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I. INTRODUCTION 
 
On January 10, 2010, Westmoreland Savage Corporation, LLC (WSC) submitted Permit 
Amendment Application 00185 proposing to expand their open pit coal mine (Savage Mine) 
toward the west and north (Figure 1).  The amendment, if approved, would increase the 
permitted acres by 399 acres, from 885 acres to 1,284 acres, and extend the mine plan through 
2026. The coal is mined with open pit strip mining methods and the additional acreage will allow 
for an additional fourteen mine passes. The additional acreage will allow the mine to continue 
production with no additional mine facilities being proposed.    
 
Note: The application form makes application for an additional 408 acres. However, 9 of those 
proposed acres have been amended into the permit through Minor Revision 44 (incidental 
boundary change) in the interim. 
 
WSC produces coal from the Pust lignite seam which is part of the Tongue River Member of the 
Fort Union Formation. The coal generally lies in a fairly level bedded seam of approximately 20 
feet in thickness with overburden ranging from seventy to one hundred feet.  Annual coal 
production is approximately 350,000 tons per year.  The coal produced is trucked to regional 
customers including a power plant and sugar beet processor near Sidney, MT.     
 
The additional permit area contains approximately 12,462,948 tons of coal. Under the proposed 
mine plan 4,583,353 tons will be mined.  Allowing for normal production losses, recovery of the 
mined coal is expected to be 90%.  A portion of the total reserve will be unavailable for mining 
due to allowances for highwall reduction and other reclamation and permitting requirements.    
 
All the additional acreage is located within Section 21 of Township 20 North, Range 57 of 
Richland County.  The mine permit currently includes approximately 241 acres of the east half of 
Section 21.  The additional acreage will incorporate the balance of Section 21 within the permit 
area. The surface and mineral rights for the additional acreage in Section 21 are privately owned.    
 
WSC commits to reclaim all mining-related land disturbances to a use equal to or better than 
what existed prior to mining. The proposed post-mine land uses are cropland and pastureland.  
The major reclamation steps that occur before and after mining include, but are not limited to, 
soil material salvage and redistribution, pit backfilling, regrading and contouring, drainage 
construction, re-vegetation, and post mine monitoring. 

Table I - Introductory Table 
 
 Applicant  ...................................................................  West Moreland Savage 

Corporation, LLC 
 Name of Mine ............................................................  Savage Coal Mine 
 MSHA Number  .........................................................  24-00106 
 Type of Mine..............................................................  Strip  
 Type of Application  ..................................................  Amendment 
 Area within existing permit boundary (acres) ...........  885 
 Proposed Increase in Permit Area (Acres) .................  399 
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 Total proposed permit area (acres) ............................  1,284 
 Anticipated Annual Production .................................  350,000 tons 
 

Table II  - Chronology of Events 
 
December 14, 1973  Surface Mine Permit 84002 is issued; original acreage is 345 acres. 
 
January 12, 2010  Application 00185, Savage Amendment, is submitted to DEQ. 
 
April 12, 2010  DEQ determines that Application 00185 is administratively 

complete and that an environmental impact statement is not 
necessary.   

 
April 20, 2010  DEQ notifies the appropriate agencies of the receipt of a complete 

application. 
 
April 18 and 25 Notice of Application published in The Sydney Herald, Sydney, 
May 8, and 9, 2010 Montana. 
 
June 8, 2010  DEQ receives a request for informal conference from Earthjustice. 
 
June 21, 2010  DEQ receives an agreement to withdraw the request for informal 

conference from Earthjustice. 
 
August 10, 2010  DEQ receives supplemental objections from Earthjustice. 
  
August 10, 2010  DEQ issues first round technical deficiencies. 
 
September 12, 2011  DEQ received Savage’s response to First Round Technical 

Deficiencies. 
 
September 13, 2011  DEQ received a request for concurrence for Savage’s Prime 

Farmland Determination.  
 
January 10, 2012  DEQ issues second round technical deficiencies. 
 
March 12, 2012  DEQ received Savage’s response to Second Round Technical 

Deficiencies. 
 
May 30, 2012  DEQ issues third round technical deficiencies. 
 
May 31, 2012  DEQ conducted Original Applicant/Violator System check. 
 
 
July 23, 2012  DEQ received Savage’s response to Third Round Technical 

Deficiencies and Savage’s complete electronic permit application. 
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September 14, 2012  DEQ issues fourth round technical deficiencies. 
 
September 26, 2012  DEQ received Savage’s response to Fourth Round Technical 

Deficiencies. 
 
November 2, 2012  DEQ determines the application to be acceptable, published the 

Notice of Acceptability in the Sidney Herald and completes the 
Environmental Assessment for Application 00185. 

 
November 21, 2012  Final Applicant/Violator report obtained from OSM. 
 
November 24, 2012  Public comment period ends for acceptability determination. 
 
November 26, 2012  DEQ receives and written comment requesting an informal 

conference from Gary Jackson on behalf of Robert Lange, Inc. 
 
November 29, 2012  DEQ receives a withdrawal request for the informal conference 

from Gary Jackson on behalf of Robert Lange, Inc. 
 
November 30, 2012  DEQ sends Gary Jackson an e-mail addressing Robert Lange’s 

concerns. 

II.     EVALUATION OF COMPLIANCE 
 
Various portions of the text in the environmental assessment of application 00185 (MDEQ, 
November, 2012) have been liberally utilized in the preparation of this section of the written 
finding. 
 
 A. Coal Reserves and Coal Conservation 
 
Savage produces coal from the Pust lignite seam which is part of the Tongue River Member of 
the Fort Union Formation. The coal generally lies in a fairly level bedded seam of approximately 
20 feet in thickness with overburden ranging from seventy to one hundred feet.  Annual coal 
production is approximately 350,000 tons per year.  The coal produced is trucked to regional 
customers including a power plant and sugar beet processor near Sidney, MT.     
 
The additional permit area contains approximately 12,462,948 tons of coal. Under the proposed 
mine plan 4,583,353 tons will be mined.  Allowing for normal production losses, recovery of the 
mined coal is expected to be 90%.  A portion of the total reserve will be unavailable for mining 
due to allowances for highwall reduction and other reclamation and permitting requirements.    
  
 B. Overburden, Soils, and Engineering 
 
Overburden would undergo pulverization and mixing during the excavating process, followed by 
backfilling and grading to post-mine topography; thereby, homogenizing the overburden strata 
physical-chemical characteristics.  Undesirable characteristics such as high salinity and sodicity 
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would be diluted.   
 
Overburden quality in the mine area varies among the strata.  Where overburden is deemed 
"unsuitable" as defined by DEQ's Soil, Overburden, and Regraded Spoil Guidelines (MDEQ, 
1998), elevated SAR, salinity, and silty clay or clay texture are often the culprits.  Overburden 
quality is generally good for use as plant root zone media.  Suitable materials would be handled 
by truck/shovel operation and direct-placed upon a graded surface.  Where unsuitable 
overburden is encountered above the dragline bench, it would also be handled by truck/shovel 
and placed in the backfill with a minimum of four feet of suitable cover.   
 
Soils would be tested for suitability parameters and the test results would be submitted to DEQ 
for verification of suitability and salvage depth approvals.   
 
Soils associated with the proposed area are the same as in the permit area and are described in 
appendix H of the Permit:   A soils survey was completed on September 24, 1973, covering the 
Knife River Coal Mining Company lands at the Savage Mine, Richland County, Montana. This 
survey included all lands presently leased by SCC in Township 20 north, Range 57 east, sections 
21, 22, 23, 26, 27, and 28. The soils of the entire area to be ultimately affected by mining were 
studied and the immediate permit area was sampled. Results indicate that the area is overlain by 
three basic soil types: the Williams loam, Vida clay loam, and Zahill soils. 

 
Savage would regrade spoils to the approved PMT following mining.  The regraded spoils would 
be tested for suitability parameters prior to soil laydown.  Test results would be submitted to 
DEQ for verification.  Once the PMT is achieved and the spoils are determined suitable, the “B” 
lift soil followed by the “A” lift soil would be redistributed.  The depth of redistributed soil is 
designated by the target vegetation type as described in section 17.24.313 Reclamation Plan of 
Savage’s Surface Mining Permit.  Following redistribution, an approved seed mix would be 
applied during the next suitable planting period.  Any areas where the soil appears unproductive 
would be evaluated and an appropriate treatment would be implemented. 
 
 C. Vegetation 
 
Vegetation communities would be removed by mining, and vegetation resources would be 
impacted in the short term.  Long term, however, reclamation measures incorporated into the 
permits are designed to mitigate the community loss, and provide for the approved post-mine 
land uses of cropland, pastureland, and wildlife habitat.  There are no rare plants or cover types 
listed in the amendment that would be impacted by the proposed operations. 
  
 D. Wildlife 
 
Wildlife surveys have been conducted each year since 1973.  Mining would affect existing 
terrestrial and avian species and their habitats; however, these resources are expected to be re-
established following reclamation.  Westmoreland Resources’ annual wildlife reports have 
documented fifteen species of special concern.  These species were observed within a much 
larger wildlife study area, not necessarily within this amendment application area.  Impacts are 
expected to be marginal as the majority of these species are transient individuals or do not reside 
within this application area.  Species of special concern that have been documented in the area 
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include: Baird’s Sparrow, Black Tailed Prairie Dog, Black Tern, Brewer’s Sparrow, Bobolink, 
Burrowing Owl, Chesnut-collared Longspur, Ferruginous Hawk, Golden Eagle, Great Blue 
Heron, Loggerhead Shrike, Long-billed Curlew, Plains Spadefoot Toad, Sprague’s Pipit, 
Western Hog-nosed Snake. (sharp-tailed grouse is species of concern west of the continental 
divide. 
 
Reclamation plans are designed to incorporate soil substrates, landscape and topographic 
diversity as mitigation measures.  Vegetative resources (terrestrial and avian) would be affected 
for the short term; however, reclamation measures are incorporated in the permit for long term 
mitigation that will allow species to continue using these areas. 
 
 E. Hydrology 
  
Detailed assessments of the cumulative hydrologic impact of the proposed revision are found in 
Attachments 1 (Surface Water and Groundwater). 
 
Historic and current mining has impacted the hydrologic balance with regard to groundwater 
through the removal of the overburden and Pust coal. The removal of the coal has resulted in 
local decline in Pust coal groundwater levels by as much as 17 feet approximately a quarter mile 
west of the current pit. Drawdown of water levels in the Pust coal and overburden has not been 
observed in monitoring wells located approximately three-quarters of a mile upgradient of 
mining. No declines in water level have been observed in the underburden aquifer. Productive, 
water-bearing zones in the underburden range from 80 feet to undetermined depths and supply 
most of the water to private wells in the area.   
 
With the addition of mining proposed in Amendment 185, drawdown in the Pust coal aquifer is 
projected to extend up to a mile and a half west and approximately a mile east of the permit 
boundary. This extent represents the one foot drawdown limit. The five foot drawdown limit is 
not expected to extend more than a mile in any direction. As coal crop limits are typically dry or 
nearly dry, no substantial loss of water resource is anticipated to take place down gradient of 
mining. The maximum drawdown from mining is expected to be 35 feet, located at the northwest 
permit corner in Section 21 (T20N, R57E). Two wells outside the permit area but within the 
groundwater cumulative impact area may experience up to 20 feet of drawdown in the Pust coal 
which will cause a significant drop in their levels.  Drawdown associated with mining will 
continue to be monitored and prior to substantial drawdown in the vicinity of these wells they 
will be replaced by the operator in an aquifer of similar production and quality, as provided by 
ARM 17.24.648.  Maximum drawdown in the underburden is projected to be approximately 
seven feet and is not expected to cause effects to any supply wells. 
 
Pumping of surface and groundwater inflow from the pits into sediment ponds located in the 
North Drainage is providing some recharge to the spoil aquifer and remaining coal in the north 
part of the reclaimed pit.  Widespread recovery of groundwater levels downgradient of the pit 
will be delayed until final pit reclamation restores the natural flow gradient. Recovery of water 
levels in the backfill spoil and adjacent aquifer is expected to be nearly complete 50 years after 
mining. No decreases in Pust coal or underburden water level is anticipated to affect uses and 
cause material damage. 
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The return of overburden to the pit as backfill is creating a spoil aquifer. Water quality in the 
developing spoil aquifer is considerably poorer than that of the coal aquifer it replaced. Total 
dissolved solids in spoil aquifer water are on average 2.5 times greater than the coal aquifer it 
replaces. The average dissolved solids concentration in the spoil aquifer is approximately 2,000 
mg/L, with the greatest increase attributable to a rise in sulfate, calcium, magnesium, and sodium 
ion concentrations. Although detected in background water quality samples in coal and 
overburden aquifers, trace metal concentrations above detection levels are increased in spoil 
water. Arsenic is the metal of greatest concern as it is persistent in samples from the south 
backfill area and has been reported in concentrations 10 to 20 times above the human health 
standard of 0.01 mg/L in one monitoring well. There is ongoing study of the source of arsenic 
and monitoring to determine the extent of the arsenic in groundwater. Mitigation will be 
implemented if necessary to prevent material damage. The arsenic concentration in groundwater 
must be below the human health criteria prior to release of the mine from final bond release. 
Spoil water is not expected to infiltrate into the underburden aquifer due to low conductivity in 
the 100 foot thick intervening strata between the base of the spoil and the underburden aquifer. 
Thus, no quality impacts that could create material damage are expected in the underburden 
aquifer.  
 
There is a high probability that the three surface water rights (42M 163291 00, 42M 163292 00, 
and 42M 165287 00) immediately downstream of the Savage Mine’s permit boundary have been 
impacted by a reduction in water availability because of the use of the sediment ponds. However, 
these water rights are on an ephemeral tributary, and a comparison to undisturbed drainages of 
similar size indicates that these drainages likely rarely saw flow in the premine landscape. 
Similarly, water rights holders at the mouth of Peabody Coulee may have already experienced a 
slight reduction in stream water quantity from the capture of  approximately 17% of the upstream 
drainage basin by the North Drainage ponds. In contrast, only 6% of Garden Coulee is captured 
by WSC’s sediment ponds, and this amount is unlikely to be noticeable at the mouth of this 
drainage. 
 
ARM 17.24.648 requires operators to replace a water supply that has been affected by 
“contamination, diminution, or interruption” due to mining operations. WSC has committed to 
the replacement of any water supply that has been significantly impacted as a result of their 
mining operations. The replacement source would likely be groundwater. Water right holders 
downstream of the mine are protected by the commitment of WSC to replace any water right that 
has been significantly impacted. To date, none of the surface water rights owners have applied to 
WSC for a replacement source. 
 
The beneficial uses of the C-3 ephemeral streams are protected during mining by sediment ponds 
and adherence to the approved MPDES discharge permit. The addition of the amendment area 
would not increase the impact to downstream users or beneficial uses. The amendment area is 
within catchments that are already intercepted by mine sediment ponds so the addition of the 
area would not result in a further reduction of surface water flow to downstream users. Analysis 
of spring and pond water does not show any evidence to date that surface water quality has been 
impacted by mining. Proposed postmine drainages and vegetation sufficiently approximate the 
premine condition that runoff from well-established reclaimed lands would be almost identical to 
premine volumes. From this analysis, the DEQ’s Coal and Uranium program finds that impacts 
to surface water from the expansion of the Savage mine would be negligible and no material 
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damage to surface water is predicted to result from the approval of the amendment. 
 
 F. Cultural and Historic Resources 
 
There  are  no  public  parks  or  historic  places  that  will  be  adversely  affected  by the 
proposed operations. Cultural and historic resource surveys of the Savage Mine area were 
conducted in 1973, 1985, and 2007.  No prehistoric cultural resource sites were found during 
either of the studies.  Four historic cultural resource sites within the permit and adjacent areas 
were discovered during the 1985 survey; however, none of the sites are considered to be 
significant.   During the 2007 survey, one historical cultural site (historic farmstead) was 
discovered and recommended as ineligible for the NRHP and no further work was 
recommended. 
 
Should any previously unrecorded cultural resource materials be discovered during mining, all 
further disturbance of the area will be halted pending consultation with the Montana DSL and 
SHPO. 
 
There are no public parks in the vicinity of the Savage Mine. 
 
 G. Bond 
 
The current bond for the Savage Mine is $6,348,213.  The amount determined by DEQ to 
adequately cover the estimated cost of reclamation including the additional acreage within the 
amendment area is $7,936,457.  Savage submitted the additional bond on December 5, 2012.  

