.  


As shown in Table 8-2, surface water rights in the around the Tongue River Reservoir are dominated by a 
few users. Spring Creek Coal owns many of the water rights within and adjacent to the Spring Creek and 
Decker mines (Table 8-2). The majority of the other water rights are government owned. Government 
water right owners include the Montana State Board of Land Commissioners, the Montana State 
Department of Fish, Wildlife, and Parks, the Montana Department of Natural Resources, and the U.S. 
Bureau of Land Management.  


The mine operator must 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 contaminated, diminished, or interrupted from strip or underground 
mining (ARM 17.24.648).  


8.1 PUBLIC WATER SUPPLY 
One groundwater right within the CIA is classified as “municipal”. In 1979, the community of Spring 
Creek was proposed for a site in the northeast corner of the groundwater CIA. A water right was 
established to serve the planned 3,000 residents, but the community was never developed. The 
diversion, comprising four relatively deep wells, is currently unused. 


One well supplies water for Spring Creek School, a one-room school with a current enrollment of seven 
grade-school students. 


8.2 PRIVATE WATER SUPPLY/DRINKING  
Domestic use is indicated in GWIC and DNRC records for 10 wells within the groundwater CIA. There is 
also one surface water right on the Tongue River Reservoir for domestic use. Homes and ranches are 
sparse near the mine permit areas. Based on available completion depths, most wells utilize alluvium, 
Anderson-Dietz or Canyon coal seams, or underburden. Many of the domestic wells supply incidental 
drinking and sanitary water for mine or shop facilities. 


8.3 CULINARY AND FOOD PROCESSING 
There are no known culinary or food processing uses in the CIA. Any culinary or food processing use 
would likely be required to be permitted as a public water supply. 


8.4 INDUSTRIAL AND COMMERCIAL 
Numerous coal seam aquifers lie beneath the seams mined and monitored by the mines. Some of these 
deeper aquifers were used for mine water supply at Spring Creek Mine during early mining, but the 
wells have been abandoned as water production waned. A well in the northwest part of the Decker 
Mine has historically provided some production water for Spring Creek Mine. During the 2000s, the 







Major Revision TR1 CHIA – Water Resource Uses 


3/27/2020  35 


Spring Creek and Decker mines used groundwater from CBM production to satisfy most operational 
needs. With the decrease in CBM production, the mines have been transitioning to alternate water 
sources. In 2013, Spring Creek Mine drilled a production well between the West Decker Mine and the 
Tongue River Reservoir that pumps from the clinker and D2 aquifers, and the mine also has a current 
permit to pump from the reservoir (Tables 8-1 and 8-2). 


8.5 LIVESTOCK  
Livestock watering is historically 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. 


Fourteen wells that lie within the groundwater CIA are identified for stockwater use in the GWIC and 
DNRC databases (Table 8-1 and Figure 8-1). The completion depths listed for stockwater wells indicate 
that groundwater resources used for supply include alluvium, overburden, Anderson-Dietz coal, and 
upper and deeper underburden groundwater. There are also two groundwater rights listed for 
stockwater use at springs in the groundwater CIA. These springs are primarily sourced from overburden 
or alluvial aquifers. 


Livestock are listed as the use at 26 of the surface water rights within the Spring Creek and Decker mine 
areas in the DNRC database (Table 8-2). Livestock use of surface water is typically directly from the 
source or at a dam constructed across the channel.  


8.6 IRRIGATION 
A small number of wells are reported as being used for irrigation. These wells are almost all cross-listed 
as a domestic and/or stock use wells, and many of these wells are likely used to irrigate lawns or 
pastures. No crops, besides dry land hay, are known to be grown in the CIA.  


8.7 AQUATIC AND WILDLIFE HABITAT AND WILDLIFE DRINKING WATER 
All surface water serves as a source of water to wildlife in the area. Temporary sediment ponds holding 
water on the mine site are also a water resource for wildlife. The Bureau of Land Management owns two 
water rights listed for wildlife use, specified as dams on Pearson and South Fork Spring Creek. The main 
aquatic habitat in the region is the Tongue River and the Tongue River Reservoir. The Tongue River is 
habitat for mainly warm water fish, and largemouth bass, smallmouth bass, walleye, white crappie, 
black crappie, northern pike, yellow perch, rock bass, pumpkinseed, and spottail shiner have been 
stocked or introduced to the reservoir (Montana Fish, Wildlife & Parks (FWP) 2013). Upstream of the 
reservoir to the state line the river contains fish such as sauger, channel catfish, smallmouth bass, and 
walleye. Sauger is listed as a species of concern by the Montana Natural Heritage Program (McMahon 
and Gardner 2001). Below the reservoir is a segment of stream that is habitat to coldwater fish due to 
releases from the reservoir where brown trout and rainbow trout have been stocked. The segment of 
the river between the reservoir and the Yellowstone River is also populated by shovelnose sturgeon in 
addition to the assemblage found upstream of the reservoir. The shovelnose sturgeon is currently only 
found at the mouth of the Tongue River, but the species may repopulate more sections of the river 
upstream with changes in long term management plans. Montana Fish, Wildlife, and Parks owns 5 
surface water rights in the Spring Creek and Decker area to maintain instream flows for fisheries (Table 
8-2). The water rights are located on the Tongue River or unnamed tributaries of the Tongue River 
(Figure 8-2). 
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9.0 HYDROLOGIC IMPACT & MATERIAL DAMAGE ASSESSMENT 


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 (82-4-
227(3), MCA; ARM 17.24.314(5)). The assessment must be sufficient to determine if the proposed major 
revision TR1 at the Spring Creek Mine has been designed to minimize impacts to the hydrologic balance 
inside and outside the permit area and to prevent material damage to the hydrologic balance outside 
the permit area (ARM 17.24.314(5); ARM 17.24.405(6)). 


9.1 MINIMIZATION OF IMPACTS AND PREVENTION OF MATERIAL DAMAGE  
Montana’s Strip and Underground Mine Reclamation Act requires permit holders to employ measures 
“during and after the proposed mining activities to minimize disturbance of the hydrologic balance on 
and off the mine plan area and to prevent material damage to the hydrologic balance outside the permit 
area” (ARM 17.24.314(1)). Material damage is defined in Section 2.0 above.  


“The 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 groundwater 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.” 


ARM 17.24.314(1)(a)-(c).  


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 water, and protection of undisturbed drainages. 


Specific provisions for protection of and minimization of impacts to groundwater include requirements 
for prevention or control of harmful mine drainage into groundwater (ARM 17.24.643), restoration of 
the approximate recharge capacity (ARM 17.24.644), selective placement of acid and toxic forming 
materials in mine backfill to prevent leaching (ARM 17.24.501; ARM 17.24.643), and permanent sealing 
of drilled holes (ARM 17.24.632). 


In addition, adherence to Best Technology Currently Available (BTCA) and Best Management Practices 
(BMPs) in the design and implementation of facilities, equipment, devices, systems, methods, and 
techniques is required for the minimization of hydrologic disturbance. These requirements and 
performance standards established in ARM 17.24 subchapters 5 through 12 are incorporated into mine 
operation and reclamation plans. 


9.2 MINING IMPACTS 
Impacts to the hydrologic balance are expected as a result of mining. Groundwater and surface water 
will experience both short term and long-term impacts that include diminishment of surface water flow 
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due to sediment ponds placed below mine disturbance, drawdown of groundwater levels or declines in 
pressure head, and changes in water quality in both surface water and groundwater. However, as 
required pursuant to ARM 17.24.314, Spring Creek Mine has proposed a Plan for Protection of the 
Hydrologic Balance, which is designed to minimize impacts to the hydrologic balance both inside and 
outside the permit area, and prevent impacts from the proposed mining operations from resulting in 
material damage outside the permit area. The anticipated impacts to surface and groundwater systems 
on and off the mine plan area are discussed in detail below. 


9.2.1 Historic, Pre-law Mining at West Decker 
Prelaw mining prior to 1978 in the West Decker Mine Pit 11 is only required to meet pre-1978 
reclamation standards. A total of 557.9 acres were mined in Pit 11 prior to 1978. Since Pit 11 is within 
the West Decker permit and surrounded by more recent pits, impacts from pre-law mining are 
monitored by West Decker’s groundwater and surface water monitoring network.  


9.2.2 Wyoming Coal Mine Impacts 
Because of their distance from the Spring Creek Mine, current and predicted future groundwater 
drawdown at the Big Horn Mine, Youngs Creek / Ash Creek Mine, and proposed Brook Mine do not 
interact with the anticipated drawdown at the Spring Creek Mine. The only location for potential 
interaction of impacts between the Wyoming mines and the Spring Creek Mine is at the Tongue River 
Reservoir. The two most likely potential sources for water contributions from Wyoming mines are 
surface water discharges from the mine disturbance and groundwater discharge from spoils directly or 
indirectly into the Tongue River alluvium. 


For all three of these mines, given the disparity in discharge between the Tongue River and the spoils 
discharge, Thompson and Van Voast (1981) predicted that any increased TDS in the Tongue River would 
be immeasurable, given the high dilution potential of the Tongue River. This dilution potential was 
demonstrated in Clark and Mason (2007) where no changes in water quality at the Tongue River 
Stateline Gage were seen outside of normal flow adjustments despite recent extensive CBM 
development and associated saline discharge in the upper Tongue River watershed.  


The closest Wyoming coal mine to the Tongue River Reservoir is the Youngs Creek Mine, formerly known 
as the Ash Creek Mine. The Youngs Creek CHIA predicted that during mining, runoff in the Tongue River 
would be reduced by 0.05%, a small change that would not be discernable from seasonal variability 
(WDEQ 2011). The Youngs Creek CHIA predicted that water quality and quantity impacts from the 
Youngs Creek Mine would not be measurable at the Tongue River Reservoir due to the distance from the 
Youngs Creek Mine to the Tongue River Reservoir, the diluting effects of runoff from the contributing 
watershed, and the small size of the Youngs Creek Mine’s impacts with respect to the size of the 
receiving Tongue River watershed (WDEQ 2011). Since the impacts from the Youngs Creek Mine are not 
predicted to be measurable at the Tongue River Reservoir, there are no cumulative impacts from the 
proposed TR1 mining and future mining at the Youngs Creek Mine.  


Impacts from the Big Horn Mine are discussed extensively in the mine’s Groundwater Restoration 
Demonstration (Big Horn Coal Company 2002) and in Wyoming DEQ’s Youngs Creek Mine CHIA (WDEQ 
2011). Mining affected the Tongue River alluvium as well as the alluvium of tributaries to the Tongue 
River. The mined coal seam sub-cropped under the Tongue River and provided groundwater to the river. 
After mining reclamation, the spoils replaced the coal as the local contributing aquifer to the river. 
Water levels in the pits closest to the Tongue River quickly recovered, and spoils were flushed of 
minerals due to the inflow of alluvial groundwater and streamflow from the Tongue River and Goose 
Creek. Water quality in the Tongue River alluvium (Big Horn Coal Company 2002) and the Tongue River 
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itself (WDEQ 2011) downstream of the mine have not shown any influence from mining. Because water 
quality and quantity immediately downstream of the Big Horn Mine did not show impacts from mining, 
this mine has not had an impact on water quality at the Tongue River Reservoir. There are no cumulative 
impacts from the proposed TR1 mining and past mining at the Big Horn Mine.  


The Wyoming Department of Environmental Quality released a draft CHIA for the Brook Mine in March 
2020. The Brook Mine’s application indicates the mine would disturb portions of Goose Creek, Hidden 
Water Creek, and Slater Creek. The Brook Mine CHIA concludes that the Brook Mine’s hydrologic 
impacts will not measurably interact with any other mine’s impacts, that there will be no measurable 
impact to the Tongue River, and that no material damage from the proposed mining operations would 
occur (WDEQ 2020). During mining, any discharges from Brook Mine would comply with any water 
quality limits as required by the Wyoming Pollution Discharge Elimination System.  


9.2.3 Alluvial Valley Floors 
“Alluvial valley floor” (AVF) “means the unconsolidated stream-laid deposits holding streams where 
water availability is sufficient for subirrigation or flood irrigation agricultural activities” (82-4-203(3)(a), 
MCA). “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” (82-4-
203(3)(b), MCA).  


DEQ may not approve an application for a mining permit or major revision unless the application 
affirmatively demonstrates that the proposed operation of the mine would not: 


“(i)interrupt, discontinue, or preclude farming on alluvial valley floors that are irrigated 
or naturally subirrigated, excluding undeveloped rangelands that are not significant to 
farming on alluvial valley floors and excluding land about which the department finds 
that if any farming will be interrupted, discontinued, or precluded, it is of such small 
acreage as to be of negligible impact on the farm's agricultural production; or 


“(ii)materially damage the quantity or quality of water in surface water or underground 
water systems that supply the valley floors described in subsection (3)(b)(i)” 


82-4-227(3)(b)(i)-(ii), MCA. 


According to ARM 17.24.325(2)(a): 


“Permit applicants who propose to conduct coal mining and reclamation 
operations within a valley holding a stream or in a location where the proposed 
permit area or adjacent area includes any stream in the arid or semi-arid region 
of Montana, may request the department to make an alluvial valley floor 
determination with respect to that valley floor, as an initial step in the permit 
application process. The applicant shall demonstrate, and the department shall 
determine, based on available data, or field studies submitted by the applicant, or 
a combination thereof, the presence or absence of an alluvial valley floor. Studies 
must include sufficiently detailed geologic, hydrologic, land use, soils, and 
vegetation data and data analyses to demonstrate the presence or absence of an 
alluvial valley floor in the area.” 


To make an AVF determination, DEQ must make a finding regarding the existence or absence of an AVF 
within or adjacent to the proposed mine permit area in accordance with ARM 17.24.325. An alluvial 
valley floor must satisfy both geologic criteria and hydrologic criteria which together provide sufficient 
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water to sustain agricultural activities. See In re Permanent Surface Mining Regulation Litigation, 1980 
U.S. Dist. LEXIS 17722, at *70-71 (Dist. D.C. 1980). Thus, the key to the existence of an AVF is the 
presence of both geomorphic characteristics and water availability which together support agricultural 
activities. Unless both sets of criteria are met, an AVF does not exist. 


The Decker mines on either side of the Tongue River commenced before MSUMRA and the rules 
governing AVFs, so no AVF determination was done for the Tongue River. Furthermore, the Tongue 
River Reservoir inundates any alluvial floodplain potentially available for agriculture in the vicinity of the 
mines.  


The proposed mining at the Spring Creek Mine and current operations at the Spring Creek and West 
Decker mines contain several drainages where AVF determinations have been made (Table 9-1). In 1979 
the Department of State Lands (DSL), the predecessor to DEQ, determined that neither Spring Creek nor 
Pearson Creek qualify as alluvial valley floors due to insufficient water for subirrigated or flood irrigated 
agricultural activities within the permit boundary of the West Decker Mine (MDSL 1979). Similarly, in 
1980, DSL determined that Spring Creek, within the Spring Creek Mine permit boundary, was also not an 
AVF (MDSL 1980). The DSL also determined that a portion of South Fork Spring Creek was an alluvial 
valley floor based on flood irrigability and subirrigation (MDSL 1981). However, this AVF was deemed 
insignificant to agriculture. Subsequently, in 1988, Spring Creek Coal requested a reevaluation of the 
1981 AVF decision for South Fork Spring Creek using updated geomorphic and hydrologic information. In 
1988, DSL determined that the 1981 insignificant AVF determination for South Fork Spring Creek was 
still appropriate (MDSL 1989). 


Since then, twenty years of monitoring data indicate that the alluvium of South Fork Spring Creek was 
not providing the hydrologic function originally attributed to it. Impoundment structures in the South 
Fork Spring Creek drainage and a series of wet years in the 1970’s contributed substantially to saturation 
levels in the alluvium during the baseline study and early years of monitoring at the mine. The artificially 
high-water levels led to the original interpretation that more water was available in the valley fill than 
actually existed under average conditions. Once the impoundment dams were breached and 
precipitation returned to a more normal annual average, water levels in alluvial monitoring wells 
dropped approximately 17 feet. Also, early alluvial aquifer tests in South Fork Spring Creek were later 
shown to be flawed, as the sampled alluvial wells were actually completed into underlying sandstone. 
This sandstone yielded more water than reasonably expected from the poorly sorted, relatively 
impermeable valley fill material. Studies of South Fork Spring Creek that examined the feasibility of 
installing dewatering wells into the valley fill upstream of Pit 1 concluded that the hydraulic conductivity 
in South Fork Spring Creek colluvium/valley fill material was much lower than previously assumed, 
measuring 6.7 ft/d or less compared to the earlier pump test which yielded a conductivity of 133.7 ft/d. 
(Western Water Consultants 1997). This updated information indicates that the South Fork Spring Creek 
is unlikely to be an AVF; however, no revised determination has been made. 


During the Carbone Amendment at Spring Creek Mine, which expanded mining into Spring Creek and 
North Fork Spring Creek drainages, DEQ determined that Spring Creek and North Fork Spring Creek 
within the Spring Creek Mine permit boundary were not AVFs based on lack of flood irrigation or 
subirrigation (DEQ 2001). In 2008, Spring Creek Coal submitted an AVF study for the Pearson Creek 
Amendment Area. This study found a lack of sufficient subirrigation to benefit or enhance agriculture 
and flood irrigation was either non-existent or supply is not dependable enough (Spring Creek Coal Co. 
and WWC Engineering 2008).  


In conclusion, historical AVF determinations and current monitoring data indicate the absence of AVFs in 
the Spring Creek Mine area. The hydrologic consequences of current mining and proposed mining 
operation TR1 through the drainages of Spring Creek, South Fork Spring Creek, and Pearson Creek will 
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be a temporary disruption of ephemeral surface flow. The postmine reclamation plan, including channel 
reconstruction, has been designed to restore the surface flow patterns similar to premine conditions in 
these drainages. 


9.2.4 Mine Surface Facilities  
The surface facilities at the Spring Creek Mine are located in the northeast portion of the permit area 
(Figure 9-1). The main facilities area lies within the Spring Creek drainage and includes coal processing, 
storage and loading facilities, unpaved roads, the rail loop, equipment fueling and storage areas, shops, 
and the mine offices. Additional peripheral infrastructure and facilities such as unpaved roads, 
boreholes, power lines, and other improvements are located throughout the permit area to serve and 
support mine operations. 


Within the mine disturbance area, Spring Creek Mine 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, Spring Creek, South Fork Spring Creek, and Pearson Creek, in accordance with MPDES Permit 
MT0024619. Solids retained in the ponds are removed to maintain sediment volume in the pond below 
60 percent of the as-built storage volume. Sediments removed from settling ponds are incorporated into 
spoil and eventually into reclamation.  


9.2.4.1 Surface Facilities Impacts to Groundwater and Surface Water 
Effects to the quantity and quality of surface water from mining operations at the existing facilities area 
(Figure 9-1) are expected to be temporary, and limited to inside the permit boundary. The proposed 
revision TR1 does not expand the main facilities area, but may include some additional peripheral 
infrastructure, such as roads and sediment control structures, to support mine operations. 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. 


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. At the Spring Creek and Decker mines, all water 
within the mine facilities areas are captured and treated by sediment ponds or otherwise internally 
managed and prevented from flowing untreated off of the mine site. No long term or permanent water 
quality impacts are anticipated due to the emplacement of these structures because ditches and 
culverts will be removed during mine reclamation. 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 Spring Creek and Pearson 
Creek downstream of the mine area. This attenuation of runoff will affect the delivery of flow from 
Spring Creek and Pearson Creek to the Tongue River. There are two surface water rights on Pearson 
Creek downstream of the Spring Creek Mine that could be affected by the attenuation of runoff from 
the proposed TR1 (Figure 8-2). However, the two water rights listed are both for a pond that has been 
destroyed by mining operations at the West Decker. Therefore, no downstream water rights are 
affected from the attenuation of runoff by sediment ponds. Besides the pond on Pearson Creek, the 
nearest downstream water rights are located on perennial reaches of the Tongue River. Diminution or 
withholding of streamflow from ephemeral flow events in Spring Creek and Pearson Creek will not 
impact Tongue River water users. No decrease in flow in the Tongue River attributed to mining has 
occurred from current mining operations (discussed further in Section 9.2.6.3). The proposed TR1 
operations will only disturb drainages impounded by current mining operations; therefore, impacts to 
users on the Tongue River from TR1 are not anticipated. 
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Outside the main facilities area, land disturbance from peripheral support facilities at the existing and 
proposed mining area have the potential for hydrologic impacts, and may include geomorphic alteration 
of channels, increases in sediment loading to drainages, and alteration of stream hydrographs. 
Peripheral facilities are located within the permit boundary, and surface water impacts to ephemeral 
streams resulting from surface disturbance are assessed through adherence to established and 
approved design criteria, as listed in MSUMRA, 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)-(b) and 17.24.631 through 17.24.652. A detailed discussion of practices 
employed to comply with these requirements is provided in the Spring Creek Mine’s permit application 
(SMP C1979012, Section 314, Plan for Protection of the Hydrologic Balance, Appendix K). 


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 assesses the issue and directs the operator 
to comply with permit conditions as stated in the approved control and treatment plan. There is no 
evidence that surface disturbance has impacted surface water resources off the permit area. 
Accordingly, DEQ does not anticipate that surface water runoff from existing and proposed surface 
facilities will impact surface or groundwater systems outside the permit area. Thus, the proposed major 
revision TR1 is designed to prevent material damage. 


9.2.5 MPDES Discharges 
During mining, any discharges to state surface waters of any pit water or storm water from active mining 
areas are regulated under an MPDES permit. Spring Creek Coal only discharges to tributaries to the 
Tongue River. New sediment ponds with corresponding MPDES discharge points will be created as 
mining progresses into Pearson Creek. However, MPDES discharges from the Spring Creek Mine are not 
expected to increase as a result of proposed mining in TR1 due to the limited quantity of groundwater 
that is expected to be intercepted. All historical MPDES discharges have met effluent limitations.  


Each MPDES-permitted outfall is associated with a sediment pond designed to contain the runoff from a 
10-year, 24-hour rainfall event. Table 9-2 and 9-3 provide a description of the discharge point for each 
outfall at the Spring Creek and Decker mines. Influent flow to sediment ponds consists mainly of 
stormwater runoff from the disturbed zones within the facilities area. At the Spring Creek Mine, 
sediment ponds are discharged rarely to retain pond storage capacity once the required retention time 
has been met, so that the discharge will comply with applicable MPDES requirements. Conversely, at the 
West and East Decker mines there are MPDES discharge points that routinely or continuously discharge 
because groundwater flows from the Tongue River Reservoir into the active mine area. West Decker 
stopped continuous discharging in 2017 and has since allowed the mine pits to fill with groundwater.  


Precipitation events in excess of the required design capacity of a pond may cause discharges from 
ponds. Discharges from precipitation events exceeding pond design capacity are routed through 
spillways designed to allow discharge of stormwater without causing pond embankment erosion. 
MPDES permit limits are related to discharge causing events, with limitations reduced during 10-year, 
24-hour rainfall events or larger because lower ambient water quality conditions are associated with 
large runoff events. The Spring Creek Mine’s outfall 002 is the primary outfall controlling release of 
facility produced water, which discharges commingled coal plant wash-down water and stormwater 
runoff into an unnamed ephemeral tributary of Spring Creek. Generally, stored pit or storm water at the 
Spring Creek Mine is used for dust control. 
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Due to the low precipitation in the area, pond discharges are infrequent. Since 1997 there have been 
three discharge events, occurring in 2005 and 2014. The May 11, 2005 event discharged 0.02 million 
gallons (0.03 cfs) out of Outfall 002 and lasted for less than 24 hours. Total iron, pH, and settleable solids 
were within allowable limits. Outfall 002 is located inside the permit boundary (Figure 6-1). In February 
and March of 2014, Outfall 001 discharged at a flow rate from 0.07 to 1.4 million gallons per day (0.11 to 
2.1 cfs). The discharge was caused by leaky wooden stop logs in the Outfall 001 sediment pond spillway 
and snowmelt runoff. Settleable solids, pH, and oil and grease were within allowable limits. As the 
discharge was due to a snowmelt runoff event, Total Suspended Solids (TSS) and iron (total) numeric 
effluent limits did not apply per permit requirements. Outfall 001 is located in a tributary to Spring 
Creek, inside the Spring Creek Mine permit boundary (Figure 6-1).  


The East and West Decker mines have discharged into the Tongue River Reservoir a mixture of 
groundwater and runoff water because of the large volume of groundwater flowing into the mine pit 
areas. Since 2017 West Decker has discontinued discharging into the reservoir because there are no 
active mining operations that require mine pit pumping. While the TSS concentration of the discharge is 
generally low, the TDS and SAR of the discharge are significantly higher than background concentrations 
in the reservoir. However, available dilution in the Tongue River Reservoir is sufficient that TDS and SAR 
concentrations are similar upstream and downstream of mining (Figures 9-6 and 9-7). Since 2014, the 
quality of MPDES discharges has remained similar, and TDS and SAR concentrations have steadily 
declined since the 1980’s (Figure 9-8). East Decker’s AM2 would result in an increased volume of 
discharges, and the discharge water quality would have a higher TDS while mining progresses through 
Deer Creek; the application predicts a peak volumetric average TDS of pit water of 3,433 mg/L (SMP 
C1983007, Amendment Application AM2, Plan for Protection of the Hydrologic Balance, Table 313-14). 
The AM2 application does not give sufficient information to determine how the pit water would affect 
the water quality of East Decker’s MPDES discharges, or how the water from the AM2 expansion would 
affect compliance with the MPDES permit.  


In summary, the proposed mining at TR1 is not expected to create any additional planned discharges 
from the Spring Creek Mine, and it will not influence the Decker Coal MPDES discharges. Due to flood 
control reservoirs for the West Decker Mine on the Spring Creek and Pearson Creek drainages, 
discharges from TR1 during a majority of the life of the mine plan will be prevented from reaching the 
Tongue River Reservoir. With the ephemeral drainages blocked by West Decker, surface water from the 
drainages impacted by TR1 will not cause a change the Tongue River and there will be no co-mingling 
with mining impacts from any of the mines adjacent to or upstream from the Tongue River Reservoir.   


9.2.6 Surface Water 
9.2.6.1 Wetlands 
In 2009, the Army Corps of Engineers commissioned a Jurisdictional Determination of 10 potential 
wetlands located within the Spring Creek Mine permit area (Intermountain Resources 2010). Of the ten 
wetland areas surveyed, 6 were determined to not meet wetland criteria, and the remaining four were 
found to be non-jurisdictional stockponds constructed in dry land. Two of these stockponds are located 
within the TR1 revision area and will be mined through. One stockpond, labeled NWI-5 in the report, 
was found to be abandoned with the earthen dam blown out some time ago. The other stockpond, 
labeled NWI-6 in the report, was reported as viable with some wetland vegetation developed in the 
ponded area behind the earthen dam across the Pearson Creek channel. Wetland NWI-6 will be mined 
through as part of the proposed TR1 mining. Spring Creek Coal has committed to construct 2.6 acres of 
wetland features and preserve small depressions in the postmine landscape, providing seasonal wetland 
habitat and livestock and wildlife watering (Reclamation Plan, sections 17.24.313-11). Given that the 
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postmine topography, vegetation, and surface water runoff will resemble premine conditions, the water 
quality and quantity of postmine wetland features and small depressions are expected to be similar to 
premine features. 


9.2.6.2  Changes to Surface Water Hydrology by Ephemeral Drainage 
A discussion of impacts to surface water from the proposed operation in conjunction with impacts from 
all previous, existing, and anticipated mining is provided below. For each drainage basin the mine setting 
and history, pollutant sources and pathways, and relevant monitoring data are discussed. Potential 
impacts to the drainage basins fall under the following categories: 


1. Alterations in surface and or spring flows from source aquifer drawdown; 
2. Alterations in surface flows from disturbance of the watershed and stream channels; 
3. Removal of tributary sources during mining; 
4. Surface water quality changes from changes in source groundwater quality; 
5. Surface water quality and quantity changes from MPDES discharges to surface water; 
6. Water quality changes from runoff from mining infrastructure (roads & industrial facilities). 


9.2.6.2.1 Spring Creek 


Spring Creek drains east to the Tongue River Reservoir, with the ephemeral headwaters located outside 
the Spring Creek Mine permit boundary. Pits 1, 2, 3, and 5 disturb portions of both South Fork and 
mainstem Spring Creeks. The Spring Creek Mine main facilities area, including the rail loop, is also 
located in the Spring Creek drainage. Downstream of the Spring Creek Mine, after a short section of 
undisturbed drainage, Spring Creek enters the West Decker Coal Mine. Decker Coal began mining in the 
Spring Creek drainage starting in 1992 with the opening of Pit 16. Decker Coal mining operations extend 
to the Tongue River Reservoir, where Spring Creek, after the confluence with South Fork Spring Creek, 
joins the Tongue River. TR1 would add additional disturbance in the Spring Creek drainage with an 
overburden stockpile along the northwest permit boundary. The overburden stockpile would be on top 
of an unmined area.  


Spring Creek flows are impounded by the mines prior to entering the Spring Creek and West Decker 
mine permits: upstream of the Spring Creek Mine in the Carbone Flood Control Reservoir and upstream 
of the West Decker Mine (downstream of the Spring Creek Mine) in Reservoir No. 1. These 
impoundments will be in place until mining ceases at each of the respective mines. The impoundments 
in both the Spring Creek and Decker mines cut off flows in Spring Creek from reaching the Tongue River 
Reservoir. However, the loss of ephemeral flows from reaching the Tongue river would have little effect 
on the quantity or quality of water in the Tongue River during most flow events. Only at the largest, 
flashiest events, such as 50 or 100-year storms, would the impoundment of Spring Creek cause a more 
than a few percent change in flow in the Tongue River (Table 7-1).  


Surface water flows in Spring Creek downstream of potential mining impacts has similar water quality 
characteristics to flows unaffected by coal mining (Figure 9-2). The ratios and concentrations of the 
major anions and cations do not change with mining in the Spring Creek basin. Median SAR from 
baseline and upstream samples is 0.18 while the median SAR from below mining operations is 0.28. 
Time-concentration plots of SAR show a similar range of SAR in samples collected upstream or as 
baseline and from downstream of mining operations (Figure 9-3).  


Similarly, TDS in Spring Creek does not show a change due to mining. The median TDS from baseline and 
upstream samples is 162 mg/L while the median TDS from below mining operations is 159 mg/L (Figure 
9-2). TDS is less sensitive to the source of flow types (summer flashy storm flows vs late spring melt-
driven flows) and exhibits less seasonality than TSS (Figure 9-4). Three samples had SC above the 500 
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uS/cm water quality standard for tributaries to the Tongue River, and all of these samples were 
collected in the early 1980s in the summer. While the highest SAR values occurred in summer month, 
the correlation between seasonality and SAR is weaker. All of the SAR values at station USC-75 were 
below the maximum water quality standard of 4.5. 


TSS does show a large change between the baseline and mining influenced datasets; the median TSS 
from baseline is 188 mg/L while the median TSS from mining is 1,440 mg/L. If the higher TSS 
downstream was associated with mining activities, a trend of increasing TSS over time with increasing 
mining disturbance would be expected. No trend in TSS values can be seen from the 40 years of data 
(Figure 9-3). The higher TSS in downstream samples is instead an artifact from differences in sampling 
methodologies at the various monitoring sites. Almost twice as many samples downstream of mining 
were sampled with a TSS from auto / siphon samplers which sample first flows from an event and 
therefore often sample higher TSS water than the grab sample method. As a result, more samples for 
the mining dataset than for the baseline dataset were collected from flashy storms which carry high 
sediment loads. The influence of flow magnitude and seasonality on TSS can be seen in Figure 9-4. TSS 
varies over multiple orders of magnitude, and the highest TSS samples are associated with high flows 
during summer storms when the ground is most likely to erode. Most data downstream of mining 
activities in the Spring Creek drainage come from stations in native drainages, such as USC-75. Excessive 
sediment is prevented from entering the native channel sections through sediment ponds and 
hydrologic controls that route runoff from the mine operations away from the native channel. The 
samples indicate that these best practices for sediment and drainage control prevent changes to water 
quality due to mining. After initial reclamation, it is expected that drainages inside the permit boundary 
will experience higher sediment loads until vegetation in basin and drainages are fully reestablished.  


Other water quality parameters such as the major cations and anions have similar overall statistics 
upstream and downstream of mining in the Spring Creek drainage (Figure 9-2). Downstream of mining in 
Spring Creek, chloride has a maximum value much higher than baseline in Spring Creek, and the value is 
even much higher than all other drainages. This sample was collected in 1982 and is associated with a 
high-TSS flow event (TSS = 112,000 mg/L). This sample is an outlier, and not indicative of decreasing 
water quality because of mining operations. Outliers in water quality box plots are not indicative of 
water quality trends.  


Increases of nitrogen from blasting operations have been identified as a potential mine impact 
associated with surface coal mining operations. Water quality samples have been analyzed for total 
nitrate plus nitrite as nitrogen for the history of both the Decker and Spring Creek mines. As shown in 
Figure 9-2, mining in the Spring Creek drainage has not been associated with an increase in nitrate + 
nitrite. The median baseline concentration of nitrate + nitrite is 0.27 mg/L, 0.31 mg/L, and 0.3 mg/L for 
Spring Creek, South Fork Spring Creek, and Pearson Creek respectively. The median mining influenced 
concentration is 0.33 mg/L. and 0.37 mg/L for Spring Creek and South Fork Spring Creek. The data do 
not show any shift in nitrate plus nitrite concentrations in the drainages that would be attributable to 
mining. Total nitrogen has only been analyzed since 2014, and consequently the number of samples 
analyzed for total nitrogen is small preventing conclusions about changes in water quality due to mining 
from being made. Median baseline total nitrogen is 2.54 mg/L, 1.25 mg/L, and 1.13 mg/L for Spring 
Creek, South Fork Spring Creek, and Pearson Creek respectively. Median mining influenced total 
nitrogen concentration is 1.54 mg/L and 1.31 mg/L for Spring Creek and South Fork Spring Creek. For 
reference, the DEQ-7 human health standard for nitrate is 10 mg/L, and the DEQ-12A limit for total 
nitrogen from July 1 through September 30 is 1.3 mg/L. All of the total nitrogen samples were collected 
outside of July 1 through September 30. Since Spring Creek, South Fork Spring Creek, and Pearson Creek 
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are ephemeral, numeric water quality standards do not apply; neither DEQ-12A limits for total nitrogen 
nor DEQ-7 limits for nitrate nor DEQ-7 limits for nitrite apply.  


Soils in the TR1 area contain high concentrations of iron, and disturbance of soils and the overburden 
could result in temporary increases in iron in surface water runoff. High total iron concentrations are 
often associated with high TSS samples. As with other water quality parameters, there is no trend in 
increasing iron due to mining that has been observed to date (Figure 9-3). Higher iron concentrations 
are associated with high TSS loads associated with summer flow events which affect both flow from 
native and mine impacted areas. As with TSS, mine management of sediment and erosion also prevents 
elevated iron or other naturally occurring metals in the sediment from impacting surface water quality 
downstream of mine disturbances. Discharge water quality from sediment ponds is regulated by MPDES. 


9.2.6.2.2 South Fork Spring Creek 


TR1 would increase disturbance in the South Fork Spring Creek drainage by adding mine cuts in Pits 1, 2, 
and 6. Active mining did not initiate in South Fork Spring Creek until 1980, with the opening of Pit 1. 
Downstream of the Spring Creek Mine, after a short section of undisturbed drainage, South Fork Spring 
Creek enters the West Decker Mine. The West Decker Mine began mining in the South Fork Spring Creek 
drainage in 1992 with the opening of Pit 16. Decker Coal mining operations extend to the Tongue River 
Reservoir and contain the confluence of South Fork Spring Creek and mainstem Spring Creek. 


Flows are impounded at two locations in the South Fork Spring Creek drainage within the Spring Creek 
Mine and West Decker mine permits: upstream of the Spring Creek Mine in the South Fork Spring Creek 
Flood Control Reservoir and upstream of the West Decker Mine in Reservoir No. 2.  


Like the main Spring Creek drainage, the ephemeral nature of flows in the South Fork Spring Creek 
drainage and the impoundment of flows during mining result in infrequent surface water flows with a 
wide range of TSS (Figure 9-5).  


Baseline samples upstream of mining have TDS concentrations between 70 mg/L and 3,350 mg/L, with a 
median of 267 mg/L. Downstream of mining, TDS concentrations in the South Fork Spring Creek basin 
range from 92 mg/L to 360 mg/L, with a median of 144 mg/L (Figure 9-2). If the influence of the early 
1980s samples from RS-7 on the baseline TDS statistics were removed, the baseline water quality for 
South Fork Spring Creek would be more similar to Spring Creek baseline water quality. Overall, the South 
Fork Spring Creek samples downstream of mining show a similar water quality profile to the baseline 
and mining samples from Spring Creek.  


TSS concentrations in South Fork Spring Creek show higher concentrations downstream of mining than 
in baseline data upstream of mining (Figure 9-2). As with Spring Creek, high TSS samples in South Fork 
Spring Creek are associated with samples from summer months and from large volume flows (Figure 9-
5). High TSS concentrations are also associated with auto-sampler data, at all stations monitored in the 
Spring Creek Mine area, regardless of location upstream or downstream of mining. Stream station RS-5, 
located downstream of mining on South Fork Spring Creek (Figure 6-1), consistently records high TSS 
concentrations in auto-sampler data. Samples from upstream baseline stations SF-1, SF-1R, and SF-2 are 
collected as grab samples instead of siphon samples and have TSS values from non-detect up to 2,120 
mg/L.  


Station RS-8 is the first station in South Fork Spring Creek to be located in a reclamation field, and it has 
four water quality samples from 2011 through 2014. All samples have come from either February or 
March and thus represent snow melt runoff events. TDS from these events ranged from 100 mg/L to 
180 mg/L, and TSS ranged from 8 mg/L to 182 mg/L. Until the reclaimed channel segment is 
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reconnected with South Fork Spring Creek upstream of the mine, RS-8 will not record many summer 
storm flow events.  


9.2.6.2.3 Pearson Creek 


Pearson Creek drains east to the Tongue River Reservoir, with the ephemeral headwaters located 
outside of the Spring Creek and Decker mine permit boundaries. As of 2019, mining operations at the 
Spring Creek Mine have disturbed only a small portion of the Pearson Creek drainage with an access 
road and preparation for approved mine cuts along the drainage divide with Spring Creek. Downgradient 
from the Spring Creek Mine, mining operations at the West Decker Mine have disturbed the lower 
reaches of the Pearson Creek drainage, up to the confluence with the Tongue River Reservoir. Pearson 
Creek flows are impounded by the Upper Pearson Creek Flood Control Reservoir at the western edge of 
the West Decker permit. Mining of Pit 16 at West Decker began in 1992, intersecting the Pearson Creek 
drainage and restricting flow through the West Decker Mine. None of the main channel of Pearson 
Creek has been reclaimed within the West Decker Mine, and mine cuts still remain in the drainage. Thus, 
no postmine Pearson Creek quality or quantity data is available downstream of current mining 
operations at the West Decker Mine, and no portion of Pearson Creek currently flows into the Tongue 
River.  


During mining, the TR1 revision would increase disturbance in the Pearson Creek drainage, and further 
impound upstream runoff. Runoff will be largely controlled by sediment control features such as 
diversion and sediment ponds, resulting in altered flow timing and reduced runoff. Downstream water 
quality impacts during mining are prevented by the use of sediment ponds and traps and through the 
MPDES system. Following mining, Pearson Creek will be reclaimed to a post-mine topography which 
resembles premine topography. Discussed in detail in Section 9.2.6.4.3, modeled post-mine runoff 
volume and timing is similar to premine. The reclaimed drainage will restore hydrologic processes, and 
convey ephemeral flows and sediment to the Tongue River Reservoir. 


9.2.6.3 Tongue River 
9.2.6.3.1 Water Quality Standards and Impairment 


In addition to the DEQ-7, DEQ-12A, and EC/SAR water quality standards, the Tongue River Reservoir is 
currently listed on the Montana 303(d) list as impaired for not fully supporting aquatic life beneficial 
uses, and a TMDL is required (MDEQ 2018). The impairment record for the Tongue River and Tongue 
River Reservoir downstream of mining is summarized in Table 9-4. The only reach within the Cumulative 
Impact Area is the Tongue River Reservoir. The probable cause of the impairment in the Tongue River 
Reservoir is chlorophyll-A, dissolved oxygen, and sediment, and the probable sources of these causes 
are municipal point source discharges and irrigated crop production (MDEQ 2018). Mining has not been 
identified as a potential source of the impairment, however the use of sediment control ponds on the 
mine site in conjunction with MPDES discharge permits ensures sediment is controlled and managed by 
the mines.  


Downstream from the Tongue River Reservoir, the Tongue River is listed as impaired for numerous 
constituents, with five separate sections listed for various constituents all the way to the confluence 
with the Yellowstone River near Miles City, MT (Table 9-4). Downstream from the Tongue River 
Reservoir, the Tongue River is listed as impaired for aquatic life, likely as a result from iron water quality 
exceedances, flow regime modification, and sediment. Only the last section, from Twelve Mile Dam to 
river mouth, is also listed as impaired for drinking water and agricultural beneficial uses. In this section, 
the probable causes include water quality exceedances for metals (cadmium, copper, iron, lead, nickel, 
and zinc), flow regime modification, salinity, and sediment. Mining activities are not included as a 
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probable source for any of the listed probable sources resulting in the beneficial use impairment. A 
TMDL has not been completed for any segment of the Tongue River in Montana, and therefore there 
have not been load allocations created for any of the impairment causes. 


9.2.6.3.2 Mining Impacts to Flow 


The majority of the Tongue River watershed contributes flow downstream of mining, but the majority of 
the total flow contribution to the Tongue River comes from the upper watershed in Wyoming. Snow 
melt in higher elevation upstream tributaries provides a larger contribution of water to the river than 
lower elevation ephemeral tributaries. All historically permitted, approved, and proposed coal mining 
disturbance is approximately 1% of the total Tongue River watershed (Table 9-6). USGS flow data from 
upstream and downstream of mining on the Tongue River exhibit similar discharge patterns, and no 
change resulting from mining since the 1970’s is apparent (Figure 9-6). During mining, impacts to the 
Tongue River Reservoir result from the impoundment of tributary surface flows at Spring Creek and 
Decker mines, discharges of pit mine water or storm water, and flow from spoils into the Tongue River 
alluvium through subcrops of remnant coal seams and scoria. Intercepted surface water flows are 
managed and controlled by sediment control structures, and any discharges are under MPDES effluent 
limitations. Groundwater discharges to the reservoir are considered non-point sources and are 
discussed in more detail later in this section. 


The yearly water contribution of the impounded Spring Creek and Pearson Creek tributaries at the 
Spring Creek and Decker mines to the Tongue River is small compared to the volume of water in the 
Tongue River because of their ephemeral nature. The TR1 PHC estimated a premine yearly average flow 
contribution of 402 ac-ft from Spring Creek and 2.2 ac-ft from Pearson Creek to the Tongue River (Spring 
Creek Coal Co. and WWC Engineering 2016). These flows are currently captured by the Spring Creek and 
West Decker mines in flood control reservoirs and sediment ponds and are prevented from reaching the 
Tongue River. For comparison, the 2016 water year flow for the Tongue River at the state line was 
173,460 ac-ft. The loss of water from impoundment of the Spring Creek and Pearson Creek watersheds 
would be approximately 0.2% of the yearly flow at the reservoir. The loss of this water from reaching the 
Tongue River is not material damage as no beneficial uses are adversely impacted. Impacts to the 
Tongue River are minimized through the reclamation plan commitments to create geomorphically 
appropriate creeks as a replacement to the mined sections of Spring Creek and Pearson Creek. 


Anticipated mining in the Tongue River basin will temporarily disrupt the flow of surface water from 
leaving the minor tributaries in multiple additional drainage basins. East Decker’s AM2 permit expansion 
proposes to create a diversion for Deer Creek while mining commences through the drainage channel. 
The mine plan proposes that Deer Creek will be allowed to flow through the diversion into the Tongue 
River Reservoir during mining. Therefore, only a small area of the Deer Creek basin will be retained by 
sediment control structures during mining and the impact to Tongue River surface water quantity and 
quality from mining blocking contributing tributary flow will be negligible. The application is currently in 
with the company to address DEQ’s acceptability deficiencies. The Spring Creek Mine’s proposed 
Amendment AM5 haul road will only result in surface disturbance in the drainage basins. Impacts to 
drainages from AM5 will be regulated through permitted MPDES outfalls. The haul road is proposed to 
have culverts to allow for upstream surface water to pass through the disturbance area. Culverts may 
increase surface water velocity and increase erosion and sediment transport downstream. However, 
sediment loads would be minimized by the use of appropriate armoring upstream and downstream of 
the culvert, proper culvert sizing and placement in terms of elevation and grade. Additionally, MSUMRA 
requires that operators prevent additional contributions of suspended solids to streamflow outside of 
the permit boundary (ARM 17.24.605). Permitted mining in Wyoming will disrupt flow from Youngs 
Creek with mine cuts going through a section of the creek. The Brooks Mine may disrupt Hidden Water 
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Creek and Slater Creek flows. None of these tributaries contribute a significant flow of water to the 
Tongue River. 


Proposed mining at Spring Creek Mine (TR1) is not predicted to measurably impact flows in the Tongue 
River. TR1 will only disturb ground in drainages currently impacted by mining operations. In the Spring 
Creek, South Fork Spring Creek, and Pearson Creek drainages stream flows are currently impounded by 
flood control reservoirs on the Spring Creek and West Decker mines. Since flows in these drainages are 
already restricted, no further loss of tributary flow from additional mining at TR1 will occur. TR1 will 
increase the duration of impacts from the Spring Creek Mine because the additional mine cuts will 
extend the life of the mine by approximately 4 years. 


Postmining, the Tongue River Reservoir will receive runoff from reclaimed tributaries at the Spring Creek 
and Decker mines. As discussed previously, the overall area disturbed by mining all anticipated, current, 
and historic coal mining is approximately 1% of the watershed. Pre- and postmining runoff modeling 
from reclaimed drainages predicts similar timing and volume of runoff pre- and postmine (discussed 
further in Section 9.2.6.4.3). Therefore, flows in the Tongue River are expected to return to nearly 
premine conditions following complete reclamation at the Spring Creek and Decker mines. Water quality 
of fully reclaimed tributary drainages is expected to closely resemble baseline conditions, and changes in 
water quality of the Tongue River are not anticipated from returning tributary flows. 


Variations in annual discharge measured in the Tongue River at the State Line and Dam stations are 
influenced by climatic variability and reservoir operations. Flow statistics upstream and downstream of 
mining are similar, with an average flow upstream of mining of 439 cfs and an average flow downstream 
of mining of 435 cfs. Furthermore, flow statistics prior to the advent of mining at Decker in 1975 are 
similar to flow statistics after mining started at Decker (Table 9-5). Decreases in average flow 
downstream of mining post-1975 are reflected in upstream flows, and likely a result of fluctuations in 
climate. Disparity between high flow events (75th percentile and maximum) is likely because of reservoir 
operations. The Tongue River Reservoir capacity was expanded in 1999 by increasing the dam height. 
The reservoir captures incoming spring runoff, which is later released for downstream uses such as 
irrigation. 


9.2.6.3.3 Mining Impacts to Water Quality 


TDS downstream of mining and downstream of the reservoir is generally similar or of lower 
concentration when compared to TDS upstream of mining and the reservoir (Figure 9-7). TSS is generally 
much lower downstream of mining (Figure 9-7). This is a result of reservoir operations. Ponding of 
sediment laden water in the Tongue River Reservoir allows significant settling of any suspended 
sediment. SC and SAR are similar upstream and downstream of mining operations even though water in 
the spoil at West Decker in the Spring Creek and Pearson Creek basins moves towards the reservoir. 
(Figure 9-7).  


A simplified daily volume and load mass balance model of the Tongue River Reservoir was made for 
October 2014 through December 2016. This model is described in detail in Appendix A. While the model 
was poorly calibrated due to a lack of data from the upstream and downstream Tongue River USGS 
stations, the model does provide some important observations about load contributions. The model 
indicates that the Decker discharges accounted for up to 25% of the daily TDS loads entering the 
reservoir (Figure 9-26). The majority of the load came from West Decker discharges; West Decker had a 
median discharge of 6 cfs while East Decker had a median discharge of 0.7 cfs during the model period. 
West Decker discharges stopped in September 2016, and the percent of added TDS load from the 
Decker mines dropped to less than 2%. Decker mining is also responsible for removing TDS load from 
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the reservoir. Reservoir water also moves back into the pits and spoils. In the model period, up to 20% 
of the load removed from the model was from groundwater going into the Decker mines.  


Following mine pit reclamation, groundwater levels across the Spring Creek and the Decker mines will 
begin to recover to premine flow paths. Currently, active mining in the Spring Creek and Decker mines 
has created drawdown depressions which have reversed groundwater flow paths, and groundwater 
migrates from the Tongue River Reservoir into open pits and reclaimed spoils. Some areas, such as West 
Decker near the reservoir, have seen a reversal in groundwater flow so that water is moving from the 
spoils into the reservoir. Flow in the southern reclaimed West Decker pits is from the reservoir to the 
southwest towards regional CBM drawdown off of the permit boundary. Groundwater flow paths will all 
eventually reverse so that all flow is towards the reservoir, and groundwater will migrate from high 
elevation recharge areas from the east and west, through mine spoil, and into the reservoir.  


As discussed in the groundwater section (Section 9.2.7), spoil TDS is generally higher than baseline TDS. 
The impact of spoil water migration into the Tongue River from the Decker mines was first analyzed in 
Van Voast and Hedges (1975). This analysis was updated in Van Voast and Thompson (1982), which 
incorporated Spring Creek and other regional mines. Importantly, this paper included mines upstream 
that were never developed. These papers used a mass balance model to compare premine and 
postmine salt loading in the Tongue River. Van Voast and Hedges, (1975) concluded that TDS and SAR 
values would be increased very slightly, to the extent that differences would not be detectable under 
most Tongue River flow conditions following mining at the Decker mines. Similarly, Van Voast and 
Thompson (1982) concluded that TDS in the Tongue River would increase postmining, with an increase 
in median concentration of TDS from 480 mg/L to 510 mg/L. These papers were published prior to the 
raising of the height of Tongue River Dam in 1999 and before there was a substantial history of 
postmine water quality data.  


The proposed operation TR1 will result in an increase in the aerial extent of spoils. Postmine impacts to 
the Tongue River from groundwater flow through mine spoils were analyzed using updated spoil water 
quality estimates at the Spring Creek and Decker mines in conjunction with the Van Voast and 
Thompson (1982) mass-balance model (Table A-1, Appendix A). Anticipated mining at the East Decker 
Mine from East Decker’s AM2 was also incorporated into the updated model. Based on these 
assumptions, the updated mass-balance analysis uses the best available information to examine all 
anticipated impacts from current, proposed, and anticipated mining contributing to the Tongue River. 
Further detail of this analysis is discussed in Appendix A. 


The simplistic additive model, which does not account for the significant dilution effects of the reservoir 
or geochemical processes in the reservoir, shows that at low flows, especially less than 200 cfs, the 
replacement of premine aquifers with spoils could have a large impact on river water quality (Figure 9-
9). However, impacts at river flows above 200 cfs from postmine spoils or 2015-2016 discharges are an 
increase of less than 50 mg/L. It is important to note that the modeled increase in TDS and SAR mostly 
comes from spoils in the northern pits of West Decker. As modeled in the TR1 PHC, which uses a spoil 
water quality of 4,538 mg/L and premine TDS of 2,293 mg/L estimates than the model shown in 
Appendix A (Spring Creek Coal Co. and WWC Engineering 2016), the modeled contribution to the 
reservoir from Spring Creek TR1 spoils is 0.63 mg/L at a river flow of 440 cfs. The model in Appendix A, 
which uses a spoil TDS of 5130 mg/L and premine TDS of 2,290 mg/L, indicated 1.0 mg/L at 440 cfs due 
to the additional spoils from TR1.  


The model also shows that changes to SAR are likely to be much smaller than Van Voast and Thompson 
predicted. Van Voast and Thompson predicted significantly greater sodium compared to calcium and 
magnesium than the spoil well data from 2015 and 2016 measured (Appendix A, Table A-1).  
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Since the model does not account for the influence of the reservoir, the actual changes in water quality 
will be lower than the changes predicted in Figure 9-9. At the normal range of operating volumes of the 
reservoir, the water quality in the reservoir is mostly insensitive to spoil or discharge water quality due 
to the orders of magnitude difference between the volume of receiving water and the volume of 
contributing groundwater or discharge water. The Van Voast and Thompson (1982) mass-balance 
analysis also does not account for groundwater evolution as it migrates out of the spoil, as discussed in 
the ground water section (Section 9.2.7). Nor does it account for the changes in discharge rates or 
groundwater flow rates based on the level of the reservoir.  


Figure 9-10 also shows a prediction of the percent of time different changes in water quality may be 
expected to be seen in the Tongue River, and recreates Figure 3 from Van Voast and Thompson (1982). 
90% of the time postmine TDS in the river is modeled to increase by less than 100 mg/L (187 µS/cm), 
and 50% of the time TDS is modeled to increase by less than 50 mg/L (120 µS/cm). The model shown in 
Figure 9-10 also shows that postmine TDS is predicted to be about 20 mg/L higher than the postmine 
TDS predicted by Van Voast and Thompson. Again, this model does not account for the significant 
impact of the reservoir or seasonality on water quality.  


In order to illustrate the impact of seasonality of the Tongue River system on water quality, the reservoir 
was modeled between October 2014 and December 2016. Figure 9-26 shows that the relative percent 
of added load from Decker is seasonally dependent. The concentration in the reservoir only changes by 
5 mg/L or less per day, and therefore the percent contribution from Decker equates to small changes in 
TDS or SC. At the same time, load is being removed through groundwater flow back into the Decker 
mine through most of the modeling period. The simulation of water quality in the reservoir also shows 
that at low reservoir levels, the added TDS from Decker’s discharges is a greater percent of the total 
added load than at high reservoir levels. Figure 9-26 also shows that the predictions of water quality 
changes due to discharges using the Van Voast and Thompson modeling approach shown in Figure 9-9 
grossly overpredicted the increase in TDS in the Tongue River from Decker’s MPDES discharges.  


The modeled added TDS from Decker discharges in Figure 9-26 does not result in a violation of water 
quality standards or adversely affect the beneficial uses of the Tongue River; the modeled daily 
contribution is less than 1 mg/L per day or 2 µS/cm. Since TR1 is not predicted to add any additional 
discharge water to the Tongue River, TR1 will not add any TDS to the Tongue River during mining 
operations. Based on this analysis, the current, proposed, and anticipated mining are not predicted 
cause water quality in the Tongue River Reservoir to violate a water quality standard.   


9.2.6.4 Postmine Topography 
9.2.6.4.1 Disturbance Area & Basin Size 


The main impact to surface water hydrology from open pit mining is the disturbance of drainage basins 
and channels and the subsequent changes in the timing and volume of sediment and runoff from 
disturbed areas. During mining, runoff from disturbed areas is routed to sediment ponds where the 
water is discharged downstream, retained and used in mine operations, infiltrates, or evaporates. As 
seen in Table 9-6, the total life of mine disturbance area from coal mining is a significant portion of 
some drainage basins such as Spring Creek, Pearson Creek, and Pond Creek.  


TR1 would further disturb portions of the Spring Creek and Pearson Creek drainages; these drainages 
are currently impounded by downstream mining in the West Decker Mine. In the short term, the further 
disturbance from TR1 will not further reduce flows into the Tongue River Reservoir. The last cuts at West 
Decker are proposed to be taken from 2021 to 2024, after which Pearson Creek and Spring Creek will be 
fully reclaimed and reconnected to the Tongue River Reservoir. TR1 cuts are proposed to be taken from 
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2020 to 2030. TR1 reorders the mine sequence at Spring Creek and extends mining by 4 years. Approval 
of TR1 will extend the time that the upper watersheds of Spring and Pearson Creeks are disconnected 
from the Tongue River Reservoir. 


The proposed increase in mining in TR1 will result in an expansion of the life of mine disturbance area 
(Table 9-6). Approximately 32% of the 9.7 mi2 Pearson Creek drainage is approved for disturbance by 
current mining at the West Decker and Spring Creek mines, and TR1 would further increase disturbance 
in Pearson Creek to 43.3%. The total Spring Creek drainage area is 38.2 mi². Currently, South Fork Spring 
Creek and Spring Creek has 27.1% of its watershed is approved for disturbance by current mining 
operations. If approved, TR1 would increase the approved disturbance to 28.5% of the entire drainage.  


A small portion of Spring Creek Mine’s permit area is also within the Monument Creek drainage. Road 
construction at the Spring Creek Mine disturbs 0.2 sq. mi. of the 13.2 sq. mi. Monument Creek 
watershed, and the proposed action does not result in further impacts to Monument Creek. In Table 9-
6, the Other category encompasses all mining disturbance from drainages not within the CIA but that 
are upstream and contribute to the Tongue River Reservoir. The West Decker Mine operations have 
mined through a portion of Pond Creek, while mining operations at East Decker Mine have mined 
through portions of Middle and Coal creeks. The lower watershed of Deer Creek has also been disturbed 
by mining at East Decker. East Decker’s Amendment AM2 would add further disturbance to the Deer 
Creek watershed. In Wyoming, approximately 17 river miles upstream of the Decker Mine operations, 
the Youngs Creek Mine has an approved mining permit and will disturb the Tongue River tributaries of 
Dry, Ash, and Youngs creeks. The total approved disturbance of the Tongue River watershed upstream 
of the Tongue River Reservoir Dam from current and approved mining operations is 36 sq. mi., 
approximately 2% of the watershed. If approved, TR1 would increase this disturbance by 1.6 sq. mi. with 
a total disturbance of approximately 2.6% of the watershed. The overall impacted area of the greater 
Tongue River watershed from current and approved mining is 0.7%.  


Anticipated and historic mining, including the Brooks Mine, Big Horn Mine, Spring Creek’s Amendment 
AM5, and East Decker’s Amendment AM2, would add an additional 8.7 sq. mi. of disturbance to the 
Tongue River watershed, raising the total area of disturbance in the watershed to 46.4 sq. mi. The area 
within a coal mine permit area would increase from 44 sq. mi. to 59 sq. mi. The proposed TR1 does not 
add any additional area to the Spring Creek mine’s permit area.  


The proposed postmine topography (PMT) and reclamation plan alters the shape of the sub-basins and 
drainage characteristics (Table 9-7; Figure 9-11). Alteration of drainage basins has already occurred 
because reclamation has been ongoing at the mines for decades. Most changes to major drainage 
divides have occurred from mining in West Decker, which has already mined in lower Spring Creek, 
Pearson Creek, and Pond Creek. Because the proposed expansion of mining would be contained within 
the Tongue River watershed, the proposed expanded mining operations at Spring Creek Mine would not 
alter the size or shape of the Tongue River watershed. 


9.2.6.4.2 Aspect & Slope 


Analysis of slope and aspect premine and postmine is done by comparing digital rasters derived from 
premine and postmine topographic contours provided by the mine. Slope is defined as the gradient of 
surfaces within the watershed, calculated with the simple equation rise/run. Aspect is defined as the 
compass direction of which a surface is facing. While an approved PMT is required of the mine as a 
permit condition, the PMT is rarely built exactly as it is initially drawn. For example, changes in the 
location of spoil piles, haul roads, and volumes of spoil may lead to deviations from the approved PMT 
plan. The PMT provides a general plan for the postmine landscape, and therefore any analysis done with 
the PMT is only an estimate of what the reclaimed landscape will be.  
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The proposed TR1 mine plan would include mining into steep and diverse upland and ridge topography. 
These areas would be reclaimed to less steep terrain with fewer headwater tributaries and reduced 
topographic diversity. A comparison of the distribution of slope within the permit area from the premine 
topography and the proposed postmine topography indicates that the proposed postmine topography 
would increase the area with less than 10% slope and decrease the area with slopes steeper than 10% 
(Figure 9-12). Compared to the currently approved PMT, the proposed PMT would have less area of 
steeper slopes.  


The increase in areas with gradual slopes mainly comes from drainage bottom side slopes formed by 
reclamation. The ephemeral tributary drainages would be reclaimed as wider incised drainages than 
existed premine. The analysis of change in slope does not account for topography smaller than 30 
square feet (the spatial resolution chosen by DEQ for the analysis of the topography), and small-scale 
topography may account for a large portion of the Spring Creek Mine premine topographic diversity, 
particularly in the areas nearest the drainage divide. Narrative provisions in the permit require Spring 
Creek Coal to add topographic diversity beyond what is drawn on the PMT. Both Pearson Creek and 
Spring Creek will contain fewer steep slope areas as rugged areas are replaced by more gentle rolling 
topography. Steep areas within reclamation come mainly from high wall reduction areas where steeper 
topography may be permitted to replace premine features. Steep areas also may occur along new 
stream valleys that are usually along haul roads and final mine pits. Shallower slopes are predicted to 
lead to less runoff and erosion during storm events; shallower slopes result in lower runoff velocities 
which allow for more infiltration time and less energy for sediment transport. 


The aspect of slopes in Spring Creek and Pearson Creek will also change in the proposed reclamation 
plan. In general, compared to the premine landscape, the TR1 PMT will reduce the premine north facing 
slopes in favor of more east and southeast facing slopes (Figure 9-12). The changes in aspect and slope 
may result in less and shorter snow retention as well as affect the composition of vegetative 
communities that reestablish during reclamation. Postmine reductions in premine slope complexity, 
drainage density and topographic diversity will result in fewer leeward slopes for snow drift 
accumulation and storage and reduced soil moisture variability. Related hydrologic changes will include 
longer overland flow paths, greater infiltration losses from surface runoff, and reduced peak flows and 
runoff volumes.  


The proposed changes to the postmine topography are not expected to result in material damage 
because the topography approximates the premine topography and is contained within the permit area. 
Water retention and runoff are expected to be sufficiently similar to premine condition that 
downstream water users will be able to receive a similar quantity of water after mining.  


9.2.6.4.3 Runoff Modeling 


Changes in theoretical runoff volume and flow are modeled using HEC-HMS and HEC-GeoHMS, a 
software program for modeling storm-driven runoff developed by the Army Corps of Engineers. For this 
analysis, a hydrograph from a single hypothetical storm event is modeled over ephemeral drainages, 
and consequently the model cannot give a seasonal or yearly average. A hydrograph plots stream 
discharge volume versus time at a specific point in a stream channel. Hydrographs are typically bell 
shaped, and runoff from storm events typically peaks rapidly, and decreases gradually as the incoming 
precipitation ceases. The model simulates runoff from a summer storm event when the ground has low 
residual moisture and the drainages have no baseflow. All drainages are modeled as ephemeral and in-
stream stock ponds or flood control reservoirs are not modeled due to a lack of data on the volume of 
the ponds and the amount of seepage through the dam and pond floor. Even with all of these limiting 
assumptions, the premine and postmine models allow for a comparison of changes in runoff flow from 
changes in topography.  
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The HEC-HMS model is a simplistic representation of the ephemeral drainages. The model results 
presented in this report are only meant to demonstrate the effect of changes to stream length, drainage 
basin size, and infiltration rates on the response of theoretical storm-driven runoff events and are not 
meant to be used for predicting actual premine or postmine channel flows. A detailed list of input 
parameters for the models is included in Appendix B. 


Inputs for the HEC-HMS model are taken from the premine and postmine topography (Figure 9-11). All 
calculations of premine and postmine channels and basins are derived from a digital elevation model 
created from the premine and postmine contour lines submitted by the mines. While basin shapes do 
not differ from those derived by the mine operators, channel lines differ because of different 
methodologies to derive channel lines from topographic models. For instance, in some areas the HEC-
HMS model does not include subchannels to the detailed level drawn by the Spring Creek Mine, while in 
other areas the HEC-HMS model may draw more channels than were included on the maps provided by 
the mine.  


Curve numbers are a numeric representation of watershed attributes which determine runoff from 
storm events. The runoff curve number is an empirical parameter used in hydrology for predicting direct 
runoff or infiltration from excess rainfall (SCS 1986). Parameters determining a curve number for a given 
watershed are the hydrologic soil group, cover type, treatment, hydrologic condition, and antecedent 
runoff condition (SCS 1986). Curve numbers are derived from national land use and soil maps as 
described in Appendix B. Curve numbers differ from the simplified estimates reported in the Spring 
Creek Mine permit due to different methodologies used to estimate the curve number or the hydrologic 
condition, a qualitative assessment of vegetative density and establishment. Consequently, runoff 
estimates from the model presented in the CHIA will differ from those presented in the mine permits. 
Without intensive field measurements, the true curve numbers for the area cannot be known, and both 
DEQ and mine estimates are made with equally valid yet different assumptions. Postmine curve 
numbers are estimated from averaging premine soil properties within the life of mine disturbance 
boundary and recalculating the curve number within each mine permit area. This method of averaging 
assumes that the only postmine change in soil is a mixing of the premine condition and that no 
additional compaction occurs during reclamation. This method for estimating curve numbers is used 
because during mining, soils are stockpiled for later use in reclamation. During soils laydown, stockpile 
soil is rarely placed in the same location it was salvaged from, and multiple stockpiles, or differing soils 
types, may be used in one area together. Therefore, complete mixing of premine soils is the best 
representation of postmine soils properties. Premine and postmine vegetative communities are 
assumed to be similar. 


As a consequence of these assumptions, the only differences between premine and postmine runoff 
models are a result of a change in the topography or curve number. Consequently, the models differ in 
drainage basin size and shape, stream lengths, basin slope, average basin curve number, and channel 
slope. In the modeling effort for TR1, only the models for the Spring Creek and Pearson Creek drainages 
change as the changes in the PMT are restricted to those drainages. A series of storms were modeled to 
demonstrate the response of the basins to a variety of precipitation events. A 2-yr 24-hr (1.38 inches of 
rain), 10-yr 24-hr (2.19 inches of rain), 25-yr 24-hr (2.65 inches of rain), and 100-yr 24-hr (3.35 inches of 
rain) NRCS Type II storm was modeled. The resulting peak flow, time of peak flow from the start of the 
storm, and total runoff volume are presented in Table 9-8. 


As shown in Table 9-8, the results of the modeling of Spring Creek and Pearson Creek indicate a 
decrease (more than a few percent change) in runoff volume and peak discharge for at least some of the 
storm events. Results of the Pearson Creek model indicate a measurable decrease in runoff volume for 
the 2-yr, 10-yr, 25-yr, and 100-yr 24-hr storms. Peak discharge decreases for all of the modeled storm 
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events. Similarly, results of the Spring Creek model indicate decreased runoff and peak discharge from 
all modeled storm events. As expected, Pearson Creek, which has larger changes in modeled runoff 
characteristics, also has greater mine disturbance relative to the entire basin size (Table 9-6). Most 
changes to runoff characteristics are from changes in average curve numbers for the subbasins and not 
from changes in basin size or drainage reach characteristics.  


In Pearson and Spring creeks, portions of the main drainage are outside of the permit boundary and do 
not change from the premine to the postmine model. Basin morphological characteristics such as overall 
slope and area are proposed to be reclaimed to similar premine conditions. As stated earlier, estimation 
of curve numbers is one of the most imprecise model properties and subject to the widest variation in 
possible valid postmine values.  


While runoff modeling indicates differences in runoff between pre-and postmine drainages, the change 
between the currently approved postmine reclamation plan and the proposed postmine reclamation 
plan is minimal. Given the ephemeral nature of the modeled tributary flows, and similarity between pre- 
and postmine basin size, land use, and vegetation, the postmine runoff volume and timing should be 
sufficiently similar that the Tongue River will receive a similar quantity of water from the postmine 
reclaimed watershed. 


9.2.6.4.4 Effects of Impoundment during Mining 


Retention of runoff water in sediment control ponds and the discharge of water from these ponds 
change the natural surface water hydrology. Sediment ponds at the Spring Creek and Decker mines are 
generally designed to retain runoff from storms up to the 10-yr, 24-hr recurrence event, and typically 
the ponds have additional storage volume for three or more years of projected sediment loss from the 
disturbed drainages above them. Design requirements for sediment ponds result in at least temporary 
interception of all but the largest storm or snowmelt runoff events. Snowmelt runoff (usually in 
February or March) and successive spring storms (heaviest from April through June) can result in more 
frequent pond discharges from precipitation. Dewatering of mine pits into ponds can also result in 
planned discharges at any time of the year. Sediment control ponds are unlined and therefore pond 
water also infiltrates into shallow groundwater aquifers.  


Multiple sediment ponds in drainages with significant mining activity can impact local hydrologic 
patterns during mining. The type and extent of impacts depend on site specific factors, including: 
number of active ponds, level of mining activity, amount of pit pumping, and the timing and magnitude 
of storm and snowmelt runoff.  


Seepage losses and surface discharges of stored runoff or pit water from disturbance perimeter 
sediment ponds can affect flows in downgradient alluvial aquifers and streams. The effects of individual 
sediment ponds would generally be limited to adjacent streams and their alluvial aquifers, unless pond 
contributions are significant relative to those of the receiving channel or aquifer. However, given the 
water limited conditions at the Spring Creek Mine, no impacts to adjacent streams or alluvial aquifers 
have been noted to date. 


Sediment pond discharges at the Spring Creek Mine have met MPDES water quality effluent limitations. 
In typical discharges, water quality is similar or lower in suspended solids than storm runoff from local 
undisturbed drainages. In pond discharges with large amounts of groundwater from pit pumping, 
dissolved solids are usually higher than in ephemeral runoff from local undisturbed drainages.  
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9.2.6.5 Exceedances of Water Quality Standards & Comparison to Guideline 
Thresholds 


The high variability in water quality observed in the Spring Creek, South Fork Spring Creek and Pearson 
Creek drainages has resulted in water quality samples that are above the minimum livestock guideline 
recommendations for some metals and salts. Table 9-9 lists the number of samples that were above the 
lowest guideline value listed in Table 2-5 as well as the number of samples above the EC and SAR 
standards listed in Table 2-3.  


There is no trend in the percentage of samples above the lower livestock recommendation from 
baseline to mine influenced samples. Both baseline and mining influenced samples have exceeded the 
ARM 17.30.670 SC limit of 500 µS/cm. Five samples upstream from mining have also exceeded the ARM 
17.30.670(4) maximum summer SAR limit.  


In the Spring Creek and South Fork Spring Creek drainages, water quality samples that were above the 
livestock guideline occurred at similar rates upstream and downstream of mining (Table 9-9). In some 
instances, upstream samples had more percentage of samples above the guideline rates for some 
parameters (total arsenic). In other instances, downstream samples had a higher percentage of samples 
above the livestock guideline (total copper and total iron). High concentrations of total copper and total 
iron are not linked to mining activities and are more likely a result of runoff from native drainages that 
are located downstream of mining. While exceedances upstream of mining in Spring Creek may be lower 
than exceedances downstream, comparisons of baseline data in Pearson Creek with data downstream 
of mining in Spring Creek show similar concentrations for total copper and total iron. Similar 
relationships exist for total lead and total zinc. In general, samples with major cations and anions above 
livestock guidelines, such as calcium, sodium, chloride, and magnesium are mostly infrequent both 
upstream and downstream of mining in Spring Creek. 


Exceedances of SC and SAR standards are rare in samples both upstream and downstream of mining in 
Spring Creek (Table 9-9). Higher concentrations of SC are restricted to historical data in Spring Creek, 
and recent high concentrations of SC in baseline concentrations in both Spring Creek and South Fork 
Spring Creek are not reflected in samples downstream of mining (Figure 9-13).  


Water quality samples from the Tongue River must meet DEQ-7 human health and aquatic life 
standards, DEQ-12A nutrient standards, and the ARM 17.30.670 standards in addition to being suitable 
for livestock and agricultural use. Exceedances of DEQ-7, DEQ-12A, and ARM 17.30.670 water quality 
standards occurred in samples collected upstream and downstream of mining around the Tongue River 
Reservoir (Table 9-10). In general, exceedance rates were low for all parameters, with the exception of 
total copper, total iron, total aluminum, and total manganese. However, these exceedances of these 
parameters occurred at a higher or similar rate in baseline samples upstream of mining than samples 
collected downstream of mining. Water in the reservoir tends to drop suspended sediment which in 
turn reduces the total metal concentration. For other parameters, exceedances were rare in samples 
collected upstream and downstream of mining at the Spring Creek and Decker mines.  