III. FINDINGS 
 
 A. DEQ has determined that the Savage Coal Company’s Amendment submitted on 

January 10, 2010 and revised through November 2, 2012 is complete and 
accurate, subject to stipulation, and the applicant has complied with Montana's 
permanent regulatory program 82-4-222, MCA. 

 
B. The applicant has demonstrated that reclamation, as required by the Montana 

Strip and Underground Mine Reclamation Act and regulations, can be 
accomplished under the proposed reclamation plan (82-4-227(1), MCA), subject 
to stipulation. 

 
 C. DEQ has determined that the Amendment Area of the Savage Coal Mine is: 
 
  1. Not within an area under study or administrative proceedings under a 

petition to have an area designated as unsuitable for strip or underground 
coal mining operations (82-4-227(9), MCA). 

  2. Not included in an area designated unsuitable for strip or underground 
coal mining operations pursuant to 82-4-227(9), MCA.   

  3. Not on any lands subject to the prohibitions or limitations of 82-4-227, 
MCA, to include national parks, refuges, forests, etc.; nor where adverse 
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impacts to publicly owned parks or places included in the National 
Register of Historic Places, and buildings, occupied dwellings and 
cemeteries would occur (subject to a stipulation (see Chapter IV)). 

  4. Not proposing disturbance within 100 feet, horizontally, of the outside 
right-of-way line of a public road. 

  5. Not mining within 300 feet, horizontally, of any occupied dwelling. 
  6. Not mining within 300 feet, horizontally, of any public building, church, 

school, community or institutional building, or public park. 
  7. Not mining within 100 feet, horizontally, of a cemetery where human 

bodies are interred. 
 
D. Savage has obtained all surface and mineral rights to conduct mining and reclamation 

operations as proposed within the proposed amendment area.   
 
E. DEQ has made an assessment of the probable cumulative impacts of all anticipated coal 

mining on the hydrologic balance of the cumulative impact area.  See Attachments 1 
(Surface Water and Ground Water) for detailed assessment.    

 
F. No existing structures in the proposed revision area will be disturbed.  All existing and 

proposed mine facilities are located in the permit area and are in compliance with 82-4-
222(2)(i), MCA and ARM 17.24.1302.   

 
G. Savage has paid all reclamation fees from previous and existing operations as required by 

30 CFR Chapter VII, Subchapter R, as per information received on Applicant Violator 
System (AVS check of 11/21/12). 

 
H. There are no special categories of mining applicable to the proposed amendment.  
 
I. There is no proposal for an intensive agricultural post-mining land use within the 

amendment area.   
 
J. The proposed amendment would not affect 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.) (Notice of Application was sent to US Fish and Wildlife Service on April 20, 2010, 
no response was received). 

 
K. There are no private family burial grounds within the amendment area (82-4-227(7), 

MCA). 
 
L. Savage has obtained all required air and water quality permits.  
 
M. There are no pending violations for WMC at the Savage Coal Mine.     

 
No strip or underground coal mining and reclamation operations owned or controlled by 
Savage or related entities currently has a 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 in the 
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United States pertaining to air or water environmental protection that has not been or is 
not in the process of being resolved (82-4-227(11), MCA) (AVS check of 11/21/12). 

 
N. Records of DEQ and OSMRE show that the applicant does not control and has not 

controlled strip or underground coal mining and reclamation operations with a 
demonstrated pattern of willful violations of Public Law 95-87, as amended, or any state 
law required by Public Law 95-87, as amended, of such nature, duration, and with such 
resulting irreparable damage to the environment that would indicate an intent not to 
comply with these laws (82-4-227(12), MCA) (AVS check of 11/21/12). 

 
O. Savage is in compliance with all applicable federal and state cultural resource 

requirements, including ARM 26.4.304(2), 318, 1131 and 1137 (subject to a stipulation; 
see Chapter II, Section F and Chapter IV).    

 
P. No remining is included in the amendment application.   

IV. STIPULATION 
 

17.24.302, 318, 1131:  Treatment of cultural resources within SMP C1984002 and the 
amendment area is covered by an 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. 
 
ARM 17.24.416(2), 413(1)(a), 404(3): The most recent renewal is conditioned on the 
completion of the ongoing public review process that, due to an oversight of DEQ, was 
not completed prior to the December 10, 2012, renewal date.  The Notice of 
Acceptability was published in the Sidney Herald on December 2, 2012 and December 9, 
2012, followed by a comment period ending on December 19, 2012.  Following the 
comment period, DEQ will address any public comments and grant or deny the permit 
renewal. 
 
ARM 17.24.416(4)(a), 413(1)(a), §84-4-227(3)(a), MCA: This amendment is further 
conditioned on the owner’s voluntary cessation of mining and reclamation in pits 3 and 4 
pending delineation and if necessary, remediation of arsenic concentrations above 
background in groundwater indicated in monitoring wells in spoil east of Pit 4.  The 
voluntary cessation of mining does not include the load out facilities located in Section 
27. 
 
ARM 17.24.645: Within 45 days of the most recent permit renewal (January 24, 2013), 
the operator must submit a plan to DEQ to address the following: 

1. Delineation of the extents of Pust coal and groundwater in the Pust coal inside and 
adjacent to the southeast portion of the permit area. 

2. Installation of additional monitoring wells in spoil and coal inside and outside the 
permit area east and south of pits 3 and 4, to determine the extent of detectable 
arsenic in groundwater. 
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3. Installation of additional groundwater monitoring wells in spoil east of Pit 2. 
4. Follow-up on recommendations in the KC Harvey arsenic investigation report to 

identify the source of arsenic concentrations above background in groundwater. 
5. Include a schedule for drilling, monitoring, and analysis. 

V. PRIVATE PROPERTY TAKINGS  
 

The 1995 Montana state legislature passed House Bill (HB) 311, which requires a state 
agency to prepare an impact assessment of a proposed agency action that has private 
property taking or damaging implications.  Part (2) of Section 5 of the Private Property 
Assessment Act (2-10-101, et seq. MCA) states that the assessment must include the 
following: 

  
"(a) the likelihood that a state or federal court would hold that the action is a taking or 
damaging; and  

 
"(b) alternatives to the action that would fulfill the agency's statutory obligations and at 
the same time reduce the risk for a taking or damaging; and 

 
"(c) the estimated cost of any financial compensation by the state agency to one or more 
persons that might be caused by the action and the source for payment of the 
compensation." 

 
 Part (3) of Section 5 states: 
 

"A copy of the impact assessment for a proposed action with taking or damaging 
implications must be given to the governor before the action is taken, except that an 
action to avoid an immediate threat to public health and safety may be taken before the 
impact assessment is completed and the assessment may be reported to the governor after 
the action is taken." 

 
Pursuant to Section 4 of the Private Property Assessment Act, the state Attorney General 
has developed guidelines for agency use in evaluating agency actions with respect to the 
above requirements.  Accordingly, DEQ prepared the responses evident in the attached 
narrative and checklist (Attachment 2), as they relate to the Savage amendment 
application.  A review of the attached checklist indicates that DEQ is not required to 
prepare a private property takings impact assessment.     
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1.0 INTRODUCTION 


The Montana Department of Environmental Quality (DEQ) is the regulatory authority for coal mining 
operations in the state of Montana and implements the Montana Strip and Underground Mine 
Reclamation Act (MSUMRA) and the administrative rules pursuant to the Act. The Federal Office of 
Surface Mining Reclamation and Enforcement (OSMRE) implements the Surface Mining Reclamation and 
Control Act of 1977 (SMCRA), and has granted primacy to DEQ as the regulatory agency for coal mining 
in Montana. As such, DEQ is responsible for the review and decisions on all permit applications to 
conduct surface coal mining operations within the state with oversight from OSMRE. Review of 
amendment applications like the one submitted by Westmoreland Savage Corporation (WSC) for the 
Savage Mine (SMP C1984002) includes an analysis by the DEQ of anticipated hydrologic impacts 
associated with mining in and adjacent to the permit area through the development of a Cumulative 
Hydrologic Impact Assessment (CHIA). 
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2.0 REGULATORY ENVIRONMENT 


ARM 17.24.314(1) requires that the Department determine that a given proposed mining and 
reclamation operation has been designed to prevent material damage1 to the hydrologic balance2 
outside the permit area. In order to evaluate whether the proposed mining and reclamation plan has 
been designed to prevent material damage, a CHIA is prepared by the Department. The CHIA includes an 
assessment of the Probable Hydrologic Consequences (PHC) of the proposed operation. The PHC 
determination is prepared by the applicant pursuant to ARM 17.24.314(3) and approved by the 
regulatory authority. Prior to making a permitting decision, the Department makes an assessment of 
cumulative hydrologic impacts of all existing and proposed operations as well as other anticipated 
mining that may collectively impact surface and groundwater systems. The CHIA analysis must be 
sufficient to determine whether mining impacts to the hydrologic balance on and off the permit area 
have been minimized and material damage outside the permit area has been prevented [ARM 
17.24.314(5)]. 
 


2.1 MATERIAL DAMAGE CRITERIA 
Following the definition of material damage in MCA 82-4-203(24) and ARM 17.24.301(54), material 
damage criteria are established for the evaluation of both groundwater and surface water quality and 
quantity, and are used to determine whether water quality standards and beneficial uses of water, 
including water rights, outside the permit boundary have been or are expected to be impacted by 
mining activities.  The interruption or diminution of a surface water or groundwater supply to the extent 
that an existing use is precluded is considered to be material damage. Where surface or groundwater 
supplies are impacted, mitigation is required; mitigation would include dependable, long-term 
replacement of a resource acceptable for the designated use [ARM 17.24.314(1)(c) and 17.24.648].  
 
Material damage criteria include applicable numeric and narrative water quality standards, and criteria 
established to protect existing beneficial uses of water. Baseline water quantity and quality is compared 
against changes or anticipated changes in quantity and quality associated with mine activity to 
determine if uses have been impacted or water quality standards exceeded outside the permit 
boundary.  Threshold criteria are used by the DEQ to identify potential problems in water quality and 
quantity before these problems escalate to material damage (Table 1).   
 
The Montana Water Quality Act is the primary basis for water quality protection in the state of Montana 
and establishes surface water and groundwater standards (17.30.601 and 17.30.701) to protect the 
designated beneficial uses of state waters. Beneficial uses may include aquatic and wildlife habitat, 
drinking water for livestock and wildlife, public and private water supplies, recreation, culinary and food 
processing, irrigation, or use in commercial and industrial operations. Numeric standards were 
developed using guidance from the EPA which includes: 
 


• National Recommended Water Quality Criteria (NRWQC) developed under Section 304(a) of the 
                                                           
1 “Material damage to the hydrologic balance” is defined in MCA 82-4-203(24) and in ARM 17.24.301(54) as, “with respect to the protection of 
the hydrologic balance, degradation or reduction by coal mining and reclamation operations of the quality or quantity of water outside of the 
permit area in a manner or to an extent that land uses or beneficial uses of water are adversely affected, water quality standards are violated, 
or water rights are impacted. Violation of a water quality standard, whether or not an existing water use is affected, is material damage.” 
2 “Hydrologic balance” is defined in Montana Code Annotated (MCA) 82-4-203(24) as, “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 relationship among precipitation, runoff, evaporation, and changes in groundwater and surface water storage.” 
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Clean Water Act 
• Drinking Water Lifetime Health Advisory (HA) and Maximum Contaminant Levels (MCL) 


developed under the Safe Drinking Water Act 
 
Montana's surface water and groundwater rules also contain narrative standards [ARM 17.30.620 
through 17.30.670 and ARM 17.30.1001 through 17.30.1045]. The narrative standards are designed to 
address water quality for which sufficient information does not yet exist to develop parameter-specific 
numeric standards. These narrative standards are established to protect beneficial uses from adverse 
effects, supplementing the existing numeric standards. 
 


2.1.1 Surface Water Material Damage Criteria 
Material damage to surface water occurs when any of the following are met: 


 
• Surface water quality standards outside of the permit area are violated 
• Land uses or beneficial uses of water outside of the permit area are adversely affected 
• A surface water right is impacted 


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


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


 
Surface waters in the vicinity of the Savage Mine are typically ephemeral4, flowing only in response to 
precipitation events or for short reaches below the issue point of springs or seeps. As stated in ARM 
17.30.637(6), “Ephemeral streams are subject to ARM 17.30.635 through 17.30.637, 17.30.640, 
17.30.641, 17.30.645, and 17.30.646 but not to the specific water quality standards of ARM 17.30.620 
through 17.30.629” (including Circular DEQ-7, Montana Numeric Water Quality Standards).  


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


2.1.2 Groundwater Material Damage Criteria 
Groundwater material damage occurs in any of the following circumstances: 
 


• Groundwater quality standards outside of the permit area are violated 
• Land uses or beneficial uses of groundwater outside of the permit area are adversely affected 
• A groundwater right is impacted 


 
Protection of groundwater quality for beneficial uses is based on narrative standards established by 
ARM 17.30.1006 (Table 4) and numeric standards for individual parameters in Circular DEQ-7 (Table 2). 
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Water quality guidelines established for livestock use (Table 3) are based on suggested limits found in 
informal documents published by the Montana Extension Service (Sigler and Bauder, 2012, Hutcheson, 
2001). These are not enforceable standards but are used for guidance in evaluating suitability of pre- 
and postmine water quality for livestock use. Water quality in the area may naturally exceed these 
livestock water quality guidelines. Groundwater released from the mine is not required to be purer than 
natural, background conditions [MCA 75-5-306 and ARM 17.30.629(2)(k)].  
 
Uses of groundwater outside the mine permit boundary include livestock and domestic use. Wells 
completed in alluvium, Pust coal, and the underburden aquifer supply livestock water. Wells for 
domestic use have completion depths reported in GWIC that suggest utilization of groundwater in Pust 
coal and the deeper underburden aquifers. Location of private wells and water rights are discussed in 
Section 6, Water Resource Uses.  
 
Water levels and water quality are monitored inside and outside the permit boundary to establish 
baseline conditions and measure subsequent changes so that impacts during and after mining can be 
anticipated and evaluated. Analytical results of water quality parameters most likely to be affected by 
mining are compared to standards to determine suitability of the water for current and anticipated uses. 
The amount of change to water quality or quantity that can be tolerated before material damage results 
will depend upon the baseline water level and water quality at a given location. Baseline water levels or 
water quality that is marginally supportive of a given use are more vulnerable to changes that would 
cause material damage than water levels or water quality more supportive of an established use. 
 
A transient groundwater flow model was developed to predict drawdown impacts to water levels in 
aquifers affected by mine operations. Impacts to wells and springs located within the modeled 
drawdown area can be anticipated and mitigated to avoid material damage.  
 


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


Westmoreland Savage Corporation (WSC) is the owner of a strip mine in Richland County, Montana, 
known as the Savage Mine, operating under Surface Mine Permit (SMP) C1984002. The proposed 
amendment would add 398 acres to the current permit area, for a total of 1,282 permitted acres (Figure 
1). This permit action is referred to as Amendment 00185 (or AM2). An increase in mining anticipates a 
change to the hydrologic balance on or off the permit area and thus requires an updated PHC 
determination and CHIA [ARM 17.24.301(65)]. The updated PHC and CHIA for the Savage Mine 
completed for Amendment 00185 revises and replaces previous versions of these documents.  
 


3.1 BACKGROUND & MINING HISTORY 
The Savage Mine is located approximately four miles west of the town of Savage in Richland County, 
Montana. Savage is located on Montana Highway 16, approximately 20 miles south of Sidney, Montana 
and approximately 33 miles north of Glendive, Montana. The Savage Mine is located in Sections 21, 22, 
23, 26, 27, and 28, Township 20 North, Range 57 East. There is no current or historic mining in the area 
other than this location. 
 
Mining began at the Savage Mine in 1958, prior to the regulatory requirements enacted under MSUMRA 
in 1978.  Generally, mining has progressed east to west, away from shallow cover near the coal crop 
line. Mining initially took place in Pit 1, an area of unreclaimed spoil northeast of the current mine area, 
and in areas within and adjacent to the current mine boundary (Figure 1). Areas of pre-law mining 
disturbance within the permit boundary have undergone some regrading and seeding. Pit 1 is located 
outside the permit boundary, has never been permitted under MSUMRA and has not been held to 
reclamation standards in the permitted area. The Pit 1 area is currently under the ownership of 
Montana Dakota Utilities (MDU). Knife River Corporation obtained the currently active mine permit in 
1977. Westmoreland Savage Corporation purchased the mine in 2001.  
 


3.2 CURRENT MINING OPERATIONS 
As of February 2012 (after approval of minor revision MR 44 for an incidental boundary change), the 
current permit is 885 acres. The permit consists entirely of private land with 311 acres of federal coal 
and 574 acres of private coal. Historic annual coal production has been approximately 300,000 tons. The 
Savage Mine supplies coal to the Lewis and Clark Power Plant in Sidney and, on a seasonal basis, to the 
Sidney Sugar plant. The total acreage disturbed as of December 2011 was approximately 700 acres with 
376 acres described as active mining. Approximately 221 acres have been reclaimed. The proposed 
amendment would extend mining to the west and incorporate all of Section 21, Township 20N 57E, 
expanding the permit by 398 acres. The total permit acres would increase to 1,282 acres with a total 
projected disturbance of approximately 1,132 acres. At the current mining rate, coal reserves are 
projected to last until 2026. 
 
Pits are approximately 100 feet deep and open pits currently extend a length of one and a half miles, 
encompassing pits 2, 3, and 4, numbered north to south (Figure 1). Strip mining at Savage consists of 
topsoil salvage, overburden removal by a dragline, and removal of a lignite coal seam by truck and 
loader/shovel. Coal is stockpiled until removal by independently operated haulage trucks. No blasting is 
currently used to prepare earth materials for removal. Safety wedges of coal are typically left along the 
length of each cut to help stabilize the backfill material. Overburden from the next cut is used to backfill 
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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.  
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4.0 REGIONAL OVERVIEW 


4.1 CLIMATE 
The climate of northeast Montana is classified as semiarid continental. Precipitation and temperature 
measurements have been collected at the mine and also at the nearby climate station at Savage, MT 
(National Weather Service Cooperative Observer ID 247382). Climate data are available from the 
Western Regional Climate Center (WRCC, 2012) with temperature and precipitation records for this site 
going back to 8/1/1905. Figure 2 shows average climate data from the past 30 years at Savage, MT. The 
maximum and minimum temperatures ever recorded at Savage are 111oF on 7/5/1936 and -53oF on 
2/16/1936. 
 
The average annual precipitation at Savage, MT is 14.15 inches. Figure 2 and Figure 3 show graphs of 
the average monthly precipitation and annual precipitation. The peak precipitation month is June, with 
the Savage, MT station averaging 2.83 inches while the minimum monthly precipitation occurs in 
February at 0.26 inches. The Savage Mine is approximately 300 feet higher than the location of the 
Savage, MT station which could result in slightly higher mean monthly precipitation at the mine. Annual 
precipitation oscillates widely between above average and below average years (Figure 3).  
 
The Sidney, MT climate station, approximately 20 miles north of Savage, has collected pan evaporation 
data between 1910 and 2005 (Western Regional Climate Center, 2011) with an average of 33.14 inches 
of pan evaporation per year. 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. Assuming a factor of 0.75 for the 
pan evaporation average at Sidney, the approximate annual evaporation at the Savage Mine is 24.9 
inches. Evaporation is greatest from April to October. 
 


4.2 TOPOGRAPHY 
The topography of the general area surrounding the Savage Mine is characterized by broad gravel-
capped uplands separated by wide trough like valleys often bordered by badlands and cliffs. A series of 
at least five terrace gravel deposits have been identified, the highest of which caps isolated hills about 
120 feet above the Yellowstone River (Culbertson, 1954). The gravel-capped terraces are believed to 
range in age from Oligocene to Pleistocene and were formed by the Yellowstone River. The well-
rounded river gravels are composed predominately of volcanic and intrusive igneous rocks believed to 
have been distributed by a network of rivers that flowed into eastern Montana from mountainous areas 
in the west and central part of the state (Perry, 1931).  
 
The mine area is located on a terrace referred to as Breezy Flat that ranges between 2,200 and 2,400 
feet above sea level and is approximately 400 feet above the Yellowstone River floodplain. The 
topography of this upland area is relatively flat and is isolated on all sides by relatively steep slopes 
which, except on the west, have been cut by a V-shaped valley from 10 to 90 feet deep. At the western 
edge are a series of hills which rise 40 to 100 feet above the surrounding plain. 
 


4.3 GEOLOGY  
The area surrounding the Savage Mine occupies the western flank of the Williston Basin, a broad 
structural basin centered near Williston, North Dakota. Bedrock geology of the area includes Upper 
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Cretaceous to lower Tertiary sedimentary rocks in the Bearpaw Formation, Fox Hills Formation, Hell 
Creek Formation, and the Fort Union Formation. The Paleocene age Fort Union Formation is divided into 
the Sentinel Butte, Tongue River, and Lebo members. Much of the Sentinel Butte member has been 
eroded in the region. 
 
Pleistocene gravel and till deposits mantle Breezy Flat and directly overlie the Tongue River member of 
the Fort Union Formation. The Tongue River member is approximately 1000 feet thick in the vicinity of 
the mine and is composed of silty claystone, siltstone, sandstone, lignite coal seams, and minor amounts 
of fresh water limestone. With the exception of the coal seams, the sedimentary beds are thin and 
discontinuous, reflective of the coastal plain setting in which they were deposited. 
 
The units disturbed by mining include the lignite deposit referred to as the Pust coal and the overlying, 
poorly indurated claystone, siltstone and sandstone collectively referred to as overburden. The 
overburden ranges in thickness from 30 to 70 feet with thickness increasing to the west up to 100 feet. 
The Pust coal forms a single seam in the mine area and ranges in thickness from 15 to 25 feet but is 
typically about 19 feet in the mine area.  
 
The rocks beneath the Pust coal are referred to collectively as underburden and are similar in lithology 
to the overburden. Directly beneath the Pust coal lies silty claystone reported from drill holes that 
penetrated as deep as 70 feet beneath the coal. Lithology logs for recently installed underburden 
monitoring wells as deep as 300 feet report lithologies that include silty claystone, sandstone, and thin 
coal seams.  
 
The Pust coal dips to the northeast at about 20 feet per mile in the south part of the permit area 
(Section 28). A northeast-southwest trending, gentle anticlinal fold is in the southeast quarter of Section 
21, with dips of about 10 feet per mile. In the northeast quarter of Section 21 the dip is approximately 
30 feet per mile to the southwest. Maximum structural relief is about 30 feet. 
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5.0 CUMULATIVE IMPACT AREA 


A cumulative hydrologic impact area (CIA) is defined by 17.24.301(31): ‘"Cumulative hydrologic impact 
area" means the area, including, but not limited to, the permit and mine plan area within which impacts 
to the hydrologic balance resulting from the proposed operation may interact with the impacts of all 
previous, existing and anticipated mining on surface and ground water systems’. "Anticipated mining" 
includes, at a minimum, the entire projected life 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 size and location of a given 
CIA will depend on the surface water and groundwater system characteristics, the hydrologic resources 
of concern, and projected impacts from the operations included in the assessment. For this CHIA, a 
surface water CIA and a groundwater CIA are delineated to assess impacts associated within these 
distinct hydrologic resource areas. 
 


5.1 SURFACE WATER CUMULATIVE IMPACT AREA 
The surface water CIA includes all areas that may see a measurable change in water quantity or water 
quality due to mining activities at the Savage Mine. The area covers approximately 3 miles of 
downstream stream channel for both Garden Coulee and Peabody Coulee (Figure 4). The greatest 
impact on surface water quantity will occur during mining while sediment ponds prevent or retard 
stream flow. However, natural upstream reaches in the area rarely see flows due to high infiltration and 
evaporation rates and small catchments. The CIA is conservatively drawn to include the main stems of 
Peabody Coulee and Garden Coulee downstream to where they converge with another equally sized or 
larger drainage. Upstream of the mine, the CIA includes a 500 foot buffer around the permit boundary.  
 


5.2 GROUNDWATER CUMULATIVE IMPACT AREA 
The groundwater CIA boundary is based on the anticipated extent of impacts to the aquifers affected by 
mining. The Paleocene Tongue River Member of the Fort Union Formation is composed of claystones, 
siltstones, sandstones, and lignite coal seams, including the coal targeted for mining at the Savage mine. 
The alluvial/colluvial deposits and till that overlie the Tongue River Member are generally unsaturated 
and do not produce water. Water in the overburden is localized and discontinuous. The Pust coal and 
the underburden are the uppermost saturated units in the area likely to be affected by mining. The Pust 
coal yields only small quantities of groundwater and is characterized by low transmissivity.   
 
A few local supply wells are completed in the Pust coal, but most wells in the immediate vicinity of the 
mine utilize saturated underburden units generally exceeding 200 feet in depth. The water bearing unit 
at this depth is protected from the impacts of mining by intervening siltstone and shale of low hydraulic 
conductivity. A few supply wells in the area exceed a depth of 1,000 feet, suggesting completion in the 
Fox Hills-Hell Creek aquifer that lies below the Fort Union Formation (Smith, 1998). 
 
Impacts to the Pust coal include removal of the unit to near the crop limits east and south of the current 
mine pits, as well as the pre-law activity in Pit 1, to the north. Removal of the coal aquifer depletes 
groundwater in the pit area and creates drawdown north and west of the mine.  The anticipated 
distance of drawdown in the Pust coal is one and a half miles at the end of mining (Figure 5)(Nicklin, 
2012). Drawdown in the underburden aquifer is expected to be much less than in the coal, but like the 







Application 185 CHIA – Cumulative Impact Area 


12/14/2012  5-2 


coal, the extent is expected to be a mile and a half west and north of the permit boundary. The extent of 
anticipated drawdown establishes the west and north boundary of the CIA. 
 
The mined coal seam is replaced by spoil, overburden backfilled into the pit.  This spoil is expected to 
saturate and form a spoil aquifer. The spoil aquifer is expected to contain poorer quality water than the 
Pust coal. The extent of the coal crop lies immediately outside the permit boundary, limiting the 
potential for water quality impacts to the Pust coal downgradient of the mine. Although vertical 
infiltration to the underburden aquifer some 200 feet below the spoil aquifer is considered unlikely, a 
distance of three miles south and east of the permit boundary is chosen as the limit of the CIA boundary 
for any potential water quality impacts to the underburden.  
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6.0 WATER RESOURCE USES 


Historic and current surface and groundwater uses in and adjacent to the mine area include domestic, 
livestock, wildlife, and industrial. Wells located within and immediately adjacent to the CIA were 
identified from the Montana Groundwater Information Center (GWIC) (Table 5; Figure 6). Registered 
surface water (Table 6; Figure 7) and groundwater rights were identified from records at the Montana 
Department of Natural Resources and Conservation (DNRC).  
 


6.1 DOMESTIC  
Domestic use is indicated in GWIC records for 15 wells within and immediately adjacent to the 
groundwater cumulative impact area. Based on completion depths, wells utilize alluvium, Pust coal and 
underburden groundwater resources. Most wells are completed in the underburden. There is no 
municipal public water supply closer than the town of Savage, approximately 4 miles east of the mine.  
 


6.2 INDUSTRIAL  
Industrial uses are limited to the Savage mine. As part of the mining operations, water retained in 
sediment ponds from pumping and runoff is applied to roads to control dust. The well that supplies the 
mine facilities area is completed in the underburden at a depth of 476 feet, well below the completion 
depth of most local wells. 
 


6.3 LIVESTOCK  
Twenty-seven wells that lie within the groundwater CIA are identified for stockwater use in the GWIC 
database. As with domestic wells, completion depths indicate that groundwater resources used for 
supply include alluvium, Pust coal, and underburden, with deeper aquifers also in use. Two wells (34203 
and 198076) have a reported depth exceeding 1,000 feet, suggesting completion in the Fox Hills aquifer.  
 
Surface water users within the surface water CIA were identified in both Peabody Coulee and Garden 
Coulee (Table 6; Figure 7). Water rights held by the mine for sedimentation ponds are not included in 
the table. The main impact of mining activity on surface water quantity is the retention of runoff from 
episodic events that occur in response to snowmelt and precipitation. Both Peabody and Garden 
Coulees are ephemeral streams.  
 
Three of the surface water rights registered with the Montana Department of Natural Resources and 
Conservation for livestock supply are near the mine area. One of the sites (42M 165287 00) is recorded 
as “a manmade pit on Peabody Coulee” southeast of the mine that has a priority date of January 1969, 
subsequent to the beginning of mining upstream. The water right is located about 0.4 miles downstream 
of the east permit boundary. Based upon site reconnaissance by Savage Mine and DEQ staff , this pit is 
about 3 feet deep covering a surface area of about 50 feet wide by 60 feet long. The size indicates that it 
has limited storage capacity. This pit likely serves to retain seasonal spring runoff in Peabody Coulee.  
 
The other two surface water rights (42M 163291 00 and 42M 163292 00) are for a total of five diversion 
sites in the South Drainage #3 and South Drainage #1 tributaries of Garden Coulee. These rights are for a 
combined maximum volume of water of less than 2.5 ac-ft for use by livestock with all of the diversion 
sites but one downstream of South Pond #3. One of the diversions below South Pond #3 may lie within 
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the permit boundary. Another diversion is downstream of South Pond #1, and it is outside of the permit 
boundary.  
 
Other water rights for livestock use within the surface water CIA are located over a mile downstream of 
the permit area. Water right 42M 16404 00 is a pond within the CIA that does not receive flow from the 
Savage Mine and is therefore not expected to have any impacts from mining operations. Similarly 42M 
17226 00 is a spring located off of Garden Coulee over three miles downstream from the permit and 
would not be affected by mine operations. All other water rights listed in Table 6 are near the mouths of 
Garden or Peabody Coulee.  
  


6.4 AQUATIC AND WILDLIFE HABITAT  
All surface water serves as a source of water to wildlife in the area. Spring 22DDA, all sediment ponds 
holding water, and the Middle Impoundment are a water resource for wildlife. These ponds also create 
man-made wetland habitat for local and migratory wildlife. The Middle Impoundment is a wetland 
feature created with year round water within a partially reclaimed pit. Waterfowl and other birds as well 
as mule deer have been observed at the Middle Impoundment.  
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7.0 MONITORING PROGRAM 


Surface water and groundwater monitoring programs have been implemented at the Savage Mine and 
are the basis for assessment of mining impacts on water resources. Monitoring has been designed to 
collect water quantity and quality information pertinent to the evaluation of impacts. The monitoring 
plan identifies parameters, sampling frequency, geologic units monitored, and site locations. The Savage 
Mine implements and complies with MPDES Permit No. MT0023604. South Ponds 1, 2, and 3 and North 
Pond 2 are MPDES discharge points. All current monitoring sites are shown on Figure 8. A list of 
currently required analytical parameters is shown in Table 2. Quality assurance is an essential part of 
analytical requirements. 
 
As mining proceeds or potential impacts are anticipated, the monitoring plan is revised to accommodate 
changes, including replacement of monitoring sites or development of new sites. Monitoring is required 
to continue through Phase IV bond release. 
 


7.1 SURFACE WATER 
The current surface water monitoring program consists of semi-annual water quality and depth 
measurements for 4 ponds: Middle Impoundment, North Pond 2, South Pond 1, and South Pond 3. 
Additionally, the one spring, 22-DDA/SP, within the permit area also has semi-annual water quality and 
stream depth / flow measurements (Table 7). Two stream measurement sites, 21ADD and 28ADC, were 
discontinued in 2001 and 2003 respectively due to the encroachment of mining. The current and historic 
monitoring sites are shown in Figure 8, and the currently required analytical parameters for pond and 
spring water samples are listed in Table 2.  
 


7.2 GROUNDWATER 
The original monitoring well network was installed at the Savage Mine in 1982. 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 remained to assess impacts. The currently approved monitoring plan is in Table 8 and includes 
32 monitoring wells completed in alluvium, overburden, Pust coal, underburden, and spoil. The location 
of the wells is designed to monitor upgradient and downgradient changes in water level and water 
quality. Water levels are monitored quarterly and samples for water quality analysis are collected 
annually from designated wells. More frequent water quality samples are collected from new wells or 
wells that monitor an area of concern. Analytical parameters required in the current monitoring plan are 
listed in Table 2. 







Application 185 CHIA – Baseline Hydrologic Conditions 


12/14/2012  8-1 


8.0 BASELINE HYDROLOGIC CONDITIONS 


The goals in establishment of baseline hydrologic conditions are to characterize the local hydrology, 
understand the regional hydrologic balance, and identify any water resource or water use that could be 
affected by the mining operation. Mining began at the Savage Mine prior to enactment of MSUMRA, 
and consequently no baseline data was required prior to be beginning of mining. Data collection began 
in 1977. 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 regarding 
baseline conditions based on observed water quality and quantity trends. Upgradient water quality data 
from all monitored units is representative of baseline water quality as it has not been impacted by mine 
activity.  
  