The number of exceedances of DEQ-7, DEQ-12A, and ARM 17.30.670 standards or the number of 
samples above livestock guidelines described in Tables 9-9 or 9-10 do not directly indicate the existence 
or likelihood of material damage as these exceedances are not attributed to mining. Many variables can   
influence the exceedance of water quality standards including differences in seasonal distribution and 
consequently the types of flows sampled; differences in the spatial distribution of sites; differences in 
the sampling frequency; and differences in the types of surface water that were sampled. This is evident 
in baseline sampling, as samples upstream from mining in both ephemeral and perennial systems 
recorded exceedances of water quality samples, indicating natural processes in this area can result in 
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naturally lower water quality. Exceedances of water quality standards have occurred upstream and 
downstream of mining. Exceedances occur in ephemeral and perennial systems. Exceedances 
downstream of mining are not persistent and are reflective of natural water quality, as demonstrated by 
baseline monitoring. Currently, no exceedances have occurred that are attributed to mining activities 
that would constitute material damage. 


9.2.7 Groundwater 
As precipitation recharges clinker or alluvium aquifers, dissolved carbon dioxide from the atmosphere or 
the soil is present within the water, lowering pH. The lowered pH of the recharge water facilitates 
dissolution of carbonate minerals from soil and rock, which increases dissolved calcium, magnesium, 
and bicarbonate. Elevated magnesium concentrations in water relative to rock chemistry suggest that 
significant carbonate dissolution has taken place in the overburden material (Woods 1978). Oxidation of 
pyrite increases dissolved sulfate and iron concentrations. Gypsum and calcite may precipitate within 
the vadose zone through evapotranspiration. Water in these recharge zones is generally calcium-
magnesium bicarbonate to calcium-magnesium sulfate, depending upon rock chemistry. As recharge 
water moves into coal aquifers, microbial reduction of dissolved sulfates leads to reduced sulfate 
concentration, with the production of hydrogen sulfide and carbon dioxide gases and precipitation of 
iron sulfide minerals. Any excess sodium ions are exchanged for calcium and magnesium ions in the coal, 
decreasing sodium concentrations. Groundwater within a coal aquifer tends to be sodium bicarbonate 
type. As groundwater reaches spoil, gypsum, calcite and dolomite from the previously unsaturated 
overburden are dissolved, significantly increasing dissolved solids. Without the coal for energy, sulfate-
reducing bacteria are unable to thrive, and dissolved sulfates rise sharply. Calcium and magnesium 
exchange for sodium ions on clay minerals, resulting in increased sodium concentrations (D. Clark 1995).  


9.2.7.1 Alluvium 
Alluvium wells are mostly located along drainage valleys, and completed in localized pockets of 
transmissive materials deposited by flooding or exceptionally high stream flows. The quantity of water 
in these localized areas is minimal, and they are generally not connected. Water levels are 
overwhelmingly influenced by climatic variations and local conditions, as discussed in Section 7.2.2.1. 
Dewatering of the underlying coal seams does not affect the alluvial aquifers. The largest influences on 
the alluvium from mining are the construction and removal of flood control structures and physical 
removal of the alluvium in the course of mining. Water levels and water quality normally reflect the 
natural variations of precipitation and stream runoff. 


Water quality in the alluvium is variable, with generally moderate specific conductance and pH, 
relatively high sulfate, and low arsenic compared to other lithologies (Table 7-6, Figure 9-14).  


With the erratic water levels recorded from alluvial wells, there is no evidence that any alluvial aquifers 
are present within the permit area that could persist beyond the permit boundary (Spring Creek Coal LLC 
2017), so no material damage can result. 


9.2.7.2 Clinker 
Clinker wells are completed in areas of burned coal seams. The clinker is generally very highly 
transmissive, and precipitation infiltrates rapidly. Water quality and water levels, therefore, are heavily 
influenced by precipitation and runoff (Figure 9-16). Like alluvium, clinker is very localized and 
discontinuous, and any changes are unlikely to persist over any significant distance. Water infiltrates the 
clinker from the surface, and eventually flows into unburned coal, overburden, or alluvium in contact 
with the clinker. Because the clinker is only found in sporadic and discontinuous pockets, groundwater 
within a given clinker location is unlikely to move great distances within the clinker. Movement of 
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groundwater within a particular lithology requires continuous material of higher hydraulic conductivity 
than the surrounding material from the source to the destination. In the clinker, as well as alluvium and 
overburden, isolated pockets of relatively highly conductive material are surrounded by less permeable 
materials, resulting in slow infiltration from a relatively permeable body into an aquifer which flows 
much more slowly. 


Water quality in clinker wells reflects recent recharge and influences of natural coal burns. Specific 
conductance and sulfate are relatively low, pH is moderate, and arsenic is somewhat high compared to 
most other lithologies (Table 7-6, Figure 9-15). While HHS exceedances in the area as a whole are 
uncommon, arsenic is detected in a higher proportion of clinker samples than any other aquifer in the 
area. This is to be expected, as remaining ash from burned coal seams is often a source of highly mobile 
arsenic (Hem 1989). 


Because clinker is discontinuous and rarely holds groundwater in the long term, no material damage 
outside the permit boundary will result. Material damage requires either an exceedance of a 
groundwater quality standard outside the permit area or a change to groundwater by mining or 
reclamation activities that adversely affects land uses, beneficial uses of water, or water rights (82-4-
203(31), MCA). Clinker and overburden wells have been unresponsive to mining activity until it is 
extremely close (Spring Creek Coal LLC 2017), indicating almost no hydraulic continuity between 
localized saturated areas. Without continuity between localized units, impacted groundwater cannot 
move offsite within these units. 


9.2.7.3 Overburden 
Overburden in the Fort Union Formation is mostly mudstones, with very poor permeability. Sandstones, 
where present, generally represent discontinuous channel deposits. These sandstones may hold useful 
quantities of groundwater in certain areas, but transmissivities are generally low, and specific 
conductance is higher than alluvium and clinker groundwater. Water level hydrographs in overburden 
wells do not show consistent patterns (Figure 9-18), suggesting that there is little hydraulic connection 
within the overburden. 


Groundwater in the overburden is more highly mineralized than alluvial or clinker aquifers, with 
moderate specific conductance, pH, and sulfate (Table 7-6, Figure 9-17). Arsenic is naturally present 
within the rock (Stricker and Ellis 1999) and exceeds the HHS of 0.01 mg/L frequently. 


Overburden within the planned mine area will be removed in the course of mining, destroying some 
aquifer material. Because groundwater within the overburden is sporadic and discontinuous, no 
material damage will result outside the permit boundary (see Section 9.2.7.2). 


9.2.7.4 Anderson-Dietz Coal 
The Anderson-Dietz aquifer discharges primarily at mine pit faces. Because the hydraulic conductivity of 
coal is low, pit inflow rate is generally low. Pit inflow is estimated to be less than 70 gpm at the Spring 
Creek Mine. The small quantity of water that accumulates in the Spring Creek Mine pits is used for mine 
dust suppression, minimizing the need for discharge of accumulated pit water into surface water 
drainages. 


Water levels in the Anderson-Dietz coal have been generally declining, as would be expected with 
dewatering and coal removal (Spring Creek Coal LLC 2017). The decline in the water levels is often 
masked by greater drawdowns resulting from CBM operations in the area from 2000-2005. Water levels 
will continue to decline until the end of mining, at which time they will begin to recover. The Anderson-
Dietz drawdown model predicts significant drawdown (over 100 feet of drawdown between the 
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Carbone and Spring Creek faults), mainly over the Spring Creek Mine permit area (Figure 9-23) (Spring 
Creek Coal LLC 2017). It is anticipated that full replacement aquifer recovery may take hundreds of 
years. 


Water quality in the Anderson-Dietz coal is quite variable, but generally specific conductance is rather 
high, and HHS exceedances for arsenic and lead are not uncommon (Table 7-6, Figure 9-19). There is no 
evidence of mining-related water quality impacts in the Anderson-Dietz coal, as downgradient 
concentrations are not significantly different from upgradient concentrations.  


Although the Anderson-Dietz coal is commonly used as a water supply in the area, wells downgradient 
of the permit area are completed in the Canyon coal or underburden, and will not be materially 
damaged by changes in the water quantity or quality in the Anderson-Dietz coal, as mining impacts on 
the Canyon coal and underburden are indirect, and no contact with groundwater directly influenced by 
mining is anticipated. Exceedances of HHS outside the permit boundary attributable to mining would 
constitute material damage, even without receptor wells being present, but none are expected. 


9.2.7.5 Interburden 
The interburden is relatively similar to overburden, but there are more sandstone units, including a 
relatively persistent sandstone under the Anderson-Dietz coal. Water levels in the interburden have 
declined due to CBM development, but are beginning to recover. 


Groundwater from the interburden often exhibits relatively high fluoride and chloride concentrations, 
but other concentrations are intermediate between Anderson-Dietz and Canyon coal groundwaters, as 
would be expected (Table 7-6, Figure 9-20). No significant temporal trends in water quality are 
apparent, suggesting no measurable influence from mining. No material damage will result to the 
interburden aquifer. The interburden is not directly impacted by coal mining. Some drawdowns are 
evident from CBM development in the early 2000s, and from equilibrium responses to dewatering of the 
overlying Anderson-Dietz coal, but the potentiometric surface is expected to remain above the top of 
the interburden material. Any wells completed in the interburden will not be impacted. 


9.2.7.6 Canyon Coal 
Groundwater levels in the Canyon coal have declined in several wells, most likely due to CBM 
development (Figure 9-24). In some cases, dewatering in advance of mining has probably contributed to 
the decline, but the groundwater level at all Canyon wells is well above the top of the aquifer.  


Groundwater in the Canyon coal is generally lower in specific conductance than Anderson-Dietz 
groundwater. Sulfate is relatively low, and arsenic concentrations are moderate compared to other 
lithologies (Table 7-6, Figure 9-21). Fluoride and lead concentrations are, on average, higher in the 
Canyon coal than in the Anderson-Dietz. 


Because the elevated fluoride and lead levels are found in baseline samples, there will be no material 
damage to water quality in the Canyon coal from the proposed mining. No impacts to water quality are 
expected in the Canyon coal, as drawdowns are not large enough to alter the system to unconfined 
conditions. Effects on water quantity are indirect, and no direct contact with mining related 
groundwater will occur. 


9.2.7.7 Underburden 
Underburden wells were completed 20 to 100 feet below the Canyon coal. Some underburden wells 
have been dry since installation while others measured a saturated thickness of 10 feet to 40 feet. 
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Specific conductance in the underburden is generally lower than the Canyon coal, sulfate concentrations 
are similar, and pH is fairly high (Table 7-6, Figure 9-20).  


9.2.7.8 Spoil 
Hydraulic properties such as conductivity and storativity are changed in the process of removing 
overburden strata and returning it as spoil to mined-out pits. The relatively homogenous spoil backfill is 
expected to have a more uniform hydraulic conductivity in contrast to undisturbed, bedded lithology, in 
which vertical conductivity is usually lower than horizontal conductivity. Aquifer tests in spoil wells at 
the Decker mines show transmissivity ranging from 0.2 ft2/d to 375 ft2/d (Table 7-5). Porosity of the spoil 
is generally higher than the porosity of the undisturbed bedrock, often resulting in a higher storage 
coefficient in the spoil. Groundwater in the unmined Anderson-Dietz aquifers is in a confined, reducing 
state. When the coal is replaced with spoil after mining, the groundwater is unconfined, at least until 
water levels fully recover. The conditions are more oxidizing. As a result, sulfate levels rise, as do sodium 
and dissolved solids. The newly oxidizing water dissolves available gypsum, pyrite and carbonate 
minerals, and exchanges calcium and magnesium ions for sodium adsorbed onto smectitic clay minerals 
in the spoil (D. Clark 1995). When the spoil water re-enters coal on leaving the mined area, sulfate 
reduction begins again, provided the conditions within the coal are suitable, and sulfate levels drop. 
Sodium exchanges for calcium and magnesium ions adsorbed onto coal, and some sulfide and carbonate 
minerals precipitate, reducing dissolved solids (D. Clark 1995). The degree of chemical change is 
uncertain until drawdown recovers after the end of mining, and groundwater begins to flow offsite. 
Specific conductance has been higher in the spoil wells than in the surrounding aquifers. This is likely 
due to the exposure of previously reduced sediments to oxidizing conditions, and the subsequent 
decomposition of pyrite to iron oxyhydroxides. These processes have resulted in increased sulfates, and 
have potentially caused slight increases in arsenic levels, although arsenic has rarely been detected in 
spoil well samples. Arsenic is a very common impurity in pyrite, and can be released during the 
decomposition of pyrite. However, the process is quite slow at higher pH values (above 4). The 
significant quantities of bicarbonate contained in the groundwater buffer the acids produced during 
pyrite decomposition and prevent decreases in pH (HydroSolutions, Inc. 2015).  


Spoil water type is predominantly sodium bicarbonate, but sodium sulfate type water is also common. 
Water quality between closely spaced spoil wells can vary considerably. Spoil aquifers are still forming in 
reclaimed pits in the Spring Creek Mine. Postmine water quality will continue to evolve as mine pits are 
backfilled and the upgradient recharge moves into and through the spoil aquifer. Estimates of the 
amount of groundwater required to restore the premine salt balance range from one pore volume (Van 
Voast and Reiten 1988) to over 900 pore volumes (Davis 1984). Depending upon pit location and the 
rate of groundwater flow through the spoil, it will likely take decades or centuries after the completion 
of reclamation to reach the final water quality in the Spring Creek permit area. 


As expected, specific conductance and sulfate concentrations are higher in the spoil than in other 
lithologies. Arsenic and pH are somewhat lower (Table 7-6, Figure 9-22). 


At the Spring Creek Mine, recharge in the backfill of Pits 1, 2, and 3 is currently being monitored by eight 
spoil wells. Most wells are showing recovering water levels, with the exception of SP-3, which is affected 
by active mining nearby. Mining and reclamation has not progressed to the point of allowing a spoil well 
to be installed in the Pit 4 area. 


Spring Creek Mine estimated a time of over 100 years for water level recovery in the mine area with 
some locations possibly not recovering fully for 1,000 years (Nicklin Earth and Water, Inc. 2012). Initial 
recovery will be relatively rapid, as local cones of depression direct flow toward depleted areas. As 
groundwater levels approach equilibrium, natural flow patterns will begin to re-establish, and flow into 
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the depleted areas will decrease. Resaturation at the Spring Creek Mine will come almost entirely from 
local groundwater flow and most areas will not receive additional recharge from the Tongue River 
Reservoir. Until water levels have recovered fully, groundwater gradients will produce flow toward the 
spoil areas, and little or no spoil groundwater will leave the permit area. As long as the flow is 
exclusively inward, salinity will be higher than baseline, as dissolved constituents are unable to exit. 
Once the groundwater levels stabilize in the reclaimed areas, higher salinity waters will temporarily flow 
toward discharge at the Tongue River. Due to the low transmissivity of the sediments, the volume of 
water delivered is expected to be very small in relation to the discharge of the river. Because of dilution 
effects, no material damage is expected from the addition of small volumes of higher salinity 
groundwater, as discussed in Section 9.2.6.3.2. Groundwater salinity in the spoil will eventually stabilize 
at or near the premining baseline for overburden groundwater. 


9.2.8 Water Quality Exceedances 
Determination of groundwater quality exceedances is based on the following: 


• Changes in groundwater quality that cause a change in beneficial uses based on narrative
standards contained in ARM 17.30.1006;


• Increase of a parameter for which HHS are not listed in DEQ-7, to a level that renders the
waters harmful, detrimental or injurious to the beneficial uses listed for that Class of water,
and;


• Exceedances of HHS contained in DEQ-7.


As explained in Section 2.1.2, this CHIA assesses possible violation of water quality standards for 
groundwater by applying the standard for the primary parameter of concern, salinity, which is governed 
by the narrative standard set forth in ARM 17.30.1006. Accordingly, the CHIA assesses whether a 
parameter may increase to a level that would render the waters harmful, detrimental, or injurious to the 
beneficial uses listed for the classification of the groundwater. Other parameters are evaluated against 
DEQ-7 drinking water standards, where applicable. 


9.2.8.1 Adversely Affected Land Use or Beneficial Use of Groundwater 
Post-mining land use in the Spring Creek Mine area is expected to be almost entirely livestock grazing. 
Current groundwater quality is Class II to Class III (ARM 17.30.1006). The only aquifers that regularly 
meet Class I standards are some clinker deposits, which do not deliver reliable quantities of water in 
most cases.  


9.2.8.2 Arsenic 
Continental deposits throughout North America often have notable levels of naturally occurring arsenic. 
Arsenic has been reported in background water quality samples from all monitored lithologies at the 
Spring Creek Mine (Nicklin Earth and Water, Inc. 2014). Arsenic levels above the detection limit range 
from 0.0001 mg/L to 0.140 mg/L. The Montana HHS for arsenic in groundwater is 0.010 mg/L (MDEQ 
2017). Arsenic is associated with reducing conditions (Thomas 2007) and is generally found along with 
other reduced components, such as ammonia, orthophosphate, and sulfide. Arsenic is naturally present 
within the coals of the Fort Union Formation, with a mean concentration of 2.6 parts per million (ppm) 
(Stricker and Ellis 1999). While arsenic within a coal deposit is relatively immobile under normal 
conditions, the natural burning of a significant coal seam produces clinker and ash, which may contain 
arsenic in a more soluble form (Hem 1989). As groundwater flows through the clinker deposits, arsenic 
may be dissolved and carried downgradient. The extremely high transmissivity of the clinker results in 
any soluble arsenic being carried away from the clinker into overburden or other adjacent materials, so 
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the dissolved arsenic concentration in the clinker itself is not particularly high. Because natural arsenic 
levels exhibit a wide spatial variability, it is difficult to predict where elevated levels will be detected. 
Arsenic detected within groundwater at Spring Creek Mine is unlikely to be related to mining activities 
(HydroSolutions, Inc. 2015). 


9.2.8.3 Cadmium 
No exceedances of the cadmium HHS (0.005 mg/L) have been reported. 


9.2.8.4 Copper 
Only one exceedance of the copper HHS of 1.3 mg/L was recorded in 2007; it is a significant outlier in a 
well (79100WAP) with very few detections of dissolved copper among 56 analyses. The next highest 
detection is a full order of magnitude lower, so this exceedance is likely in error. 


9.2.8.5 Fluoride 
One well completed in interburden, 81-115-IBW, and one Canyon coal well, CN-4, have frequently had 
fluoride concentrations above the DEQ-7 HHS of 4 mg/L, in baseline as well as operational samples. Of 
the 62 groundwater fluoride exceedances from 1977 through 2014, 52 are from these two wells. Four 
wells have a single exceedance, and three have two each. Fluoride levels in groundwater are commonly 
associated with relatively high pH and low calcium concentrations (Hem 1989). 


9.2.8.6 Lead 
Exceedances of the lead HHS of 0.015 mg/L have been recorded from every lithology except clinker, 
underburden and spoil. There is no discernable spatial or temporal pattern, and none of the wells return 
consistently high lead levels. Lead is naturally present in Fort Union coal at a mean concentration of 3 
ppm (Stricker and Ellis 1999). Under most conditions, lead is fairly immobile in groundwater (Hem 1989). 
The presence of intermittent lead in almost all lithologies, and in baseline as well as operational 
monitoring, suggests that it is not related to mining activity, particularly since it has not been detected 
at elevated levels in spoil wells. 


9.2.8.7 Nitrate 
The HHS for nitrate plus nitrite is 10 mg/L as N. In deeper strata, nitrogen is commonly present as 
ammonia, indicating reducing conditions. Nitrate is quite common in shallow groundwater, and can be 
due to a number of natural and human factors. Nearly all exceedances have been in two overburden 
wells in Pit 4, OB-2 and OB-5. These two wells are on the upgradient side of the mine, and the last 
exceedance at OB-5 was nearly four years before it was destroyed by mining. OB-2 never recovered its 
former water levels after being purged for the September 1996 sampling event. Subsequent sampling of 
this well showed elevated nitrate, increased sodium, and very low water levels. OB-5 also had very low 
water levels, and although nitrate decreased in approximately 2005, water levels remained low. Nitrate 
in overburden has been linked to the oxidation of ammonium ions attached to clay minerals (Arnold and 
Dollhopf 1977). It is unlikely that the elevated nitrate levels are related to mining. 


9.2.8.8 Selenium 
One exceedance of the selenium HHS of 0.05 mg/L was reported, from AD-7 in 2013.  
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9.2.8.9 Secondary Contaminants 
Aluminum, chloride, copper, iron, manganese, sulfate, and zinc are secondary contaminants, generally 
with aesthetic rather than toxic limitations (USEPA 2009). Copper and fluoride have both primary and 
secondary standards, but monitoring is for the primary standard. 


Many water samples, particularly those with lower pH, contain relatively high levels of iron, which may 
exceed the National Secondary Drinking Water Regulations secondary maximum contaminant limit 
(SMCL) of 0.3 mg/L (USEPA 2009). Elevated levels of aluminum, manganese, and sulfate are also 
common in terrestrial sediments, particularly those with coal deposits. The effects of these constituents 
are primarily taste and staining, and will not adversely affect potential water uses. 


9.2.9 Groundwater Flow Models 
Spring Creek Mine uses a MODFLOW-based computer flow model to estimate drawdown impacts to 
groundwater levels associated with approved mining (Nicklin Earth and Water, Inc. 2012). The model 
also predicts water level recovery 50 years following completion of mining. 


The results of the model simulation indicate that the majority of mining-related drawdown in the 
Anderson-Dietz coal will occur in the immediate vicinity of the mine permit area, with the simulated 5-
foot drawdown contour in the Anderson-Dietz aquifer extending, in some locations, over three miles 
from the permit boundary (Figure 9-22). The model also predicts that the Canyon coal will experience 
drawdown, even though this coal is not mined by either the Spring Creek or Decker mines (Figure 9-23). 
Conservative assumptions were used throughout all aspects of the modeling efforts. Hence, the 
drawdown and recovery projections should be considered conservative or worst case. 


9.2.9.1 Drawdown Impacts to Private Wells 
The additional coal proposed in TR1 is not expected to have any impact on private wells. Some 
temporary lowering of water levels is possible, and some increase in dissolved solids is likely for 
downgradient wells screened in the Anderson-Dietz coal seam. No downgradient wells are known to be 
screened in this seam. Wells screened in lower units, such as the Canyon coal or underburden, will not 
be impacted. The potentiometric surfaces in wells screened in the Canyon coal and underburden are 
above the top of the respective formations, indicating confined conditions, and are expected to remain 
so. Wells screened in these formations may see a decline in well water level, but the utility of the wells 
will not be decreased. 


9.2.10  Cumulative Impact of Historic, Current and Proposed Mining 
Cumulative impacts from previous mining are non-existent, as no historic mining exists outside of the 
current mining operations at Spring Creek and Decker mines. Cumulative impacts from current mining 
operations have not led to measurable changes in the hydrologic balance of the Tongue River Reservoir.  


The proposed operation TR1 will increase mining disturbance in the Pearson Creek and Spring Creek 
drainages, which are currently affected by mining at the Spring Creek and Decker mines. No further 
tributary flow restriction will occur as a result of TR1 and drainages will be reclaimed to approximate 
premine topography. Water quality and quantity of postmine drainages is predicted to be similar to 
premine conditions. The proposed TR1 mining is within a coal seam already being mined, and will not 
require any dewatering beyond what is already being done. The recovery of water levels will be delayed 
in the area of the TR1 cuts, but it is simply an extension of current activity and does not add any new 
stressors. The additional TR1 mining will increase the volume of spoil; however, modeling results do not 
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predict measurable changes in the Tongue River Reservoir at current reservoir volumes. Therefore, 
cumulative impacts from current and proposed mining are anticipated to be imperceptible. 


Proposed mining associated with amendment AM2 at East Decker will, if approved, have an impact on 
groundwater flows through the Deer Creek alluvium, but as all discharges will be subject to MPDES 
permit requirements, no changes to water quality or quantity in the reservoir are expected. The majority 
of coal seams included in the AM2 application are unsaturated. 


The recovery of water levels will be delayed, but it is an extension of current activity at the East Decker 
Mine. The anticipated mining will increase the volume of spoil; however, modeling results do not predict 
measurable changes in the Tongue River Reservoir at current volumes. Therefore, cumulative impacts 
for current, proposed, and anticipated mining are anticipated to be imperceptible. 


9.3 NON-MINING IMPACTS 
Impacts to surface and groundwater systems from sources other than coal mining are not considered in 
the material damage assessment. However, it should be noted that CBM production in the Decker area 
began in late 1998 in the vicinity of Squirrel Creek (Kinsey and Nimick 2011), south of West Decker Mine. 
Sharp declines in coal seam water levels have followed CBM development due to aggressive pumping 
from the Anderson-Dietz, Canyon, and deeper coal aquifers to decrease pressure head and facilitate the 
release of gas. The withdrawal of large volumes of groundwater associated with gas production has 
created extensive areas of drawdown and modified groundwater flow direction. Extraction of 
groundwater to decrease hydrostatic head, and thereby facilitate gas production, has decreased 
pressure head as much as 600 feet in coal seam aquifers in the vicinity of Squirrel Creek, southwest of 
West Decker pits (Meredith, Kuzara, et al. 2012). Monitoring wells in coal aquifers at the Decker mines 
have recorded substantial declines and some monitoring sites have had to be abandoned because they 
are venting dangerous levels of gas due to reduction of hydrostatic head. Hydrographs for wells near the 
Squirrel Creek field generally show a marked increase in the rate and amount of drawdown beginning in 
2000.  


The influence of CBM drawdown on the Spring Creek Mine creates difficulty in determining the degree 
of impact from coal mining on the local aquifers. A distinctive and typically sharp increase in drawdown 
rate is evident on hydrographs (Figure 9-25), marking the change from drawdown associated with 
mining to drawdown associated with CBM production. Since the scope of this CHIA is to assess the 
impacts only of coal mining [see ARM 17.24.314(5)] on the hydrologic balance, analysis of the impacts of 
CBM development on the aquifers is not discussed in further detail. 


9.4 MATERIAL DAMAGE ANALYSIS 
The above sections of this CHIA represent an in-depth analysis of probable cumulative impacts to the 
hydrologic balance, including both surface and groundwater systems, from the proposed operation of 
TR1 and all previous, existing, and anticipated mining in the cumulative impact area. Based on the 
results of the probable cumulative impact analysis, DEQ has concluded that the applicant has 
affirmatively demonstrated that the proposed operation has been designed to prevent material damage 
to the hydrologic balance outside the permit area and to minimize impacts to the hydrologic balance 
inside the permit area. 


Based upon the application materials submitted and other information available to DEQ, DEQ has 
determined that the proposed operation of TR1 will not result in the degradation or reduction of the 
quality or quantity of surface or groundwater outside the permit area in a manner or to an extent that 
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land uses or beneficial uses of water will be adversely affected, water quality standards will be violated, 
or water rights will be impacted.  


9.4.1 Surface Water 
Potential impacts to surface waters from the proposed operation of TR1 and all previous, existing, and 
anticipated mining in the cumulative impact area were evaluated by assessing the results of long-term 
monitoring of water quantity and quality data from a network of stream monitoring stations. 


Tributary streamflow in the CIA is almost completely ephemeral and driven by storm events and 
snowmelt. Current mining has disturbed tributary drainages to the Tongue River Reservoir, and to date, 
impacts from previous and existing mining have been limited to disturbed drainage basins located in the 
Spring Creek or Decker permit boundaries. During mining, tributary flows are impounded by flood 
control structures or intercepted by mining cuts. Loss of flows within in the disturbed tributaries has not 
impacted downstream surface water users, as all water rights in these drainages are located within the 
permit boundary. Surface water runoff in the facilities area mine pit is controlled through a series of 
ponds and diversion structures and regulated through DEQ’s MPDES program. At the Spring Creek Mine, 
discharges to surface waters are extremely infrequent. Sections 9.2.4 and 9.2.5 provides a detailed 
analysis of existing and anticipated impacts from water management operations in the facilities and 
active mining area. 


Water quality in tributary streams downstream of mining at Spring Creek Mine is similar in quality to 
baseline water quality upstream of mining. Described in detail in Section 9.2.6.5, water samples have 
contained analytes above the livestock guideline or exceed the ARM 17.30.670 SC and SAR standard 
both upstream and downstream of mining. Monitoring stations downstream of mining are all within the 
permit boundaries of either the Spring Creek or Decker mine, and any exceedance of ARM 17.30.670 at 
these stations does not constitute material damage because they are within a mine permit boundary. 
There is no indication that exceedances of ARM 17.30.670 are more frequent than the naturally 
occurring rate of exceedances that are seen upstream of the mine (Table 9-9). Most of the stations 
downstream of mining also receive runoff from native areas, and the water quality is similar to the 
water quality seen in baseline samples. No decrease in water quality attributed to mining activity has 
occurred downstream of the Spring Creek Mine such that material damage has occurred or will occur. 


The proposed additional mining in TR1 will disturb portions of the Pearson Creek drainage. Pearson 
Creek is disturbed downstream of TR1 at the West Decker Mine, where current mining has disturbed 
Pearson Creek to the Tongue River Reservoir. TR1 will not expand the main surface facilities at the 
Spring Creek Mine, but there will be expansion of peripheral infrastructure such as roads and land 
surface disturbance. Surface water runoff in the facilities area and peripheral infrastructure in the TR1 
revision area will be controlled through sediment ponds and diversion structures, including Best 
Management Practices as described in Plan for the Protection of the Hydrologic Balance. Water quality 
and quantity data at the Spring Creek Mine indicate current surface runoff practices have prevented 
damage to the hydrologic balance. Therefore, the proposed operation of TR1 is designed to minimize 
impacts to the hydrologic balance on and off the permit area and to prevent material damage to surface 
water quality and quantity from facilities infrastructure and active mining areas outside the permit area. 


During mining at the Spring Creek and Decker mines, tributary surface flows to the Tongue River 
Reservoir are intercepted and controlled through diversions and sediment control structures. As 
discussed in Section 9.2.6, the Spring Creek and Decker mines disturb a minimal amount of the total 
Tongue River watershed, as measured upstream from the Tongue River Dam. The minimal disturbance 
and ephemeral nature of disturbed tributary flows have not measurably reduced stream flows in the 
Tongue River. The proposed mining in TR1 will only disturb drainages currently impounded by mining, so 
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no further loss in ephemeral flow during mining is predicted. Given the significant size of the Tongue 
River watershed, no reduction in surface flows such that water rights would be impacted in the Tongue 
River is anticipated.  


Any excess water in mine workings, either from surface water runoff or mine pit dewatering, is 
discharged through regulated outfalls under DEQ’s MPDES program. Discharges from the Spring Creek 
Mine are rare, with only three discharges since 1997. All these discharges have met effluent limits and 
no impacts to the hydrologic balance have been demonstrated. The Spring Creek Mine currently has an 
MPDES permit to discharge to Spring Creek, South Fork Spring Creek, and Pearson Creek and no 
increases in discharge frequency are anticipated as a result of TR1. As discussed in Section 9.2.5, Decker 
Coal has several MPDES outfalls which discharge frequently to the Tongue River. The Decker Coal 
discharges result from surface runoff and mine pit dewatering. The frequent discharges are required due 
to the proximity of the Decker mine pits to the Tongue River Reservoir, which results in the mining pits 
intercepting a significant volume of incoming reservoir water. The Decker discharges have 
concentrations of TDS and SAR generally higher than background conditions in the Tongue River, but 
current water quality monitoring and modeling do not indicate impacts to the Tongue River Reservoir at 
current reservoir volumes from the Decker discharge. 


Following the cessation of mining at the Spring Creek and Decker mines, disturbed drainages will be 
reclaimed to a postmine topography similar to premine topography. As discussed in Section 9.2.6.4.3, 
runoff from reclaimed drainages is modeled to be similar in volume and timing to modeled runoff from 
premine drainages. Given similar topography, vegetation, and soils, water quality of postmine runoff is 
also predicted to be similar to premine water quality. Postmine water quality and quantity in reclaimed 
drainages is predicted to be similar to premine and material damage outside the permit area is not 
predicted to occur. 


Following mine pit reclamation, groundwater levels will eventually return to premine flow paths and 
groundwater will migrate from high elevation recharge areas from the east and west, through mine 
spoil, and eventually into the Tongue River Reservoir. The proposed operation TR1 includes additional 
mining cuts which would increase the volume of spoil at the Spring Creek Mine. As analyzed in Section 
9.2.6.3, the additional mining in TR1 will slightly increase the ground water discharge from spoil in the 
Spring Creek Mine. However, modeling of postmine water quality in the Tongue River Reservoir 
following mining at the Spring Creek and Decker mines shows minimal impacts at current reservoir 
volumes above 20,000 ac-ft. Therefore, postmining impacts to the Tongue River are predicted to be 
unmeasurable and material damage will not occur. 


This CHIA examines the cumulative impacts on the hydrologic balance from previous, existing, and 
anticipated mining at the Spring Creek and Decker mines. The surface water CIA includes Spring Creek, 
Pearson Creek, and Tongue River Reservoir, delineated based on the discussion in Section 5.1. 
Measurable impacts to the hydrologic balance from mining activities outside of disturbance areas within 
the Spring Creek Mine permit boundary are not apparent in current monitoring data. The proposed 
mining will be conducted the same as current mining operations at the Spring Creek Mine, thus impacts 
are not anticipated, and the proposed operation is designed to prevent material damage. Water 
quantity modeling predicts a hydrologic regime in reclaimed drainages similar to premine conditions; 
therefore, water uses will not be diminished. Water quality modeling predicts unmeasurable impacts to 
the Tongue River following mining cessation at the Spring Creek and Decker mines. Therefore, 
cumulative impacts from current, proposed, and anticipated mining on the surface water hydrologic 
balance outside of the permit area are not predicted to result in material damage. These conclusions are 
consistent with the findings in the Spring Creek Mine Federal Mine Plan Modification Environmental 
Assessment conducted by the Office of Surface Mining (OSMRE 2016).  
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Current operations at the Spring Creek Mine have not caused reductions in water quality which are 
attributed to mining activities. MPDES discharges are infrequent and current sediment control practices 
and BMPs have not lead to changes in water quality in South Fork Spring Creek. The proposed operation 
TR1 will result in additional mining disturbance in the South Fork Spring Creek drainage; however, the 
additional disturbance will be a minimal increase compared to disturbance from current mining 
operations. MPDES discharges are rare and not expected to increase as a result of the proposed 
operation. All previous discharge events have met required effluent limitations. Runoff will continue to 
be controlled by sediment control features such as diversions and sediment ponds, resulting in altered 
flow timing and reduced runoff. Flow reductions have not impacted any downstream users in South Fork 
Spring Creek. 


Following reclamation, water quality will most likely be variable and similar to baseline conditions; 
samples taken from monitoring sites downstream of reclamation after vegetation has been well 
established indicates that water quality exhibits a similar range of annalytes. Direct runoff from 
reclamation will be within in the permit boundary, and flow through short sections of undisturbed 
drainages prior to exiting the permit boundary. Initially following watershed reclamation, sediment 
control structures will remain, treating runoff from reclamation prior to leaving the permit boundary. 
Drainages are fully reclaimed and reconnected in compliance with Western Alkaline Standards 
established through MPDES permitting.  


Mining impacts to the hydrologic balance of the Tongue River from current mining operations at the 
Spring Creek and Decker have been minimized by the mine plans. For instance, West Decker breached 
operational groundwater dikes as soon as possible which reduced the duration of impacts and has led to 
a faster re-establishment of the natural groundwater gradient towards the reservoir. Additional 
methods include monitoring for movement of analytes of concern, such as arsenic, towards the permit 
boundaries. Material damage outside of the permit boundary has been prevented; the conservative 
mass balance model of the impacts to the Tongue River from spoils shows that while TDS and SAR may 
increase, the increase would not result in a violation of a water quality standard. The proposed and 
anticipated mining will employ the same mining methods and sediment control measures currently used 
at the Spring Creek and Decker mines. The cumulative effects of previous, existing, and anticipated 
mining are not predicted to cause changes in water quality or quantity in the Tongue River Reservoir 
such that material damage would occur. 


The proposed TR1 mining expansion will employ the same mining methods and sediment control 
practices used in current mining at the Spring Creek Mine. These practices have not caused measurable 
changes in water quality attributed to mining operations. During mining, ephemeral flows will be 
continued to be impounded at the Spring Creek and West Decker Mines. Following mining at both the 
Spring Creek and West Decker Mines, post-mine water quality and quantity is predicted to be similar to 
premine water quality and quantity. The cumulative effects of current and proposed mining are not 
anticipated to cause measurable changes in water quality or quantity in the Spring Creek, South Fork 
Spring Creek, or Pearson Creek drainages such that material damage would occur.  