8.1 SURFACE WATER BASELINE 
Surface water at the Savage Mine includes two ephemeral drainages. As defined by ARM 17.24.301, an 
ephemeral stream 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 which has a channel bottom that is always 
above the local water table.  
 


8.1.1 Surface Water Regime 
The Savage Mine is situated in the headwaters of two drainages: Peabody Coulee and Garden Coulee. 
These two coulees flow west to east and drain into the Yellowstone River approximately 5 miles 
downstream of the mine boundary (Figure 4). Peabody and Garden Coulee are both ephemeral 
drainages which flow only in response to storm events. Both coulees are comprised of unnamed incised 
and poorly defined tributaries (Figure 9). The minor basins within the mine area have been informally 
named for the purpose of this CHIA. South Drainages #1 - 4, Garden Tributary #1, and Garden Tributary 
#2 are sub-basins of Garden Coulee. North Drainage and Middle Impoundment are sub-basins of 
Peabody Coulee, but the Middle Impoundment sub-basin is a local sink and no longer drains to Peabody 
Coulee. These sub-basins range in size from 16 acres for South Drainage #2 to 657 acres for North 
Drainage and comprise the headwaters of the two coulees.  
 
A 2006 comprehensive study of the drainages within the mine permit area identified a number of man-
made wetlands in addition to two wetlands that were likely natural (Cedar Creek Assoc., 2007). 
Wetlands 2 and 3 are natural wetlands within the North Drainage channel that are located downstream 
and upstream of North Pond 2 respectively (Figure 9). The wetlands are fed by spring 22DDA/SP, but 
they have expanded in size because of the sediment ponds within the drainage. They are characterized 
by a mix of grasses, cattails, and rushes. WSC has applied for a ruling of the wetland’s jurisdictional 
status by the Army Corps of Engineers. 
 


8.1.2 Surface Water Quantity 
Due to high infiltration rates, little precipitation becomes channelized flow within the CIA. Two surface 
water stations, 21ADD and 28ADC, were installed by the mine and operated from 1981 through the 
early 2000s upstream of mining operations. Since these sites were located in the uppermost portion of 
Peabody and Garden Coulee tributaries, these stations seldom recorded flows and could not adequately 
characterize background conditions in the two coulees downstream of the mine.  
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To estimate background water quantity conditions in the coulees, drainage characteristics of these 
coulees are compared to characteristics of drainages with USGS stream flow data (Figure 10). The USGS 
measured flow, mainly in the 1970s and 1980s, and most stations measured only peak flow with a crest 
gauge. From this data, flood-frequency estimates can be made for the USGS sites and the two coulees 
(Table 9). The rough estimates of peak flows for Garden and Peabody Coulees in Table 9 are only based 
on regional climatic characteristics and basin size. Peabody and Garden coulees closely resemble Fox 
Creek Tributary in basin size. The lower range of estimated peak discharges for the two coulees better 
agrees with the peak discharges estimated at Fox Creek Tributary.  
 
Data from the USGS stations in Table 9 implies that typical daily base flow at the mouth of Peabody and 
Garden Coulees rarely exceeds a few cubic feet per second (cfs) if they flow at all; peak flows for even 
the 2-year recurrence interval are estimated to be very small and base flow can be assumed to be much 
smaller than the peak flows. Similarly sized drainages have a 2-year peak flow of approximately 10 cfs. 
Water rights downstream of the mine on the two coulees are for less than 25 ac-ft a year, with most of 
the rights for less than 5 ac-ft a year (Table 6). The small allocation of water indicates that very little flow 
is carried by the coulees.  
 


8.1.3 Surface Water Quality 
Because stream flows in Peabody and Garden Coulees are infrequent, very little data exist on water 
quality in these drainages. Additionally, there is no pre-mining data because monitoring was not 
required during the period of pre-law mining at the site. Nearby drainages have been monitored by the 
USGS for water quality from the mid 1970s through mid 1980s, and these stations serve as analogs for 
water quality in Peabody and Garden Coulee. The locations of these USGS stations are shown on Figure 
10. Median total dissolved solids (TDS) for all the USGS monitored streams is 1210 mg/L and median 
total suspended solids (TSS) is 60 mg/L (Table 10; Figure 11).  
 
Small eastern Montana streams tend to have better water quality with lower TDS and TSS in late winter 
and early spring when snow melt is the predominant source of water into the streams. Snow melt 
typically occurs when the ground is still frozen resulting in low sediment loads in the water. Summer 
runoff events are usually a result of localized intense but short duration thunderstorms. These runoff 
events tend to have higher TDS and TSS because the ground is more easily eroded in the summer and 
rainfall intensity is usually greater.  
 


8.2 GROUNDWATER 
Mining began at the Savage Mine before MSUMRA became law. Therefore, no premine hydrologic data 
were collected from the mine area prior to mining. Groundwater monitoring wells were installed and 
data collection began in 1982. Thirty years of observational data gives insight to the behavior of the 
hydrologic system and allows estimation of premine conditions. Although water levels in the mine area 
prior to mining are unknown, upgradient water quality data is representative of baseline water quality 
as mine impacts to water quality do not extend upgradient of the pit.  
 
As monitoring wells are removed due to advance of mining, new wells are installed upgradient, ahead of 
mining, as well as in spoil. Monitored units include alluvium, overburden, Pust coal, underburden, and 
spoil. 
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8.2.1 Groundwater Regime 
Regional hydrogeology is described by Slagel (1984). Wells completed in the regional Fox-Hills lower Hell 
Creek confined aquifer may yield as much as 400 gallons per minute (gpm), but other bedrock aquifers 
yield much less at 8 to 15 gpm. Alluvium of the Yellowstone River may yield several hundred gpm. Slagel 
subdivides the aquifers above the Bearpaw Shale into shallower and deeper flow systems. The shallow 
systems are generally less than 200 feet deep and typically flow in the direction of the local drainages. 
Water in the deeper aquifers may flow toward the Missouri River or Yellowstone River. The shallow 
aquifer system is representative of the Savage Mine. Groundwater flow is to the southeast, toward the 
Yellowstone River. 
 
Recharge to the immediate area originates from the northwest and likely includes local infiltration via 
terrace gravel and sandy till during snowmelt and heavy rainfall events. Only small quantities of water 
enter the mine pits during mining.  
 
Groundwater in the mine area occurs in overburden, Pust coal and in units below the Pust referred to as 
underburden. The Pust coal yields only small quantities of water. Pumping test results from two Pust 
coal monitoring wells, OB-1 and OB-2, ranged from 0.27 to 9.9 ft2/day and 0.13 to 16 ft2/day, 
respectively. Assuming a fully saturated average thickness of 25 feet for the Pust coal, the test results 
are equivalent to a hydraulic conductivity in the range 0.01 ft/day to 0.64 ft/day. The relatively low 
transmissivity of the Pust coal limits the extent that groundwater levels will be affected (drawn down) in 
the immediate vicinity of the mine.  
 
Based on communications with mine staff, small quantities of water enter mine pits from groundwater. 
Estimates of pit inflow are less than 10 gpm. The approximate hydraulic gradient in the Pust prior to 
active mining is estimated at 0.0038 (using early water levels from monitoring well 261 combined with 
mean water levels at monitoring well 100). 
 
Some private wells are completed in the Pust for domestic or livestock supply. Most supply wells in the 
immediate vicinity of the mine tap portions of the underburden at depths exceeding 200 feet below 
ground surface. The GWIC reports yields from these wells ranging from 2 to 25 gpm. 
 
 


8.2.2 Alluvial Baseline 
Although the upland area in which the Savage Mine is located is mantled with till and gravel, the 
deposits are unsaturated. The vegetated ephemeral drainages that have been cut into this upland area 
do not regularly receive significant quantities of runoff and do not contain a significant thickness of 
alluvial materials that could maintain saturation. Water flows in the drainages as a result of precipitation 
or snow melt.  
 
There is no alluvial baseline data. Alluvial well WA-297 was installed in the North Drainage in September 
2012. The well is 18 feet deep and the lithologic drill log indicates there was little alluvium in the drill 
hole. Water level in the well is approximately 11.5 feet. Although there is no water at the surface, 
pumping from mine pits into the drainage upstream likely accounts for the shallow groundwater in this 
well. Water quality data (1 sample) from this well is discussed in the groundwater impacts section. 
 
GWIC well 700417 is the only private well within the groundwater CIA that is assumed to be completed 
in alluvium or overburden. The location of this well is reportedly adjacent to North Drainage, 
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immediately north of the east end of the mine permit area. Inability to locate this well during field 
reconnaissance of the area suggests that it no longer exists or its location is inaccurately reported. 
 
Water from spring 22DDA, located upstream of pond North Pond 2, flows into North Drainage. Water 
from this diffuse, low flowing spring quickly infiltrates, rarely reaching North Pond 2, some 350 feet 
downstream of the spring. The spring is often dry during summer months.  
 


8.2.3 Overburden Baseline 
Overburden refers to stratigraphic units above the Pust coal. Overburden at the Savage Mine is 
described as poorly lithified silty claystone or silty sandstone that may be overlain by up to 50 feet of 
unconsolidated sand and gravel. Overburden thickness ranges from five feet at monitoring well 100 
located near the coal crop and just inside the eastern permit boundary, to 109 feet a half-mile west of 
the current permit boundary.  


At the eastern limits, the overburden is dry. Monitoring wells OB-3 and 262 were installed west of 
current mining to monitor changes in overburden water levels. Well 262 was dry at installation, likely 
due to a shallow completion depth. Water levels recorded in well OB-3 (total depth=105 feet) were 
steady after installation in 2004 and are assumed to be representative of baseline water levels at this 
location. OB-3 contained approximately 18 feet of water after installation. Based on similarity in and 
response of water levels in OB-3 and Pust coal well 292, the Pust coal and the overburden appear to be 
in hydrologic communication at this location.  


Overburden well OB-3 is upgradient of mining and lies outside the area of water quality changes 
attributable to mining. Analytical results from samples collected from this site for the first two years 
after installation of this well are used to represent baseline water quality. Baseline water type in this 
well is calcium-magnesium bicarbonate. With an average specific conductivity (SC) of less than 1,000 
µS/cm (Table 11), groundwater at this location falls into the Class I groundwater category (ARM 
17.30.1006) (Table 4) and is suitable for most uses. The overburden is not identified as a water supply 
for uses within or adjacent to the permit area.  


An arsenic concentration of 0.004 mg/L was detected in the initial water quality sample from well OB-3 
(Table 12). Subsequent analyses commonly show arsenic concentrations above detection but below 
0.004mg/L. To date, arsenic concentrations have been below the human health criteria of 0.010 mg/L 
(ppm) (Circular DEQ-7). Lead above the human health standard of 0.015 mg/L was detected in a sample 
in 2004 but has not been detected in more recent samples. Dissolved boron is another trace metal 
commonly present in low concentrations at this location. The appearance of these trace metals in 
baseline analyses confirms their presence in natural groundwater in the area. 
 


8.2.4 Pust Coal Baseline 
Pust coal wells 261, 263, and 292 had relatively stable water levels at the time of installation. Due to 
stable water levels and distance from mining, these wells are assumed to reflect baseline conditions at 
the time they were installed. At the time of installation, water in wells 263 and 292 were confined and 
contained 33 feet and 40 feet of water, respectively. Well 261 contained approximately 22 feet of water 
and was barely confined.  Under natural gradient, water level in the Pust coal would be expected to 
decrease west to east and south toward the coal crop.  
 
Monitoring wells 261, 263, and 292 are upgradient of mining and reflect baseline water quality (Table 
11). Water quality between these three wells is variable. Well 261 is characterized by a sodium 
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bicarbonate type water. Wells 263 and 292 are characterized by calcium-magnesium bicarbonate type 
water. Water from well 292 is consistently below 1,000 µS/cm (average/median = 914/939 µS/cm), 
placing the groundwater at this location in the Class I category. Average/median conductivity at well 261 
is 1156/1144 µS/cm and the average/median at well 263 is 1489/1520 µS/cm, placing water at both sites 
in the Class II groundwater category.  
 
Samples from wells 261 and 263 have had infrequent, detectable arsenic concentrations ranging 
between 0.002 – 0.008 mg/L (Table 12). These concentrations are below the human health limit of 0.01 
mg/L. Lead has also been above detection (0.003 – 0.017 mg/L) in a few analyses from these wells, as 
has cadmium (0.00037 mg/L in well 261 and 0.00059 mg/L in well 263) in an isolated occurrence in 
2003. The human health standard for lead in groundwater is 0.015 mg/L. Boron has no established 
human health standard but is detected in every sample from these three background wells in 
concentrations not greater than 0.550 mg/L.  
 


8.2.5 Underburden Baseline 
Underburden refers to stratigraphic units below the Pust coal. The units are generally described as 
shale, sandy shale, and fine-grained sandstone. Thirteen monitoring wells have been completed in the 
underburden within the permit area. Completion depths range from shallow (8 feet to 49 feet) to 
intermediate (155 feet) to deep (230- 340 feet). The deeper wells (DG-2, 294, 295, and 296) target the 
same aquifer that supplies most local domestic and livestock water in the area. All three are completed 
below spoil. 
 
Wells with shallow underburden completions (103, 104, 110, 111, and 113) are located downgradient of 
mining, near the coal crop, adjacent to North Drainage and close to the permit boundary. These wells 
reflect shallow water table conditions. Because installation of these wells downgradient of mining 
occurred in the early 1980’s, mine-related impacts may have already occurred, so initial measurements 
taken from these wells are not representative of baseline conditions. However, it is notable that most 
underburden water levels have shown little change through time. Hydrographs of the shallow 
downgradient wells exhibit water levels with strong seasonal effects similar to what would be expected 
in alluvial wells.  
 
Well 293, located a half-mile west (upgradient) of mining, measures underburden groundwater at an 
intermediate depth (155 feet). Initial measurements indicated that water level was declining slightly, but 
due to its upgradient location from mining, it is assumed to represent baseline at the time of its 
installation in 2004 (Table 11; Table 12). Initial water level measurements indicated 62 feet of water in 
the well. Although upgradient well 293 showed slight water level declines at the time of installation, 
water quality has remained consistent, and this well is assumed to represent water quality unaffected 
by mining. Median conductivity at well 293 is 2097 µS/cm, placing it in Class II groundwater quality. The 
water type is a sodium bicarbonate. 
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9.0 HYDROLOGIC IMPACT ASSESSMENT 


As required by ARM 17.24.314(5), the Department must provide an assessment of the cumulative 
hydrologic impacts of the proposed operation and all anticipated mining upon surface and groundwater 
systems in the cumulative impact area. The assessment must be sufficient to determine if the Savage 
Mine operation has been designed to prevent material damage to the hydrologic balance outside the 
permit area.  


 
The Department developed a use impact assessment approach, specific to the evaluation of potential 
impacts from Savage Mine. This approach referenced and used Montana water quality standards as well 
as research supported water quality criteria for the postmine land use of livestock grazing.  
 


9.1 MINIMIZATION OF IMPACTS 
Minimization of impacts involves all aspects of the mining process. It includes reducing the disturbance 
footprint to the extent practical, implementing contemporaneous reclamation and establishing a stable 
landscape designed to channel and transmit water in a manner that sustains the postmine landscape 
and its uses.  
 
During mining, upgradient flows are diverted around active mining pits and into downgradient natural 
channels or upgradient impoundments that contain upstream water runoff. Migration of sediment 
during storm events is limited by utilizing best management practices (BMPs) to contain or treat flows 
via impoundments downgradient of the mine site. Potential effects to the surface water and alluvial 
groundwater quantity are minimized by instituting stream buffer zones or other methods to limit 
disturbances in channel reaches unaffected by mining. 
 
The approximate recharge capacity of groundwater must be restored to support postmine land uses. 
The hydraulic conductivity of spoil materials closely approximates the premine hydraulic conductivity of 
local bedrock. The spoil aquifer is therefore expected to transmit groundwater from the upgradient 
undisturbed aquifers to the limits of the downgradient coal crop. Pre- and postmine surface recharge is 
also expected to be comparable. 
 
Acid and toxic forming materials that could result in the contamination of surface or groundwater are 
not permitted in mine backfill nor permitted to be placed adjacent to surface water resources. Fuel spills 
or releases of other potentially harmful materials must be remediated by removal and proper disposal 
of affected soil and rock. 
 
To avoid material damage outside the permit area, action thresholds have been set for surface water 
and groundwater inside the permit area in order that potential water quantity or quality impacts are 
anticipated and mitigated prior to reaching levels that exceed standards or impinge on designated uses 
(Table 1). 
 


9.2 HISTORIC, PRE-LAW MINING 
Mining was active at the Savage Mine as early as 1958, prior to enactment of the MSUMRA in 1977. 
Gathering and reporting of hydrologic data or other mine information to a regulatory authority was not 
required prior to this time and other than the location of mining, little is known about pre-law mining 
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activity. The area of pre-law mining was mainly north and east of the current permit area although some 
pre-law mining is within the current permit area (Figure 1). The pre-law mining at Savage Mine covered 
roughly 270 acres, based on the projected outlines of the early pits. This early mining extracted coal with 
low overburden cover near the coal outcrop.  
 
Pit 1 was located north of the North Drainage and is outside the permit boundary. In the early 1990’s 
Knife River Coal, the surface owner at the time, transferred ownership of the Pit 1 area to the regional 
energy supplier now known as Montana-Dakota Utilities Company (MDU). MDU operates the Lewis and 
Clark power plant in Sidney. Pit 1 is currently used for surface disposal of coal ash from the plant. 
Pursuant to 75-10-214 MCA, electric generating facilities are exempt from provisions of the Montana 
Solid Waste Management Act.  
 
As the Pit 1 area is outside the authority of the regulatory coal program, information about the 
groundwater in Pit 1 is at the discretion of MDU. MDU has made water level and water quality data 
collected from 14 monitoring wells in the Pit 1 area available for review, although details of well 
integrity and completion are questionable. The wells are reportedly completed in lignite and spoil, with 
the deepest well reported to be 102 feet deep. This deep well reportedly monitors “deep lignite” and 
contains a water column of approximately 60 feet. Spoil wells with completion depths between 30 and 
60 feet contain two feet or less of water. Water levels range between 2,262 and 2,249 feet in elevation. 
Hydrographs from wells that reported levels between 1996 and 2010 indicate that well levels are static 
after showing a rise of three to five feet between 1996 and 2000.  
 
Water quality data for the period 1997–2000 was reviewed by the Department, although the data 
remained in the possession of MDU and has not been released to the Department. In summary, the 
ionic water quality data from a small number of samples from the Pit 1 area are similar to water quality 
observed from coal wells inside the Savage Mine and generally appear to be better quality than spoil 
water in the mine area. Groundwater quality in the Pit 1 area falls into groundwater classes I and II. 
Arsenic has been above detection at a few sites with concentrations above the human health standard 
(0.01 mg/L) in two wells, with concentrations of 0.0115 and 0.0117 mg/L in one well, and 0.055 mg/L in 
another well. Both of these wells are reportedly completed in lignite at depths of 43 and 94 feet, 
respectively.  
 
MDU has committed to installation of additional monitoring wells in 2013 and to the release of future 
monitoring data to the Department to assist in the analysis of cumulative impacts. 
 


9.3 COAL COMBUSTION BYPRODUCTS 
The Savage Mine received approval from the Department for the burial of ash from coal customer Holly 
Sugar Corporation (later named Sidney Sugar) in 1986, and the practice continued until mid-2005. Ash 
was stored along the margins of pits 3 and 4, where it was mixed with spoil prior to disposal into the pit. 
The approved dilution factor was 50 parts spoil to one part ash. Most of the ash disposal was into Pit 4. 
The amount of ash placed in the pits varied over the years but near the end of the disposal period the 
mine was approved for up to 10,000 cubic yards/year, the largest volume ever approved for disposal. 
Stipulations for disposal included preliminary and annual laboratory testing for hazardous chemical 
components that might leach from the ash, installation of wells to monitor water quality downgradient 
of pits 3 and 4, and placement of the combined ash-spoil mixture above the anticipated postmine water 
table. 
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An annual paste extract analysis of the ash transported to the mine was submitted with the annual 
hydrology report as long as ash was placed into the pit. Analyses indicated greater concentrations of 
most ionic components than found in local aquifers. Trace metals above detection included aluminum, 
arsenic, boron, cadmium, copper, chromium, fluoride, mercury, iron, selenium, zinc, and nickel. A 
summary of the analyses is in Table 13.  
 
Relatively small amounts of ash were added to the total volume of spoil cast into the pit. The ash was 
deposited above the anticipated postmine water table in an attempt to minimize impacts to water 
quality. As with spoil, the highly soluble ionic components in ash (sulfate, calcium, magnesium, and 
sodium) are the most likely parameters to contribute to increases in dissolved solids in groundwater. 
When detected, most trace metals are in concentrations barely above detection levels. The exception is 
arsenic, which is persistently above detection at low levels. Localized, elevated levels of arsenic in spoil 
water in the south backfill area are not attributed to ash deposition in the pit. Arsenic in spoil water is 
discussed in greater detail below. Deposition of ash into the pit between 1986 and 2005 is not 
anticipated to cause a substantial decrease in spoil water quality.  
 


9.4 ALLUVIAL VALLEY FLOORS 
As defined in 82-4-203(3)(a) and (b), MCA, "’Alluvial valley floor’ means the unconsolidated stream-laid 
deposits holding streams where water availability is sufficient for subirrigation or flood irrigation 
agricultural activities. The term does not include upland areas that are generally overlain by a thin 
veneer of colluvial deposits composed chiefly of debris from sheet erosion and deposits by 
unconcentrated runoff or slope wash, together with talus, other mass movement accumulation, and 
windblown deposits”. 
 
The presence of an alluvial valley floor is determined by the presence of geologic, hydrologic, and 
biologic properties necessary to support agriculture. Although the location of the Savage Mine on Breezy 
Flat is mantled with stream gravels deposited by the paleo-Yellowstone River system, it does not possess 
the geologic or hydrologic characteristics that define an alluvial valley floor. The mine and surrounding 
area is located in an upland area incised by ephemeral drainages characterized by colluvial rather than 
alluvial deposits in the drainages. The gravels that mantle the area are dry and do not provide a source 
of subirrigation. Historic and current farming does not depend on surface irrigation. Therefore, no 
alluvial valley floor has been identified in the area. 
 


9.5 SURFACE WATER 
The increase in disturbance to Peabody Coulee and Garden Coulee upon approval of Amendment 185 is 
detailed in Table 14. The permit area would grow from approximately 885 acres to 1,280 acres, an 
increase in area of 45%. Disturbance at the Savage mine, excluding pre-law mining, is approximately 684 
acres. Application 185 would add 448 acres of disturbance. Most of the proposed amendment area 
would fall within the tributary sub-basins of North Drainage and South Drainage #3 (Figure 4). 
Disturbance would increase in North Drainage from 234 acres to 478 acres (73% of North Drainage) and 
in South Drainage #3 from 171 acres to 350 acres (67% of South Drainage #3). 
 
The proposed postmine topography (PMT) and reclamation plan would alter the shape of the sub-basins 
and drainage characteristics. Some alteration has already occurred since reclamation has been ongoing 
at the mine for decades. The proposed PMT incorporates already completed reclamation areas but also 
proposes changes to the currently approved plan. A comparison of the premine and the proposed 
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postmine drainage characteristics for the sub-basins and for Peabody Coulee and Garden Coulee are 
shown in Table 15 and in Figure 4. North Drainage would increase in area by 44 acres in the PMT 
because of a southward shift in the drainage’s southern boundary. South Drainage #1 and Garden 
Tributary #1 and #2 lose acres to the more northerly basins. South Drainage #4 would gain acres, but 
some of this gain is outside of the permit boundary area and due to higher resolution surveys of the 
basin boundaries in flat cropland where the boundary is hard to discern. However, South Drainage #4 
would also gain acres due to a reconfiguration of drainages; the basin would empty into South Drainage 
#3 instead of South Drainage #1. 
 
Comparison of the distribution of slope within the permit area pre- and postmine indicates that the 
overall slope steepens in the postmine topography (Figure 12). Steepening is due to high wall reduction 
and the creation of new stream channels. The slope analysis excludes areas that are pre-law where 
steep hills of spoil have replaced relatively flat-lying crop land and grassland. Slope steepening could 
result in greater runoff and erosion during storm events. More slope diversity may also provide areas to 
catch and retain snow resulting in a slower release of melt water in the spring. 
 
South Drainages #1, #3, and #4 increase in stream length in the PMT due to new side drainages and 
greater sinuosity of drainages. The increased stream length results in an increased drainage density for 
the sub-basins. Meanders serve to reduce water velocity during storm events. Reduced water velocity 
can result in less erosion, more settling time for sediments, and greater infiltration of runoff. Conversely, 
the stream length in North Drainage decreases due to shortening of the channel at the uppermost part 
of the drainage. Postmine stream channels are also designed to minimally cross proposed crop land. The 
channel in North Drainage is proposed to be shorter to avoid postmine cropland. 
 
The man-made wetlands are located around the edges of the sediment ponds, and with the exception of 
Middle Impoundment, they will disappear when the ponds are removed during final reclamation. 
Middle Impoundment is a permanent pond that will serve as a postmine wetland habitat. Since 
wetlands around many of the other sediment ponds are man-made and will be removed with pond 
reclamation, these wetlands would likely not qualify as jurisdictional. Since all of the current mine 
ponds, with the exception of North Pond 1, have man-made wetlands associated with them, new 
temporary wetlands will probably emerge around the proposed South Pond 4 and 5 and North Pond 4 
when they are constructed. Two wetlands immediately above and below North Pond 2 may exist 
naturally. When the sediment ponds are removed, these two wetlands will shrink in size, but it is 
expected that spring 22DDA upstream of the wetlands will continue to flow and allow for some of the 
wetland area to remain.  
 


9.5.1 Surface Water Quantity 
Both Peabody and Garden Coulee are classified as C-3 ephemeral streams. Because the Savage mine sits 
at the headwaters of both of these coulees, very little measurable stream flow has occurred within the 
mine permit boundary during the life of the mine. As a result of the lack of surface water flow data in 
these drainages, there is little data on the impact of the mine on stream water quantity. In lieu of long-
term stream flow data, changes in runoff volume and flow were modeled using SEDCAD 4, a software 
program for modeling storm-driven sediment and runoff. SEDCAD only models the hydrograph and 
sediment runoff from a single storm event, and consequently it does not give a yearly average. The 
SEDCAD program models a simplistic representation of the two drainages. The model results presented 
in this report are only meant to demonstrate the effect of changes to stream length, drainage basin size, 
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infiltration rates, and impoundment structures. A detailed list of input parameters for the SEDCAD 
models is included in Appendix B. 
 
The two main drainage basins of Garden Coulee and Peabody Coulee were modeled with SEDCAD. 
Garden Coulee and Peabody Coulee were modeled at the eastern border of the CIA where the coulees 
have the most surface water users (Table 6; Figure 7). Additionally, flows off of the minor drainage 
basins directly downstream of the mine permit boundary were also modeled to determine the effects 
on the immediate downstream water rights. Runoff volume and maximum flow were modeled for North 
Drainage, South Drainage #1, South Drainage #3, and the junction of South Drainages #1, #2, and #3 
(Figure 4). Inputs for the SEDCAD model were taken from the pond designs shown in Exhibits D3 through 
D12 of the Savage Mine Permit as well as from the premine and postmine topography and drainage 
designs shown in Exhibits B1 and D2 of the permit. Curve numbers (CN) for basins within the mine area 
were derived from weighted averages of premine and postmine land use assuming a CN of 69 for 
cropland and 75 for grassland. A CN of 72 was used for all premine and postmine basins outside of the 
permit boundary which represent an equal mix of crop and grassland. Curve numbers for mine-impacted 
basins during mining operations were derived by WSC using mixing equations and are listed in Exhibits 
D3 through D12 of the mine permit.  
 
The only differences between premine and postmine runoff models were the drainage basin size, 
stream lengths, basin slope, land use, and channel slope. WSC assumes that after vegetation has 
thoroughly reestablished in reclamation (i.e. greater than 7 years post-mining), the postmine curve 
numbers will be identical to premine curve numbers. The same approach is used in this analysis to show 
how the reclaimed drainage basins will respond to storm events. 
 
The SEDCAD results for a 2-yr, 24-hr storm (1.6 inches of precipitation) and a 10-yr, 24-hr storm (2.6 
inches of precipitation) are shown in Table 16 and Figure 13. The model predicts a similar premine and 
postmine runoff volume and hydrograph response for the four modeled drainages shown in Figure 13. 
While the drainage basin size and stream lengths change as a result of mining, the impact on storm 
runoff volume is almost immeasurable downstream of the mine on the main Garden Coulee and 
Peabody Coulee drainages(Table 16). South Drainage #1 and #3 show a slight change in runoff volume 
and more noticeable change in the maximum flow from premine to postmine because of the rerouting 
of South Drainage #4: premine the drainage was a tributary to South Drainage #1 and postmine it will be 
a tributary to South Drainage #3. This redistribution of water may affect the quantity of water for water 
rights 42M 163291 00 and 42M 163292 00. The most significant impact to the drainages occurs during 
mining operations when sediment ponds are used to capture runoff. The system of ponds at the Savage 
mine are designed to contain at least a 10-yr, 24-hr storm event. Runoff from most storm events that 
falls on catchments above the ponds is captured and lost to infiltration or evaporation.  
 
Users with surface water rights immediately downstream of the mine have and would continue to see a 
reduction in water available for use with the approval of the amendment application. Immediately 
downstream of the mine the storm hydrograph is severely attenuated during the life of the mine and 
changes to runoff volume and peak discharge occur between the premine and postmine hydrograph 
(Figure 13). Significant impacts to water availability during storm or melt-driven flows for the water 
rights holders immediately downstream of the South Drainage ponds (Figure 7) are expected until final 
reclamation is complete. Since the amendment application proposes additional mining in the already 
ponded drainages, the number of years until final reclamation of the drainages will be extended. For a 2-
yr, 24-hr storm event with 1.6 inches of precipitation, the approximate (to the nearest ac-ft) premine 
runoff volume at the mouth of the South Drainage #3 (see Figure 9) is modeled to be 6 ac-ft, postmine 
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runoff volume is predicted to be 6 ac-ft, and the runoff volume during mining is only predicted to be 0.5 
ac-ft (Table 16). All water upstream of South Pond #3 is predicted to be retained by South Ponds #3, #4, 
and #5, which all have a capacity large enough to retain precipitation from a 10-yr 24-hr storm. A similar 
reduction in water availability is also predicted for the private diversion below South Pond #1.  
 
Users further downstream on Peabody and Garden Coulees at the eastern edge of the CIA have not and 
would not see a significant change in surface water availability. Modeling of changes in runoff due to 
sediment ponds during mining operations predicts changes in flow and runoff volume at the mouths of 
Garden Coulee and Peabody Coulee (Table 16). For a 2-yr 24-hr storm, the change in runoff volume from 
the use of sediment ponds at the mouth of Peabody Coulee was modeled as a loss of 7 ac-ft or an 18% 
reduction from premine runoff volume. The change in runoff at the mouth of Garden Coulee was 
modeled as a loss of 8 ac-ft or a 7% reduction from premine runoff volume. The total ponded area 
including the proposed amendment area accounts for 6% of Garden Coulee and 17% of Peabody Coulee 
(Table 14). Since the loss in runoff during mining was only modeled for a single large storm event, these 
predicted reductions cannot be used to estimate the average annual loss in runoff volume. 
 
The addition of the proposed amendment area to the mine plan would not change the current 
availability of water because all of the amendment area is upstream of the current pond system. 
Additional ponds (South Pond 4, South Pond 5, and North Pond 4) have been proposed to be added in 
series with the current pond network to maintain the 10-yr, 24-hour holding capacity of the system. 
Runoff from within the proposed amendment area is currently routed to the mine ponds, and mining of 
the area would not change the fate of runoff in the amendment area.  
 


9.5.2 Surface Water Quality 
WSC ensures compliance of surface water protection by designing, constructing, and maintaining 
sediment ponds below mine disturbance. WSC can discharge water from the mine’s ponds into 
downstream coulees if the water quality meets standards set in the mine’s MPDES permit. Water can be 
discharged due to storm conditions (i.e. a storm event larger than the 10-yr 24-hr storm) or as a part of 
operations (i.e. discharge of pit water, storm water from events smaller than a 10-yr 24-hr storm, etc). 
Release of water from the sediment ponds due to any cause is rare at the Savage Mine. Discharges have 
only occurred from North Pond 2, South Pond 3, and South Pond 1. The last recorded discharges from 
these ponds were in 2011, 2001, and 1994 respectively. Since the mid 1990s, the mine has averaged one 
discharge event per 10 years. The two precipitation driven discharges in 2011 met the mine’s MPDES 
permit requirements of total settleable solids < 0.5 mL/L with settleable solids below the detection limit 
of 0.2 mL/L in the two samples.  
 