 


9.4.2 Groundwater 
The two main potential impacts to groundwater from surface mining are reductions in available water 
quantity at wells due to drawdown and migration of lower quality water off site. These potential 
impacts from the proposed operation of TR1 and all previous, existing, and anticipated mining in the 
cumulative impact area were evaluated by monitoring water levels and water quality in a network of 
monitoring wells installed in the alluvium, overburden, Anderson-Dietz coal, interburden, Canyon coal, 
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and underburden. Evaluation of potential future impacts from the proposed addition of TR1 is also 
assisted by the use of a groundwater model (Nicklin Earth and Water, Inc. 2012). 


Spoil wells, as expected, have shown recovery in water levels as the spoil has become saturated. The 
recovery is proceeding at a faster rate than initially predicted. Because the spoil wells are, by definition, 
within the permit area, and because there are no existing users of the spoil groundwater, material 
damage will not occur within the spoil unit. 


Groundwater levels in alluvium and clinker wells are erratic, and most show no real trend. Groundwater 
volume in clinker and alluvium is low and sporadic, and water levels reflect this. Clinker and alluvial wells 
are generally relatively low in SC, as they largely represent recent recharge from precipitation.  


Monitoring wells completed in the overburden indicated that water levels are generally stable, with 
normal fluctuations due to climatic and other variations. SC has increased in some wells, although there 
is no clear trend. 


Supply of water in the alluvium and overburden has historically been erratic at best, regardless of 
location with respect to mining activities. No groundwater rights have been established in the alluvium 
or overburden downgradient from the mine, so no material damage to water quantity will occur.  


Water quality in the alluvium and overburden is highly variable, and shows no clear trends either 
spatially or temporally that can be attributed to mining activity. Overburden and alluvial aquifers in this 
area are generally discontinuous, making the movement of any impacted water offsite unlikely. Spoil is 
expected to be somewhat higher in permeability than the replaced overburden, so an increase in 
available groundwater is possible. Water quantity and water quality in alluvium and overburden are 
influenced by a wide variety of human and natural factors, and post-mining groundwater will be as 
variable as the baseline. Impacts on water quality in the Tongue River will be insignificant. 


Wells in the Anderson-Dietz coal are generally declining in water level, as mining proceeds. Water levels 
will recover as the spoil deposits become saturated and the system approaches equilibrium. Material 
damage to water quantity in the Anderson-Dietz will not occur. 


Water quality in the Anderson-Dietz coal is variable, ranging from calcium/magnesium bicarbonate to 
sodium sulfate types. SC varies from under 1,000 to over 10,000 µS/cm. The lower values of SC are 
generally related to calcium/magnesium bicarbonate chemistries, and the higher are in the sodium 
sulfate wells, usually accompanied by elevated iron and manganese levels. 


As the Anderson-Dietz coal is replaced by spoil post-mining, the water quality will change. Spoil water is 
generally higher in sulfates and lower in metals than native Anderson-Dietz water, although there are 
exceptions in both. Because the coal is dewatered during extraction, the gradient is temporarily altered 
so that groundwater flows toward the spoil. As groundwater levels recover to pre-mining elevations, a 
directional gradient will return. Although the gradient is expected to be broadly similar to that of the 
pre-mining aquifer, local variations are inevitable. Depending upon the final contributions of the 
possible sources, some groundwater may occasionally exceed some HHS levels. This is to be expected, 
as baseline (non-mining) samples have shown HHS exceedances in several analytes in some wells. Since 
background concentrations of lead and arsenic are generally higher in the Anderson-Dietz aquifer than 
in the post-mining spoil, concentrations of these elements downgradient are actually likely to decrease 
as spoil water begins to move offsite. Sulfate may be somewhat higher in spoil water than in the 
premining aquifer, although a number of monitoring wells have consistently reported background 
sulfate in excess of livestock guidelines in the Anderson-Dietz aquifer. Depending upon the final flow 
paths established between the spoil and the downgradient aquifer, some water sources already in 
excess of the sulfate guideline may be increased further. As the sulfate guideline is not an enforceable 
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standard and there are no existing groundwater rights downgradient of TR1, material damage in this 
instance is defined by degradation of quality of water outside the permit area to an extent that land 
uses or beneficial uses of water are impacted (82-4-203(31), MCA). Groundwater already in excess of 
the livestock guideline would not be considered suitable for stock water, so no change in beneficial uses 
would occur. Groundwater entering the Anderson-Dietz aquifer from the spoil will likely be higher in SC, 
chloride, sulfate, and iron, and lower in fluoride, lead, and arsenic. No material damage is expected to 
occur, as the only analytes with enforceable HHS are projected to decrease. Sulfate is higher than the 
NSDWR in background samples. Concentrations will eventually decrease as salts are flushed from the 
spoil material, but the natural system in this area includes relatively high SC and sulfates without mining 
influence, and is not likely to change significantly in the post-mining equilibrium. 


Interburden water is generally sodium bicarbonate to sodium sulfate. Several interburden wells have 
recurring high fluoride concentrations, with a few iron and lead exceedances. Water level trends 
generally resemble those of the overlying Anderson-Dietz coal. 


Some monitoring wells in the interburden have consistently reported fluoride concentrations in excess 
of the HHS. This is a natural concentration, unrelated to mining. The fluoride concentrations can be 
expected to remain after mining is complete, and to continue moving beyond the permit boundary as 
they have for millennia. Average background SC in interburden is Class III (2,600 µS/cm). SC is likely to 
increase somewhat as spoil water moves downgradient, but will not increase to a harmful level. Sulfate 
is likely to increase upon contact with spoil water, but as the average background sulfate of interburden 
water is already in excess of the NSDWR (586 mg/L) it will not constitute material damage, as discussed 
above. 


Canyon coal and underburden wells generally reflect the water level trend patterns of the Anderson-
Dietz coal. As the Anderson-Dietz coal is dewatered and removed, heads in the underlying aquifers are 
reduced. Water levels will begin to recover when mining is complete. Water quality is mostly sodium 
bicarbonate type, with some sodium sulfate types.  


Water quality in the Canyon coal or underburden will not be impacted by mining activity. Water levels in 
downgradient wells completed in the Canyon coal or underburden may decline until the spoil system 
reaches equilibrium, but as the Canyon is not being mined or completely dewatered, no material 
damage is expected to occur, as discussed in Section 9.2.7.6.
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10.0 CONCLUSION 


The above sections of this CHIA represent an in-depth analysis of impacts to the hydrologic balance from 
mining that includes an assessment of existing or probable changes to the hydrologic balance inside and 
outside the permit area and an evaluation of material damage outside the permit area associated with 
previous, existing, and anticipated mining. The conclusion of the analysis is that no material damage is 
identified from previous, existing, and anticipated mining and that the mining proposed in TR1 is 
designed to prevent material damage to the hydrologic balance outside the permit area and to minimize 
impacts to the hydrologic balance inside the permit area. 
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TONGUE RIVER RESERVOIR WATER QUALITY MODELING 



VAN VOAST MODEL BASIS 
The Tongue River model shown in Figure 9-9 is a simplistic scenario of water quality changes, and is 
meant only to show how the model created by Van Voast and Thompson (1982) would change using 
data from 2015 and 2016.  



The model assumes a constant load at a single point in time into the Tongue River. It only models the 
mixing of water in the Tongue River upstream of the reservoir with groundwater or discharge 
contributions from the Spring Creek and Decker mines. It does not account for the significant affect that 
the reservoir has on water quality nor does it account for other methods of gains or losses to the system 
such as evaporation and surface water flows from tributaries.  



In Van Voast and Thompson’s model, the water quality in the river was ignored; the model calculated 
the additional load contribution from various groundwater sources. In the CHIA’s model, different water 
quality scenarios are compared to a theoretical baseline condition: the premine Decker and Spring Creek 
scenario modeled by Van Voast and Thompson (1982) plus the water quality of the river entering the 
reservoir at Decker monitoring station TR0977. For modeling SAR, the model is created by mixing 
groundwater with TR0977 river water quality because SAR is not linearly additive. Van Voast and 
Thompson’s original model could only look at increased load from individual analytes. 



The updated model calculates changes in water quality at different flows in the river. The range of 
expected flows was taken from the flows measured in the Tongue River at the state line from 2003 
through 2015 (Figure 9-10). Some of the low flows, below 100 cfs, are due to ice in the river which can 
cause inaccurate flow estimates. However, the lowest flows in the river between 2003 and 2015 were 
recorded in July and August 2006 when flows were below 20 cfs. 



VAN VOAST MODEL LIMITATIONS 
Concentrations of Ca, Mg, Na, and TDS in the Tongue River at various flows were estimated by fitting a 
trend line to measured concentrations and flows (Figure A-1, A-2). A linear relationship between flow 
and concentration was observed with a trend line generated for each analyte. Flows were recorded at 
the USGS station 06306300 at the state line while concentrations were obtained from the Decker Mine’s 
TR0977 site which is located between the USGS station and the reservoir. Modeling concentration vs 
flow removes the important seasonal influence on water quality in the Tongue River; the river can 
experience the same flow multiple times a year but with a different water quality composition. Spring 
snow melt conditions produce a different SAR and TDS than late summer conditions. Stream flow and 
the reservoir volume is highest in June after spring runoff and before large consumptive demands are 
placed on the reservoir, and river water in June often has some of the lowest TDS and SAR. Conversely, 
reservoir volume is lowest in late fall and river water often has some of the highest TDS and SAR. 



Spoil water quality estimates by Van Voast and Thompson were made in the early 1980s and were based 
on paste extract analysis done by the Decker Coal Mine as part of the company’s baseline overburden 
analysis. The 2016 spoil water quality estimate represents median spoil water quality as measured in 
2015/2016 from 11 wells and 46 samples. Updated Ca, Mg, and Na, and TDS concentrations for spoils 
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was estimated from spoil wells at West Decker, East Decker, and Spring Creek. Median water quality 
was found for 2015 and 2016 measurements from spoil wells, including wells immediately adjacent to 
the reservoir which tend to have low TDS. Time-concentration plots of the spoil wells indicate that wells 
with high TDS and away from the reservoir are still declining. The median of the well water quality was 
then made into a single median water quality to represent a large section of groundwater contribution 
as initially created by Van Voast and Thompson (1982). Final postmine spoil water quality may not be 
similar to the 2015 - 2016 spoil water quality or the spoil water quality predicted by Van Voast and 
Thompson; additional saturation of the spoils may further degrade water quality, or the movement of 
reservoir water through the spoils towards CBM drawdown may help to flush high concentrations of 
minerals out of the spoil before the gradient towards the reservoir is restored. 



East Decker’s Amendment AM2 was never modeled by Van Voast and Thompson, and the analysis 
submitted with the application did not include a prediction of spoil water quality for Ca, Mg, and Na. In 
lieu of a postmine prediction, the water quality for postmine East Decker was used. Premine water 
quality and flow for the AM2 area also had to be added to all of the models, including Van Voast and 
Thompson’s. Water quality was estimated using premine D1 water quality from the area. The D1 upper 
and lower from the AM2 area subcrop in the Tongue River Reservoir and in the Deer Creek alluvium. TR1 
spoil water quality will be similar to spoil water quality already measured at the Spring Creek Mine. The 
closest spoil will to TR1 is SP-3. Including median SP-3 water quality to West Decker’s water quality to 
produce a West Decker spoil water quality with TR1 spoils produces an almost identical spoil water 
quality to the modeled approved postmine water quality. 



Similarly, the discharge water quality is modeled as a median of monthly measured discharges in 2015 
and 2016 at East and West Decker. West Decker discharges stopped in 2017 because the West Decker 
went into temporary cessation and discontinued pit pumping. The median water quality at West and 
East Decker is lower than the MPDES effluent limits. At West Decker WD00789, the daily limit of TDS is 
roughly 2,891 mg/L (the true limit is an electrical conductance of 3,488 µS/cm) and an SAR of 16.3. For 
the East Decker outfall ED00289, the daily limit of SAR is 20.6. MPDES discharge limits are based on river 
flow in the receiving water and not on reservoir volume.  



Spoils flow rates into the reservoir were taken from Van Voast and Thompson (1982) and updated with 
an estimate from the AM2 application as shown in Table A-1. Flow from the AM2 area to the Tongue 
River is predominately through the Deer Creek alluvium. The AM2 Probable Hydrologic Consequences 
estimates 0.48 cfs contribution from the Deer Creek and Badger Creek alluvium and 0.32 cfs from coal 
seams north of Deer Creek, giving a total of 0.8 cfs for the AM2 area. The AM2 Probable Hydrologic 
Consequences attributes 0.6 cfs to the Tongue River Reservoir from the East Decker Mine below Deer 
Creek while the number used in Van Voast and Thompson was 0.1 cfs. This model uses the 0.1 cfs from 
Van Voast and Thompson. The flow rates given by Van Vost and Thompson were to estimate premine 
conditions. These numbers may not be appropriate for postmine conditions because it does not account 
for the raised reservoir elevation. The flow rates also do not account for any change in hydraulic 
conductivity that results from the creation and emplacement of spoils. 



TR1 mining adds additional spoils of the same water quality as other Spring Creek spoils, but the added 
spoils are upgradient from Decker mine impacts. Spoil water from TR1 will flow through Decker spoils 
before reaching the aquifer. The original Van Voast and Thompson model assumed that flow from 
Spring Creek spoils would not interact with West Decker spoils before entering the reservoir. However, a 
more realistic model is with the Spring Creek spoils entering and mixing with the North Decker Mine 



3/27/2020











Major Revision TR1 CHIA – Appendix A 



A-4



pits. Flow averaged water quality between Spring Creek and North Decker spoils is used to make a spoil 
water quality to enter the reservoir at the North Decker flow rate of 3.4 cfs.  



The groundwater gradient in the majority of Decker spoils in 2015 - 2016 away from the Tongue River 
Reservoir and will not be restored towards the reservoir until the spoils are completely resaturated and 
drawdown from coal bed methane activities in the area has been restored. According to well water 
levels, the area of West Decker below Pit 12 and adjacent to the reservoir was in equilibrium with the 
reservoir in 2015 – 2016.  



From the updated analysis of the Van Voast and Thompson model done for this CHIA, it is apparent that 
the Van Voast and Thompson model was overly simplistic. The 1982 model is not a good predictor of 
potential water quality changes to the Tongue River and Tongue River Reservoir from coal mining. Both 
the 1982 model and the updated model shown in this CHIA should be used as general indicators of 
water quality effects from spoils. A transient model that incorporates the full water cycle budget is 
required to more accurately estimate changes to the Tongue River from coal mining.  



DAILY RESERVOIR MODEL: VOLUME 
A mass balance model for the Tongue River Reservoir was created for the period of 10/1/2014 – 
12/31/2016 in order to understand the impacts the current operations at the Decker mines have on load 
in the Tongue River Reservoir. As with the Van Voast model, there are a number of unknown inputs and 
outputs to the model which potentially have a major impact on the water quality and quantity in the 
Tongue River Reservoir.  



The reservoir water balance was modeled as follows: 



𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑃𝑃 + 𝑄𝑄𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑄𝑄𝐺𝐺𝐺𝐺 − (𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐸𝐸 + 𝑄𝑄𝑆𝑆𝑆𝑆) + 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅−1 



Where 



𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 is the daily reservoir volume (ac-ft). The reservoir volume is obtained daily reservoir elevations 
converted to reservoir volume by an equation from DNRC.  



𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the average daily flow at USGS station 06306300, at the state line. Reported in cfs. 



𝑃𝑃 is daily total precipitation, measured at the West Decker Mine’s precipitation gage, multiplied by 
reservoir surface area. 



𝑄𝑄𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the estimated tributary flow from Badger Creek, Monument Creek, and Deer Creek. Flow is 
assumed to be ephemeral and is calculated as a response to precipitation. Flow from precipitation is 
assumed to occur only over one day and is modeled as a triangle over 24 hours from an estimated peak 
flow. Note that there is no gage information to use to calibrate the tributary models. Spring Creek, 
Pearson Creek, Pond Creek, Coal Creek, and Middle Creek are not modeled because the flows from 
these tributaries are captured by the Spring Creek and Decker mines. Model sensitivity tests showed 
that multiplying flows that were modeled between May and October by 0.6 produced a better model fit. 
This multiplier mimics the scenario where more water is captured by vegetation and infiltration during 
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the summer. Monument Creek is underlain by clinker so it would be expected that most of the flows in 
the creek during summer months would infiltrate.   



𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 is the daily discharge from East Decker and West Decker MPDES discharge locations. Daily 
discharge is recorded by the mine in cfs. 



𝑄𝑄𝐺𝐺𝐺𝐺 is the modeled groundwater flow from East Decker, West Decker, North Decker (part of West 
Decker but with different geology that leads to greater hydraulic conductivity), Deer Creek alluvium, 
Badger Creek alluvium, and an unmined area north of Deer Creek. Groundwater is modeled using 
Darcy’s Law. Monitoring wells located near the reservoir in the mine areas are monitored quarterly and 
give groundwater gradients between the mined area and the reservoir. The wells have shown that the 
majority of the time water flows from the reservoir to the spoils, but occasionally the water in some 
areas can flow from the spoils to the reservoir. During the modeling period, all flow in East and North 
Decker was from the reservoir to the spoils. The alluvium and area north of Deer Creek are assumed to 
be contributing to the reservoir’s surface water.  



𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑 is the average daily flow at USGS station 06307500, below the Tongue River dam. Reported in cfs. 



𝐸𝐸 is evaporation from the reservoir. It is calculated from daily measured pan evaporation in Sheridan or 
Ranchester, WY during the growing season and from an estimated monthly evaporation during months 
without a daily measurement. The estimated monthly evaporation is from NOAA Technical Report NWS 
34. The pan evaporation is multiplied by 0.72 to give a corrected evaporation amount, in inches.
Evaporation is multiplied by the reservoir surface area to get a volume of daily evaporation.



𝑄𝑄𝑆𝑆𝑆𝑆  is the volume of water pumped by Spring Creek Mine from the Tongue River Reservoir under their 
water right. Spring Creek’s pumped volume is reported in monthly totals in gallons which is then 
converted into a daily amount for the model.  



𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅−1 is the reservoir volume from the previous day. 



The model inputs by day are shown in Figure A-3 the resulting Tongue River Reservoir volume model is 
shown in Figure A-4.  



DAILY RESERVOIR MODEL: LOAD 
The Tongue River Reservoir model shown in Figure A-4 was used to model the load from total dissolved 
solids (TDS). The load model is poorly calibrated due to a number of factors including river water quality 
reported in specific conductance and not in TDS, infrequent water quality measurements during the 
model period, no river water quality measurements in the winter, unknown water quality for many of 
the inputs, and misfit in the volume model.  
Daily load is calculated as 



𝐿𝐿𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝐿𝐿𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + 𝐿𝐿𝐺𝐺𝐺𝐺 − (𝐿𝐿𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐿𝐿𝑆𝑆𝑆𝑆) + 𝐿𝐿𝑅𝑅𝑅𝑅𝑅𝑅−1
Where 
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𝐿𝐿𝑅𝑅𝑅𝑅𝑅𝑅 is the daily reservoir load (kg/day). 



𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the average daily load at USGS station 06306300, at the state line. Water quality is reported as 
specific conductance. Water quality is converted to TDS through a fitted power equation and then 
multiplied by daily flow recorded at the station. Gaps in water quality data are estimated using linear 
interpolation, shown in red on Figure A-6. 



𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the estimated tributary load from Badger Creek, Monument Creek, and Deer Creek. Tributaries 
are assumed to have a TDS of 800 mg/L. In reality, winter flows likely have low TDS and summer flows 
likely have high TDS. There is data from 2014 – 2016 to calibrate tributary water quality to. 



𝐿𝐿𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 is the Decker discharge load. Decker discharge water quality is measured monthly. Daily water 
quality is estimated using linear interpolation.  



𝐿𝐿𝐺𝐺𝐺𝐺 is the groundwater load. When groundwater is moving into the reservoir, the TDS of the spoils, 
alluvium, and native coal seams are used. When groundwater is moving from the reservoir into the 
spoils, the TDS of the river at the dam is used. Groundwater quality at the Decker mines is estimated 
from the wells used to calculate groundwater flow. Wells are sampled annually or quarterly or water 
quality. Daily water quality is estimated using linear interpolation. For the Deer Creek alluvium, Badger 
Creek alluvium, and groundwater outside of the Decker mine area a TDS of 2,530 mg/L is used. This 
value was also used in the Van Voast and Thompson model update discussed above. 



𝐿𝐿𝑑𝑑𝑑𝑑𝑑𝑑 is the average daily load at USGS station 06307500, below the Tongue River dam. Water quality is 
reported as specific conductance. Water quality is converted to TDS through a fitted power equation 
and then multiplied by daily flow recorded at the station. Gaps in water quality data are estimated using 
linear interpolation, shown in blue on Figure A-6. 



𝐿𝐿𝑆𝑆𝑆𝑆  is the load removed by Spring Creek Mine from the Tongue River Reservoir under their water right. 
The TDS is assumed to be equal to the TDS measured at the dam. 



𝐿𝐿𝑅𝑅𝑅𝑅𝑅𝑅−1 is the calculated load of the reservoir from the previous day. 



The model inputs by day are shown in Figure A-5 the resulting Tongue River Reservoir load model is 
shown in Figure A-6. The theoretical load from all of the contributions was compared in Figure A-6 to 
the load of the reservoir calculated from the water quality measured at the dam multiplied with the 
daily reservoir volume derived from the daily reservoir water elevation. The water quality at the dam is 
not necessarily representative of the average water quality within the reservoir.  
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Table A-1: Generalized Water Quality Used in the Mass Balance Model 



Source Site 
TDS 



(mg/L) 
Ca 



(mg/L) 
Mg 



(mg/L) 
Na 



(mg/L) 
SAR 



Flow 
(cfs) 



Premine Van Voast North Decker 630 40 65 75 1.7 3.4 
Premine Van Voast West Decker 1,010 4 1 430 51.2 0.1 
Premine Van Voast East Decker 1,530 7 3 690 55.8 0.1 
Premine Van Voast Spring Creek 2,290 30 12 800 31.2 0.1 
Premine from D1 Wells East Decker AM2 2,530 36 33 772 22.4 0.8 
Premine Groundwater 
(from Van Voast 1982) 



Flow-Averaged 1025 38 56 233 5.6 4.5 



Spoils Van Voast North Decker 2,480 75 90 650 12.0 3.4 
Spoils Van Voast West Decker 1,850 14 5 780 45.5 0.1 
Spoils Van Voast East Decker 3,090 41 36 1,180 32.4 0.1 
Spoils Van Voast Spring Creek 4,230 73 94 1,350 24.6 0.1 
Premine from D1 Wells East Decker AM2 2,530 36 33 772 22.4 0.8 
Spoils (from Van Voast 
1982) 



Flow-Averaged 2,516 66 77 697 13.9 4.5 



Spoils Postmine  
North Decker + 
Spring Creek 



3,167 291 196 222 2.5 3.4 



Spoils Postmine  West Decker 4,330 68 48 1,150 26.2 0.1 
Spoils Postmine  East Decker 2,943 105 82 612 10.9 0.1 
Premine from D1 Wells East Decker AM2 2,530 36 33 772 22.4 0.8 
Postmine Spoils Flow-Averaged 3,083 238 162 345 4.2 4.4 



Spoils Postmine + TR1 
North Decker + 
Spring Creek 



3,209 292 197 226 2.5 3.4 



Spoils Postmine  West Decker  4,330 68 48 1,150 26.2 0.1 
Spoils Postmine  East Decker 2,943 105 82 612 10.9 0.1 
Spoils Postmine + AM2 East Decker AM2 2,943 105 82 612 10.9 0.8 
Postmine Spoils (with 
TR1 & AM2) 



Flow-Averaged 3,180 249 170 326 3.9 4.4 



Median 2015 - 2016 
Discharge 



ED002  
(East Decker) 



1,385 91 68 261 5 0.7 



Median 2015 - 2016 
Discharge 



WD007  
(West Decker) 



1,810 190 121 136 2 5.5 



2015 - 2016 Discharge Flow-Averaged 1,762 179 115 150 2 6.1 
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Figure A-1: TDS measured at TR077 vs Approximate Stream Flow at the State Line 
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Figure A-2: Ca, Mg, and Na measured at TR077 vs Daily Mean Stream Flow at the State Line 
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Figure A-3: Reservoir daily model volume contributions 
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Figure A-4: Reservoir daily volume 
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Figure A-5: Reservoir daily model load contributions 
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Figure A-6: Reservoir daily load  
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Water Quantity Modeling 
 
The surface water runoff model presented in this report was created with HEC-HMS, a modeling 
software program developed by the Army Corps of Engineers.  The HEC-HMS software allows for the 
user to choose from a variety of methods for modeling runoff by including such factors as attenuation, 
baseflow, precipitation, and infiltration.  The parameters and methods chosen for this model are 
amongst the simplest available in the software because few characteristics are known for the channels 
and basins.  All channels are modeled as ephemeral channels with no gaining or losing reaches.  
 
The drainage properties are calculated from the premine and proposed postmine topography using 
ArcGIS and the HEC-GeoHMS toolbar.  This model will differ from the SEDCAD models used by Spring 
Creek Coal for a number of reasons: 
 



1) Models submitted by Spring Creek Coal only account for disturbance within the Spring Creek 
Mine and assumes premine conditions outside of the mine permit area.  This model uses 
cumulative disturbance from all mines within the CIA.  



2) Curve numbers used by the mines are estimated from only a few land conditions such as 
cropland vs grazing land. This model uses a calculated curve number from land use and soils 
maps.  



3) SEDCAD uses similar methods for routing and runoff calculation as those chosen for the HEC-
HMS model, but SEDCAD uses time of concentration (calculated from an overland flow and 
channel flow component) while this model uses SCS lag time calculated from the longest 
flowpath through the basin.  



 
The following uncalibrated surface water model only models the effect of changes to basin topography, 
basin size and shape, and homogenization of soils and vegetative communities.  No impoundment 
structures are modeled in the basins for the premine and postmine models nor does the model account 
for gaining or losing stream reaches.  Calculated peak discharge rates, time of peak runoff, and runoff 
volumes are at best crude estimates of the response of the hydrologic system, and the results should be 
used only as a relative comparison between premine and postmine conditions and not as absolute 
values for premine or postmine drainage responses to storm events.  
 
Routing 
 
Water within stream channels is routed using Muskingum routing assuming small gullies and poorly 
defined channels.  The Muskingum k (hours) and x terms are calculated from channel slope and length 
as follows as described by SEDCAD (2012): 
 
𝑥𝑥 = 0.5𝑣𝑣 (𝑣𝑣 + 1.7)⁄ = 3



2 √100𝑠𝑠 (3√100𝑠𝑠 + 1.7)�    
 
𝑘𝑘 = 𝑙𝑙/(3600𝑣𝑣) = 𝑙𝑙 (10800√100𝑠𝑠)⁄   
 
where v is the velocity (ft/sec), s is the channel slope, and l is the channel length (ft) of the routed 
stream reach.  
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SCS Curve Number 
 
SCS curve numbers are averaged per drainage subbasin.  The values come from curve number 
relationships established by the U.S. Department of Agriculture Soil Conservation Service (USDA SCS, 
1986) between land use (or land cover) and hydrologic soil group.  It is assumed that the soil is fully 
unfrozen with an average soil moisture condition, AMC II (USDA SCS, 1972).  The land cover was 
determined from 2006 land use rasters from the National Land Cover Database.  These maps are 
generated from classification of 30 meter resolution Landsat Enhanced Thematic Mapper+ data. The 
hydrologic soil groups were obtained from the National Resources Conservation Service. Assuming that 
the premine and postmine hydrologic condition is ‘fair’ (the hydrologic condition is a qualitative 
assessment of vegetative density and establishment), the curve number relationships in Table B-1 were 
used. For the premine condition, all mine pits and spoils piles present in the 2006 classification were 
removed from the dataset and replaced with a mixture of shrub and grassland, the two overwhelmingly 
predominant land cover types.  For the postmine condition, the model assumes that the postmine 
hydrologic soil groups will become a mix of the premine soils.  The simplistic postmine model assumes 
that within each permit’s life of mine disturbance boundary, the postmine curve number can be 
estimated by recalculating the curve number from the average hydrologic soil group in the LOM area 
and the premine land cover.  The postmine land cover will be a mixture of shrubs, grassland, and open 
forest.  Since the final distribution of shrub, grassland, and forest remains unknown, the relative 
percentage and distribution should be roughly maintained in the postmine landscape.  This method for 
estimating premine and postmine curve numbers was used by Decker Coal Company to model premine 
and postmine runoff and sediment for compliance with MPDES Western Alkaline Standards.  
 
SCS Lag Time 
The lag time is the amount of time between the time runoff from a rain event begins and the time 
runoff reaches its maximum peak.  The SCS lag time in hours is calculated from the subbasin slope and 
the longest flow path through the subbasin (Mays, 2011).  
 



𝑇𝑇 =  𝐿𝐿0.8 �
1000
𝐶𝐶 −9�



0.7



1900√𝑆𝑆
  



 
where L is the longest flow path through the subbasin, C is the curve number for the subbasin, and S is 
the slope of the subbasin in percent.  Note that the lag time is insensitive to other channel 
characteristics such as channel width or roughness.  
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Table B-1: Curve numbers determined from land cover classification and hydrologic soils group assuming a ‘fair’ 
hydrologic condition for grasslands and shrub/range. 



NLCD Description NLCD Value 
Hydrologic Soil Group 



A B C D 
Open Water 11 98 98 98 98 
Developed, Open Space 21 39 61 74 80 
Developed, Low Intensity 22 51 68 79 84 
Developed, Medium Intensity 23 54 70 80 85 
Developed, High Intensity 24 89 92 94 95 
Barren Land 31 77 86 91 94 
Deciduous Forest 41 36 60 73 79 
Evergreen Forest 42 36 60 73 79 
Mixed Forest 43 36 60 73 79 
Shrub/Scrub 52 35 56 70 77 
Grassland/Herbaceous 71 49 69 79 84 
Pasture/Hay 81 49 69 79 84 
Cultivated Crops 82 65 75 82 86 
Woody Wetlands 90 36 60 73 79 
Emergent Herbaceous Wetlands 95 98 98 98 98 
Mixed Rangeland - Sparse Tree Crown 311 30 58 71 78 
Mixed Rangeland - Shrub Brush 312 30 58 71 78 
Mixed Rangeland 313 30 58 71 78 
Mixed Forest - Deciduous 431 30 55 70 77 
Mixed Forest - Coniferous Evergreen 432 30 55 70 77 
Mixed Forest 433 30 55 70 77 
River Streams Canals - Rivers 511 98 98 98 98 
River Streams Canals - Streams 512 98 98 98 98 
River Streams Canals - Canals 513 98 98 98 98 
Reservoirs Ponds - Reservoirs 531 98 98 98 98 
Reservoirs Ponds - Ponds 532 98 98 98 98 
Reservoirs Ponds - Lake 533 98 98 98 98 
Extraction - Strip Mines 751 77 86 91 94 
Extraction - Slag Piles 752 77 86 91 94 
Extraction - Quarries 753 77 86 91 94 
Extraction - Gravel Pits 754 77 86 91 94 
Transitional - Construction 761 77 86 91 94 
Transitional - Transitional Cleared 762 77 86 91 94 
Mixed Barren 771 77 86 91 94 
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Table B-2: Watershed attributes used in HEC-HMS modeling for Premine Coal Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W60 542.0 64.7 91.6 R10 0.78 0.32 
W70 306.0 72.1 40.2 R20 0.21 0.35 
W80 202.8 75.3 24.5 R30 0.37 0.34 
W90 566.4 78.3 37.7 R40 0.28 0.37 



W100 382.9 77.8 30.8 R50 0.42 0.37 
 
Table B-3: Watershed attributes used in HEC-HMS modeling for Postmine Coal Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W80 795.0 66.8 98.0 R10 0.52 0.29 
W90 163.0 63.8 66.0 R20 0.26 0.34 



W100 160.3 66.0 56.9 R30 0.64 0.36 
W110 304.4 72.3 39.9 R40 0.18 0.36 
W120 173.3 74.6 24.7 R50 0.33 0.35 
W130 566.4 78.3 37.7 R60 0.28 0.37 
W140 382.9 77.8 30.8 R70 0.42 0.37 



 
Table B-4: Watershed attributes used in HEC-HMS modeling for Premine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1340 521.4 72.5 30.6 R10 0.03 0.35 
W1350 155.7 75.1 20.8 R20 0.48 0.34 
W1360 346.2 73.8 30.2 R30 0.26 0.37 
W1370 202.4 75.4 27.2 R40 0.09 0.39 
W1380 112.6 75.6 18.5 R50 0.02 0.39 
W1390 257.4 76.4 24.8 R60 0.17 0.35 
W1400 399.5 74.0 36.8 R70 0.21 0.34 
W1410 187.4 77.7 20.9 R80 0.23 0.38 
W1420 109.3 75.8 18.8 R90 0.14 0.36 
W1430 302.5 74.4 26.5 R100 0.16 0.34 
W1440 435.0 80.0 27.1 R110 0.03 0.39 
W1450 374.8 74.1 36.8 R120 0.15 0.36 
W1460 156.9 80.2 17.2 R130 0.02 0.39 
W1470 295.9 78.0 24.3 R140 0.06 0.34 
W1480 6.0 75.0 4.2 R150 0.03 0.35 
W1490 158.2 82.2 16.4 R160 0.08 0.37 
W1500 389.5 77.2 30.4 R170 0.29 0.37 
W1510 277.9 76.9 24.0 R180 0.04 0.34 
W1520 155.6 80.2 19.3 R190 0.06 0.37 
W1530 317.3 78.2 28.5 R200 0.15 0.36 
W1540 271.5 79.4 21.6 R210 0.04 0.37 
W1550 9.3 77.2 5.9 R220 0.40 0.33 



3/27/3030











Major Revision TR1 CHIA – Appendix B 



   B-7 



Table B-4: Watershed attributes used in HEC-HMS modeling for Premine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1560 11.7 79.1 6.2 R230 0.17 0.33 
W1570 252.2 79.0 22.2 R240 0.02 0.40 
W1580 375.2 78.9 31.3 R250 0.28 0.36 
W1590 34.0 73.1 17.4 R260 0.16 0.31 
W1600 159.3 72.4 31.9 R270 0.29 0.34 
W1610 115.2 71.2 36.8 R280 0.24 0.37 
W1620 166.3 77.0 19.9 R290 0.21 0.31 
W1630 37.5 71.1 19.2 R300 0.28 0.36 
W1640 567.0 76.5 31.7 R310 0.19 0.36 
W1650 114.4 74.2 36.8 R320 1.87 0.11 
W1660 193.6 69.4 41.3 R330 0.46 0.34 
W1670 128.2 67.6 38.2 R340 0.05 0.38 
W1680 462.8 62.1 91.1 R350 0.19 0.33 
W1690 176.4 77.6 21.1 R360 0.37 0.08 
W1700 99.8 73.1 20.6 R370 0.20 0.29 
W1710 55.6 77.3 12.8 R380 0.17 0.35 
W1720 340.6 78.1 26.1 R390 0.83 0.26 
W1730 279.4 67.3 44.3 R400 0.12 0.37 
W1740 2.4 64.5 9.2 R410 1.87 0.26 
W1750 1,136.8 72.8 75.1 R420 0.01 0.21 
W1760 902.9 78.8 44.8 R430 0.29 0.27 
W1770 516.6 70.3 64.3 R440 0.24 0.31 
W1780 55.9 71.3 32.5 R450 0.04 0.35 
W1790 0.2 88.5 2.1 R460 0.06 0.20 
W1800 132.3 72.8 39.8 R470 0.15 0.34 
W1810 154.6 71.5 40.5 R480 0.54 0.33 
W1820 31.8 77.7 18.8 R490 0.14 0.35 
W1830 177.6 69.8 52.8 R500 0.94 0.20 
W1840 3.0 81.0 4.5 R510 0.42 0.34 
W1850 132.1 72.4 33.5 R520 0.09 0.37 
W1860 279.7 81.3 20.0 R530 0.35 0.33 
W1870 187.5 81.6 18.8 R540 0.94 0.28 
W1880 208.7 79.6 25.8 R550 0.11 0.36 
W1890 216.7 74.0 33.2 R560 0.05 0.28 
W1900 324.5 70.1 43.6 R570 0.21 0.37 
W1910 259.5 81.1 20.3 R580 0.16 0.37 
W1920 239.7 74.5 34.9 R590 0.63 0.27 
W1930 317.0 73.9 34.1 R600 0.95 0.33 
W1940 3.6 63.6 9.2 R610 0.18 0.31 
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Table B-4: Watershed attributes used in HEC-HMS modeling for Premine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1950 340.7 73.3 41.0 R620 0.36 0.34 
W1960 330.0 80.2 23.3 R630 0.02 0.36 
W1970 233.0 72.5 33.2 R640 0.41 0.32 
W1980 391.2 79.2 26.1 R650 0.48 0.32 
W1990 22.1 69.2 21.8 R660 0.17 0.32 
W2000 266.4 78.4 20.1 R670 0.01 0.38 
W2010 145.0 75.0 25.4 R680 0.22 0.36 
W2020 1.4 68.9 4.6 R690 0.48 0.29 
W2030 101.3 80.7 15.6 R700 0.17 0.38 
W2040 462.6 79.1 34.3 R710 0.57 0.32 
W2050 260.7 77.0 28.9 R720 0.08 0.33 
W2060 443.9 77.4 39.3 R730 0.13 0.37 
W2070 593.8 74.5 43.4 R740 0.33 0.32 
W2080 153.9 80.6 16.3 R750 0.04 0.39 
W2090 167.7 78.4 20.6 R760 0.20 0.36 
W2100 20.8 79.9 7.1 R770 0.22 0.36 
W2110 330.8 73.4 42.0 R780 0.11 0.35 
W2120 119.5 75.0 16.2 R790 0.21 0.35 
W2130 206.0 79.7 21.9 R800 0.24 0.35 
W2140 413.7 79.4 27.6 R810 0.37 0.35 
W2150 167.3 79.2 25.6 R820 0.19 0.36 
W2160 74.5 79.9 15.4 R830 0.50 0.36 
W2170 260.3 79.5 24.6 R840 0.50 0.32 
W2180 400.6 76.3 36.0 R850 0.29 0.37 
W2190 741.7 76.8 42.9 R860 1.10 0.29 
W2200 361.2 78.7 24.4 R870 0.06 0.31 
W2210 202.8 79.3 21.3 R880 0.04 0.38 
W2220 10.5 76.8 7.1 R890 0.06 0.32 
W2230 164.3 80.0 18.9 R900 0.12 0.37 
W2240 741.4 76.0 42.2 R910 0.13 0.30 
W2250 16.0 73.9 8.4 R920 0.14 0.35 
W2260 80.8 76.7 13.3 R930 0.04 0.39 
W2270 203.1 75.9 25.4 R940 0.25 0.31 
W2280 148.0 77.0 24.0 R950 0.57 0.36 
W2290 840.3 76.5 36.3 R960 0.62 0.29 
W2300 177.6 79.7 18.4 R970 0.38 0.32 
W2310 214.6 78.8 23.8 R980 0.11 0.37 
W2320 457.2 77.3 23.9 R990 0.56 0.34 
W2330 555.2 76.6 28.7 R1000 0.82 0.35 
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Table B-4: Watershed attributes used in HEC-HMS modeling for Premine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W2340 176.1 78.4 20.4 R1010 0.37 0.34 
W2350 232.7 79.1 20.1 R1020 0.59 0.31 
W2360 352.1 78.4 24.8 R1030 0.10 0.33 
W2370 315.3 73.3 28.3 R1040 0.26 0.36 
W2380 557.7 69.2 28.7 R1050 0.23 0.39 
W2390 178.3 76.9 22.1 R1060 0.12 0.37 
W2400 278.3 72.2 29.6 R1070 0.03 0.34 
W2410 930.8 71.9 42.4 R1080 0.20 0.36 
W2420 20.1 68.7 11.5 R1090 0.42 0.31 
W2430 202.6 76.2 20.9 R1100 0.25 0.31 
W2440 188.8 75.1 27.4 R1110 0.41 0.35 
W2450 175.0 76.8 16.4 R1120 0.07 0.33 
W2460 143.1 71.2 25.5 R1130 0.33 0.37 
W2470 15.4 69.9 10.3 R1140 0.22 0.36 
W2480 92.9 69.6 25.2 R1150 0.27 0.31 
W2490 139.9 68.8 18.2 R1160 0.37 0.35 
W2500 480.2 67.7 29.4 R1170 0.25 0.36 
W2510 294.1 67.0 38.3 R1180 0.63 0.35 
W2520 639.1 71.6 35.2 R1190 0.09 0.41 
W2530 320.6 62.4 24.2 R1200 0.30 0.29 
W2540 249.1 62.1 28.0 R1210 0.12 0.39 
W2550 827.5 72.2 43.3 R1220 0.30 0.39 
W2560 81.5 62.0 24.6 R1230 0.21 0.34 
W2570 104.3 64.1 24.3 R1240 0.60 0.36 
W2580 546.5 67.0 42.5 R1250 0.22 0.34 
W2590 346.2 60.8 43.5 R1260 0.47 0.36 
W2600 183.9 65.4 32.8 R1270 0.27 0.36 
W2610 277.5 67.2 30.2 R1280 0.24 0.34 
W2620 221.2 63.3 32.9 R1290 0.03 0.41 
W2630 159.5 75.6 17.0 R1300 0.19 0.38 
W2640 47.4 66.4 17.0 R1310 0.13 0.36 
W2650 155.5 74.4 19.0 R1320 0.02 0.39 
W2660 1,094.8 75.9 40.7 R1330 0.73 0.36 



 
Table B-5: Watershed attributes used in HEC-HMS modeling for Postmine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1340 521.4 72.5 30.6 R10 0.03 0.35 
W1350 155.7 75.1 20.8 R20 0.48 0.34 
W1360 346.2 73.8 30.2 R30 0.26 0.37 
W1370 202.4 75.4 27.2 R40 0.09 0.39 
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Table B-5: Watershed attributes used in HEC-HMS modeling for Postmine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1380 112.6 75.6 18.5 R50 0.02 0.39 
W1390 257.4 76.4 24.8 R60 0.17 0.35 
W1400 399.5 74.0 36.8 R70 0.21 0.34 
W1410 187.4 77.7 20.9 R80 0.23 0.38 
W1420 109.3 75.8 18.8 R90 0.14 0.36 
W1430 302.5 74.4 26.5 R100 0.16 0.34 
W1440 435.0 80.0 27.1 R110 0.03 0.39 
W1450 374.8 74.1 36.8 R120 0.15 0.36 
W1460 156.9 80.2 17.2 R130 0.02 0.39 
W1470 295.9 78.0 24.3 R140 0.06 0.34 
W1480 6.0 75.0 4.2 R150 0.03 0.35 
W1490 158.2 82.2 16.4 R160 0.08 0.37 
W1500 389.5 77.2 30.4 R170 0.29 0.37 
W1510 277.9 76.9 24.0 R180 0.04 0.34 
W1520 155.6 80.2 19.3 R190 0.06 0.37 
W1530 317.3 78.2 28.5 R200 0.15 0.36 
W1540 271.5 79.4 21.6 R210 0.04 0.37 
W1550 9.3 77.2 5.9 R220 0.40 0.33 
W1560 11.7 79.1 6.2 R230 0.17 0.33 
W1570 252.2 79.0 22.2 R240 0.02 0.40 
W1580 375.2 78.9 31.3 R250 0.28 0.36 
W1590 34.0 73.1 17.4 R260 0.16 0.31 
W1600 159.3 72.4 31.9 R270 0.29 0.34 
W1610 115.2 71.2 36.8 R280 0.24 0.37 
W1620 166.3 77.0 19.9 R290 0.21 0.28 
W1630 37.5 71.1 19.2 R300 0.28 0.36 
W1640 567.0 76.5 31.7 R310 0.19 0.36 
W1650 114.4 74.2 36.8 R320 1.87 0.11 
W1660 193.6 69.4 41.3 R330 0.46 0.34 
W1670 29.5 66.1 42.4 R340 0.05 0.38 
W1680 429.3 63.4 98.8 R350 0.19 0.33 
W1690 176.4 77.6 21.1 R360 0.37 0.08 
W1700 102.1 73.0 21.0 R370 0.20 0.29 
W1710 55.6 77.3 12.8 R380 0.17 0.35 
W1720 340.6 78.1 26.1 R390 0.83 0.26 
W1730 281.4 67.5 44.8 R400 0.12 0.37 
W1740 2.4 64.5 9.2 R410 1.87 0.26 
W1750 1,136.7 72.8 75.1 R420 0.01 0.21 
W1760 902.9 78.8 44.8 R430 0.29 0.27 
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Table B-5: Watershed attributes used in HEC-HMS modeling for Postmine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1770 520.4 70.2 64.3 R440 0.24 0.31 
W1780 55.9 71.3 32.5 R450 0.04 0.35 
W1790 0.2 88.5 2.1 R460 0.06 0.20 
W1800 132.2 72.8 39.8 R470 0.15 0.34 
W1810 154.6 71.5 40.5 R480 0.43 0.32 
W1820 31.8 77.7 18.8 R490 0.14 0.35 
W1830 177.6 69.8 52.8 R500 0.94 0.20 
W1840 3.0 81.0 4.5 R510 0.42 0.34 
W1850 132.1 72.4 33.5 R520 0.09 0.37 
W1860 279.7 81.3 20.0 R530 0.35 0.33 
W1870 187.5 81.6 18.8 R540 0.94 0.28 
W1880 208.7 79.6 25.8 R550 0.11 0.36 
W1890 216.7 74.0 33.2 R560 0.05 0.28 
W1900 324.5 70.1 43.6 R570 0.21 0.37 
W1910 259.5 81.1 20.3 R580 0.16 0.37 
W1920 239.7 74.5 34.9 R590 0.63 0.27 
W1930 317.0 73.9 34.1 R600 0.95 0.33 
W1940 3.6 63.6 9.2 R610 0.18 0.31 
W1950 340.7 73.3 41.0 R620 0.36 0.34 
W1960 330.0 80.2 23.3 R630 0.02 0.36 
W1970 233.0 72.5 33.2 R640 0.41 0.32 
W1980 391.2 79.2 26.1 R650 0.48 0.32 
W1990 22.1 69.2 21.8 R660 0.17 0.32 
W2000 266.4 78.4 20.1 R670 0.01 0.38 
W2010 145.0 75.0 25.4 R680 0.22 0.36 
W2020 1.4 68.9 4.6 R690 0.48 0.29 
W2030 101.3 80.7 15.6 R700 0.17 0.38 
W2040 462.6 79.1 34.3 R710 0.57 0.32 
W2050 260.7 77.0 28.9 R720 0.08 0.33 
W2060 443.9 77.4 39.3 R730 0.13 0.37 
W2070 593.8 74.5 43.4 R740 0.33 0.32 
W2080 153.9 80.6 16.3 R750 0.04 0.39 
W2090 167.7 78.4 20.6 R760 0.20 0.36 
W2100 20.8 79.9 7.1 R770 0.22 0.36 
W2110 330.8 73.4 42.0 R780 0.11 0.35 
W2120 119.5 75.0 16.2 R790 0.21 0.35 
W2130 206.0 79.7 21.9 R800 0.24 0.35 
W2140 413.7 79.4 27.6 R810 0.37 0.35 
W2150 167.3 79.2 25.6 R820 0.19 0.36 



3/27/3030











Major Revision TR1 CHIA – Appendix B 



   B-12 



Table B-5: Watershed attributes used in HEC-HMS modeling for Postmine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W2160 74.5 79.9 15.4 R830 0.50 0.36 
W2170 260.3 79.5 24.6 R840 0.50 0.32 
W2180 400.6 76.3 36.0 R850 0.29 0.37 
W2190 741.7 76.8 42.9 R860 1.10 0.29 
W2200 361.2 78.7 24.4 R870 0.06 0.31 
W2210 202.8 79.3 21.3 R880 0.04 0.38 
W2220 10.5 76.8 7.1 R890 0.06 0.32 
W2230 164.3 80.0 18.9 R900 0.12 0.37 
W2240 741.4 76.0 42.2 R910 0.13 0.30 
W2250 16.0 73.9 8.4 R920 0.14 0.35 
W2260 80.8 76.7 13.3 R930 0.04 0.39 
W2270 203.1 75.9 25.4 R940 0.25 0.31 
W2280 148.0 77.0 24.0 R950 0.57 0.36 
W2290 840.3 76.5 36.3 R960 0.62 0.29 
W2300 177.6 79.7 18.4 R970 0.38 0.32 
W2310 214.6 78.8 23.8 R980 0.11 0.37 
W2320 457.2 77.3 23.9 R990 0.56 0.34 
W2330 555.2 76.6 28.7 R1000 0.82 0.35 
W2340 176.1 78.4 20.4 R1010 0.37 0.34 
W2350 232.7 79.1 20.1 R1020 0.59 0.31 
W2360 352.1 78.4 24.8 R1030 0.10 0.33 
W2370 315.3 73.3 28.3 R1040 0.26 0.36 
W2380 557.7 69.2 28.7 R1050 0.23 0.39 
W2390 178.3 76.9 22.1 R1060 0.12 0.37 
W2400 278.3 72.2 29.6 R1070 0.03 0.34 
W2410 930.8 71.9 42.4 R1080 0.20 0.36 
W2420 20.1 68.7 11.5 R1090 0.42 0.31 
W2430 202.6 76.2 20.9 R1100 0.25 0.31 
W2440 188.8 75.1 27.4 R1110 0.41 0.35 
W2450 175.0 76.8 16.4 R1120 0.07 0.33 
W2460 143.1 71.2 25.5 R1130 0.33 0.37 
W2470 15.4 69.9 10.3 R1140 0.22 0.36 
W2480 92.9 69.6 25.2 R1150 0.27 0.31 
W2490 139.9 68.8 18.2 R1160 0.37 0.35 
W2500 480.2 67.7 29.4 R1170 0.25 0.36 
W2510 294.1 67.0 38.3 R1180 0.63 0.35 
W2520 639.1 71.6 35.2 R1190 0.09 0.41 
W2530 320.6 62.4 24.2 R1200 0.30 0.29 
W2540 249.1 62.1 28.0 R1210 0.12 0.39 
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Table B-5: Watershed attributes used in HEC-HMS modeling for Postmine Deer Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W2550 827.5 72.2 43.3 R1220 0.30 0.39 
W2560 81.5 62.0 24.6 R1230 0.21 0.34 
W2570 104.3 64.1 24.3 R1240 0.60 0.36 
W2580 546.5 67.0 42.5 R1250 0.22 0.34 
W2590 346.2 60.8 43.5 R1260 0.47 0.36 
W2600 183.9 65.4 32.8 R1270 0.27 0.36 
W2610 277.5 67.2 30.2 R1280 0.24 0.34 
W2620 221.2 63.3 32.9 R1290 0.03 0.41 
W2630 159.5 75.6 17.0 R1300 0.19 0.38 
W2640 47.4 66.4 17.0 R1310 0.13 0.36 
W2650 155.5 74.4 19.0 R1320 0.02 0.39 
W2660 1,094.8 75.9 40.7 R1330 0.73 0.36 



 
Table B-6: Watershed attributes used in HEC-HMS modeling for Premine Middle Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W160 223.2 65.3 56.7 R10 0.71 0.30 
W170 319.3 65.1 68.4 R20 0.17 0.35 
W180 258.8 64.7 50.3 R30 0.67 0.32 
W190 264.6 74.9 39.4 R40 0.58 0.32 
W200 384.7 74.8 33.7 R50 0.20 0.37 
W210 219.4 74.2 39.9 R60 0.12 0.38 
W220 129.8 72.4 23.4 R70 0.24 0.32 
W230 588.8 76.4 49.0 R80 0.35 0.34 
W240 284.2 74.7 31.2 R90 0.48 0.36 
W250 109.2 73.4 27.5 R100 0.23 0.35 
W260 434.5 75.7 31.6 R110 0.20 0.34 
W270 53.6 73.7 15.3 R120 0.41 0.36 
W280 328.6 77.6 26.1 R130 0.26 0.35 
W290 180.7 76.7 17.8 R140 0.07 0.36 
W300 406.4 75.8 23.8 R150 0.26 0.37 



 
Table B-7: Watershed attributes used in HEC-HMS modeling for Postmine Middle Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W120 1,174.0 68.2 106.5 R10 1.83 0.32 
W130 219.4 74.2 39.9 R20 0.12 0.38 
W140 129.8 72.4 23.4 R30 0.24 0.32 
W150 588.8 76.4 49.0 R40 0.35 0.34 
W160 284.2 74.7 31.2 R50 0.48 0.36 
W170 109.2 73.4 27.5 R60 0.23 0.35 
W180 434.5 75.7 31.6 R70 0.20 0.34 
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Table B-7: Watershed attributes used in HEC-HMS modeling for Postmine Middle Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W190 53.6 73.7 15.3 R80 0.41 0.36 
W200 328.6 77.6 26.1 R90 0.26 0.35 
W210 180.7 76.7 17.8 R100 0.07 0.36 
W220 406.4 75.8 23.8 R110 0.26 0.37 



 
Table B-8: Watershed attributes used in HEC-HMS modeling for Premine Monument Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W260 1,328.8 64.3 85.8 R10 0.90 0.35 
W270 163.6 58.2 55.9 R20 0.15 0.35 
W280 228.8 71.5 39.8 R30 0.07 0.37 
W290 28.8 53.3 24.8 R40 0.12 0.34 
W300 10.0 72.6 16.3 R50 0.16 0.32 
W310 433.6 58.0 65.9 R60 0.05 0.32 
W320 291.8 45.8 77.8 R70 0.22 0.36 
W330 57.7 55.4 33.3 R80 0.26 0.31 
W340 218.3 58.2 54.1 R90 0.11 0.37 
W350 319.4 66.4 45.6 R100 0.16 0.31 
W360 300.2 53.3 89.9 R110 0.13 0.31 
W370 93.6 65.8 39.4 R120 0.17 0.31 
W380 204.2 57.0 55.1 R130 0.07 0.36 
W390 65.9 72.1 56.1 R140 0.09 0.31 
W400 157.2 42.8 77.7 R150 0.04 0.32 
W410 10.3 65.1 30.2 R160 0.34 0.30 
W420 120.4 60.4 42.8 R170 0.29 0.35 
W430 388.1 55.4 79.7 R180 0.42 0.34 
W440 1,666.7 55.7 135.9 R190 0.19 0.27 
W450 732.5 54.9 116.7 R200 0.13 0.30 
W460 311.2 64.4 61.7 R210 2.05 0.32 
W470 315.2 63.3 52.4 R220 1.32 0.34 
W480 795.0 51.4 134.4 R230 1.07 0.33 
W490 976.9 53.3 108.8 R240 0.70 0.36 



 
Table B-9: Watershed attributes used in HEC-HMS modeling for Postmine Monument Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W260 1,328.8 64.3 85.8 R10 0.90 0.35 
W270 163.6 58.2 55.9 R20 0.15 0.35 
W280 228.8 71.5 39.8 R30 0.07 0.37 
W290 28.8 53.3 24.8 R40 0.12 0.34 
W300 10.0 72.6 16.3 R50 0.16 0.32 
W310 433.6 58.0 65.9 R60 0.05 0.32 
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Table B-9: Watershed attributes used in HEC-HMS modeling for Postmine Monument Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W320 291.8 45.8 77.8 R70 0.22 0.36 
W330 57.7 55.4 33.3 R80 0.26 0.31 
W340 218.3 58.2 54.1 R90 0.11 0.37 
W350 319.4 66.4 45.6 R100 0.16 0.31 
W360 300.2 53.3 89.9 R110 0.13 0.31 
W370 93.6 65.8 39.4 R120 0.17 0.31 
W380 204.2 57.0 55.1 R130 0.07 0.36 
W390 65.9 72.1 56.1 R140 0.09 0.31 
W400 157.2 42.8 77.7 R150 0.04 0.32 
W410 10.3 65.1 30.2 R160 0.34 0.30 
W420 120.4 60.4 42.8 R170 0.29 0.35 
W430 388.1 55.4 79.7 R180 0.42 0.34 
W440 1,666.7 55.7 135.9 R190 0.19 0.27 
W450 732.5 54.9 116.7 R200 0.13 0.29 
W460 311.2 64.4 61.7 R210 2.05 0.32 
W470 298.3 62.8 54.3 R220 1.32 0.34 
W480 795.0 51.4 134.4 R230 1.07 0.33 
W490 976.9 53.3 108.8 R240 0.70 0.36 
W500 4.4 66.3 5.9 R250 0.12 0.08 



 
Table B-10: Watershed attributes used in HEC-HMS modeling for Premine Pearson Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W180 313.9 78.1 68.5 R10 0.15 0.38 
W190 162.7 77.8 61.5 R20 0.03 0.41 
W200 1,249.4 77.2 67.5 R30 1.35 0.36 
W210 614.1 80.1 40.6 R40 0.36 0.34 
W220 158.4 71.2 30.7 R50 0.33 0.32 
W230 218.8 75.9 29.8 R60 0.32 0.39 
W240 471.1 78.8 30.8 R70 0.50 0.35 
W250 394.7 76.6 31.5 R80 0.08 0.39 
W260 581.7 79.0 35.7 R90 0.78 0.32 
W270 420.5 80.5 25.9 R100 0.02 0.34 
W280 544.1 71.0 57.6 R110 0.46 0.31 
W290 296.2 65.8 57.5 R120 0.07 0.31 
W300 314.0 78.4 34.6 R130 0.32 0.37 
W310 191.5 54.1 96.3 R140 0.33 0.29 
W320 1.7 43.9 8.2 R150 0.23 0.37 
W330 160.2 48.6 61.0 R160 0.03 0.38 
W340 163.0 70.5 57.6 R170 0.33 0.35 
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Table B-11: Watershed attributes used in HEC-HMS modeling for Approved Pearson Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W160 313.9 78.1 68.5 R10 0.15 0.38 
W170 162.7 77.8 61.5 R20 0.04 0.40 
W180 1,350.4 74.3 79.5 R30 1.31 0.36 
W190 614.1 80.1 40.6 R40 0.32 0.35 
W200 228.4 68.0 35.5 R50 0.30 0.32 
W210 476.5 77.6 32.9 R60 0.31 0.39 
W220 390.2 76.1 32.4 R70 0.51 0.35 
W230 169.4 68.3 35.5 R80 0.56 0.32 
W240 550.6 77.8 36.5 R90 0.03 0.35 
W250 420.5 80.5 25.9 R100 0.08 0.39 
W260 407.4 67.5 51.6 R110 0.47 0.32 
W270 156.9 73.1 32.8 R120 0.45 0.26 
W280 353.6 63.2 71.2 R130 0.30 0.37 
W290 351.4 66.5 57.6 R140 0.24 0.37 
W300 206.8 69.6 44.7 R150 0.09 0.36 



 
Table B-12: Watershed attributes used in HEC-HMS modeling for Postmine-TR1 Pearson Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W160 313.9 78.1 68.5 R10 0.15 0.38 
W170 162.7 77.8 61.5 R20 0.03 0.41 
W180 1,421.8 74.3 83.4 R30 1.35 0.36 
W190 614.1 80.1 40.6 R40 0.33 0.34 
W200 277.8 68.0 39.1 R50 0.29 0.32 
W210 452.2 77.7 33.8 R60 0.32 0.39 
W220 392.6 76.1 33.3 R70 0.53 0.35 
W230 133.7 68.6 32.5 R80 0.02 0.29 
W240 523.9 78.3 36.2 R90 0.56 0.32 
W250 420.5 80.5 25.9 R100 0.08 0.39 
W260 405.7 67.4 51.3 R110 0.28 0.37 
W270 156.9 72.9 33.1 R120 0.47 0.32 
W280 351.4 66.4 57.8 R130 0.54 0.24 
W290 356.0 63.1 71.1 R140 0.25 0.37 
W300 207.4 69.6 44.8 R150 0.09 0.36 



 
Table B-13: Watershed attributes used in HEC-HMS modeling for Premine Pond Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W240 274.5 81.7 22.7 R10 0.17 0.36 
W250 257.4 80.6 27.9 R20 0.04 0.39 
W260 256.2 81.7 22.2 R30 0.35 0.35 
W270 208.7 79.6 23.8 R40 0.19 0.36 
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Table B-13: Watershed attributes used in HEC-HMS modeling for Premine Pond Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W280 224.7 72.1 40.4 R50 0.06 0.34 
W290 255.5 74.9 41.9 R60 0.15 0.35 
W300 344.9 80.2 28.6 R70 0.13 0.34 
W310 329.3 76.9 24.2 R80 0.25 0.33 
W320 8.6 79.4 7.4 R90 0.13 0.33 
W330 99.3 73.1 24.1 R100 0.26 0.33 
W340 245.5 76.9 61.5 R110 0.22 0.37 
W350 116.8 78.7 21.7 R120 0.36 0.34 
W360 171.7 72.4 20.7 R130 0.18 0.30 
W370 123.0 73.6 58.0 R140 0.06 0.36 
W380 49.0 73.7 24.4 R150 0.22 0.31 
W390 69.3 74.3 32.6 R160 0.40 0.33 
W400 13.4 69.3 11.5 R170 0.16 0.21 
W410 60.7 69.8 28.9 R180 0.20 0.34 
W420 242.9 77.3 32.3 R190 0.24 0.33 
W430 10.8 68.3 25.4 R200 0.25 0.24 
W440 160.3 69.4 31.5 R210 0.05 0.38 
W450 354.9 71.0 42.1 R220 0.47 0.23 
W460 98.8 69.7 23.6 R230 0.21 0.32 



 
Table B-14: Watershed attributes used in HEC-HMS modeling for Postmine Pond Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W180 542.6 72.6 55.5 R10 0.17 0.36 
W190 274.1 81.6 22.8 R20 0.04 0.39 
W200 310.7 73.1 49.1 R30 0.40 0.36 
W210 323.1 74.5 36.4 R40 0.16 0.38 
W220 251.1 78.6 25.7 R50 0.06 0.35 
W230 208.7 79.5 23.8 R60 0.44 0.35 
W240 360.8 79.5 32.8 R70 0.14 0.35 
W250 25.9 74.2 20.6 R80 0.23 0.32 
W260 365.3 75.7 30.2 R90 0.40 0.29 
W270 80.3 73.8 20.2 R100 0.30 0.37 
W280 59.4 70.5 14.5 R110 0.60 0.33 
W290 301.1 72.2 41.4 R120 0.51 0.30 
W300 282.6 70.7 27.8 R130 0.07 0.31 
W310 11.0 72.5 49.1 R140 0.03 0.29 
W320 251.7 72.4 42.4 R150 0.16 0.35 
W330 51.3 74.0 29.7 R160 1.43 0.18 
W340 403.3 72.1 49.4 R170 0.26 0.33 
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Table B-15: Watershed attributes used in HEC-HMS modeling for Premine Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W720 328.3 78.1 31.0 R10 0.13 0.41 
W730 173.0 79.7 16.1 R20 0.04 0.39 
W740 946.9 80.2 40.8 R30 0.46 0.39 
W750 165.1 79.5 22.4 R40 0.20 0.37 
W760 450.4 78.2 30.4 R50 0.17 0.39 
W770 545.5 79.8 38.5 R60 0.22 0.40 
W780 432.0 76.4 41.4 R70 0.50 0.34 
W790 304.4 77.5 28.2 R80 0.30 0.36 
W800 261.9 77.3 29.9 R90 0.02 0.32 
W810 2.7 67.6 5.8 R100 0.04 0.36 
W820 172.7 70.6 26.1 R110 0.22 0.36 
W830 608.3 80.3 35.0 R120 0.19 0.37 
W840 1,610.0 59.2 107.4 R130 0.49 0.38 
W850 226.5 78.1 24.6 R140 0.26 0.36 
W860 151.2 77.4 22.0 R150 0.31 0.35 
W870 348.4 76.3 25.5 R160 0.03 0.40 
W880 342.9 76.3 27.1 R170 0.17 0.39 
W890 198.1 78.3 23.8 R180 0.23 0.34 
W900 377.9 80.8 24.3 R190 0.15 0.38 
W910 189.4 69.2 26.4 R200 0.01 0.40 
W920 308.6 77.2 30.5 R210 0.20 0.38 
W930 448.2 71.2 38.2 R220 0.40 0.34 
W940 332.2 72.9 37.4 R230 0.23 0.37 
W950 157.8 81.0 18.9 R240 0.18 0.31 
W960 115.4 78.8 15.4 R250 0.02 0.37 
W970 366.0 77.3 45.7 R260 0.27 0.31 
W980 72.2 76.5 23.4 R270 0.08 0.39 
W990 127.0 70.3 27.6 R280 0.18 0.37 



W1000 161.4 76.5 21.0 R290 0.08 0.35 
W1010 191.9 70.3 28.7 R300 0.21 0.40 
W1020 216.7 79.2 21.2 R310 0.06 0.39 
W1030 208.0 78.0 26.0 R320 0.18 0.37 
W1040 330.5 73.5 27.0 R330 0.13 0.36 
W1050 158.8 77.6 21.3 R340 0.03 0.39 
W1060 56.4 75.9 17.1 R350 1.49 0.33 
W1070 222.0 76.1 24.0 R360 0.71 0.32 
W1080 260.7 72.1 34.3 R370 0.24 0.36 
W1090 742.8 65.7 65.6 R380 0.34 0.31 
W1100 267.8 76.9 29.4 R390 0.21 0.36 
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Table B-15: Watershed attributes used in HEC-HMS modeling for Premine Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1110 819.8 79.9 36.4 R400 0.14 0.39 
W1120 265.9 64.4 44.0 R410 0.46 0.31 
W1130 544.5 61.4 74.8 R420 0.12 0.37 
W1140 309.3 72.6 32.8 R430 0.55 0.35 
W1150 198.8 75.8 25.3 R440 0.03 0.42 
W1160 43.7 64.4 25.4 R450 0.17 0.32 
W1170 196.0 77.4 33.7 R460 0.25 0.35 
W1180 221.3 78.1 20.2 R470 0.25 0.35 
W1190 409.5 58.6 79.4 R480 0.07 0.40 
W1200 321.9 70.1 43.7 R490 0.32 0.37 
W1210 539.9 59.3 69.2 R500 0.53 0.35 
W1220 204.9 77.5 34.3 R510 0.63 0.31 
W1230 972.1 76.7 63.1 R520 0.42 0.34 
W1240 414.1 78.5 25.2 R530 0.73 0.37 
W1250 509.0 78.1 43.5 R540 0.57 0.32 
W1260 381.9 75.8 26.6 R550 0.88 0.31 
W1270 711.7 71.3 46.2 R560 0.39 0.37 
W1280 725.2 58.5 87.4 R570 0.06 0.36 
W1290 156.1 65.6 29.3 R580 0.30 0.39 
W1300 1,247.6 68.1 66.6 R590 0.46 0.32 
W1310 212.7 63.1 58.2 R600 0.11 0.38 
W1320 362.1 56.7 65.5 R610 1.26 0.32 
W1330 230.8 62.5 53.0 R620 0.11 0.38 
W1340 237.4 65.3 35.2 R630 0.37 0.32 
W1350 193.2 73.9 32.4 R640 0.09 0.38 
W1360 305.3 62.0 71.0 R650 0.73 0.32 
W1370 436.4 63.6 61.4 R660 0.80 0.31 
W1380 213.3 76.9 39.0 R670 0.33 0.32 
W1390 219.5 63.7 59.9 R680 0.07 0.32 
W1400 40.5 68.6 31.0 R690 0.48 0.30 
W1410 9.4 58.4 13.2 R700 0.21 0.29 
W1420 268.5 60.5 72.4 R710 0.27 0.31 



 
Table B-16: Watershed attributes used in HEC-HMS modeling for Approved Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W780 328.3 78.1 31.0 R10 0.14 0.41 
W790 173.0 79.7 16.1 R20 0.04 0.39 
W800 946.9 80.2 40.8 R30 0.46 0.39 
W810 165.1 79.5 22.4 R40 0.20 0.37 
W820 450.4 78.2 30.4 R50 0.17 0.39 
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Table B-16: Watershed attributes used in HEC-HMS modeling for Approved Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W830 545.5 79.8 38.5 R60 0.22 0.40 
W840 432.0 76.4 41.4 R70 0.50 0.34 
W850 304.4 77.5 28.2 R80 0.28 0.37 
W860 261.9 77.3 29.9 R90 0.02 0.32 
W870 2.7 67.6 5.8 R100 0.04 0.38 
W880 172.7 70.6 26.1 R110 0.22 0.36 
W890 608.3 80.3 35.0 R120 0.19 0.37 
W900 1,657.1 59.2 108.6 R130 0.49 0.38 
W910 226.5 78.1 24.6 R140 0.26 0.36 
W920 151.2 77.4 22.0 R150 0.31 0.35 
W930 348.4 76.3 25.5 R160 0.03 0.39 
W940 342.9 76.3 27.1 R170 0.18 0.39 
W950 198.1 78.3 23.8 R180 0.23 0.34 
W960 377.9 80.8 24.3 R190 0.16 0.38 
W970 189.4 69.2 26.4 R200 0.03 0.41 
W980 308.6 77.2 30.5 R210 0.21 0.38 
W990 448.2 71.2 38.2 R220 0.40 0.34 



W1000 332.2 72.9 37.4 R230 0.23 0.37 
W1010 157.8 81.0 18.9 R240 0.18 0.31 
W1020 115.4 78.8 15.4 R250 0.02 0.38 
W1030 366.0 77.3 45.7 R260 0.27 0.31 
W1040 72.2 76.5 23.4 R270 0.07 0.40 
W1050 127.0 70.3 27.6 R280 0.18 0.37 
W1060 161.4 76.5 21.0 R290 0.10 0.35 
W1070 191.3 70.4 28.3 R300 0.21 0.40 
W1080 216.7 79.2 21.2 R310 0.06 0.40 
W1090 208.0 78.0 26.0 R320 0.18 0.37 
W1100 645.5 64.6 64.4 R330 0.13 0.36 
W1110 158.8 77.6 21.3 R340 0.04 0.40 
W1120 56.4 75.9 17.1 R350 0.69 0.32 
W1130 277.4 69.6 35.3 R360 1.57 0.33 
W1140 222.0 76.1 24.0 R370 0.24 0.36 
W1150 260.7 72.1 34.3 R380 0.28 0.32 
W1160 419.8 76.5 42.9 R390 0.21 0.36 
W1170 128.9 65.7 31.3 R400 0.14 0.39 
W1180 267.8 76.9 29.4 R410 0.36 0.31 
W1190 819.8 79.9 36.4 R420 0.05 0.32 
W1200 429.7 58.0 57.5 R430 0.29 0.35 
W1210 186.4 72.3 43.8 R440 0.55 0.35 
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Table B-16: Watershed attributes used in HEC-HMS modeling for Approved Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1220 92.3 78.3 30.9 R450 0.04 0.42 
W1230 416.1 71.0 49.9 R460 0.57 0.32 
W1240 196.0 77.4 33.7 R470 0.25 0.35 
W1250 221.3 78.1 20.2 R480 0.56 0.32 
W1260 409.3 58.6 78.7 R490 0.20 0.38 
W1270 204.9 77.5 34.3 R500 0.07 0.40 
W1280 484.4 60.0 54.7 R510 0.54 0.34 
W1290 844.9 77.0 64.5 R520 0.71 0.37 
W1300 409.4 78.5 25.2 R530 0.37 0.34 
W1310 508.3 78.1 43.5 R540 4.68 0.01 
W1320 359.1 76.0 29.5 R550 0.24 0.33 
W1330 783.0 58.2 78.2 R560 0.25 0.28 
W1340 205.9 74.6 32.6 R570 0.06 0.36 
W1350 237.3 69.5 39.4 R580 0.95 0.31 
W1360 97.9 71.6 29.3 R590 0.39 0.37 
W1370 164.5 76.0 23.3 R600 0.37 0.32 
W1380 199.1 70.4 46.4 R610 0.30 0.39 
W1390 214.4 66.0 56.2 R620 0.10 0.30 
W1400 222.1 63.3 30.9 R630 0.06 0.34 
W1410 186.0 61.6 39.7 R640 0.31 0.33 
W1420 216.0 63.0 54.2 R650 0.04 0.29 
W1430 10.0 68.1 10.3 R660 0.03 0.32 
W1440 154.3 56.6 26.3 R670 0.47 0.31 
W1450 332.6 56.4 52.2 R680 0.12 0.38 
W1460 632.2 73.0 56.1 R690 0.85 0.31 
W1470 383.9 62.6 79.6 R700 0.01 0.40 
W1480 421.9 66.4 59.8 R710 0.39 0.32 
W1490 269.3 65.1 38.7 R720 0.37 0.30 
W1500 149.8 76.1 34.1 R730 0.13 0.38 
W1510 72.2 73.3 38.4 R740 0.93 0.33 
W1520 128.3 66.9 62.0 R750 1.04 0.13 
W1530 214.5 76.8 46.4 R760 0.42 0.20 
W1540 741.0 63.8 89.2 R770 1.21 0.32 



 
Table B-17: Watershed attributes used in HEC-HMS modeling for Postmine-TR1 Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W820 328.3 78.1 31.0 R10 0.13 0.41 
W830 173.0 79.7 16.1 R20 0.04 0.39 
W840 946.9 80.2 40.8 R30 0.46 0.39 
W850 165.1 79.5 22.4 R40 0.20 0.37 
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Table B-17: Watershed attributes used in HEC-HMS modeling for Postmine-TR1 Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W860 450.4 78.2 30.4 R50 0.17 0.39 
W870 545.5 79.8 38.5 R60 0.22 0.40 
W880 432.0 76.4 41.4 R70 0.50 0.34 
W890 304.4 77.5 28.2 R80 0.30 0.36 
W900 261.9 77.3 29.9 R90 0.02 0.32 
W910 2.7 67.6 5.8 R100 0.04 0.36 
W920 172.7 70.6 26.1 R110 0.22 0.36 
W930 608.3 80.3 35.0 R120 0.19 0.37 
W940 1,655.5 59.9 107.9 R130 0.49 0.38 
W950 226.5 78.1 24.6 R140 0.26 0.36 
W960 151.2 77.4 22.0 R150 0.31 0.35 
W970 348.4 76.3 25.5 R160 0.03 0.40 
W980 342.9 76.3 27.1 R170 0.17 0.39 
W990 198.1 78.3 23.8 R180 0.23 0.34 



W1000 377.9 80.8 24.3 R190 0.15 0.38 
W1010 189.4 69.2 26.4 R200 0.01 0.40 
W1020 308.6 77.2 30.5 R210 0.20 0.38 
W1030 448.2 71.2 38.2 R220 0.40 0.34 
W1040 332.2 72.9 37.4 R230 0.23 0.37 
W1050 157.8 81.0 18.9 R240 0.18 0.31 
W1060 115.4 78.8 15.4 R250 0.02 0.37 
W1070 366.0 77.3 45.7 R260 0.27 0.31 
W1080 72.2 76.5 23.4 R270 0.08 0.39 
W1090 127.0 70.3 27.6 R280 0.18 0.37 
W1100 161.4 76.5 21.0 R290 0.09 0.34 
W1110 194.2 70.7 28.5 R300 0.21 0.40 
W1120 216.7 79.2 21.2 R310 0.06 0.39 
W1130 208.0 78.0 26.0 R320 0.18 0.37 
W1140 485.8 65.1 73.6 R330 0.13 0.36 
W1150 158.8 77.6 21.3 R340 0.03 0.39 
W1160 274.0 68.2 33.6 R350 0.66 0.32 
W1170 56.4 75.9 17.1 R360 1.56 0.33 
W1180 222.0 76.1 24.0 R370 0.24 0.36 
W1190 260.7 72.1 34.3 R380 0.31 0.32 
W1200 417.0 70.7 41.8 R390 0.18 0.36 
W1210 267.8 76.9 29.4 R400 0.14 0.39 
W1220 819.8 79.9 36.4 R410 0.34 0.32 
W1230 102.7 67.5 32.7 R420 0.07 0.27 
W1240 425.6 59.8 57.4 R430 0.32 0.35 
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Table B-17: Watershed attributes used in HEC-HMS modeling for Postmine-TR1 Spring Creek. 