Because of the infrequency of discharges, the impact of mine water on downstream water quality is 
difficult to analyze. The largest set of water quality data is from pond water samples, and pond water 
can serve as a rough estimate of general surface water quality at the mine. Pond water contains a 
mixture of pit pumped groundwater and runoff from spoils, native land, and land in every stage of 
reclamation. Consequently, the water quality of pond water can vary greatly between sampling and is 
not necessarily predictive of post mine water quality. 
 
Water quality samples for WSC’s ponds and a natural spring upstream of North Pond #2 have analyte 
concentrations similar to those of the USGS-monitored creeks. The pond data for North Pond #2, South 
Pond #1, and South Pond #3 include some MPDES discharge water quality samples along with pond 
water samples. While analyte concentrations are slightly lower in pond discharge samples versus pond 
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samples (for instance, about 15% greater TDS for ponded water), concentrations are similar enough that 
the two types of measurements could be grouped together for use in a statistical comparison of water 
quality samples from nearby USGS stations. TSS is lower in the WSC pond water samples than in the 
USGS creek data (Figure 11). Ponds allow for settling of sediments and result in lower TSS. Besides TSS, 
sodium and bicarbonate tend to be in lower concentrations in the ponds compared to the regional 
creeks. Differences in sodium and bicarbonate concentrations are likely due to natural variations in 
water quality. Besides natural runoff, the ponds at WSC also receive pumped pit water which can alter 
the composition of the water.  
 
Water quality in both the WSC mine ponds and nearby creeks mostly fall within the range acceptable for 
cattle with most analyte concentrations below the suggested upper limit (Table 10). Concentrations of 
calcium, magnesium, and sodium tend to be above the livestock threshold limit but below the upper 
limit shown in Table 3. 
 
There is no evidence that the water quality or quantity at spring 22DDA in the Peabody Coulee drainage 
has changed in response to mining activities; there is no discernible trend in analyte concentrations at 
the spring as mining has progressed upstream of the spring (Figure 14). As with the mine ponds, the 
spring’s water quality is similar to regional stream water (Figure 11). Although the source of the spring 
water is unknown, given that the proposed amendment is northwest of current mining and the spring, it 
is considered unlikely that the additional mining would cause changes to the flow or water quality of the 
spring. 


 
The addition of mining in the area proposed in Amendment 185 is not expected to measurably alter the 
water quality downstream in the MPDES ponds or in offsite stream channels. Water quality samples 
from WSC ponds show that pond water is similar in composition and dissolved solids concentration to 
other regional water bodies. The Savage mine rarely discharges water from these ponds, and most 
discharges have been caused by storm events where runoff is greater than the storage capacity of the 
pond. Runoff from these precipitation driven events tend to be low in TDS and the ponds provide 
enough settling time to also lower the TSS. Runoff and pit pumping from the proposed expansion of the 
mine would go through the same treatments before discharge and is expected to contain the same 
composition as the current mine-treated water.  
 


9.6 GROUNDWATER 
The Department evaluates groundwater quantity and quality changes associated with mining and 
resulting impacts to groundwater uses. Groundwater quantity impacts are assessed by evaluating the 
amount of drawdown in monitored aquifers compared to the amount of water required for sustainable 
use at affected wells and springs. Prediction of drawdown through the life of mine, as well as recovery 
predictions for water levels fifty years after mining, is accomplished with the use of a transient flow 
model based on MODFLOW, computer software developed by the U.S. Geological Survey considered to 
be the standard code for simulation.  
 
Impacts to groundwater quality are determined by evaluating changes in water chemistry from 
monitoring wells in all potentially impacted aquifers. Water quality must be maintained to protect 
groundwater uses and meet numeric water quality standards for human health. Groundwater uses 
within the CIA include domestic and livestock water. Cropland, pasture and wildlife are designated 
postmine land uses. Livestock water quality guidelines (Table 3) are used to assess suitability for 
livestock consumption. Domestic impacts are evaluated against groundwater quality necessary to 
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sustain designated uses (ARM 17.30.1006) (Table 4) and human health standards for parameters with 
numeric standards (DEQ-7) (Table 2). 
 


9.6.1 Groundwater Model 
Application 00185 included the results of a MODFLOW-based computer flow model that estimated 
drawdown impacts to groundwater levels associated with existing and proposed mining (Nicklin, 2008). 
The model also predicted water level recovery 50 years following completion of mining. The results of 
the model simulation indicate that the majority of drawdown will occur in the immediate vicinity of the 
mine, with drawdown in areas outside the mine boundary projected to be much smaller (Figure 15). 
Conservative assumptions were used throughout all aspect of the modeling efforts. Hence, the 
drawdown and recovery projections should be considered conservative or worst case. 
 
Simulated water levels and drawdown project that by end of mining in the current permit the maximum 
drawdown in the Pust coal will approach 25 feet near the western edge of Section 21 (T20N, R57E). 
Based upon the assumptions employed in the model, groundwater levels are projected to nearly fully 
recover in the Pust Coal/mine spoils in 40 years following cessation of mining in the current permit.  
 
The additional mining proposed Application 00185 is expected to increase the drawdown in the Pust 
coal and spoil to 35 feet near the western edge of Section 21 (Figure 15). Groundwater levels would be 
expected to recover within two feet of premine levels 50 years after the cessation of mining. 
 
Drawdown and recovery simulations were also performed for an underburden layer assigned to 
represent the water in the sandstone typically used for private domestic and stock water supply wells. 
Based on modeling assumptions, for currently approved mining, the maximum projected drawdown in 
the immediate vicinity of the mine is about three feet. The maximum projected drawdown at a distance 
of about one mile from the mine is about one foot. Groundwater levels in this aquifer would be 
expected to recover within about one foot of pre-mining levels by 20 years following cessation of 
current mining. 
 
Additional mining proposed in Application 185 would increase drawdown in the underburden aquifer in 
the immediate vicinity of the mine to about seven feet. The maximum projected drawdown at a distance 
of about a mile from the mine is about three feet. Groundwater levels are expected to recover within 
one foot of pre-mining levels by 50 years following cessation of mining in the proposed permit 
amendment. 
 


9.6.2 Alluvium  
Although the upland area in which the mine is located is mantled with till, it is unsaturated. The upland 
drainages are ephemeral and are characterized more by colluvium than alluvium. There were no alluvial 
wells on the mine site until well 297 was installed in North Drainage in September 2012, near the permit 
boundary. Pit water is pumped into this drainage from the North Pond 3 area. The 18 foot deep well 
penetrated only minor amounts of alluvium mixed with colluvium and was completed in bedrock. The 
well contained approximately 11 feet of water. A water quality analysis from the well indicates that it is 
a sodium sulfate type water with ionic concentrations that generally exceed the average or median 
concentrations of baseline coal, underburden, and spoil (Table 17). With a conductivity of 2938 µS/cm it 
is a Class III groundwater. Magnesium concentration exceeds the recommended guidelines for livestock 
consumption and sodium and calcium concentrations are at the upper limit. All trace metals were 
significantly below threshold concentrations. 
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A private well reported to be completed in alluvium adjacent to North Drainage was not found during 
field reconnaissance. There are no known uses of the water in this drainage.  
 


9.6.3 Overburden 
Well OB-3, located west and upgradient of current mining, is the only overburden well in the mine area 
that contains water. OB-3 showed a gradual decline in water level of less than three feet between the 
time it was installed in late 2004 and early 2009. Water levels measured in 2011 indicated a full recovery 
of water levels to initial level (Figure 16). This recovery likely reflects above average rainfall in 2011 and 
is indicative of the sensitivity of overburden water levels to surface infiltration. The earlier decline in 
water level most likely was climate driven and not associated with mining. 
 
Water quality in OB-3 has shown changes since initial analyses. TDS increased from 412 to 665 mg/L, 
due to increases in all major ionic components except sodium, peaking between 2009 and 2010. 
Increase of chloride from 6 mg/L to 42.5 mg/L suggests road stabilization agents such as calcium 
chloride or magnesium chloride may infiltrate into the overburden at this location. Increases in calcium 
and sulfate may be attributable to the road surfacing agent lignin sulfate. This well is located 
immediately adjacent to the county road.  
 
Analysis in late 2010 of a water quality sample from OB-3 indicates a return of all parameters to near 
initial concentrations. Given the upgradient location and distance from mining, mining is not a likely 
source of water quality changes at OB-3. Arsenic and lead remained below detection in the most recent 
water quality sample. Copper and nickel concentrations were not measured in baseline but were above 
detection in the most recent sample. Concentration of these two metals were an order of magnitude or 
greater below human health standards and remain below livestock standards.  
 


9.6.4 Pust Coal  
The Pust coal aquifer is removed during mining, resulting in dewatering and creation of a depression in 
groundwater levels in and adjacent to the mine pits (Figure 17). The relatively low transmissivity of the 
Pust coal limits the extent that groundwater levels are affected. The radius of mining influence is 
reflected in water levels at monitoring wells. Wells 261, 263, and 284 exhibit the greatest drawdown 
effects (Figure 18). The maximum observed drawdown is in well 261 with approximately 17 feet of 
water level decline. Well 284 had been dry since 2004 but began a rise in water levels in 2009 that rose 
approximately 10 feet by 2012 and has equilibrated. Well 292, located west of mining, had shown a 
three foot decline in water level since 2004 prior to a return to initial levels in 2011 and 2012. This rise 
was likely associated with unusually high precipitation in early 2011. Well 263, located north of mining, 
showed a water level decline of approximately 10 feet between 1993 and 2008. Water levels have 
remained steady since that time and the Pust coal remains barely confined at this location. Fluctuating 
levels in well OB-1 (Figure 18) reflect infiltration and mounding associated with the storage of water in 
Pond 3 pumped from the pit. Wells 285 and 260, installed in the mid-1980’s, were both dry at the time 
of installation. 
 
Drawdown in the vicinity of the mine pits has resulted in local change to the hydraulic gradient. 
Between wells 292 and 261 the gradient has steepened to about 0.017, and the estimated mine-wide 
premine gradient is about 0.0038.  
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Baseline wells 261, 263, and 292 have shown fluctuations in water quality through time but have 
developed no trends (Figure 19). Water quality sampling was discontinued in well 261 in 2003 due to 
low to intermittently dry water levels but had shown no significant changes in water quality by that 
time. Pust wells 263 and 292 have not shown significant changes in water quality. Although not 
identified as a baseline well because it was installed after mining began, Pust well OB-1 has shown the 
greatest change in water quality. Coincident with the change in water level character in 1996 attributed 
to pit pumping into North Pond 3 and subsequent infiltration into the coal (and spoil), water quality 
began a dramatic change, showing increases in all ionic components. Except for low level nickel 
concentrations in well 292 and OB-1 (0.0075 mg/L and 0.0094 mg/L, respectively), low level copper in 
OB-1 (0.0037 mg/L), and the persistence of boron in all wells, trace metals remain below detection in 
these wells. Water quality remains suitable for the post mine land uses of cropland and grazing.  
 


9.6.5 Underburden  
Shallow underburden wells that show water level declines include well 104, 110, and 111, all closely 
spaced in an area downgradient of mining at or near the crop margin of the Pust coal, adjacent to North 
Drainage. Maximum drawdown in these wells is approximately five feet or less (Figure 20). The 
fluctuation in these wells is testament to their shallow completion and influence of shallow groundwater 
associated with disposal of pit water into the ponds in North Drainage. The increase in water level 
associated with higher than usual precipitation in 2011 is reflected in the recent spike in water level. 
 
Underburden monitoring well 293 is completed in 13 foot- thick fine-grained sandstone at 155 feet 
below the ground surface. It is located upgradient of mining at the west margin of Section 21. It has 
shown a gradual water level decline of less than three feet since installation in 2004, similar to water 
level decline observed in adjacent wells 292 (Pust coal) and OB-3 (overburden). The decline is assumed 
to be associated with climatic conditions rather than mining. Like 292 and OB-3, well 293 showed an 
increase in water level in response to above average precipitation in early 2011. 
 
Well 110 is representative of water quality in the area of the shallow underburden wells (Figure 21). 
Water quality has fluctuated over the life of the well (more than 30 years) but no trend in any of the 
analytes is evident. The TDS is currently below initial measurements and water quality remains Class II 
with a specific conductivity of 1317 µS/cm. Arsenic, boron, cadmium, copper, lead, and nickel have been 
detected intermittently but concentrations have remained orders of magnitude below human health 
standards.  
 
Water quality analyses from well 293 have been relatively consistent since 2006 (Figure 21). There are 
no indications that water quality at this location has been impacted by mining. Boron, chromium, 
cadmium, copper, and nickel have been detected in this well at levels far below human health limits. 
Water quality parameters remain below the upper limits for livestock suitability. 
 
Four deep underburden wells (DG-2, 294, 295, and 296) were installed inside the permit area during 
2011 and 2012. Due to the depth of the wells (230 – 340 feet below ground surface) it is assumed that 
water quality and quantity have not been affected by mining. The base of the spoil ranges between 80 
and 90 feet below ground surface, which leaves a buffer of more than 100 feet of low-hydraulic 
conductivity material between the spoil and base of the underburden wells. Initial water level 
measurements indicate these wells have a pressure head of more than 100 feet. 
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These wells were installed to monitor water level and quality in the deeper part of the underburden 
aquifer used for local water supply. Initial water quality analyses indicate that the conductivity range is 
1860 to 2247 µS/cm, placing it in Class II groundwater. Initial water quality analysis at DG-2 detected an 
arsenic concentration of 0.00096 mg/L. Subsequent analyses ranged from non-detect to 0.004 mg/L. 
Other than manganese and iron, no other metals have been detected in this well. Initial samples from 
wells 294, 295, and 296 reveal detectable levels of arsenic, boron, copper, lead, nickel, selenium, and 
vanadium at concentrations orders of magnitude below human health limits. Water quality meets 
livestock suitability guidelines. 
 


9.6.6 Spoil  
Seven spoil wells have a long term record of water level and water quality measurements. Water levels 
have been variable and generally reflect a seasonally influenced water level response (Figure 22). Wells 
installed in 1982 (wells 105, 106 and 107) had variable but overall declines in the first decade of 
operation. Subsequently, water levels in these wells have recovered to near or slightly above initial 
water levels and contain 19 to 26 feet of water. Well 289, located in the north part of the pit backfill 
contains about five feet of water and has shown little change in water level since installation in 1987.  
 
In the south backfill area only well 286 has shown a gradual increase in water level (10 to 12 feet) since 
installation in 1987. It contains approximately 20 feet of water. Well 290 shows an increase of between 
four and six feet of water and well 291 levels have remained flat over the same time period, 1987 to the 
present. Both of these wells contain approximately seven feet of water. 
 
Spoil water level increases represent partial recovery of groundwater as mine pits move farther west 
over time. Recovery is facilitated by infiltration of water pumped from the north end of the pit which 
flows along a ditch to and is stored in sediment ponds in and adjacent to North Drainage. Groundwater 
mounding near sediment ponds in the north part of the coulee, east of the pits is evident in well OB-1 
water level and the potentiometric surface representing Pust coal and the developing spoil aquifer 
(Figure 23). Saturation levels, and thus hydraulic gradients, are spatially variable in the spoil due to 
water level depressions caused by open pits as well as the mounding effect caused by infiltration from 
storage of water pumped from the pit. Hydraulic gradients in the spoil in the south and east part of the 
mine show gradients of about 0.0015 using wells 261 and 100, which is shallower than the estimated 
premine gradient of 0.0038. 
 
All ionic water quality parameters have higher concentrations in spoil compared to baseline Pust coal 
and baseline underburden (Table 17). Average TDS in spoil is approximately 2.5 times the average TDS in 
Pust coal baseline, with calcium and sulfate showing the greatest increases. The poorest spoil water 
quality is in the southernmost backfill area (Table 18) (Figure 24). Poor water quality appears to 
correspond to wells with the lowest water levels, with the exception of well 289. Although well 289 
contains little water, it is located near the area where water levels and quality are influenced by 
infiltration of pit water stored in sediment ponds. 
 
Spoil wells also have trace metal concentrations greater than baseline analyses, with trace metals above 
detection limits more common (Table 19). Arsenic, cadmium, copper, lead, selenium, vanadium, and 
zinc concentrations above analytical detection limits have been reported in many of the wells but most 
have not been persistently detected (Table 20). The exception is arsenic in wells, particularly in the 
south backfill area (Figure 25). Arsenic has been the trace metal of greatest concern and is the only one 
that has been detected above the human health limit. Arsenic concentrations in wells 290, 291, 291-T 
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and DG-1 have exceeded the human health standard of 0.01 mg/L. Arsenic concentration in well 291 has 
been as high as 0.292 mg/L. 
 
Investigation of the elevated arsenic concentrations in the spoil was undertaken by environmental 
contractor KC Harvey to better understand its origin, extent, and fate (Savage Mine Permit, PHC, 2011). 
The investigation was focused near well 291, where the highest arsenic concentrations are observed. 
Wells 291-T and DG-1 were installed in 2011 to evaluate the extent of the elevated arsenic 
concentration in spoil water. Drill cuttings were collected to examine the spoil material and to test them 
for arsenic. Spoil well 291-T was installed as a twin to well 291. Well DG-1 was drilled downgradient of 
291 and 291-T to assess the water quality at the margin of the spoil. Well DG-2 was installed in the deep 
underburden, 120 feet downgradient of well 291 to assess potential water quality effects from the spoil 
to the underburden aquifer that is commonly used for local domestic and stock water. 
 
Drill cuttings from well 291-T and DG-1 contained arsenic. In 291-T the interval 72.5 to 75 feet (below 
ground surface) had an arsenic concentration of 24.2 µg/g and the interval 75 to 77.5 feet had a 
concentration of arsenic of 13.8 µg/g. At a depth of 70 to 75 feet, DG-1 had a concentration of 19.5 
µg/g. Water from wells 291-T and DG-1 had arsenic concentrations of 0.12 mg/L and 0.011 mg/L, 
respectively, suggesting that arsenic concentrations in spoil attenuate to the south. Well DG-2 contained 
arsenic in groundwater at a concentration of 0.00096 mg/L.  
 
The former practice of mixing coal ash with the backfill in Pit 4 has been considered a potential source of 
the arsenic in spoil groundwater. Ash was deposited in the south part of Section 28, west of well 291. 
However, there are compelling reasons that ash is an unlikely source of the arsenic in spoil water: 
 


• Toxicity Characteristic Leach Potential (TCLP) tests performed on ash indicate that arsenic leach 
potential is very low, as concentrations were either low or at non-detect levels. Paste extract 
analyses performed on ash during the years it was deposited in the pit, indicated arsenic levels 
were at concentrations orders of magnitude less (0.004-0.006 mg/L) than concentrations in spoil 
water. 


• Elevated arsenic concentrations were measured in wells 291 and 290 prior to the placement of 
ash in the pit. 


• Well 290 is located about 300 feet north of the location where ash was placed, yet has shown 
elevated concentrations of arsenic. Given the southeastern flow direction of groundwater, the 
likelihood of ash influencing water quality in well 290 is remote. 


• Ash was mixed with spoil and placed above the water table. Several years of surface infiltration 
would be required for sufficient water to flow through the ash and move into the thinly 
saturated zone at the base of the spoil. 


 
Conclusions drawn from the arsenic investigation include: 
 


• There is a high probability that the source of the arsenic resides in the unsaturated strata 
overlying the coal (overburden) that was cast into the pit as spoil. A likely source is an oxidized, 
pyritic zone known as “yellow boy” observed at the contact between alluvial terrace deposits 
and the overburden (Fort Union Formation). 


• Although not clearly established, data suggest that arsenic in spoil water may be the result of 
desorption processes of arsenic bearing sulfide minerals in the spoil. Desorption can be 
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promoted by an increase in pH, redox reactions, or the presence of competing ions. Arsenic 
may also be released from iron oxide due to chemical reduction of the oxide. 


• Elevated arsenic concentrations are likely limited to spoil groundwater. The low hydraulic 
conductivity of the underburden immediately below the coal/spoil protects the deeper 
underburden aquifer, located more than a hundred feet below the coal/spoil and underburden 
contact.  
 


Arsenic in groundwater at concentrations barely above sample detection in upgradient and background 
groundwater samples from overburden and Pust coal monitoring wells demonstrates the presence of 
arsenic in the natural environment. However, elevated arsenic concentrations in spoil are assumed to be 
related to or occur as a result of mining. The disruption of overburden materials and the resulting 
changes in the hydrologic and physiochemical environment facilitate chemical changes in mineralogy 
that could result in the release of and concentration of arsenic.  
 
The exposure risk associated with the elevated arsenic concentrations in spoil is considered small. The 
amount of water in the wells with elevated concentrations ranges to seven feet. The spoil at this 
location is currently cut off from upgradient groundwater due to the open pit. Thus there is no head to 
drive flow away from the site. When the head is restored, the affected groundwater will move southeast 
along the natural flow gradient, toward the coal cropline which is approximately a quarter mile away 
and typically is dry.   
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10.0 MATERIAL DAMAGE 


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


10.1 CUMULATIVE IMPACT OF HISTORIC AND CURRENT MINING 
Historic and current mining has impacted the hydrologic balance with regard to groundwater through 
the removal of the overburden and Pust coal. Impacts to both surface water and groundwater are 
summarized in Table 21 and Table 22. Overburden in the vicinity of and immediately downgradient of 
the pit is dry or nearly dry. The removal of the partially saturated coal has resulted in local decline in 
groundwater levels by as much as 17 feet in a monitoring well approximately a quarter mile west of the 
pit. Drawdown of water levels in the Pust coal and overburden has not been observed in monitoring 
wells located approximately three-quarters of a mile upgradient of mining. The low transmissivity of the 
coal aquifer has mitigated the extent of drawdown. No declines in water level have been observed in the 
underburden aquifer. Productive, water-bearing zones in the underburden range from 80 feet to 
undetermined depths and supply most of the water to private wells in the area.  
 
Historic mining removed coal almost to the crop limit downgradient of mining. Proximity of mining to 
the coal crop has limited downgradient impacts to groundwater levels. As coal crop limits are typically 
dry or nearly dry, no substantial loss of water resource is anticipated to take place down gradient of 
mining. Pumping of surface and groundwater inflow from the pits into sediment ponds located in the 
North Drainage is providing some recharge to the spoil aquifer and remaining coal in the north part of 
the reclaimed pit. There are approximately 33 feet of water in coal well OB-1, located near the margin of 
mining immediately south of North Drainage. Widespread recovery of groundwater levels downgradient 
of the pit will be delayed until final pit reclamation restores the natural flow gradient. As long as mining 
is active the open mine pit will intercept the natural downgradient flow of groundwater. Pit inflow is 
estimated to be approximately 10 gallons per minute. 
 
The return of overburden to the pit as backfill is creating a spoil aquifer. Water quality in the developing 
spoil aquifer is considerably poorer than that of the coal aquifer it replaced. Total dissolved solids in 
spoil aquifer water are on average 2.5 times greater than the coal aquifer it replaces. The average 
dissolved solids concentration in the spoil aquifer is approximately 2,000 mg/L, with the greatest 
increase attributable to a rise in sulfate, calcium, magnesium, and sodium ion concentrations. Although 
detected in background samples in coal and overburden, trace metal concentrations above detection 
levels are increased in spoil water. Arsenic is the metal of greatest concern as it is persistent in samples 
from the south backfill area and has been reported in concentrations 10 to 20 times above the human 
health standard of 0.01 mg/L in well 291.  
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10.2 MATERIAL DAMAGE ASSESSMENT 


10.2.1 Surface Water 
There is a high probability that the three surface water rights (42M 163291 00, 42M 163292 00, and 
42M 165287 00) immediately downstream of the Savage Mine’s permit boundary have been impacted 
by a reduction in water availability because of the use of the sediment ponds. However, these water 
rights are on an ephemeral tributary, and a comparison to undisturbed drainages of similar size indicates 
that these drainages likely rarely saw flow in the premine landscape. Similarly, water rights holders at 
the mouth of Peabody Coulee may have already experienced a slight reduction in stream water quantity 
from the capture of approximately 17% of the upstream drainage basin by the North Drainage ponds. In 
contrast, only 6% of Garden Coulee is captured by WSC’s sediment ponds, and this amount is unlikely to 
be noticeable at the mouth of this drainage. 
 


ARM 17.24.648 requires operators to replace a water supply that has been affected by “contamination, 
diminution, or interruption” due to mining operations. WSC has committed to the replacement of any 
water supply that has been significantly impacted as a result of their mining operations. The 
replacement source would likely be groundwater. Water right holders downstream of the mine are 
protected by the commitment of WSC to replace any water right that has been significantly impacted. 
To date, none of the surface water rights owners have applied to WSC for a replacement source. 


 
The beneficial uses of the C-3 ephemeral streams are protected during mining by sediment ponds and 
adherence to the approved MPDES discharge permit. The addition of the amendment area would not 
increase the impact to downstream users or beneficial uses. The amendment area is within catchments 
that are already intercepted by mine sediment ponds so the addition of the area would not result in a 
further reduction of surface water flow to downstream users. Analysis of spring and pond water does 
not show any evidence to date that surface water quality has been impacted by mining. Proposed 
postmine drainages and vegetation sufficiently approximate the premine condition that runoff from 
well-established reclaimed lands would be almost identical to premine volumes. From this analysis, the 
DEQ’s Coal and Uranium program finds that impacts to surface water from the expansion of the Savage 
mine would be negligible and no material damage to surface water is predicted to result from the 
approval of the amendment. 
 


10.2.2 Groundwater 
As a result of the proposed mining, drawdown in the Pust coal aquifer is projected to extend up to a 
mile and a half west and approximately a mile east of the permit boundary. This extent represents the 
one foot drawdown limit. The five foot drawdown limit is not expected to extend more than a mile in 
any direction. The maximum drawdown is expected to be 35 feet, located at the northwest permit 
corner in Section 21 (T20N, R57E). Based on a computer flow model, recovery of water levels in the 
backfill spoil and adjacent aquifer is expected to be nearly complete 50 years after mining (Figure 15). 
 
Based on well location and completion information provided by GWIC, two wells outside the permit area 
but within the groundwater cumulative impact area may experience up to 20 feet of drawdown if they 
are completed in the Pust coal. These are wells identified as 34181 and 700416 in Table 5 and on Figure 
26. Based on the reported depth and static water level, well 34181contains approximately 50 feet of 
water and well 700416 contains approximately 39 feet of water. Drawdown of 20 feet will likely impact 
the use of these wells. Drawdown associated with mining will continue to be monitored and prior to 
substantial drawdown in the vicinity of these wells they will be replaced by the operator in an aquifer of 
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similar production and quality, as provided by ARM 17.24.648. No decrease in Pust coal water level is 
anticipated to affect uses and cause material damage. 
 
Water in the spoil aquifer is of poorer quality than the overburden or coal, with total dissolved solid 
increases on average more than two and a half times greater in the spoil. This is largely due to ionic 
increases in sulfate, calcium, magnesium and, to a lesser extent, sodium. Due to the close proximity of 
the downgradient pit margin to the coal crop margin, the spoil water will not travel far. Crop margins are 
typically dry. 
 
 Intermittent spring 22DDA may be affected by spoil water quality and will continue to be monitored for 
water quality changes that indicate spoil water influence. The current use of this spring is for wildlife 
when water is present. Water quality in the shallow alluvial well in North Coulee alluvium downstream 
from the spring remains suitable for livestock. 
 
Trace metal concentration is commonly increased in spoil water when compared to coal water. This is 
evident in the south most pit backfill area where water quality analyses indicate the localized 
occurrence of dissolved arsenic above the human health criteria of 0.01 mg/L. As there is little water (7 
feet) in the spoil at this location and head is reduced because upgradient flow is cut off by the open pit, 
little downgradient movement is anticipated. After the final pit is reclaimed and the natural flow from 
the upgradient Pust coal is restored, the spoil water may flow into the laterally adjacent remnants of the 
Pust coal. As mining has removed most of the coal to near the crop margins, no downgradient use of the 
Pust coal outside the permit boundary is anticipated. The Pust coal has typically been dry at its crop 
margins and is expected to remain dry after mining. Prior to bond release, spoil water quality 
throughout the mine must meet state standards established for groundwater quality. If water quality 
standards for arsenic remain above human health standards at bond release, mitigation will be 
necessary. Spoil water may migrate downgradient toward the cropline, a short distance beyond the 
current permit boundary. Although monitoring does not indicate a material damage limit has been met, 
elevated arsenic concentrations above human health criteria detected in groundwater near the permit 
boundary indicate that a material damage threshold, as defined in Table 1, has been met. Further 
investigation of the arsenic, including additional monitoring sites in spoil inside the permit boundary and 
coal remnants outside the permit boundary, will continue and mitigation will be implemented as 
necessary to prevent material damage. 
 
Although not physically disturbed, the underburden aquifer is projected to experience a foot of 
drawdown up to a mile and a half from the permit boundary. The maximum drawdown in the 
underburden aquifer is expected to be six feet, centered near the northwest mine permit area. Due to 
the substantial amount of water in the underburden aquifer, no quantity impacts to private wells are 
anticipated (Figure 27). Spoil water is not expected to infiltrate into the underburden aquifer due to low 
conductivity in the 100-foot thick intervening materials between the base of the spoil and the 
underburden aquifer. Thus, no quality impacts that could create material damage are expected in the 
underburden aquifer.  
 


10.3 CONCLUSION  
Westmoreland’s Savage Mine has supplied sufficient information for the completion of this CHIA and 
finding. Although the DEQ analysis identified some surface water users and water rights holders outside 
the permit area that may experience a temporary impact to their water resources, the Savage Mine 
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permit commits to replacing water supplies that have been affected by mining with water of similar 
quality and quantity.  
 
A material damage threshold has been identified in spoil groundwater inside the southeast permit area 
due to persistent exceedance of the human health standard for arsenic. Pits 3 and 4 (west half of 
Section 28, T20N, R57E), upgradient of the identified water quality exceedance, are in cessation. Mining 
and reclamation will not resume here until the source of the water quality problem can be identified. 
The permit for Pit 2 is being issued with stipulations that require additional monitoring to determine the 
extent of the arsenic, further geochemical investigation to determine the source, and mitigation if 
necessary to prevent material damage. At this time, the DEQ finds that the operational and reclamation 
plans for the Savage Mine have been designed to minimize impacts to the hydrologic balance within the 
permit area and to prevent material damage outside of the permit area.  
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Table 1: Material damage limits and hydrologic balance thresholds. 
Category Definition 


Q
ua


nt
ity


 Li
m


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


Th
re


sh
ol


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


Q
ua


lit
y 


Li
m


it 


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


Th
re


sh
ol


d Observation of persistent or long-term change in water quality within the permit boundary 
that is associated with mining and is approaching or commonly exceeds narrative or 
numeric (Circular DEQ-7) limits, may be expected to extend to areas outside the permit 
area with time and cannot be mitigated, treated or replaced by alternate water supply. 







Application 185 CHIA – Tables 


12-3 
12/14/2012 


Table 2: Water quality analytes sampled by the Savage mine for surface and groundwater. 
Applicable DEQ-7 standards (MDEQ, 2010) and National Secondary Drinking Water Regulations 
(NSDWRs or secondary standards) are shown. NSDWRs are non-enforceable guidelines 
regulating contaminants that may cause cosmetic effects (such as skin or tooth discoloration) or 
aesthetic effects (such as taste, odor, or color) in drinking water. 