Subbasin Area (acres) SCS Curve Number SCS Lag (min) Stream Reach Muskingum K Muskingum X 
W1250 263.1 68.4 49.5 R440 0.55 0.35 
W1260 81.7 70.7 29.7 R450 0.03 0.42 
W1270 548.3 67.4 57.0 R460 0.80 0.32 
W1280 196.0 77.4 33.7 R470 0.25 0.35 
W1290 221.3 78.1 20.2 R480 0.56 0.32 
W1300 404.5 58.6 79.4 R490 0.20 0.38 
W1310 204.9 77.5 34.3 R500 0.07 0.40 
W1320 849.6 76.8 63.9 R510 0.53 0.34 
W1330 465.0 66.5 50.5 R520 0.70 0.37 
W1340 406.1 78.5 24.7 R530 0.46 0.33 
W1350 507.1 78.1 43.0 R540 0.15 0.35 
W1360 361.7 70.3 30.6 R550 0.02 0.29 
W1370 86.6 70.8 28.1 R560 0.02 0.37 
W1380 212.9 69.0 44.0 R570 0.08 0.32 
W1390 153.5 74.3 25.9 R580 0.28 0.30 
W1400 3.5 71.5 9.8 R590 0.04 0.35 
W1410 110.8 66.4 34.5 R600 0.91 0.31 
W1420 769.4 64.7 76.5 R610 0.39 0.37 
W1430 164.5 68.9 23.7 R620 0.11 0.26 
W1440 161.1 65.8 40.1 R630 0.34 0.31 
W1450 227.1 65.9 47.7 R640 0.04 0.30 
W1460 331.1 61.8 51.4 R650 0.29 0.39 
W1470 6.0 64.3 10.9 R660 0.08 0.30 
W1480 182.3 65.7 25.7 R670 0.06 0.34 
W1490 181.9 66.7 39.3 R680 0.26 0.33 
W1500 68.0 65.3 27.8 R690 0.05 0.29 
W1510 8.9 67.2 11.3 R700 0.04 0.34 
W1520 215.3 64.9 54.0 R710 0.46 0.31 
W1530 1,053.7 68.8 71.6 R720 0.10 0.38 
W1540 162.0 65.9 29.8 R730 1.20 0.32 
W1550 389.2 62.5 84.4 R740 0.09 0.38 
W1560 186.1 66.6 46.7 R750 0.90 0.08 
W1570 233.1 65.8 68.2 R760 0.34 0.30 
W1580 182.9 72.4 42.0 R770 1.09 0.32 
W1590 46.9 67.3 66.3 R780 0.79 0.08 
W1600 20.3 69.4 26.7 R790 0.16 0.08 
W1610 746.5 63.5 95.8 R800 0.06 0.31 
W1620 103.8 67.1 41.7 R810 1.40 0.31 
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Figure B-1: Coal Creek 
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Figure B-2: Deer Creek 
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Figure B-3: Middle Creek 
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Figure B-4: Monument Creek 
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Figure B-5: Pearson Creek 
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Figure B-6: Pond Creek 
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Figure B-7: Spring Creek 
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Figure 3-1: Spring Creek Permit Boundary and Mine Plan 
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Figure 3-2: Historic, Active, and Proposed Coal Mine Permit Areas 
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Figure 4-2: Summary of Precipitation and Temperature in the Decker, MT Area from 1980 to 2015  
The top graph summarizes total yearly precipitation from 1980-2015, monitored individually at the 
Spring Creek and Decker Mines. The bottom graph summarizes monthly temperature monitored in 
Sheridan, WY. Average monthly precipitation from 1985-2015 monitored at Spring Creek Mine is also shown. 
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Wasatch Formation – Fine to coarse-grained lenticular beds of 
sandstone and interbedded shale and coal.  



Tongue River Member – Fine to medium grained thick-bedded 
to massive and lenticular sandstone and siltstone. Commonly 
contains shaley siltstone and shale, and numerous coal beds. 



Lebo Shale Member– Predominantly dark shale with interbeds 
of carbonaceous shale, siltstone and local thin coal beds. 



Tullock Member – Interbedded shale, siltstone and sandstone; 
thin but persistent coal beds grade upward to carbonaceous 
shale. At the top is a resistant ledge-forming sandstone. Base is 
marked by predominantly massive channel sandstone and dark 
shale of underlying unit. 



Hell Creek Formation – Shale, siltstone, silty sandstone; locally 
massive silty sandstone with thin coal beds. 



Fox Hills Sandstone – Near shore sand facies represents 
uppermost marine deposit. Massive to thin bedded sandstone 
with sandy shale and siltstone. 



Bearpaw Shale – Marine shaley claystone and shale. Some 
thin-bedded siltstone, silty sandstone; local thin beds of 
bentonite. 



Figure 4-4: Generalized Stratigraphic Diagram of Upper Cretaceous and Tertiary Rocks in 
Northwestern Powder River Basin in the Vicinity of Decker, Montana.  
After Lewis and Roberts, 1978. 
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Figure 5-1: Cumulative Impact Area – Surface Water 
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Figure 6-1: Surface Water Monitoring Stations  
Only surface water station relevant to analysis of cumulative impacts from the proposed major revision TR1 at Spring Creek Mine are shown. 
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Figure 7-1: Water Quantity and Quality in Pearson Creek Upstream of the West Decker Mine at Stream Stations PC-2, PC-1, PC-1ST, and 
UPC-80 
Flow at UPC-80 is an average daily flow while flow at the other stations is estimated instantaneous flow from crest gauge readings. 
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Figure 7-2: Spring Creek Water Quantity and Quality Upstream of the Spring Creek Mine at Station CB-2  
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Figure 7-3: Water Quantity and Quality Upstream (SF-1) of the Spring Creek Mine in South Fork 
Spring Creek  
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Figure 7-4: Flood Frequency Analysis Locations 
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Figure 7-5: Tongue River and Tongue River Reservoir Specific Conductance and SAR through 1979 
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Figure 7-6: Baseline Ephemeral Stream Water Quality 
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Figure 7-6 (continued): Baseline Ephemeral Stream Water Quality 
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Figure 7-7: Average Groundwater Chemistry by Lithology; Piper Plot 
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Figure 7-8: Average Groundwater Chemistry by Lithology; Durov Diagram 
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Figure 8-2: MAP Surface Water Diversions in the Spring Creek and Decker Mines Area 
Table 8-2 contains water right users associated with diversion numbers on map 
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Figure 9-1: Aerial Imagery of the Spring Creek Mine Showing Mine Surface Facilities and Peripheral Infrastructure 
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Figure 9-2: Box Plots of Water Quality in Spring Creek and South Fork Spring Creek 
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Figure 9-2 (continued): Box Plots of Water Quality in Spring Creek and South Fork Spring Creek 



0



500



1000



1500



2000



2500



3000



Spring Creek
Baseline
 (N = 38)



Spring Creek
Mining



 (N = 40)



S.F. Spring Creek
Baseline
 (N = 51)



S.F. Spring Creek
Mining



 (N = 24)



Bi
ca



rb
. (



m
g/



L)



Bicarbonate



0
50



100
150
200
250
300
350
400
450
500



Spring Creek
Baseline
 (N = 38)



Spring Creek
Mining



 (N = 41)



S.F. Spring Creek
Baseline
 (N = 51)



S.F. Spring Creek
Mining



 (N = 25)



M
g 



(m
g/



L)



Magnesium



0



500



1000



1500



2000



2500



3000



3500



4000



Spring Creek
Baseline
 (N = 38)



Spring Creek
Mining



 (N = 42)



S.F. Spring Creek
Baseline
 (N = 51)



S.F. Spring Creek
Mining



 (N = 25)



SO
⁴ (



m
g/



L)



Sulfate



0



1



2



3



4



5



6



Spring Creek
Baseline
 (N = 33)



Spring Creek
Mining



 (N = 31)



S.F. Spring Creek
Baseline
 (N = 36)



S.F. Spring Creek
Mining



 (N = 25)



N
itr



at
e 



+ 
N



itr
ite



 (m
g/



L)



Nitrate + Nitrite



0



1000



2000



3000



4000



5000



6000



Spring Creek
Baseline
 (N = 40)



Spring Creek
Mining



 (N = 43)



S.F. Spring Creek
Baseline
 (N = 53)



S.F. Spring Creek
Mining



 (N = 26)



SC
 (u



S/
cm



)



Specific Conductance



0



2



4



6



8



10



12



14



16



Spring Creek
Baseline
 (N = 37)



Spring Creek
Mining



 (N = 36)



S.F. Spring Creek
Baseline
 (N = 51)



S.F. Spring Creek
Mining



 (N = 24)



SA
R 



SAR



3/27/2020 26











Major Revision TR1 CHIA – Figures 



Figure 9-3: Time-Concentration Plots of Water Quality Constituents Upstream and Downstream of Mining at the Spring Creek Mine in 
Spring Creek 
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Figure 9-4: Spring Creek Water Quantity and Quality Downstream of the Spring Creek Mine at 
Station USC-75 
The grayed area shows samples taken before mining commenced upstream of the station. 
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Figure 9-5: South Fork Spring Creek Water Quantity and Quality Downstream of the Spring Creek 
Mine at Station RS-5 
The grayed area shows samples taken before mining commenced upstream of the station. 
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Figure 9-6: Average Yearly Flow in the Tongue River Upstream and Downstream of Mining from 1961 - 2015 
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Figure 9-7: Time-Concentration Plots of Water Quality Constituents Upstream and Downstream of 
Mining at the Spring Creek and Decker Mines in the Tongue River and Tongue River Reservoir 
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Figure 9-7 (continued): Time-Concentration Plots of Water Quality Constituents Upstream and 
Downstream of Mining at the Spring Creek and Decker Mines in the Tongue River 
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Figure 9-8: Water Quality Summary of MPDES Discharges from all Outfalls the West and East Decker 
Mines into the Tongue River Reservoir 
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Figure 9-9: Modeled Water Quality in the Tongue River Postmining 
The plots show a theoretical increase from premine water quality and contributions from subcropping 
coal seams to the river in the region of the Tongue River Reservoir. 
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Figure 9-10: Probability of Tongue River Reservoir Volume and Flows from 2000 – 2016 
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Figure 9-11: Premine and Postmine Drainage Sub-Basins and Channels within the CIA. 
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Figure 9-12: The Distribution of Slope and Aspect Within the Spring Creek Permit 
The distribution is calculated from the premine and proposed postmine topography as well as between the 
approved postmine topography and the proposed postmine topography using 30-ft resolution digital 
elevation models. 
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Figure 9-13: Comparison of Specific Conductance (Electrical Conductivity) Between Drainages 
Impacted by the Spring Creek Mine 
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Figure 9-14: Summary of Alluvium Groundwater Chemistry 
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Figure 9-15: Summary of Clinker Groundwater Chemistry 
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Figure 9-16. Hydrograph of Clinker Well CL-3. 
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Figure 9-17: Summary of Overburden Groundwater Chemistry 
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Figure 9-18. Hydrographs of Selected Overburden Wells 
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Figure 9-19: Summary of Anderson-Dietz Coal Groundwater Chemistry 
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Figure 9-19: Summary of Anderson-Dietz Coal Groundwater Chemistry (continued) 
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Figure 9-19: Summary of Anderson-Dietz Coal Groundwater Chemistry (continued) 
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Figure 9-19: Summary of Anderson-Dietz Coal Groundwater Chemistry (continued) 
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Figure 9-20: Summary of Interburden/Underburden Groundwater Chemistry  
Blue shaded boxes (UB-1, UB-2, DW0710) represent underburden. Remainder are interburden. 
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Figure 9-21: Summary of Canyon Coal Groundwater Chemistry 
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Figure 9-22: Summary of Spring Creek Spoil Groundwater Chemistry 



6



6.5



7



7.5



8



8.5



9



SP-1 n=48 SP-2 n=48 SP-3 n=34 SP-4 n=27 SP-6 n=16 SP-7 n=6



Fi
el



d 
pH



Spoil pH Values



NSDWR Lower 
Limit 6.5



NSDWR Upper 
Limit 8.5



0



2000



4000



6000



8000



10000



12000



SP-1 n=47SP-2 n=47SP-3 n=34SP-4 n=27SP-6 n=16 SP-7 n=6



Sp
ec



ifi
c 



Co
nd



uc
ta



nc
e 



(µ
S/



cm
)



Spoil Specific Conductance Values



Class I



Class II



Class III



0



500



1000



1500



2000



2500



3000



3500



4000



4500



SP-1 n=48SP-2 n=47SP-3 n=34SP-4 n=27SP-6 n=16 SP-7 n=6



Su
lfa



te
 (m



g/
L)



Spoil Sulfate Values



NSDWR 250 mg/L



0



0.002



0.004



0.006



0.008



0.01



0.012



0.014



SP-1 n=24SP-2 n=11 SP-3 n=8 SP-4 n=7 SP-6 n=5 SP-7 n=4



Di
ss



ol
ve



d 
Ar



se
ni



c 
(m



g/
L)



Spoil Dissolved Arsenic Values



HHS 0.01 
mg/L



3/27/2020 50











3/27/2020 51











3/27/2020 52











Major Revision TR1 CHIA – Figures 



Figure 9-25. Example Hydrograph in Anderson-Dietz Coal.
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Major Revision TR1 CHIA – Figures 



Figure 9-26: Modeled Tongue River Reservoir Percent of Added Daily Load and Added Specific 
Conductance Due to Decker Discharges and Spoil. 
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			13.0 Figures


			Figure 4-4: Generalized Stratigraphic Diagram of Upper Cretaceous and Tertiary Rocks in Northwestern Powder River Basin in the Vicinity of Decker, Montana.
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Table 2-1: Applicable Numeric Water Quality Standards for Mainstem Tongue River 



Parameter 



DEQ-7 
Human 
Health 



Standard 



DEQ-7 Surface 
Water Aquatic Life 



Standard 



DEQ-12A 
Base 



Nutrient 
Standards1 



DEQ-7 Life Stanges 
Aquatic Life 



Standard Units 



Acute Chronic Early Life 
Stages 



Other Life 
Stages 



Fluoride 4.0 mg/L 
Aluminum2 0.75 0.087 mg/L 
Arsenic3,4 0.01 0.34 0.15 mg/L 
Barium3 1.0 mg/L 
Cadmium3,4,5 0.005 0.007 0.002 mg/L 
Chromium3,4,5,6 0.1 4.5 0.2 mg/L 
Copper3,4,5 1.3 0.04 0.02 mg/L 
Iron4 1.0 mg/L 
Lead3,4,5 0.015 0.3 0.01 mg/L 
Mercury3,4 0.00005 0.002 0.0009 mg/L 
Nickel3,4,5 0.1 1.2 0.1 mg/L 
Selenium3,4 0.05 0.02 0.005 mg/L 
Zinc3,4,5 2.0 0.3 0.3 mg/L 
Dissolved Oxygen 
(minimum) 



8.0 4.0 mg/L 



Total Nitrogen 1.3 mg/L 
Total Phosphorus 0.15 mg/L 
Nitrate-Nitrite 10 mg/L 
Total Ammonia7 24.1 3.65 mg/L 
1 Nutrient standards are for the Northwestern Great Plains (43) Level III Ecoregion and are in effect from July 1 to 
September 30. 
2 Aquatic Life Standard only applies to the dissolved fraction and for pH 6.5 - 9.0.
3 Human Health Standards for surface water apply to the total recoverable fraction.
4 Aquatic Life Standards apply to the total recoverable fraction.
5 Aquatic life limits are dependent on hardness. Median hardness of surface water samples from baseline sampling 
in the Tongue River is 303 mg/L so the aquatic standard is shown calculated at a hardness of 303mg/L. 
6 Aquatic Life Standards are for Chromium (III). 
7 Aquatic standards shown calculated at 22°C, 7.0 pH with early fish life stages present. 
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Table 2-2: Applicable Numeric Water Quality Standards for Mainstem Tongue River 



Parameter 



DEQ-7 
Human 
Health 



Standard 



DEQ-7 Surface Water 
Aquatic Life Standard 



DEQ-12A 
Base 



Nutrient 
Standards1 



Units 
Acute Chronic 



Fluoride 4.0 mg/L 
Aluminum2 0.75 0.087 mg/L 
Arsenic3,4 0.01 0.34 0.15 mg/L 
Barium3 1.0 mg/L 
Cadmium3,4,5 0.005 0.007 0.0006 mg/L 
Chromium3,4,5,6 0.1 4.5 0.2 mg/L 
Copper3,4,5 1.3 0.04 0.02 mg/L 
Iron4 1.0 mg/L 
Lead3,4,5 0.015 0.3 0.01 mg/L 
Mercury3,4 0.00005 0.002 0.0009 mg/L 
Nickel3,4,5 0.1 1.2 0.1 mg/L 
Selenium3,4 0.05 0.02 0.005 mg/L 
Silver3,4,5 0.1 0.03 mg/L 
Zinc3,4,5 2.0 0.3 0.3 mg/L 
Total Nitrogen 1.3 mg/L 
Total Phosphorus 0.15 mg/L 
Nitrate-Nitrite 10 mg/L 
Total Ammonia7 24.1 3.65 mg/L 
1 Nutrient standards are for the Northwestern Great Plains (43) Level III Ecoregion and are in effect from July 1 to 
September 30. 
2 Aquatic Life Standard only applies to the dissolved fraction and for pH 6.5 - 9.0.
3 Human Health Standards for groundwater apply to the dissolved fraction. Human Health Standards for surface 
water apply to the total recoverable fraction.
4 Aquatic Life Standards apply to the total recoverable fraction.
5 Aquatic life limits are dependent on hardness. Median hardness of surface water samples from baseline sampling 
in the Tongue River is 303 mg/L so the aquatic standard is shown calculated at a hardness of 303mg/L. 
6 Aquatic Life Standards are for Chromium (III). 
7 Aquatic standards shown calculated at 22°C, 7.0 pH with early fish life stages present. 
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Table 2-3: Applicable Numeric Standards for Electrical Conductivity (EC) and Sodium Adsorption Ratio 
(SAR) 



 Parameter Max Monthly 
Average Units 



All tributaries and surface 
waters in the Tongue River 



watershed 



Electrical Conductivity (year round) 500 500 µS/cm 
SAR (3/2 – 10/31) 4.5 3.0 none 
SAR (11/1 – 3/1) 7.5 5.0 none 



     



Mainstem of the Tongue 
River 



Electrical Conductivity (11/1 – 3/1) 2,500 1,500 µS/cm 
SAR (11/1 – 3/1) 7.5 5.0 none 
Electrical Conductivity (3/2 – 
10/31) 1,500 1,000 µS/cm 



SAR (3/2 – 10/31) 4.5 3.0 none 
     



Tongue River Reservoir 
Electrical Conductivity (year round) 1,500 1,000 µS/cm 
SAR (year round) 4.5 3.0 none 
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Table 2-4: Guidelines for Human Drinking Water Quality 



Parameter 
WHO 



Guideline 
Values1 



WHO 
Acceptability 



Aspects1 
MCL2 NSDWR3 units 



pH    6.5 - 8.5 s.u. 
Total Dissolved Solids (TDS)  600 - 1,000  500 mg/L 
Hardness (total as CaCO3)  100 - 300   mg/L 
Chloride  250  250 mg/L 
Sodium  200   mg/L 
Sulfate  250 - 1,000  250 mg/L 
Aluminum4 0.9 0.1 - 0.2  0.05 - 0.2 mg/L 
Arsenic 0.01  0.01  mg/L 
Barium 0.7  1.0  mg/L 
Boron 2.4    mg/L 
Cadmium 0.003  0.005  mg/L 
Copper 2.0 1.0 1.3 1.0 mg/L 
Fluoride 1.5  4.0 2.0 mg/L 
Iron  0.3  0.3 mg/L 
Lead 0.01  0.015  mg/L 
Manganese 0.44 0.1  0.05 mg/L 
Mercury 0.006  0.002  mg/L 
Molybdenum 0.074    mg/L 
Nickel 0.07  0.1  mg/L 
Nitrate (as N) 50  10  mg/L 
Nitrite (as N) 3  1.0  mg/L 
Selenium 0.04  0.05  mg/L 
Silver   0.1  mg/L 
Total Ammonia  1.5   mg/L 
Zinc  4.0  5.0 mg/L 
1 World Health Organization (WHO), Guidelines for Drinking-water Quality, Fourth Edition, 2011. Guideline Values 
from Table A3.3 are health based recommendations. Acceptability Aspect values are found in Section 10.2 and are 
based on aesthetic properties which may make water undesirable to the consumer. 
2 EPA Maximum Contaminant Level (MCL) - The highest level of a contaminant that is allowed in drinking water. 
3 EPA has established National Secondary Drinking Water Regulations (NSDWRs) that set non-mandatory water 
quality standards for 15 contaminants. EPA does not enforce these "secondary maximum contaminant levels" 
(SMCLs). They are established only as guidelines to assist public water systems in managing their drinking water 
for aesthetic considerations, such as taste, color, and odor. These contaminants are not considered to present a 
risk to human health at the SMCL. 
4 No formal WHO guideline value set, WHO health based value from Section 12.  
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Table 2-5: Guidelines for Livestock Drinking Water Quality 
All values are in mg/L 



Analyte NRC, 
1972 



Bagley et 
al., 1997 



Sigler & 
Bauder, 



2006 



Raisbeck 
et al., 
2008 



Olkowski, 
2009 



Pick, 
2011 



Pfost, 
2012 



Meehan et al., 
2015 



Aluminum 5       5 5 5 5 
Arsenic 0.2 0.2 0.2 1 0.025 0.01 0.2 0.2 
Barium           10   10 
Boron 5       5 5 5   
Cadmium 0.05 0.05 0.05   0.08 0.05 0.05 0.05 
Calcium         1,000 500   1,000 
Chloride           1,500     
Chromium 1 1 1   0.05 1 1 1 
Copper 0.5 0.05 0.5   0.5 0.5 0.5 0.5 
Fluoride 2 2 2 2 1 2 2 2 
Iron           0.3     
Lead 0.1 0.1 0.1   0.1 0.1 0.05 0.1 
Magnesium           125     
Manganese           0.05     
Mercury 0.01 0.01 0.01   0.003 0.01 0.01   
Molybdenum       0.3 0.5     0.5 
Nickel     1         1 
Nitrate (as N) 23 100 100 114 23 100 23 100 
Nitrite (as N) 2.3 33 10 23 3 10 2.3 33 
pH   8.3       8.5 7.5 9 
Selenium 0.05     0.1 0.05 0.05 0.05 0.05 
Sodium       1,000       1,000 
Sulfate   1,000 2,500 1,000 1,000 1,000 2,000 500 - 1,000 
TDS   10,000 5,000   3,000 10,000 10,000 10,000 
Vanadium 0.1 0.1 0.1   0.1 0.1 0.1 0.1 
Zinc 25 25 25   50 25 24 25 
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Table 2-6: Guidelines for Irrigation Water Quality 



Analyte Threshold 
limit 



Upper 
limit Comments Units 



Specific Conductance (SC)1 2,000  Alfalfa µS/cm 
Specific Conductance (SC) 1 6,000  Wheat µS/cm 
Specific Conductance (SC) 1 3,000  Grasses µS/cm 
Sodium Adsorption Ratio (SAR) 2 4.8 17 SC = 1,000 µS/cm  
Sodium Adsorption Ratio (SAR) 2 16.8 35 SC = 2,500 µS/cm  
Boron3 2.0 3.7 Alfalfa mg/L 
Boron3 1.3 2.5 Wheat mg/L 
Chloride3 700  Alfalfa mg/L 
Chloride3 2,100  Wheat mg/L 
Chloride3 1,225  Grasses mg/L 
Nitrate2 5 30  mg/L 
Aluminum4 5.0 20  mg/L 
Arsenic4 0.10 2.0  mg/L 
Cadmium4 0.01 0.05  mg/L 
Chromium4 0.1 1.0  mg/L 
Copper4 0.20 5.0  mg/L 
Fluoride4 1.0 15.0  mg/L 
Iron4 5.0 20.0  mg/L 
Manganese4 0.20 10.0  mg/L 
Molybdenum4 0.01 0.05  mg/L 
Nickel4 0.20 2.0  mg/L 
Lead4 5.0 10.0  mg/L 
Selenium4 0.02 0.02  mg/L 
Vanadium4 0.10 1.0  mg/L 
Zinc4 2.0 10.0  mg/L 
1 Crop Yields as Affected by Salinity (Maas & Grattan, 1999) 
2 Water Quality for Agriculture (Ayers & Westcot, 1985)  
3 Irrigation Water Quality Standards and Salinity Management (Fipps, 2003) 
4  Water Quality Criteria 1972 (NAS/NAE, 1972) 
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Table 2-7: Beneficial Uses of Montana Groundwater 
Montana Groundwater Class 
[ARM 17.30.1006] Class I Class II Class III Class IV 



SC @ 25°C (µS/cm) <= 1,000 > 1,000; <= 2,500 > 2,500; <= 15,000 > 15,000 



Suitability Criteria Suitable Marginally suitable Marginally suitable  



Public Water Supplies Yes Yes   



Private Water Supplies Yes Yes   



Drinking   When EC < 7,000 µS/cm  



Irrigation Yes Some agricultural crops Some salt tolerant crops  



Drinking Water for Livestock Yes Yes Some livestock  



Drinking Water for Wildlife Yes Yes Some wildlife  



Commercial/ Industrial Yes Most purposes Some purposes Some purposes 



Culinary/Food Processing Yes Yes When EC < 7,000 µS/cm  



Numeric Standards -- DEQ-7 
Human Health Standards (HHS) Yes Yes Yes Only carcinogen standards apply. 



Numeric Standards -- Nitrate 
nitrogen and nitrate plus nitrite 
nitrogen 



DEQ-7 HHS DEQ-7 HHS 



When EC < 7,000; DEQ-7 
HHS. When EC >= 7,000 



µS/cm and K >= 0.1 ft/d; 50 
mg/L 



When K >= 0.1 ft/d; 50 mg/L 



Narrative Standards -- no DEQ-7 
HHS or DEQ-7 HHS does not 
apply 



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



No increase that adversely 
affects existing beneficial uses 



Nondegradation Policy No increase that causes a violation of 75-
5-303, MCA  



3/27/2020











 



  
 12-9 



Table 6-1: Spring Creek Mine Surface and Groundwater Monitoring Parameters 



Monitoring Parameters Analytical 
Method Alternate Method units 



Physical 
Parameters 



pH (Lab) EPA 150.2  s.u. 



pH (Field) Field 
Measurement 



 s.u. 



Conductivity Field 
Measurement  µS/cm 



Specific Conductance EPA 120.1 A2510-B µS/cm 
Total Dissolved Solids (TDS) EPA 160.1 A2540-C mg/L 
Total Dissolved Solids (Calc) SM 1030E  mg/L 
Total Suspended Solids (TSS)1 EPA 160.2 A2540-D mg/L 



Temperature (Ambient Water) Field 
Measurement 



 °C 



Temperature (Ambient Air)1,3 Field 
Measurement  °C 



Oil and Grease1, 3 EPA 413.1 A5520-B, EPA 1664 mg/L 
Turbidity1 SM2130  NTU 



Common 
Ions 



Acidity (Total as CaCO3) A2310-B  mg/L 
Alkalinity (Total as CaCO3) A2320-B  mg/L 
Hardness (Total as CaCO3)3 A2340-B  mg/L 
Bicarbonate as HCO3 A2320-B EPA 130.1 mg/L 
Calcium EPA 200.7  mg/L 
Carbonate as CO3 A2320-B EPA 130.1 mg/L 
Chloride EPA 300.0 A4500-CL B mg/L 
Fluoride A45000-F C EPA 300.0 mg/L 
Magnesium EPA 200.7 EPA 200.8 mg/L 
Potassium EPA 200.7 EPA 200.8 mg/L 
Sodium EPA 200.7 EPA 200.8 mg/L 
Sulfate EPA 300.0  mg/L 
Total Anions3 Calculated  meq/L 
Total Cations3 Calculated  meq/L 
Cation/Anion Balance3 Calculated  % 
Sodium Adsorption Ratio (SAR) Calculated  ratio 



Trace 
Metals 



Aluminum, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Arsenic, Total1 and Dissolved EPA 200.8  mg/L 
Boron, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Cadmium, Total1 and Dissolved EPA 200.8  mg/L 
Copper, Total1, 3 and Dissolved3 EPA 200.8  mg/L 
Iron, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Lead, Total1 and Dissolved EPA 200.8  mg/L 
Manganese, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
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Monitoring Parameters Analytical 
Method Alternate Method units 



Nickel, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Selenium, Total1 and Dissolved EPA 200.8  mg/L 
Vanadium, Total1 and Dissolved EPA 200.8  mg/L 
Zinc, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 



Nutrients 



Total Ammonia as N3 EPA 350.1 A4500-NH3 B, C, D, E, or 
G 



mg/L 



Nitrate-Nitrite as N EPA 353.2 A4500-NO3 F mg/L 
Total Nitrogen1 SM 4500-N C A4500-N-B mg/L 
Total Phosphorus1 EPA 365.1 A4500-P E mg/L 



Notes: 
1 Parameter analyzed for surface water samples only. 
2 Historic parameter, not analyzed as part of current monitoring. 
3 Current parameter, not analyzed as part of historic monitoring. 
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Table 6-2: Decker Mine Surface and Groundwater Monitoring Parameters 



Monitoring Parameters Analytical 
Method Alternate Method units 



Physical 
Parameters 



pH (Lab) EPA 150.2 A4500H-B s.u. 



pH (Field) Field 
Measurement 



 s.u. 



Conductivity Field 
Measurement  µS/cm 



Specific Conductance EPA 120.1 A2510-B µS/cm 
Total Dissolved Solids (TDS) EPA 160.1 A2540-C mg/L 
Total Suspended Solids (TSS) EPA 160.2 A2540-D mg/L 



Temperature (Ambient Water) Field 
Measurement 



 °C 



Temperature (Ambient Air)3 Field 
Measurement  °C 



Oil and Grease1, 3 EPA 413.1 A5520-B, EPA 1664 mg/L 



Common 
Ions 



Acidity (Total as CaCO3) A2310-B  mg/L 
Alkalinity (Total as CaCO3) A2320-B  mg/L 
Hardness (Total as CaCO3)3 A2340-B  mg/L 
Bicarbonate as HCO3 A2320-B EPA 130.1 mg/L 
Calcium EPA 200.7  mg/L 
Carbonate as CO3 A2320-B EPA 130.1 mg/L 
Chloride EPA 300.0 A4500-CL B mg/L 
Fluoride A 45000-F C EPA 300.0 mg/L 
Magnesium EPA 200.7 EPA 200.8 mg/L 
Potassium EPA 200.7 EPA 200.8 mg/L 
Sodium EPA 200.7 EPA 200.8 mg/L 
Sulfate EPA 300.0  mg/L 
Total Anions3 Calculated  meq/L 
Total Cations3 Calculated  meq/L 
Cation/Anion Balance3 Calculated  % 
Sodium Adsorption Ratio (SAR) Calculated  ratio 



Trace 
Metals 



Aluminum, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Arsenic, Total1 and Dissolved EPA 200.8  mg/L 
Boron, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Cadmium, Total1 and Dissolved EPA 200.8  mg/L 
Copper, Total1, 3 and Dissolved3 EPA 200.8  mg/L 
Iron, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Lead, Total1 and Dissolved EPA 200.8  mg/L 
Manganese, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Nickel, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 
Selenium, Total1 and Dissolved EPA 200.8  mg/L 
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Monitoring Parameters Analytical 
Method Alternate Method units 



Vanadium, Total1 and Dissolved EPA 200.8  mg/L 
Zinc, Total1 and Dissolved EPA 200.7 EPA 200.8 mg/L 



Nutrients 



Total Ammonia as N3 EPA 350.1 A4500-NH3 B, C, D, E, or 
G 



mg/L 



Nitrate-Nitrite as N EPA 353.2 A4500-NO3 F mg/L 
Total Nitrogen1 SM 4500-N C A 4500-N-B mg/L 
Total Phosphorus1 EPA 365.1 A 4500-P E mg/L 



Notes: 
1 Parameter analyzed for surface water samples only. 
2 Historic parameter, not analyzed as part of current monitoring. 
3 Current parameter, not analyzed as part of historic monitoring. 
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Table 6-3: Surface Water Monitoring Plan 



Site ID Site 
Type Drainage 



Easting  
(NAD 27 
St. Pl. ft) 



Northing  
(NAD 27 
St. Pl. ft) 



Elevation 
(ft amsl) 



Instrumentation Measurement Frequency 



Water Depth/Flow Water Quality Sampling Water Depth/Flow Water Quality Sampling Field Parameters 



Rainy Spring Spring South Fork Spring Creek 2,657,065 416,626 3,895 Visual estimation Grab sample Semi-annually Semi-annually Semi-annually 
South Fork 
Spring 
Creek Flood 
Control 
Reservoir 



Pond South Fork Spring Creek 2,657,979 416,530 3,880 Staff Gauge Grab sample Semi-annually Semi-annually Semi-annually 



CB-2 Stream Spring Creek 2,658,438 425,5146 3,870 Crest Gauge; Staff Gauge; 
Continuous Recorder  TSS auto-sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 



Event Based 



CS-3A Stream Spring Creek 2,673,365 417,316 3,680 Crest Gauge; Staff Gauge Sediment sampler; grab-sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 
Event Based 



SF-1R Stream South Fork Spring Creek 2,655,874 416,889 3,913 Crest Gauge; Staff Gauge; 
Continuous Recorder TSS auto-sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 



Event Based 



SF-2 Stream Unnamed tributary of South 
Fork Spring Creek 2,656,667 416,250 3,915 Crest Gauge; Staff Gauge Grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 



Event Based 



RS-5 Stream South Fork Spring Creek 2,679,876 409,501 3,575 Crest Gauge; Staff Gauge; 
Continuous Recorder TSS auto-sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 



Event Based 



RS-8 Stream South Fork Spring Creek 2,667,392 414,090 3,735 Continuous Recorder TSS auto-sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 
Event Based 



PC-1 Stream Pearson Creek 2,679,140 405,463 3,590 Crest Gauge; Staff Gauge Sediment sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 
Event Based 



PC-1ST Stream South Fork Pearson Creek 2,679,187 405,129 3,593 Crest Gauge; Staff Gauge Sediment sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 
Event Based 



PC-2 Stream Pearson Creek 2,666,701 409,158 3,842 Crest Gauge; Staff Gauge; 
Continuous Recorder TSS auto-sampler; grab sample Monthly; Event Based Semi-annually; Event Based Semi-annually; 



Event Based 



TR-0977 Stream  Tongue River 2,694,550 387,280 3,420 Staff Gauge; Continuous Recorder 
(USGS 06306500)  Grab sample Daily Quarterly Quarterly 



TR-1078 Stream Tongue River 2,705,000 428,100 3,344 Staff Gauge; Continuous Recorder 
(USGS 06307500)  Grab sample Daily Quarterly Quarterly 



NPDC-80 Stream  Pond Creek 2,678,800 394,900 3,623 Crest Gauges Sediment sampler; Static sampler;  
grab sample Monthly; Event Based Event Based Event Based 



SPDC-03 Stream Pond Creek 2,679,385 394,012 3,618 Crest Gauges Sediment sampler; Static sampler; 
grab sample Monthly; Event Based Event Based Event Based 



CSEC-81 Stream Pond Creek 2,688,497 390,841 3,486 Crest Gauges; Continuous Recorder Static sampler; grab sample Monthly; Event Based Event Based Event Based 



UPC-80 Stream Pearson Creek 2,682,390 404,429 3,555 Crest Gauges; Continuous Recorder Sediment sampler; Static sampler; 
grab sample Monthly; Event Based Event Based Event Based 



USC-75 Stream Spring Creek 2,680,330 413,455 3,585 Crest Gauges; Continuous Recorder Sediment sampler; Static sampler; 
grab sample Monthly; Event Based Event Based Event Based 
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Site ID Site 
Type Drainage 



Easting  
(NAD 27 
St. Pl. ft) 



Northing  
(NAD 27 
St. Pl. ft) 



Elevation 
(ft amsl) 



Instrumentation Measurement Frequency 



Water Depth/Flow Water Quality Sampling Water Depth/Flow Water Quality Sampling Field Parameters 



Upper 
Pearson 
Creek Flood 
Control 
Pond 



Pond Pearson Creek 2,686,578 403,484 3,510 Staff Gauge Grab sample Quarterly Annual Annual 



UCC-75 Stream Coal Creek 2,706,514 388,996 3,542 Crest Gauges Sediment sampler; Static sampler; 
grab sample Monthly; Event Based Event Based Event Based 



UMC-97 Stream Middle Creek 2,713,330 391,600 3,585 Crest Gauges; Continuous Recorder Sediment sampler; Static sampler; 
grab sample Monthly; Event Based Event Based Event Based 



MCD-80 Stream Middle Creek 2,712,400 396,800 3,545 Crest Gauges Sediment sampler; Static sampler; 
grab sample Monthly; Event Based Event Based Event Based 
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Table 6-4: Groundwater Monitoring Wells 



ID 
NORTHING 
(NAD83 ft) 



EASTING 
(NAD83 ft) Latitude Longitude 



GRND_ELEV 
(ft) 



WELL_DEPTH 
(ft) AQUIFER 



TOP_SCREEN 
(ft BLS) 



BOT_SCREEN 
(ft BLS) TWP RGE SEC WL_SCHEDULE WQ_SCHEDULE INSTALLED 



210780 406027 2680163 45.082913 -106.86699 3,699.90 227 Anderson-Dietz 210 227 8S 40E 32 Semi-Annually Semi-Annually 10/2/1980 
401W 416235 2659272 45.112748 -106.94656 3,864.80   Alluvium     8S 39E 22 Quarterly   7/29/1977 
402W 416018 2658692 45.112205 -106.94884 3,897.30 320 Canyon 314 320 8S 39E 22 Quarterly   7/30/1977 
403WA 414033 2658716 45.106763 -106.94899 4,174.80 525 Anderson-Dietz 485 525 8S 39E 27 Quarterly Semi-Annually 10/6/2002 
404WA 409308 2667270 45.093057 -106.91646 3,854.40 320 Anderson-Dietz 280 320 8S 39E 35 Quarterly Semi-Annually 10/21/2002 
405W 408682 2673757 45.090765 -106.89144 3,780.70 295 Anderson-Dietz 275 295 8S 39E 36 Quarterly Semi-Annually 7/22/1977 
406W 408610 2673747 45.090568 -106.89149 3,783.80 418 Canyon 408 418 8S 39E 36 Quarterly Semi-Annually 7/21/1977 
504AQW 413576 2678616 45.103746 -106.87201 3,659.60 170.5 Anderson-Dietz 110.5 170.5 8S 40E 30 Quarterly Semi-Annually 10/2/1978 
506AQW 413571 2678199 45.103770 -106.87363 3,680.10 120 Overburden/Burn 60 120 8S 40E 30 Quarterly   10/3/1978 
507AQW 412636 2680501 45.101001 -106.86483 3,630.40 156 Anderson-Dietz 96 156 8S 40E 29 Quarterly Quarterly 8/1/2010 
508AQW 410968 2679890 45.096483 -106.86741 3,632.09 170 Anderson-Dietz 149.7 169.7 8S 40E 29 Quarterly Quarterly 9/4/2013 
509AQW 411631 2682020 45.098106 -106.85908 3,613.49 136.1 Anderson-Dietz 115.8 135.8 8S 40E 29 Quarterly Quarterly 6/7/2013 
79105WAO 417368 2673277 45.114621 -106.89220 3,686.70 18 Alluvium 9 18 8S 39E 24 Biennially   6/22/1979 
79106WAO 415970 2675591 45.110580 -106.88342 3,650.00 9 Alluvium 4 9 8S 40E 30 Biennially   6/19/1979 
80106WAO 410367 2677412 45.095057 -106.87708 3,597.20 18.4 Alluvium 8 20 8S 40E 31 Biennially   5/17/1980 
80111WAO 412975 2681492 45.101841 -106.86095 3,580.24 8 Alluvium 3.6 8 8S 39E 29 Semi-Annually   9/7/1980 
80112WOB 412874 2681460 45.101565 -106.86109 3,580.00 67.1 Alluvium 47.1 67.1 8S 40E 29 Quarterly   9/7/1980 
81-115-IBW 414669 2676985 45.106889 -106.87819 3,640.82 250 Interburden 190 250 8S 40E 30 Quarterly Semi-Annually 11/1/1981 
AD-14 402091 2678445 45.072276 -106.87413 3,766.20 333 Anderson-Dietz 278 333 9S 40E 6 Quarterly Semi-Annually 11/1/2006 
AD-15 424787 2673813 45.134910 -106.88919 3,888.88 257 Anderson-Dietz 237 257 8S 39E 13 Quarterly Quarterly 4/25/2013 
AD-16 406177 2667670 45.084437 -106.91531 4,016.90 504 Anderson-Dietz 464 504 8S 39E 35 Quarterly Quarterly 8/27/2013 
AD-17 403892 2673224 45.077682 -106.89410 3,759.32 280 Anderson-Dietz 240 280 9S 39E 1 Quarterly Quarterly 8/26/2013 
AD-4 424740 2669759 45.135142 -106.90489 4,081.20 454 Anderson-Dietz 374 454 8S 39E 13 Quarterly Semi-Annually 7/1/1998 
AD-6 420060 2659739 45.123195 -106.94428 4,140.94 510 Anderson-Dietz 429 510 8S 39E 22 Quarterly Semi-Annually 7/22/1998 
AD-7 418672 2663395 45.119070 -106.93030 4,076.20 545.5 Anderson-Dietz 464.5 545.5 8S 39E 22 Quarterly Semi-Annually 7/15/1998 
AD-9 409876 2678764 45.093590 -106.87191 3,587.80 111 Anderson-Dietz 98 111 8S 39E 31 Quarterly Semi-Annually 5/13/2003 
CL-2 423539 2659901 45.132718 -106.94323 3,897.58 93.5 Clinker 47.5 93.5 8S 39E 15 Annually Annually 8/15/1998 
CL-3 425580 2661170 45.138202 -106.93806 3,897.23 158 Clinker 112.2 158 8S 39E 15 Quarterly Annually 7/31/1998 
CL-4 423464 2661010 45.132415 -106.93894 3,871.70 150 Clinker 110 150 8S 39E 15 Quarterly Semi-Annually 1/20/2006 
CL-5 424598 2663122 45.135340 -106.93062 3,840.70 108.5 Clinker 68.5 108.5 8S 39E 15 Quarterly Semi-Annually 9/22/2006 
CN-1A 424065 2662223 45.133957 -106.93417 3,829.70 229 Canyon 209 229 8S 39E 15 Quarterly Semi-Annually 5/19/2003 
CN-5 414775 2676474 45.107226 -106.88015 3,658.09 297.4 Canyon 277.4 297.4 8S 40E 30 Monthly Quarterly 10/21/2014 
CN-6 416341 2665646 45.112481 -106.92187 3,775.87 237.3 Canyon 217.3 237.3 8S 39E 23 Monthly Quarterly 11/3/2014 
CN-7 412874 2674598 45.102181 -106.88765 3,657.96 285.7 Canyon 265.7 285.7 8S 40E 30 Monthly Quarterly 10/24/2014 
OB-3 424611 2669479 45.134814 -106.90599 4,083.18 358 Overburden 258 358 8S 39E 13 Quarterly   7/7/1998 
OB-4 419913 2659861 45.122780 -106.94383 4,137.58 410 Overburden 310 410 8S 39E 22 Quarterly Annually 7/21/1998 
OB-8 401180 2676549 45.069949 -106.88158 3,852.60 290 Overburden 250 290 9S 40E 6 Quarterly Annually 10/31/2006 
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ID 
NORTHING 
(NAD83 ft) 



EASTING 
(NAD83 ft) Latitude Longitude 



GRND_ELEV 
(ft) 



WELL_DEPTH 
(ft) AQUIFER 



TOP_SCREEN 
(ft BLS) 



BOT_SCREEN 
(ft BLS) TWP RGE SEC WL_SCHEDULE WQ_SCHEDULE INSTALLED 



OB-9 404744 2677943 45.079594 -106.87574 3,634.90 47 Overburden 27 47 9S 40E 6 Quarterly   10/31/2006 
OB-10 399990 2654854 45.06852 -106.96356 4,133.2 88.5 Overburden 68.5 88.5 9S 39E 4 Quarterly Semi-Annually 8/27/2014 
PWA-102       Alluvium      Quarterly Semi-Annually  
SCAL-7 424667 2661436 45.135676 -106.93714 3,838.07 18 Alluvium 13 18 8S 39E 15 Quarterly Semi-Annually 9/21/1994 
SP-1 414776 2676497 45.107225 -106.88006 3,658.42 152 Spoil 92 152 8S 40E 30 Quarterly Semi-Annually 8/10/1998 
SP-2 417043 2661882 45.114737 -106.93636 3,858.72 148 Spoil 88 148 8S 39E 22 Quarterly Semi-Annually 8/10/1998 
SP-3 413345 2667191 45.104132 -106.91626 3,750.70 171 Spoil 140 171 8S 39E 8 Quarterly Semi-Annually 10/18/2001 
SP-4 418540 2669698 45.118151 -106.90591 3,733.40 108 Spoil 88 108 8S 39E 24 Quarterly Semi-Annually 1/20/2006 
SP-5 416374 2666270 45.112516 -106.91945 3,779.84 132.6 Spoil 112.6 132.6 8S 39E 23 Quarterly Semi-Annually 8/1/2010 
SP-6 416472 2671998 45.112277 -106.89727 3,711.15 147.2 Spoil 107.2 147.2 8S 39E 24 Quarterly Semi-Annually 8/1/2010 
SP-7 412884 2674589 45.102211 -106.88769 3,658.02 144 Spoil 104 144 8S 40E 30 Quarterly Semi-Annually 8/1/2010 
SP-8 414148 2670191 45.106066 -106.90455 3,729.15 180.4 Spoil 160 180 8S 39E 25 Quarterly Quarterly 6/4/2013 
UB-2 424527 2669642 45.134567 -106.90538 4,076.05 531 Underburden 460 531 8S 39E 13 Quarterly Semi-Annually 7/27/1998 
WD350WD 409856 2678837 45.093529 -106.87163 3,582.90 66 Anderson-Dietz 42 66 8S 40E 31 Biennially   11/20/1975 
AD-18 409487 2679514     3,575.15 94.2 Anderson-Dietz 74.2 94.2 8S 40E 31     9/24/2015 
CBM02-3DC       Anderson-Dietz      Quarterly Semi-Annually  
CBM02-3CC       Canyon Coal      Quarterly Semi-Annually  
CL-6 421668 2672674     3,879.82 248.5 Clinker 208.5 248.5 8S 39E 13 Quarterly Semi-Annually 9/15/2015 
CL-7 408380 2676495     3,749.5 254.1 Clinker 234.1 254.1 8S 40E 31 Quarterly Semi-Annually 9/24/2015 
CL-8 417280 2676898     3,718.9 195.3 Clinker 175.3 195.3 8S 40E 19 Quarterly Semi-Annually 9/15/2015 
DCAL-1     45.85802 -106.96448 3,882.7 11 Alluvium 6.5 11 9S 39E 9 Quarterly Semi-Annually 11/30/2015 
DCAL-2     45.05061 -106.94315 3,755.8 10 Alluvium 8 10 9S 39E 15 Quarterly Semi-Annually   
LYCMT-21-08         3,790.75 43.6 Alluvium 24.6 43.6 10S 38E 1 Quarterly Semi-Annually 12/4/2015 
SQCAL-1   45.07886 -106.96359  19 Alluvium 12 19 9S 39E 4 Quarterly Semi-Annually  
SQCAL-4   45.06269 -106.93996  34 Alluvium 19 34 9S 39E 10 Quarterly Semi-Annually  
YCMT-23-08     3,669.17 41.8 Alluvium 21.8 41.8 9S 39E 33 Quarterly Semi-Annually  
YCMT-27   45.01432 -106.97590  57 Alluvium 37 57 9S 39E 29 Quarterly Semi-Annually  
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Table 7-1: Comparison of Flood-Frequency Estimates for the Spring Creek and Decker Mines Area 
All flows are in cfs 
Peak flows are calculated from a Log Pearson Type 3 fitted curve.  Shaded rows indicate stations which have a significantly mine-impacted basin 
upstream of the station during data collection.  
* From Sando et al., 2016a. Accessed via USGS StreamStats webservice (https://water.usgs.gov/osw/streamstats/montana.html). 
**For ungaged drainage basins, the 90% prediction interval of peak flows is calculated using the USGS method of estimation given in Sando et al, 
2016b. Note that these estimates are based only on basin and climate characteristics. Accessed via USGS StreamStats webservice 
(https://water.usgs.gov/osw/streamstats/montana.html). 



 Return Period (years) 



Drainage USGS 
Number 



Basin Size 
(sq. mi.) 



Years of 
Record 2 5 10 25 50 100 



Spring Creek at CB-
2  7.9 20 1.2 8.1 31 165 573 1,955 



Spring Creek at 
USC-75  21.7 39 2.6 18 48 154 344 740 



Spring Creek at 
Confluence with 
South Fork* 



06306900 37.2 29 70 262 531 1,150 1,910 3,030 



Spring Creek at 
Confluence with 
Tongue River 
Reservoir** 



 38  139 369 596 968 1,310 1,700 



Pearson Creek at 
UPC-80  7.1 36 4.6 30 91 350 922 2,361 



Pearson Creek at 
Confluence with 
Tongue River 
Reservoir** 



 9.8  88.5 254 429 735 1,030 1,380 



Tongue River at 
Tongue River Dam, 
regulated* 



06307500 1,770 73 2,310 3,580 4,540 5,900 7,020 8,230 



Tongue River near 
Decker, MT* 06306300 1,451 51 3,160 5,060 6,330 7,880 9,000 10,100 
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Table 7-2: Baseline Water Quality Summary Statistics: Tributary Streams 
All units are in mg/L unless otherwise specified. 
The min, max, and median are calculated from detected values only. 



Parameter # of 
Sites 



# of 
Samples 



# of Non-
Detects Min - Max  Median 



Alkalinity, total 16 148 0 1.5 - 2700 79 
Aluminum, Dissolved 12 90 16 0.02 - 2.25 0.2 
Aluminum, Total 13 110 4 0.1 - 523 1.4 
Nitrogen, Ammonia 10 52 10 0.02 - 3.6 0.2 
Arsenic, Dissolved 12 55 35 0.000397 - 0.042 0.000823 
Arsenic, Total 13 69 47 0.000654 - 0.064 0.00143 
Bicarbonate 16 149 0 1.5 - 2470 99 
Boron, Dissolved 16 124 10 0.01 - 0.61 0.07 
Boron, Total 8 34 0 0.0166 - 0.59 0.05 
Cadmium, Dissolved 11 51 47 0.000112 - 0.002 0.001057 
Cadmium, Total 13 77 62 0.000108 - 0.094 0.0031 
Calcium 17 149 0 0.1 - 340 26 
Carbonate 10 70 35 5 - 80 12 
Chloride 16 141 10 0.4 - 24 3 
Chromium, Dissolved 3 7 3 0.02 - 0.602 0.025 
Chromium, Total 4 20 3 0.02 - 0.68 0.1 
Copper, Dissolved 13 75 34 0.000424 - 1.56 0.01 
Copper, Total 13 99 39 0.00122 - 2.81 0.04 
Fluoride 16 134 19 0.04 - 7.9 0.27 
Hardness, Total 17 150 0 0.47 - 2441.87 104.23 
Nitrogen, Nitrate and 
Nitrite 13 110 10 0.01 - 4.8 0.3 
Iron, Dissolved 13 110 4 0.0111 - 2.08 0.156 
Iron, Total 13 113 1 0.06 - 531 1.835 
Lead, Dissolved 11 51 42 0.0000602 - 0.02 0.000265 
Lead, Total 13 84 48 0.000112 - 1.35 0.025 
Magnesium 17 149 0 0.1 - 387 8.4 
Manganese, Dissolved 14 98 40 0.000588 - 1.1 0.039 
Manganese, Total 13 108 14 0.00611 - 77.1 0.09 
Mercury, Dissolved 14 61 54 0.0003 - 0.001 0.0006 
Mercury, Total 13 55 54 0.001 - 0.001 0.001 
Molybdenum, Dissolved 8 38 36 0.02 - 0.02 0.02 
Molybdenum, Total 12 52 52   
Nickel, Dissolved 12 76 49 0.000751 - 0.02 0.01 
Nickel, Total 13 71 45 0.000729 - 0.572 0.01 
Nitrogen, Nitrate 9 57 1 0.04 - 13 1.29 
Nitrogen, Total 5 13 0 1.23 - 5.6 2.2 
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Parameter # of 
Sites 



# of 
Samples 



# of Non-
Detects Min - Max  Median 



Orthophosphate 16 107 28 0.01 - 4.23 0.2 
pH (s.u.) 17 157 0 5.74 - 15.1 7.8 
Phosphorus, Phosphate 7 48 0 0.0337 - 17.1 0.475 
Phosphorus, Total 4 7 0 0.332 - 10.7 0.52 
Potassium 16 149 0 0.9 - 53.9 9.3 
Selenium, Dissolved 15 58 44 0.000331 - 0.011 0.0035 
Selenium, Total 13 71 64 0.000616 - 0.066 0.008 
Sodium 17 151 3 0.3 - 470 7.15 
SAR (unitless) 17 148 0 0.02 - 15 0.260844 
Specific Conductance 
(µS/cm) 17 153 0 58 - 4970 261 
Sulfate 16 146 0 1.4 - 3445 45.8 
Total Dissolved Solids 13 139 0 60 - 3350 194 
Total Suspended Solids 17 208 3 1 - 236000 156 
Turbidity (ntu) 14 124 0 0.527 - 278000 48.2 
Vanadium, Dissolved 11 46 34 0.000442 - 0.00204 0.001019 
Vanadium, Total 13 84 48 0.00096 - 0.72 0.06 
Zinc, Dissolved 13 83 50 0.00141 - 0.12 0.01 
Zinc, Total 13 104 25 0.00204 - 6.09 0.03 
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Table 7.3: Baseline Water Quality Summary Statistics: South Fork Spring Creek and Pearson Creek 
Flood Control Reservoirs 
All units are in mg/L unless otherwise specified. 
The min, max, and median are calculated from detected values only. 



Parameter # of 
Sites 



# of 
Samples 



# of Non-
Detects Min - Max  Median 



Alkalinity, total 2 33 0 14 - 479 108 
Aluminum, Dissolved 2 33 25 0.0143 - 0.5 0.241 
Aluminum, Total 2 33 7 0.0769 - 16.7 0.3 
Nitrogen, Ammonia 2 9 4 0.0958 - 1.88 0.265 
Arsenic, Dissolved 2 25 20 0.000543 - 0.0117 0.000785 
Arsenic, Total 1 30 24 0.000869 - 0.0247 0.00105 
Bicarbonate 2 33 0 7.61 - 584 131 
Boron, Dissolved 2 33 1 0.02 - 0.17 0.085 
Boron, Total 1 14 0 0.0301 - 0.23 0.102 
Cadmium, Dissolved 2 25 24 0.00031 - 0.00031 0.00031 
Cadmium, Total 2 33 31 0.000215 - 0.00077 0.000493 
Calcium 2 32 0 3 - 547 50.85 
Carbonate 2 29 17 0.3 - 38.4 10 
Chloride 2 33 2 1 - 37.3 7 
Chromium, Dissolved 1 3 3   
Chromium, Total 1 3 2 0.02 - 0.02 0.02 
Copper, Dissolved 2 25 21 0.000157 - 0.0018 0.000714 
Copper, Total 2 33 24 0.000496 - 0.0633 0.01 
Fluoride 2 33 4 0.0916 - 0.81 0.3 
Hardness, Total 2 33 0 2 - 4140 426 
Nitrogen, Nitrate and 
Nitrite 2 33 15 0.02 - 11.4 0.13 
Iron, Dissolved 2 32 18 0.00177 - 0.39 0.135 
Iron, Total 2 33 1 0.08 - 66.8 0.5 
Lead, Dissolved 2 25 24 0.0000903 - 0.0000903 0.0000903 
Lead, Total 2 33 28 0.000274 - 0.0369 0.0004 
Magnesium 2 33 0 1 - 675 57 
Manganese, 
Dissolved 2 33 13 0.00696 - 1.3 0.05185 
Manganese, Total 2 33 6 0.0169 - 3.76 0.1 
Mercury, Dissolved 2 27 27   
Mercury, Total 2 27 27   
Molybdenum, 
Dissolved 2 20 20   
Molybdenum, Total 1 23 23   
Nickel, Dissolved 2 33 27 0.00112 - 0.01 0.00313 
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Parameter # of 
Sites 



# of 
Samples 



# of Non-
Detects Min - Max  Median 



Nickel, Total 1 29 23 0.0011 - 0.0635 0.006 
Nitrogen, Nitrate 1 3 2 1.39 - 1.39 1.39 
Nitrogen, Total 1 6 1 0.2 - 6.78 0.945 
Orthophosphate 2 27 26 0.1 - 0.1 0.1 
pH (s.u.) 2 33 0 6.6 - 9.2 8.2 
Phosphorus, 
Phosphate 2 6 0 0.03 - 0.8 0.292 
Phosphorus, Total 1 3 0 0.0161 - 2.77 0.0512 
Potassium 2 33 0 1.8 - 42.3 11 
Selenium, Dissolved 2 25 18 0.000586 - 0.014 0.001 
Selenium, Total 2 33 24 0.000811 - 0.015 0.007 
Sodium 2 33 1 2 - 434 71.8 
SAR (unitless) 2 33 2 0.1 - 3.4 1 
Specific Conductance 
(µS/cm) 2 33 0 117 - 6260 1550 
Sulfate 2 33 0 8 - 4820 595 
Total Dissolved Solids 2 33 0 110 - 7350 1240 
Total Suspended 
Solids 2 33 4 5 - 4060 18 
Turbidity (ntu) 2 32 0 1 - 6450 14.15 
Vanadium, Dissolved 2 25 21 0.000257 - 0.0063 0.000902 
Vanadium, Total 2 33 30 0.000468 - 0.0959 0.04 
Zinc, Dissolved 2 33 33   
Zinc, Total 2 33 25 0.00494 - 0.239 0.015 
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Table 7-4: Baseline Water Quality Summary Statistics: Rainy Spring 
All units are in mg/L unless otherwise specified. 



Parameter # of Non-Detects Value 
Alkalinity, Total 0 485 
Aluminum, Dissolved 1  
Aluminum, Total 0 0.1 
Arsenic, Total 1  
Bicarbonate 0 591 
Boron, Dissolved 0 0.11 
Boron, Total 0 0.13 
Cadmium, Total 1  
Calcium 0 161 
Carbonate 1  
Chloride 0 10 
Copper, Total 1  
Fluoride 0 0.4 
Hardness, Total 0 1120 
Nitrogen, Nitrate and Nitrite 0 0.32 
Iron, Dissolved 1  
Iron, Total 0 0.4 
Lead, Total 1  
Magnesium 0 175 
Manganese, Dissolved 0 0.64 
Manganese, Total 0 0.66 
Mercury, Dissolved 1  
Mercury, Total 1  
Molybdenum, Total 1  
Nickel, Dissolved 1  
Nickel, Total 1  
Orthophosphate 1  
pH (s.u.) 0 8.1 
Potassium 0 10 
Selenium, Total 1  
Sodium 0 118 
SAR (unitless) 0 1.5 
Specific Conductance (µS/cm) 0 2,020 
Sulfate 0 889 
Total Dissolved Solids 0 1,743 
Total Suspended Solids 0 140 
Turbidity (ntu) 0 69.4 
Vanadium, Total 1  
Zinc, Dissolved 1  
Zinc, Total 1  
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Table 7-5: Selected Aquifer Test Results 



Well Name Aquifer Test Date Test Duration 
(min) Type of Analysis Initial Saturated 



Thickness (ft) 
Transmissivity (sq ft/ 
day) 



Hydraulic 
Conductivity (ft/day) Storage Coefficient Depth To 



Water (ft) 
Spring Creek 
AD-4 Coal (Anderson) 8/10/1998 100 Slug, Bouwer & Rice 18 0.65 0.036   434 
AD-5 Coal (Anderson) 8/11/1998 62 Slug, Bouwer & Rice 38.6 11.04 0.286   268.4 
AD-6 Coal (Anderson) 8/6/1998 76 Slug, Cooper et al. 79 34.4 0.435   415.3 
AD-6 Coal (Anderson) 8/6/1998 64 Slug, Cooper et al. 79 44.4 0.562   415.3 
AD-7 Coal (Anderson) 8/4/1998 83 Slug, Cooper et al. 80 11.6 0.145   391.5 
AD-7 Coal (Anderson) 8/5/1998 82 Slug, Cooper et al. 80 14.5 0.181   391.5 
CN-1 Coal (Canyon) 8/12/1998 60 Slug, Cooper et al. 17 9.4 0.553   124.3 
CN-2 Coal (Canyon) 8/11/1998 10 Slug, Bouwer & Rice 8.1 0.2 0.025   429.9 
OB-4 Overburden 8/7/1998 130 Slug, Bouwer & Rice 36.2 0.38 0.01   377.8 
UB-2 Underburden 8/7/1998 105 Slug, Cooper et al. 21 0.56 0.027   418.9 
Decker 
1082 D-1 Upper   60 Specific Capacity 22.8 23.1 1.013     
1144 D-1 Upper     Bailer Recovery 29 18.75 0.65     
1085 D-1 Upper   30 Specific Capacity 25 23.4 0.94     
2188 D-1 Upper   0.5 Bailer Recovery 33 0.143 0.0075     
2259 D-1 Upper   75 Jacob DD/Rec 19.5 0.74 0.04     
2260 D-1 Upper     Observation Well 22 78.8 3.6     
2116 D-1 Upper   60 Jacob DD/Rec 25 0.125 0.005     
2086 D-1 Upper   78 Bailer Recovery 0.7 0.0625 0.088     
1081 D-1 Lower   30 Specific Capacity 15 14 0.94     
1180 D-1 Lower   210 Variable DD/Rec 15 121.5 8.14 6.00E-05   
2184 D-1 Lower   120 Jacob Recovery 18 12.04 0.68     
2729 D-1 Lower   660 Jacob DD/Rec 20 601.7 30.09     
2127 D-1 Lower     Observation Well 20 440.26 22.01 9.00E-04   
1168 D-2   246 Variable DD/Rec 14.2 252.5 17.78     
1080 D-2   15 Specific Capacity 10 4.63 0.46     
1179 D-2   144 Specific Capacity 20 9.38 0.48     
2118 D-2   5 Jacob Recovery 14 0.35 0.03     
2125 D-2   720 Jacob DD/Rec   19.85       
2728 D-2     Observation Well 16 22.43 1.4 4.10E-05   
2117 D-3   60 Jacob Recovery 17 35.88 2.11     
2109 Spoil   240 Jacob DD/Rec   375.75       
2108 Spoil     Observation Well   338   3.40E-05   
DS-5B Spoil     Bailer Recovery   0.186 0.003     
DS-3 Spoil     Bailer Recovery   75.33 3.23     
DS-4 Spoil     Bailer Recovery   0.186 0.024     
DS-1A Spoil     Constant Discharge   115.2 7.77     
DS-1B Spoil     Constant Discharge   71.53 4.82     
DS-2B Spoil     Bailer Recovery   0.028 0.006     
MBMG (Van Voast et al., 1978) 
WR-21 Anderson     Single Well Pump   58.13 1.25     
WRN-09 Canyon     Single Well Pump   59.2 2.95     
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Well Name Aquifer Test Date Test Duration 
(min) Type of Analysis Initial Saturated 



Thickness (ft) 
Transmissivity (sq ft/ 
day) 



Hydraulic 
Conductivity (ft/day) Storage Coefficient Depth To 



Water (ft) 
WR-36 Anderson     Specific Capacity   51.97 1.05     
WR-37 Anderson     Specific Capacity   11.84 0.49     
WR-24 Canyon     Single Well Pump   48.44 3.25     
WR-33 Anderson/Clinker     Specific Capacity   3,336.84 47.56     
WR-40 Overburden     Single Well Pump   9.69 0.2     
WR-27 Anderson     Single Well Pump   17.22 0.23     
WRN-10 D-2     Single Well Pump   65.66 4.36     
WRN-15 D-2     Single Well Pump   21.31 1.54     
DS-05A D-2     Single Well Pump   137.78 7.22     
WRN-17 D-2     Single Well Pump   441.32 29.39     
WRE-05 D-2     Single Well Pump   279.86 15.02     
WRE-09 D-2     Single Well Pump   6.46 0.459     
WRE-10 Dietz     Single Well Pump   16.146 1.02     
WRE-11 Anderson     Single Well Pump   25.83 1.05     
WR-06 Anderson     Single Well Pump   127.02 2.69     
WR-07 D-2     Single Well Pump   65.66 4.1     
WRE-12 Anderson     Single Well Pump   41.98 1.61     
WRE-13 Dietz     Single Well Pump   153.93 8.1     
WRE-14 D-2     Single Well Pump   7.53 0.52     
WRE-16 Anderson     Single Well Pump   26.91 0.89     
WRE-17 Smith     Single Well Pump   26.91 1.77     
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Table 7-6: Summary of Groundwater Quality Statistics 
Analyte Statistic All Wells Alluvium Overburden Clinker A/D Coal Interburden Canyon Coal Underburden Spoil 



Specific 
Conductance 
(µS/cm) 



Count 2,181 241 212 73 1,056 193 167 62 177 
Average 2,823 2,298 2,731 1,038 2,836 2,622 2,269 1,856 5,390 
Maximum 10,500 3,500 7,920 3,380 10,050 4,400 7,440 2,390 10,500 
75th Percentile 3,200 2,800 3,280 1,050 3,180 2,930 2,555 2,080 6,120 
Median 2,590 2,480 2,790 937 2,535 2,780 1,600 1,970 5,620 
25th Percentile 1,670 1,620 1,860 830 1,700 2,550 1,530 1,498 4,370 
Minimum 432 432 1,430 468 788 1,360 1,030 1,230 3,160 



pH 
(s.u.) 



Count 2,185 240 213 74 1057 193 166 63 179 
Average 7.37 7.27 7.35 7.32 7 7.65 7.75 8.03 6.86 
Maximum 12.8 8.4 8.89 8 9 9.7 12.8 9.6 8.4 
75th Percentile 7.7 7.5 7.5 7.575 8 7.9 7.975 8.8 7 
Median 7.4 7.3 7.3 7.4 7 7.7 7.715 7.9 6.9 
25th Percentile 7.1 7.1 7.2 7.0325 7 7.4 7.4 7.4 6.7 
Minimum 5.6 6 6.5 6.6 6 6.8 6.8 6.7 6 



Chloride 
(mg/L) 



Count 2,141 241 210 74 1,020 192 164 63 177 
Average 11.88 9.17 9.57 4.58 11 16.90 8.16 4.86 25.90 
Maximum 137 31 29.9 10.7 97 38 137 6.8 127 
75th Percentile 14 11 11 5.475 13 21.925 8 5.25 30.8 
Median 9.3 9.8 9 4.315 9 16.9 3.9 5 18 
25th Percentile 5 6.9 7.2 3 5 10.5 3 4.3 14.2 
Minimum 0.6 1.6 2.2 2 2 0.6 2 2.05 10 



Sulfate 
(mg/L) 



Count 2,157 239 212 74 1,054 193 143 64 178 
Average 886 1,044 712 331 852 582 528 592 2,034 
Maximum 6,310 1,860 5,470 1,690 6,310 1,500 2,700 891 3840 
75th Percentile 1,260 1,415 1,170 356.75 1,080 691 362.5 748.25 2,967.5 
Median 570 1,230 582 320 358 630 303 707 1,810 
25th Percentile 212 512 58 156.25 127 549 260.5 259.75 1270 
Minimum 1.5 8.1 10.7 25 3 5.5 1.5 4 788 



Fluoride 
(mg/L) 



Count 2,142 236 211 72 1,038 190 164 59 172 
Average 1.37 0.49 1.25 0.91 1.24 2.85 2.70 1.92 0.59 
Maximum 6.27 2.85 3.78 1.5 5.67 6.27 5 3.6 1 
75th Percentile 1.9 0.57 1.5 1.01 1.7075 3.795 3.1925 2.5 0.7 
Median 1 0.43 0.9 0.9 1.11 2.995 2.8 2.3 0.6 
25th Percentile 0.6 0.35 0.6 0.709 0.66 1.8525 1.6 1.765 0.5 
Minimum 0.08 0.08 0.166 0.459 0.09 0.31 0.189 0.1 0.18 



Iron 
(mg/L) 



Count 1,422 126 82 65 764 126 51 44 164 
Average 2.795 9.964 0.304 3.347 2.756 0.839 0.248 0.901 1.302 
Maximum 267 267 2.14 22.6 75.6 60.8 2.03 3.96 6.9 
75th Percentile 1.158 1.558 0.388 2.920 1.290 0.168 0.202 1.758 1.293 
Median 0.230 0.170 0.210 0.597 0.220 0.108 0.090 0.282 1.015 
25th Percentile 0.100 0.073 0.090 0.312 0.110 0.072 0.060 0.070 0.488 
Minimum 0.001 0.001 0.050 0.006 0.001 0.010 0.016 0.003 0.007 



Lead 
(mg/L) 



Count 176 9 4 6 102 17 20 3 15 
Average 0.0412 0.1578 0.0151 0.0001 0.0364 0.0490 0.0609 0.0003 0.0004 
Maximum 1.1300 1.1300 0.0200 0.0001 0.6400 0.2700 0.7100 0.0007 0.0030 
75th Percentile 0.0300 0.0400 0.0200 0.0001 0.0475 0.0400 0.0550 0.0004 0.0003 
Median 0.0006 0.0300 0.0200 0.0001 0.0007 0.0200 0.0008 0.0002 0.0002 
25th Percentile 0.0001 0.0200 0.0151 0.0001 0.0001 0.0004 0.0002 0.0002 0.0000 
Minimum 0.00001 0.00003 0.00032 0.00005 0.00001 0.00009 0.00007 0.00007 0.00001 



Arsenic 
(mg/L) 



Count 348 13 20 32 191 11 15 7 59 
Average 0.0069 0.0027 0.0110 0.0083 0.0078 0.0074 0.0031 0.0079 0.0036 
Maximum 0.1400 0.0090 0.0330 0.0250 0.1400 0.0510 0.0250 0.0270 0.0120 
75th Percentile 0.0080 0.0050 0.0143 0.0126 0.0082 0.0050 0.0008 0.0138 0.0051 
Median 0.0050 0.0020 0.0075 0.0065 0.0060 0.0050 0.0006 0.0003 0.0036 
25th Percentile 0.0009 0.0004 0.0050 0.0030 0.0013 0.0003 0.0004 0.0002 0.0009 
Minimum 0.00009 0.00020 0.00022 0.00073 0.00009 0.00009 0.00009 0.00021 0.00010 
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Table 8-1: Active Groundwater Rights 
Water Right Owner Type Purpose Priority Diversion GWIC# Depth TWP RGE SEC Q160 Q40 Q10 Rate Volume Acres Notes 
42B 100867 00 Decker Coal Co. Statement of Claim Stock 9/19/1961 Well 8457  9 40 4 NE SE SE 5    
42B 102142 00 MT FWP GW Certificate Recreation 9/8/1997 Well 165080 127 8 40 26 NW SW NW 5 0.82   
42B 183671 00 Arrowhead 1 LLC Statement of Claim Stock 12/31/1930 Well 106177 274 9 40 7 NE SW SW 5    



42B 183676 00 Arrowhead 1 LLC Statement of Claim Stock 12/31/1880 
Spring 
Box 8405  9 39 1 SW NW SW 3   



WQ in 
GWIC 



42B 183680 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1915 Well 194014? 47 9 39 24 SE SW NE 5 1 1  
42B 183682 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1933 Well 8410 300 9 39 14 NW SW NE 5 1   
42B 183683 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1933 Well   9 39 14 NW SW NE 5    
42B 183685 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1931 Well   9 39 14 NE SE NW 6 3   
42B 183687 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1915 Well   9 39 2 SE NE SE 2 1   
42B 183688 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1915 Well   9 39 2 SE NE SE 2    
42B 183692 00 Arrowhead 1 LLC Statement of Claim Stock 4/30/1982 Well   9 39 10 NE SW NW 5    



42B 183693 00 Arrowhead 1 LLC Statement of Claim Stock 12/31/1880 
Spring 
Box   8 39 34 NW SE SW 3    



42B 183694 00 Arrowhead 1 LLC Statement of Claim Domestic 12/31/1915 Well   8 39 27 SW SE SW 3 1   
42B 183695 00 Arrowhead 1 LLC Statement of Claim Stock 12/31/1915 Well   8 39 27 SW SE SW 3    
42B 22812 00 Decker Coal Co. GW Certificate Fishery 5/18/1979 Well   8 40 33 N2 NE SW 99 5   
42B 27269 00 Montaylor Corp. GW Certificate Stock 4/17/1980 Well 193055 162 8 40 22 SW NW  7 0.42   
42B 30047893 Arrowhead 1 LLC GW Certificate Stock 1/11/2010 Well 184354 604 9 40 20 SW SW NW 3.8 1.7   
42B 30050151 Montaylor Corp. GW Certificate Stock 6/28/2010 Well  65 8 40 26 SE NW NW 10 3.4   
42B 30050786 Spring Creek Coal LLC GW Certificate Domestic 11/22/2010 Well 258992 576 8 39 24 SE SE  5 5   
42B 30065412 Spring Creek Coal LLC GW Certificate Industrial 1/25/2013 Well  373.5 8 39 23 NE SE NW 10 9.93   
42B 30066734 Arrowhead 1 LLC GW Certificate Stock 7/12/2013 Well 193123? 848 9 39 13 SW SW NW 2 0.97   
42B 30066846 Arrowhead 1 LLC GW Certificate Stock 7/12/2013 Well 186221 431.5 9 39 14 NE SW SE 8 0.97   
42B 30066849 Arrowhead 1 LLC GW Certificate Stock 7/12/2013 Well 186236? 624 9 39 14 NW NE SE 11 1.45   
42B 30066849 Arrowhead 1 LLC GW Certificate Domestic 7/12/2013 Well  624 9 39 14 NW NE SE 11 1   



42B 31324 00 Spring Creek Coal LLC Provisional Permit Industrial 6/20/1980 Well 



105621, 
105622, 
105623, 
258992 1,700 8 39 24 NW NW  180 288  5 wells 



42B 32384 00 
Spring Creek County 
Water and Sewer District Provisional Permit Municipal 6/11/1980 Well 228388 152 8 40 26 SE NE NW 280 452   



42B 38134 00 Decker Coal Co. GW Certificate Stock 11/25/1981 Well 106212 291 9 40 15 NE SW SW 30 1.5   
42B 38135 00 Decker Coal Co. GW Certificate Mining 11/25/1981 Other   9 40 15 SE NE SE 99 159.61  Sump 
42B 45693 00 Big Horn County GW Certificate Domestic 5/17/1982 Well  260 8 40 26 SW NW NW 15 6   
42B 46392 00 Arrowhead 1 LLC GW Certificate Stock 4/30/1982 Well   9 39 10 NE SW NW 5 3   



42B 54096 00 
Jack Hansen, Vada 
Munson GW Certificate Stock 11/7/1983 Well 106251 80 9 40 22 NW NW SE 10 2.55   



42B 58019 00 MT FWP GW Certificate Commercial 6/3/1985 Well 127038 46 8 40 35 NE NE  25 3   
42B 58056 00 Spring Creek School GW Certificate Domestic 11/1/1984 Well 105627 200 8 40 27 NE NE  15 3   
42B 58056 00 Spring Creek School GW Certificate Lawn and Garden 11/1/1984 Well 105627 200 8 40 27 NE NE  15 5.15 8  
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Water Right Owner Type Purpose Priority Diversion GWIC# Depth TWP RGE SEC Q160 Q40 Q10 Rate Volume Acres Notes 
42B 7097 00 Decker Coal Co. GW Certificate Commercial 12/16/1975 Well 106186 237 9 40 10 SW NE SW 50    



42B 73493 00 Spring Creek Coal LLC Provisional Permit 
Pollution 
Abatement 5/11/1990 Well   8 40 34 NE   200 150   



42B 74728 00 Decker Coal Co. Provisional Permit 
Pollution 
Abatement 6/13/1990 Well 126445 326 9 40 10 SW SW NW 100 160   



42B 94691 00 Arrowhead 1 LLC GW Certificate Stock 7/26/1995 Well 150020 462 9 40 7 SW SW  14 8.5   
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Table 8-2: Active Surface Water Rights Listed with the Montana Department of Natural Resources and Conservation near the Spring Creek and Decker Mines 
The max flow and max volume in the table refer to the maximum amount of water that can be used by the owner at any one time and in total for the year respectively. 



Map 
ID 



Water Right 
Number 



Mine 
or PPL 



ID 
Purpose Priority 



Date Means of Diversion Name Max Flow 
Max 



Vol. (ac-
ft) 



Site Name / Description Anticipated Impact from Mining 



1 42B 137372 00  Stock 1952 Livestock Direct 
From Source 



Montana, State of Board of Land 
Commissioners    Spring Creek None, site upstream of mining disturbance. 



2 42B 183666 00  Stock 1964 Dam Arrowhead I LLC    Unnamed Tributary Of Spring Creek, 
South Fork None, site upstream of mining disturbance. 



3 42B 183704 00  Stock 1880 Spring Box Arrowhead I LLC 5 GPM  Spring, Unnamed Tributary Of Spring 
Creek, South Fork None, site upstream of mining disturbance. 



4 42B 183661 00  Stock 1964 Dam Arrowhead I LLC    Unnamed Tributary Of Spring Creek, 
South Fork None, site upstream of mining disturbance. 



5 42B 183711 00  Stock 1963 Dam Arrowhead I LLC    Spring Creek, South Fork None, site upstream of mining disturbance. 



6 42B 183713 00  Stock 1880 Spring Box Arrowhead I LLC 2 GPM  Spring, Unnamed Tributary Of Spring 
Creek, South Fork None, site upstream of mining disturbance. 



7 42B 183662 00  Stock 1963 Dam Arrowhead I LLC   Unnamed Tributary Of Spring Creek, 
South Fork None, site upstream of mining disturbance. 



8 42B 183712 00  Stock 1963 Dam Arrowhead I LLC    Spring Creek, South Fork None, site upstream of mining disturbance. 



9 42B 73413 00  Stock 1990 Dam USA (Dept of Interior Bureau of Land 
Mgmt)   11.2 Unnamed Tributary Of Unnamed 



Tributary Of South Fork Spring Creek None, site upstream of mining disturbance. 



10 42B 79362 00  Wildlife 1970 Dam USA (Dept of Interior Bureau of Land 
Mgmt)   6.41 Spring Creek, South Fork Water quantity reduced during mining due to 



upstream sediment ponds. 



11 42B 79363 00  Stock 1970 Dam USA (Dept of Interior Bureau of Land 
Mgmt)   0.79 Spring Creek, South Fork Water quantity reduced during mining due to 



upstream sediment ponds. 



12 42B 73414 00  Stock 1990 Pump USA (Dept of Interior Bureau of Land 
Mgmt)   9.8 Unnamed Tributary Of Unnamed 



Tributary Of South Fork Spring Creek 
Water quantity reduced during mining due to 
upstream sediment ponds. 



13 42B 189055 00  Stock 1928 Dam Spring Creek Coal LLC    Unnamed Tributary Of Spring Creek 
Water quantity reduced during mining due to 
upstream sediment ponds. Potential for some 
reduction in quantity from postmine topography. 



14 42B 183674 00  Stock 1951 Dam Arrowhead I LLC    Unnamed Tributary Of Pearson Creek None, site upstream of mining disturbance. 



15 42B 183676 00  Stock 1880 Spring Box Arrowhead I LLC 3 GPM  Spring, Unnamed Tributary Of 
Pearson Creek None, site upstream of mining disturbance. 



16 42B 183675 00  Stock 1962 Dam Arrowhead I LLC    Unnamed Tributary Of Pearson Creek None, site upstream of mining disturbance. 



17 42B 35061 00  Stock 1971 Dam Montana, State of Board of Land 
Commissioners    Pearson Creek 



Water quantity reduced during mining due to 
upstream sediment ponds. Potential for some 
reduction in quantity from postmine topography. 



18 42B 183673 00  Stock 1964 Dam Arrowhead I LLC    Pond Creek None, site upstream of mining disturbance. 



19 42B 30017760  Fishery 1978 Instream Montana, State of Dept Of Fish Wildlife & 
Parks 1,350 CFS 244,799 Tongue River None, fed by large watershed and upstream of mining 



disturbance. 



20 42B 30017760  Fishery 1978 Instream Montana, State of Dept Of Fish Wildlife & 
Parks 1,350 CFS 244,799 Tongue River None, fed by large watershed. 



21 42B 9637 00  Fish And Wildlife 1976 Pump Montana, State of Dept Of Fish Wildlife & 
Parks 0.89 CFS 240 Unnamed Tributary Of Tongue River 



Water quantity reduced during mining due to 
upstream sediment ponds. Potential for some 
reduction in quantity from postmine topography. 
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Map 
ID 



Water Right 
Number 



Mine 
or PPL 



ID 
Purpose Priority 



Date Means of Diversion Name Max Flow 
Max 



Vol. (ac-
ft) 



Site Name / Description Anticipated Impact from Mining 



22 42B 79372 00  Wildlife 1967 Dam USA (Dept of Interior Bureau of Land 
Mgmt)   1.01 Pearson Creek 



Water quantity reduced during mining due to 
upstream sediment ponds. Potential for some 
reduction in quantity from postmine topography. 



23 42B 79373 00  Stock 1967 Dam USA (Dept of Interior Bureau of Land 
Mgmt)   0.79 Pearson Creek 



Water quantity reduced during mining due to 
upstream sediment ponds. Potential for some 
reduction in quantity from postmine topography. 



24 42B 30065135  Industrial 2012 Pump Spring Creek Coal LLC 2 CFS 684 Unnamed Tributary Of Tongue River 
Water quantity reduced during mining due to 
upstream sediment ponds. Potential for some 
reduction in quantity from postmine topography. 



25 42B 20059 00  Commercial 1978 Pump Spring Creek Coal LLC 3,590 GPM 750 Tongue River None, fed by large watershed. 



26 42B 30017760  Fishery 1978 Instream Montana, State Of Dept of Fish Wildlife & 
Parks 1,350 CFS 244,799 Tongue River None, fed by large watershed. 



27 42B 30065135  Industrial 2012 Pump Spring Creek Coal LLC 2 CFS 684 Tongue River None, fed by large watershed. 
28 42B 20059 00  Commercial 1978 Pump Spring Creek Coal LLC 3,590 GPM 750 Tongue River None, fed by large watershed. 



29 42B 137358 00  Stock 1938 Livestock Direct 
From Source 



Montana, State of Board of Land 
Commissioners    Tongue River (Tongue River 



Reservoir) None, fed by large watershed. 



30 42B 137357 00  Stock 1938 Livestock Direct 
From Source 



Montana, State of Board of Land 
Commissioners    Tongue River (Tongue River 



Reservoir) None, fed by large watershed. 



31 42B 137359 00  Stock 1938 Livestock Direct 
From Source 



Montana, State of Board of Land 
Commissioners    Tongue River (Tongue River 



Reservoir) None, fed by large watershed. 



32 42B 137359 00  Stock 1938 Livestock Direct 
From Source 



Montana, State of Board of Land 
Commissioners    Tongue River (Tongue River 



Reservoir) None, fed by large watershed. 



33 42B 119320 00  Multiple 
Domestic 1965 Pump Montana, State Of Dept of Natural 



Resources 35 GPM 9 Tongue River None, fed by large watershed. 



34 42B 119320 00  Multiple 
Domestic 1965 Pump Montana, State Of Dept of Natural 



Resources 35 GPM 9 Tongue River None, fed by large watershed. 



35 42C 30017759  Fishery 1978 Instream Montana, State Of Dept of Fish Wildlife & 
Parks 75 CFS 54,289 Tongue River None, fed by large watershed. 



36 42B 30103197  Stock 2015 Dam Rancholme Cattle Ltd   10.08 Coal Creek None, site upstream of mining disturbance. 
37 42B 30103195  Stock 2015 Dam Rancholme Cattle Ltd   13.2 Coal Creek None, site upstream of mining disturbance. 
38 42B 30103196  Stock 2015 Dam Rancholme Cattle Ltd   14.58 Coal Creek None, site upstream of mining disturbance. 
39 42B 30103198  Stock 2015 Dam Rancholme Cattle Ltd   13.2 Coal Creek None, site upstream of mining disturbance. 
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Table 9-1: Alluvial Valley Floor (AVF) Determinations within the TR1 CIA 
AVF Investigation Decision Date Mine Location Decision Y/N 



Spring Creek and Pearson 
Creek (MDSL 1979) 



November 
1979 



Decker 
Coal 
Mine 



North Decker, western permit 
boundary to confluence with Tongue 
River Reservoir  



N: Insufficient water for subirrigated or flood 
irrigated agricultural activities. (Insufficient water 
to support agriculture.) 



Spring Creek 
(MDSL 1980) 



1980 Spring 
Creek 
Coal 
Mine 



Within Spring Creek Permit Area N: Insufficient water for subirrigated or flood 
irrigated agricultural activities. 



South Fork Spring Creek 
(MDSL 1981) 



February 1981 Spring 
Creek 
Coal 
Mine 



Portion within and adjacent to Spring 
Creek Mine Plan 



Y: Yes; insignificant. Reassessed in later AVF 
decision. 



South Fork Spring Creek 
(MDSL 1989) 



May 1989 Spring 
Creek 
Coal 
Mine 



Portion within and adjacent to Spring 
Creek Mine Plan 



Y: Yes, insignificant. 1981 determination 
confirmed. 



Spring Creek and North 
Fork of Spring Creek 
(MDEQ 2001) 



November 
2001 



Spring 
Creek 
Coal 
Mine 



Carbone Amendment Area N: Insufficient water for subirrigated or flood 
irrigated agricultural activities. (Insufficient water 
to support agriculture.) 
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Table 9-2: Description of MPDES Discharge Points at the Spring Creek Mine (Outfalls) 



Outfall Latitude Longitude Description Receiving 
Water 



Receiving Water 
Classification 



001 45°06’02”N 106°51’47”W Discharge from Pond 1 primary spillway; treated stormwater 
and/or pit dewatering water 



Unnamed 
ephemeral 
tributary to 
Spring Creek 



C-3 



002 45°06’32”N 106°52’21”W Discharge from Pond 2 outlet structure; treated commingled 
coal plant wash down water and stormwater runoff 



Unnamed 
ephemeral 
tributary to 
Spring Creek 



C-3 



017 45°05’33”N 106°52’59”W Discharge from Pond 72 spillway; treated stormwater runoff 
and/or pit dewatering water 



Unnamed 
ephemeral 
tributary to 
South Fork 



Spring Creek 



C-3 
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Table 9-3: Description of MPDES Discharge Points at the Decker Mine (Outfalls) 



Outfall Latitude Longitude Description Receiving 
Water 



Receiving Water 
Classification 



WD 001 45°2’45”N 106°48’50”W Intermittent discharge from Pond #4; treated pit water 
commingled with storm water runoff 



Tongue River 
Reservoir B-2 



ED 002 45°3’7”N 106°47’29”W Continuous discharge from Pond R-1; mine drainage Tongue River 
Reservoir B-2 



WD 005 45°3’8”N 106°48’52”W Intermittent discharge from Pond #1; treated runoff from 
facilities coal processing and load out areas 



Tongue River 
Reservoir B-2 



WD 007 45°4’40”N 106°48’54”W Continuous discharge from Pond #24; treated pit water 
commingled with storm water runoff 



Tongue River 
Reservoir B-2 



WD 008 45°4’4”N 106°49’16”W Intermittent discharge from Pond #25; treated runoff from 
stockpiled spoil Pearson Creek C-3 



WD 010 45°4’15.5”N 106°48’53.6”W Intermittent discharge from Pond #26; treated runoff from 
stockpiled spoil and commingled storm water runoff Pearson Creek C-3 
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Table 9-4: Summary of 303-d List Impairments on the Tongue River and Reservoir Downstream of the Spring Creek and Decker Mines (MDEQ 
2018) 



Waterbody AUID Beneficial Uses 
Not Fully 
Supported 



Probable Cause Probable Sources 



Tongue River 
Reservoir (2,158.5 
Acres) 



MT42B003_010 Aquatic Life 
Chlorophyll-a 
Dissolved Oxygen 
Sediment 



Irrigated Crop Production 
Municipal Point Source Discharges 



Tongue River, 
Tongue River Dam to 
Prairie Dog Creek 
(22.05 Miles) 



MT42B001_020 Aquatic Life Flow Regime 
Modification 



Irrigated Crop Production  
Impacts from Hydrostructure Flow Regulation-
modification  
Streambank Modifications-destabilization 



Tongue River, Prairie 
Dog Creek to 
Hanging Woman 
Creek (12.27 Miles) 



MT42B001_021 Aquatic Life Flow Regime 
Modification 



Irrigated Crop Production  
Impacts from Hydrostructure Flow Regulation-
modification  
Streambank Modifications-destabilization 



Tongue River, 
Hanging Woman 
Creek to Beaver 
Creek (74.97 Miles) 



MT42C001_013 Aquatic Life 



Iron 
Flow Regime 
Modification 
Sediment 



Irrigated Crop Production  
Impacts from Hydrostructure Flow Regulation-
modification  
Streambank Modifications-destabilization 
Natural Sources 



Tongue River, Beaver 
Creek to Twelve Mile 
Dam (72.0 Miles) 



MT42C001_014 Aquatic Life 



Iron 
Flow Regime 
Modification 
Sediment 



Irrigated Crop Production  
Impacts from Hydrostructure Flow Regulation-
modification  
Streambank Modifications-destabilization 
Natural Sources 



Tongue River, 
Twelve Mile Dam to 
Mouth (20.9 Miles) 



MT42C001_011 
Drinking Water  
Agricultural  
Aquatic Life 



Cadmium 
Copper 
Flow Regime 
Modification 
Iron 
Lead 
Nickel 
Salinity 
Sediment 
Zinc 



Irrigated Crop Production  
Dam Construction (Other than Upstream Flood Control 
Projects) 
Impacts from Hydrostructure Flow Regulation-
modification  
Streambank Modifications-destabilization 
Natural Sources 
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Table 9-5: Summary Statistics for Discharge Data Collected at USGS Stream Gages Located Upstream 
and Downstream of Mining at the Spring Creek and Decker Mines 



Statistic 



Tongue River Upstream of Mining (USGS 
06306300) 



Tongue River Downstream of Mining 
(USGS 06307500) 



Pre-1975 Post-1975 Pre-1975 Post-1975 
Discharge (cfs) Discharge (cfs) Discharge (cfs) Discharge (cfs) 



25th: 180 156 175 161 
Median: 226 216 251 238 
Avg: 514 411 523 403 
75th: 441 341 522 413 
Max: 5,920 15,400 6,830 9,580 
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Table 9-6: Life of Mine (LOM) Disturbance Area and Permit Area for Current and Proposed Mining 
Activities 
Areas are calculated against premine drainage basins, and the calculated acreages for each category 
may differ slightly from the acreages presented in the permit application due to differences in the 
delineation of drainage basins. Rounding of the total areas in each calculation can result in +/- 0.1 sq. mi. 
differences in numbers. The premine drainage basins used to calculate area are shown in Figure 9-10. 



Drainage Basin 



Pre-
mine 



Drainage 
Area 



  Approved 
LOM 



Additional 
TR1 LOM 



Disturbance 



Total LOM 
Area 



(Approved, 
Proposed, 
Historic) 



  Approved 
Permit Area 



Total Permit 
Area 



(Approved, 
Proposed) 



  
sq. mi.   sq. 



mi. 
% of 
basin 



sq. 
mi. 



% of 
basin 



sq. 
mi. 



% of 
basin   sq. 



mi. 
% of 
basin 



sq. 
mi. 



% of 
basin 



Tongue River 5,405   36.0 0.7% 1.6 0% 46.4 0.9%   44.0 0.8% 59.0 1.1% 
Tongue River at 
Tongue River 
Dam (USGS 
06307500) 



1,783 



  



36.0 2.0% 1.6 0.1% 46.4 2.6%   44.0 2.5% 59.0 3.3% 



  
Monument 
Creek 13.2   0.2 1.3% 0.0 0% 0.2 1.5%   0.1 0.8% 0.1 0.8% 



  Spring Creek 38.2   10.3 27.1% 0.6 1.6% 10.9 28.5%   13.2 34.6% 13.2 34.6% 



  



Spring 
Creek 
mainstem 



23.0 
  



4.9 21.3% 0.2 0.9% 5.1 22.2%   6.5 28.3% 6.5 28.3% 



  



South 
Fork 
Spring 
Creek 



13.9 



  



4.2 29.9% 0.4 2.9% 4.6 33.1%   5.4 38.8% 5.4 38.8% 



  



Spring 
Creek 
below S 
Fork 



1.3 



  



1.3 100% 0.0 0% 1.3 100%   1.3 100% 1.3 100% 



  
Pearson 
Creek 9.7   3.1 32.0% 1.0 10.3% 4.2 43.3%   5.0 51.5% 5.1 52.6% 



  Other 1,721.9   22.4 1.3% 0.0 0% 31.1 1.8%   25.7 1.5% 41 2.4% 
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Table 9-7: Change in Drainage Basin Area from Mining at the Spring Creek and Decker Mines 



Drainage Basin Premine 
Drainage Area 



Approved Postmine 
Drainage Area 



Approved + TR1 Postmine 
Drainage Area 



 sq mi sq mi % change sq mi % change 



Tongue River at Tongue River Dam 
(USGS 06307500) 1,783.0 1,783.0 0% 1,783.0 0% 



 Monument Creek 13.2 13.2 0% 13.2 0% 
 Spring Creek 38.2 38.1 -0.3% 38.2 0% 



 Spring Creek mainstem 23.0 23.3 1.3% 23.3 1.3% 



 South Fork Spring Creek 13.9 14.5 4.1% 14.6 4.8% 



 Spring Creek below S Fork 1.3 0.3 -333% 0.3 -333% 



 Pearson Creek 9.7 9.3 -4.3% 9.2 -5.4% 
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Table 9-8: Estimated Maximum Discharge and Runoff Volumes Derived from HEC-HMS Modeling of NRCS Type II Storms 
The models show only the hydrograph response to changes to stream length, drainage basin size, channel slope, and infiltration rates.  Postmine 
scenarios assume at least 10 years of vegetation (all of the mine meets Phase III bond release requirements and have fully established vegetative 
communities).  See Appendix B for more details on the model. 



 Spring Creek  Pearson Creek 



 Scenario Premine Postmine 
Approved 



Postmine 
TR1 



% Change 
Approved 



% 
Change 



TR1 
Premine Postmine 



Approved 
Postmine 



TR1 
% Change 
Approved 



% 
Change 



TR1 



2-yr  
24-hr  
(1.38 in.) 



Peak Discharge 
(cfs) 356 333 358 -7% 1% 170 137 134 -19% -21% 



Time of Peak 
(hrs) 18.9 19.6 18.4 4% -2% 15.2 15.2 15.3 0% 1% 



Runoff Vol  
(ac-ft) 239 218 218 -9% -9% 81 66 67 -18% -18% 



10-yr  
24-hr  
(2.19 in.) 



Peak Discharge 
(cfs) 1456 1,406 1,524 -3% 5% 691 616 598 -11% -13% 



Time of Peak 
(hrs) 18.4 19.1 18.0 4% -3% 14.9 14.9 15.0 0% 1% 



Runoff Vol  
(ac-ft) 858 833 833 -3% -3% 272 241 243 -11% -11% 



25-yr  
24-hr  
(2.65 in.) 



Peak Discharge 
(cfs) 2,320 2,255 2,445 -3% 5% 1,087 992 963 -9% -11% 



Time of Peak 
(hrs) 18.3 19.0 17.8 4% -3% 14.8 14..8 14.9 0% 1% 



Runoff Vol  
(ac-ft) 1,334 1,310 1,308 -2% -2% 411 372 374 -9% -9% 



100-yr 
24-hr  
(3.35 in.) 



Peak Discharge 
(cfs) 3,870 3,777 4,091 -2% 6% 1,779 1,659 1,610 -7% -10% 



Time of Peak 
(hrs) 18.2 18.9 17.7 4% -3% 14.8 14.7 14.9 0% 1% 



Runoff Vol  
(ac-ft) 2,176 2,158 2,154 -1% -1% 650 600 603 -8% -7% 
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Table 9-9: Fraction of Surface Water Quality Samples from Ephemeral Stream Reaches That Exceed 
Salinity Standards or Are Above Guideline Thresholds 
Exceedances shown as a ratio: # of exceedances / # of samples analyzed. 
Metal guideline thresholds are compared to the total fraction of the water sample. 
Sites are listed as ‘baseline’ (sample taken before mining started upstream of the site) or ‘mining’ 
(sample taken after mining started upstream of the site). 



 



Spring 
Creek 



Baseline 



Spring 
Creek 



Mining 
  



S.F. Spring 
Creek 



Baseline 



S.F. 
Spring 
Creek 



Mining 



  
Pearson 



Creek 
Baseline 



Analytes 
with 



Guideline 
Livestock 



Thresholds 



Total Al > 5 7/29 10/35   0/25 6/23   19/56 
Total As > 0.01 5/29 0/16   0/24 3/22   2/16 
Total Ba > 10 0/1 0/1   0/2 0/1   0/1 
Total B > 5 0/9 0/4   0/11 0/11   0/14 
Total Cd > 0.05 0/30 2/36   0/25 0/23   7/22 
Ca > 500 0/38 0/42   0/51 0/25   0/60 
Cl > 1,500 0/38 0/41   0/50 0/25   0/53 
Total Cr > 0.05 0/1 5/21   0/2 0/1   14/17 
Total Cu > 0.05 4/30 14/36   0/25 3/22   22/44 
F > 1 3/38 4/41   2/50 0/25   3/46 
Total Fe > 0.3 27/32 34/35   21/26 22/24   52/55 
Total Pb > 0.05 1/30 4/35   0/25 3/23   10/29 
Mg > 125 5/38 0/41   22/51 0/25   0/60 
Total Mn > 0.05 12/30 18/35   11/24 10/23   35/54 
Total Hg > 0.003 0/27 0/32   0/20 0/20   0/8 
Total Mo > 0.3 0/26 0/15   0/19 0/19   0/7 
Total Ni > 1 0/29 1/17   0/24 0/22   0/18 
pH > 8.3 3/43 1/46   8/54 0/33   2/60 
Total Se > 0.05 0/30 0/36   0/25 0/23   1/16 
Na > 1,000 0/38 0/42   0/53 0/25   0/60 
SO4 > 1,000 0/38 0/42   18/51 0/25   0/57 
TDS > 3,000 0/35 0/46   3/36 0/26   0/68 
Total V > 0.1 3/30 4/35   0/25 3/23   10/29 
Total Zn > 24 0/30 0/35   0/25 0/23   0/49 



Analytes 
with ARM 
17.30.670 



Salinity Limit 



SC > 500 8/40 4/43   31/53 1/26   8/60 



SAR 
Summer 



Avg > 3.0 2/21 2/17   8/39 0/8   0/29 
Max > 
4.5 2/21 0/17   3/39 0/8   0/29 



SAR 
Winter 



Avg > 5.0 0/16 0/19   1/12 0/16   0/31 
Max > 
7.5 0/16 0/19   0/12 0/16   0/31 
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Table 9-10: Fraction of Surface Water Quality Samples from the Tongue River that Exceed Standards or 
Guideline Thresholds. 
Exceedances shown as a ratio: # of exceedances / # of samples analyzed 



  
Tongue River (TR0977) 
Upstream of Mining 



Tongue River (TR1078) 
Downstream of Mining 



Analytes with 
Guideline Livestock 



Thresholds (no lower 
DEQ-7 limit) 



Total Al > 5 9/216 0/212 
Total Ba > 10 0/6 0/6 
Diss. B > 5 0/219 0/211 
Ca > 500 0/221 0/212 
Cl > 1,500 0/219 0/212 
F > 1 0/220 1/212 
Total Fe > 0.3 167/215 88/211 
Mg > 125 0/222 0/212 
Total Mn > 0.05 116/216 83/211 
Total Mo > 0.3 0/20 0/20 
pH > 8.3 67/201 55/184 
Na > 1,000 2/220 1/212 
SO4 > 1,000 0/221 0/212 
TDS > 3,000 0/222 0/212 
Total V > 0.1 1/218 0/212 



Analytes with ARM 
17.30.670 Salinity 



Limit 



SC Avg > 1,000 6/222 1/212 
SC Max > 1,500 0/222 1/212 
SAR Avg > 3.0 0/213 1/211 
SAR Max > 4.5 0/213 1/211 



Analytes with DEQ-7 
Human Health or 



Aquatic Life Limit for 
Surface Water 



Diss. Al > 0.087 23/218 11/212 
Total As > 0.01 0/15 0/19 
Total Cd1 > ~0.002 8/217 4/212 
Total Cr1 > ~0.1  0/204 0/200 
Total Cu1 > ~0.02 35/216 39/211 
Total Fe > 1.0 90/215 32/211 
F > 4.0 0/220 0/212 
Total Pb1 > ~0.013 6/216 6/211 
Total Hg > 0.00005 0/203 2/199 
Total Ni1 > ~0.1  0/18 0/19 
Total Se > 0.005 2/218 2/212 
Total Zn1 > ~0.3 5/218 3/211 
Dissolved Oxygen < 8 23/88 16/86 



Nutrients 
Nitrate + Nitrite > 10 0/123 0/121 
TN > 1.3 0/6 0/6 
TP > 0.15 22/215 7/210 



1 Compared to the chronic standard as calculated from hardness per DEQ-7 methodology.  
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Steve Bullock, Governor  I  Shaun McGrath, Director  I  P.O. Box 200901  I  Helena, MT 59620-0901  I  (406) 444-2544  I  www.deq.mt.gov 
 


 
MEMORANDUM 


 
To:   Bob Smith, Coal Program Permitting Coordinator  
 Jen Lane, MEPA Coordinator 
Fr:  Sarah Christopherson, Legal Counsel   
Re:       Spring Creek TR1, Surface Mining Permit C1979012 Private Property Assessment Act Analysis:       


§§ 2-10-101 through 2-10-112, MCA   
Date:  March 4, 2020   
______________________________________________________________________ 
 


In my capacity as legal counsel to the DEQ Coal and Uranium Section, I have 


reviewed the pertinent parts of the above-referenced permit application, the applicable provisions 


of the Montana Strip and Underground Mine Reclamation Act, §§ 82-4-201 through 254, MCA, 


and the rules adopted pursuant thereto and the Montana Private Property Assessment Act, §§ 2- 


10-102 through 112, MCA. 


Based on my review, I completed the Private Property Assessment Checklist that is 


attached to this letter as Attachment A. Completion of the Private Property Assessment 


Checklist indicates that the conditions and requirements of the permit do not constitute “action 


with taking or damaging implications” under the Montana Private Property Assessment Act. 


 
Sincerely, 
Sarah Christopherson 
Staff Attorney  
Montana Department of Environmental Quality 
1520 East Sixth Avenue  
Helena, MT 59620 
(406) 444-6559 
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Montana Department of Justice 


PRIVATE PROPERTY ASSESSMENT ACT CHECKLIST 


DOES THE PROPOSED AGENCY ACTION HAVE TAKINGS IMPLICATIONS UNDER THE 
PRIVATE PROPERTY ASSESSMENT ACT? 


YES NO 


1. Does the action pertain to land or water management or
environmental regulation affecting private real property or water
rights?


2. Does the action result in either a permanent or indefinite
physical occupation of private property?


3. Does the action deprive the owner of all economically
beneficial use of the property?


4. Does the action require a property owner to dedicate a portion
of property or to grant an easement?  [If the answer is NO, skip
questions 4a and 4b and continue with question 5.]


4a.  Is there a reasonable, specific connection between the 
government requirement and legitimate state interests? 


4b.  Is the government requirement roughly proportional to the 
impact of the proposed use of the property? 


5. Does the action deny a fundamental attribute of ownership?


6. Does the action have a severe impact on the value of the
property?


7. Does the action damage the property by causing some physical
disturbance with respect to the property in excess of that sustained
by the public generally?
[If the answer is NO, do not answer questions 7a-7c.]


X


X


X


X


N/A


X


X


X


N/A


Attachment A
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CHECKLIST 
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7a.  Is the impact of government action direct, peculiar, and 
significant? 


7b.  Has government action resulted in the property becoming 
practically inaccessible, waterlogged, or flooded? 


7c.  Has government action diminished property values by more 
than 30% and necessitated the physical taking of adjacent property 
or property across a public way from the property in question? 


Taking or damaging implications exist if YES is checked in response to question 1 and also to any 
one or more of the following questions:  2, 3, 5, 6, 7a, 7b, 7c; or if NO is checked in response to 
questions 4a or 4b.  


If taking or damaging implications exist, the agency must comply with Section 5 of the Private 
Property Assessment Act, Mont. Code Ann. § 2-10-105, to include the preparation of a taking or 
damaging impact assessment.  Normally, the preparation of an impact assessment will require 
consultation with agency legal staff. 


N/A


N/A


N/A
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