Parameter 


DEQ-7 
Human 
Health 


Standard 


DEQ-7 Surface 
Water Aquatic 
Life Standards NSDWR units 


Aquatic 
- Acute 


Aquatic 
- 


Chronic 


Physical 
Parameters 


pH    6.5 - 8.5 s.u. 
Specific 
Conductance     µS/cm 


Total Dissolved 
Solids (TDS)    500 mg/L 


Total Suspended 
Solids (TSS)     mg/L 


Oil & Grease     mg/L 


Common 
Ions 


Total Anions     meq/L 
Total Cations     meq/L 
Acidity (total as 
CaCO3)     mg/L 


Alkalinity (total as 
CaCO3)     mg/L 


Hardness (total as 
CaCO3)     mg/L 


Bicarbonate as 
HCO3     mg/L 


Carbonate as CO3     mg/L 
Cation/anion 
balance     % 


Calcium     mg/L 
Chloride    250 mg/L 
Fluoride 4   2 mg/L 
Magnesium     mg/L 
Potassium     mg/L 
SAR      
Sodium     mg/L 
Sulfate    250 mg/L 


Trace Metals 


Aluminum  0.75 0.087 0.05 - 0.2 mg/L 
Arsenic 0.01 0.34 0.15  mg/L 
Boron     mg/L 
Cadmium* 0.005 0.015 0.001  mg/L 
Copper* 1.3 0.5 0.3  mg/L 
Iron   1 0.3 mg/L 
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Table 2: continued 


Parameter 


DEQ-7 
Human 
Health 


Standard 


DEQ-7 Surface 
Water Aquatic Life 


Standards NSDWR units 
Aquatic 
- Acute 


Aquatic 
- 


Chronic 


Trace Metals 


Lead* 0.015 0.48 0.02  mg/L 
Manganese    0.05 mg/L 
Nickel* 0.1 1.5 0.2  mg/L 
Selenium 0.05 0.02 0.005  mg/L 
Vanadium     mg/L 
Zinc* 2 0.4 0.4 5 mg/L 


Nutrients  


Total  Nitrogen     mg/L 
Total Phosphorus     mg/L 
Nitrate-Nitrite 10    mg/L 
Total Ammonia**  3.65 3.65  mg/L 


* Aquatic life limit is dependent on hardness. Median hardness of surface water samples from 
Savage Mine and nearby drainages is > 400 mg/L so the aquatic standard is shown calculated at a 
hardness of 400 mg/L. 
** Aquatic standards shown calculated at 22 C, 7.0 pH with early fish life stages present. 
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Table 3: Guidelines for livestock water quality.  


Analyte 
Threshold 


limit 
(mg/L=ppm) 


Upper 
limit 


(mg/L=ppm) 
Comments 


Alkalinity Unknown 1000*  


Aluminum 5** 10**  


Arsenic 0.2** 0.2+  


Bicarbonate Unknown** <1000  


Boron 5** 30**  


Cadmium 0.01** 0.05+  


Calcium 100** 150**  


Chloride 100** 300**  


Copper 0.2** 0.5+  


Fluoride 2** 2+  


Iron --- ----* Not established, >0.3 may affect taste 


Lead 0.05** 0.1+  


Magnesium 50** 100**  


Manganese 0.05** 0.5**  


Nickel 0.25** 1+  


Nitrate (NO3-N) 10** 20**  


Sodium 50** 300**  


Selenium 0.05** 0.10**  


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


TDS 3000* 4999* “Should be satisfactory for livestock” 


Vanadium 0.05* 0.1+  


Zinc 25** 50**/25*  
*Suitability of Water for Livestock Fact Sheet (Sigler and Bauder, 2012) 
**Beef Briefs (Hutcheson, 2001).  
+ Both references have the same limit and use common references 
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Table 4: Beneficial uses of MT groundwater [ARM 17.30.1006].  
Montana GW Class [ARM 
17.30.1006] 


Class I Class II Class III Class IV 


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


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


Commercial/ industrial x x x X 


Food Processing x x < 7000µ/cm  


Violation Prohibitions -- 
DEQ-7 human health 
standards 


x x 


When EC > 7000 µ S/cm & 
K >= 0.1, nitrate nitrogen 


and nitrate plus nitrite 
nitrogen must not exceed 


50 mg/L 


Only carcinogen standards 
apply. When K >= 0.1, 


nitrate nitrogen and nitrate 
plus nitrite nitrogen must 


not exceed 50 mg/L 


Violation Prohibitions -- 
human health standards 
not in DEQ-7 


No increase that renders 
the waters harmful, 


detrimental, or injurious 
to beneficial uses 


No increase that renders 
the waters harmful, 


detrimental, or injurious to 
beneficial uses 


No increase that renders 
the waters harmful, 


detrimental, or injurious to 
beneficial uses 


No increase that adversely 
affects existing beneficial 


uses 
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Table 5: Groundwater users near the Savage mine. 


GWIC 
ID Site Name Twn Rng Sec Q Sec TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) Strat Unit Date Use 


DNRC 
Water 
Right 


Anticipated 
Impact 


34176 Alco Ranches 20N 57E 10 BB  10 2 Underburden 1940 Stock  None 
34178 Alco Ranches 20N 57E 14 DD 120 100 2 Pust Coal 1960 Stock  None 
34204 Alco Ranches 20N 57E 25 AA 140 100 2 Underburden 1958 Stock  None 
34205 Alco Ranches 20N 57E 25 D 195 28 25 Underburden 1966 Stock  None 


34208 Alco Ranches 20N 57E 26 AC 192 90 6 Underburden 1963 Stock  None 


700417 B Lalonde 20N 57E 22 DD 60   Underburden NONE 
GIVEN Stock  None 


34182 Bergstedt, Clifford 
& Linda 20N 57E 19 BC 70 48 5 Pust Coal 1972 Stock  None 


34224 Bergstedt, Clifford 
& Linda 20N 57E 30 ADDD 160 127 4 Underburden 1969 Domestic  


WL Decline 
1'-2' 


34228 Bergstedt, Clifford 
& Linda 20N 57E 30 DAA 63 40 5 Underburden 1975 Domestic 


/ Stock 
42M 6916 


00 
WL Decline 
1'-2' 


34230 Carville, Edna #1 20N 57E 32  50 12 6 Underburden 1925 Domestic  None 


34231 Carville, Edna #2 20N 57E 32  90 26 7 Underburden 1957 Domestic  None 
34232 Carville, Forest 20N 57E 32 DBCB  58 5 Underburden 1958 Stock  None 


34203 Covered Wagon 
Ranch 20N 57E 24 CDBC 1,110  30 Underburden 1969 Stock  None 


34233 Covered Wagon 
Ranch 20N 57E 34 B 176 125 20 Underburden 1970 Stock  None 


34217 Etzel, Anna 20N 57E 27 DCC 210 130  Underburden 1923 Stock  None 
34218 Etzel, Anna 20N 57E 27 DCC 218 133  Pust Coal 1951 Domestic  None 


700418 Etzel, Carl 20N 57E 27 DC 210   Underburden NONE 
GIVEN Stock  None 


700419 Etzel, R 20N 57E 27 DCDC 223  12 Underburden 1967 Domestic 42M 
43670 00 None 


34209 Knife River Mine 20N 57E 26 BBB 476 225 10 Underburden 1972 Industrial  None 


700416 Lange, Bob 20N 57E 16 CDDD 273 232.5 5 Alluvium? 1988 Domestic 
/ Stock 


42M 
66258 00 


WL Decline 
20' 
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Table 5: continued 


GWIC 
ID Site Name Twn Rng Sec Q Sec TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) Strat Unit Date Use 


DNRC 
Water 
Right 


Anticipated 
Impact 


34185 Lange, Leo 20N 57E 21 C 105 20 10 Pust Coal 1917 Domestic  Removal 
34187 Lange, Leo 20N 57E 21 CDD 115 20 10 Fox Hills 1956 Domestic  Removal 
34175 Lange, Otto 20N 57E 8 CC 114 40 20 Alluvial? 1959 Stock  None 


34221 Lange, Otto 20N 57E 28 B 104 80 15 Underburden 1944 Stock  
WL Decline 
5'-10' 


34174 Lange, Otto W. 20N 57E 8 C  126 12 Pust Coal 1945 Stock  None 
2521 Lange, Robert 20N 57E 21 DCCB 392 256.6 10 Underburden 1967 Domestic  Removal 


225807 Lange, Robert 20N 57E 30 DAD 60 35 5 Pust Coal 2006 Stock  
WL Decline 
1'-2' 


213457 Lowny, Jenny 20N 57E 29 CD 34 12 8 Underburden 1973 Domestic  None 
34210 Mobil Oil 20N 57E 26 CCC 270 139 1 Underburden 1981 Unknown  None 


34206 Mobil Oil Corp. 20N 57E 25 DAD 120 20 0.5 Underburden 1981 Unknown  None 
34207 Mobil Oil Corp. 20N 57E 26 ABA 235 116 6 Underburden 1981 Unknown  None 


700420 Norgard ,H 20N 57E 30 DDAB 60  4.2 Underburden None 
given Stock  None 


34227 Norgard, Ed 20N 57E 30 D 208 90 10 Underburden 1964 Domestic  None 


149473 Norgard, Howard 20N 57E 30 DAAD 86   Underburden None 
given Stock  


WL Decline 
1'-2' 


149476 Norgard, Howard 20N 57E 30 DAAD    Underburden None 
given Domestic  


WL Decline 
1'-2' 


34317 Oscar, Larson 20N 57E 32 BBC 14  2 Underburden 1907 Domestic 
/ Stock  None 


34226 Paul, Carl M. 20N 57E 30 BDA 80 15 12 Underburden 1980 Domestic 42M 
29817 00 None 


34179 Price, Donald 20N 57E 16 AABA 150 105 15 Pust Coal 1960 Stock  
WL Decline 
1'-5' 


34180 Price, Donald Sr 20N 57E 16 AAB 150 105 4 Pust Coal 1960 Stock  
WL Decline 
1'-5' 


34181 Price, Donald Sr 20N 57E 16 DCC 135 87 10 Pust Coal 1959 Stock / 
Domestic  


WL Decline 
20' 
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Table 5: continued 


GWIC 
ID Site Name Twn Rng Sec Q Sec TD 


(ft) 
SWL 
(ft) 


Yield 
(gpm) Strat Unit Date Use 


DNRC 
Water 
Right 


Anticipated 
Impact 


34234 Searer, Nobel 20N 57E 34 CA 151 78 20 Alluvium 1959 Stock  None 


198076 Seeve, Craig 20N 57E 24 CDBC 1,155 -1.5 15 Underburden 1969 Stock 
42M 
165286 
00 


None 


154261 Seeve, Craig R. & 
Donna M. 20N 57E 23 BBB 174 91 8 Fox Hills 1995 Stock 42M 


96336 00 
WL Decline 
1'-2' 


34223 Spithoven, Jack 20N 57E 30 A 112 105 1 Underburden 1910 Domestic  
WL Decline 
1'-2' 


34225 Spithoven, Jack 20N 57E 30 BAB 100 92 1 Underburden 1910 Unknown  None 


34183 Struckman, E A 20N 57E 20  122 56 6 Pust Coal 1958 Stock  
WL Decline 
10' 
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Table 6: Active surface water rights listed with the Montana Department of Natural Resources and Conservation near the Savage mine. 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. 


Water Right 
Number 


Water 
Right 
Status 


Purpose Priority 
Date 


Means of 
Diversion Name 


Max 
Flow 
(gpm) 


Max 
Volume  
(ac-ft) 


Site Name / 
Description 


42M 137584 00 Active Stock 1906 Livestock direct 
from source 


Montana State of Board of 
Land Commissioners  4.25 Garden Coulee 


42M 163291 00 Active Stock 1930 Livestock direct 
from source 


Etzel Norma A; Etzel 
Robert E 0.75 1.17 Unnamed tributary of 


Garden Coulee 


42M 163292 00 Active Stock 1967 Livestock direct 
from source 


Etzel Norma A; Etzel 
Robert E 0.75 1.17 Unnamed tributary of 


Garden Coulee 


42M 16404 00 Active Stock 1958 Dam 
Bosshard Gladys E; 
Bosshard Lazy 9 
Enterprises 


2.6 16 Unnamed tributary of 
Garden Coulee 


42M 165287 00 Active Stock 1969 Pit Seeve Craig R; Seeve 
Donna M  1 Manmade Pit. 


Peabody Coulee 


42M 17226 00 Active Stock 1900 Livestock direct 
from source 


Bosshard Gladys E; 
Bosshard Lazy 9 
Enterprises 


30 4.62 
Spring. Unnamed 
tributary of Garden 
Coulee 


42M 188427 00 Active Stock 1949 Dam Conradsen Brothers Inc 100 13.34 Peabody Coulee 


42M 188430 00 Active Stock 1880 Livestock direct 
from source Conradsen Brothers Inc 100 13.44 Peabody Coulee 


42M 188432 00 Active Stock 1960 Flowing Conradsen Brothers Inc 50 3.36 Unnamed tributary of 
Peabody Coulee 


42M 188433 00 Active Stock 1940 Flowing Conradsen Brothers Inc 50 3.36 Peabody Coulee 


42M 201120 00 Active Stock 1945 Dam Conradsen Brothers Inc 300 24 Peabody Coulee 
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Table 7: Surface water monitoring plan. 


Site ID 
Northing  


(NAD 83 St. 
Pl. ft) 


Easting  
(NAD 83 St. 


Pl. ft) 


Instrumentation Measurement Frequency 


Purpose Water 
Depth 


Water 
Quality 


Sampling 
Water 
Depth 


Water 
Quality 


Sampling 


Field 
Parameter 
Sampling 


Middle 
Impoundment 1,214,557 3,218,277 Staff 


gauge Grab Quarterly Semi-annually Semi-annually Monitor water levels and quality in 
reclamation downstream of pits 


North Pond 2 1,215,520 3,221,743 Staff 
gauge Grab Quarterly Semi-annually Semi-annually 


Monitor runoff volume retained in 
sediment pond and water quality 
downstream of disturbance 


South Pond 1 1,211,415 3,216,966 Staff 
gauge Grab Quarterly Semi-annually Semi-annually 


Monitor runoff volume retained in 
sediment pond and water quality 
downstream of disturbance 


South Pond 3 1,212,986 3,218,147 Staff 
gauge Grab Quarterly Semi-annually Semi-annually 


Monitor runoff volume retained in 
sediment pond and water quality 
downstream of disturbance 


Spring 22 
DDA/SP 1,215,720 3,220,372 Staff 


gauge Grab Semi-
annually Semi-annually Semi-annually Monitor water levels and quality 
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Table 8: Groundwater monitoring plan. 


Well 
ID 


Northing Easting 
MP 


Elevatio
n 


Ground 
Elevation Aquifer 


Monitored 


Measurement Frequency 


Purpose 
NAD 83 St. 


Plane ft 
NAD 83 St. 


Plane ft 
NAD 83  


St. 
Plane ft 


NAD 83  
St. 


Plane ft 


Water 
Levels 


WQ 
Sampling 


Field 
Parameters 


100 1,215,193.28 3,220,864.96 2259.4 2256.9 Pust Coal Quarterly   Monitor level in Pust coal 
101 1,215,296.40 3,220,575.36 2275 2273 Pust Coal Quarterly   Monitor level in Pust coal 
102 1,213,532.29 3,219,590.33 2277.8 2275.8 Pust Coal Quarterly   Monitor level in Pust coal 
103 1,215,389.67 3,221,327.49 2240.8 2238.8 Underburden Quarterly   Monitor level in underburden 


104 1,215,200.00 3,221,863.00 2232.6 2230.6 Underburden Quarterly Annual Annual Monitor level and quality in 
underburden 


105 1,215,205.84 3,219,307.83 2308.2 2306.2 Spoils Quarterly Annual Annual Monitor level and quality in 
spoil 


106 1,214,957.52 3,219,820.84 2270 2268 Spoils Quarterly Annual Annual Monitor level and quality in 
spoil 


107 1,214,583.47 3,219,315.11 2269.8 2267.9 Spoils Quarterly   Monitor level in spoil 


110 1,215,187.20 3,220,832.88 2259.4 2257.9 Underburden Quarterly Annual Annual Monitor level and quality in 
underburden 


111 1,215,191.75 3,220,848.55 2260.4 2258.4 Underburden Quarterly   Monitor level in underburden 
112 1,214,531.64 3,220,416.36 2269.5 2267.5 Pust Coal Quarterly   Monitor level in Pust coal 


113 1,215,858.10 3,219,639.14 2257 2255.5 Underburden Quarterly Annual Annual Monitor level and quality in 
underburden 


260 1,215,123.50 3,213,444.83 2368.8 2368.3 Pust Coal Quarterly   Monitor level in Pust coal 
263 1,219,680.06 3,213,181.06 2379.9 2377.4 Pust Coal Quarterly   Monitor level in Pust coal 


284 1,214,424.62 3,214,874.78 2357.9 2355.9 Pust Coal Quarterly Annual Annual Monitor level and quality in 
Pust Coal 


285 1,210,581.56 3,215,071.99 2359.8 2358 Pust Coal Quarterly Quarterly Quarterly Monitor level and quality in 
Pust Coal 


286 1,211,320.44 3,216,454.16 2330.8 2329 Spoils Quarterly Quarterly Quarterly Monitor level and quality in 
spoil 


289 1,215,959.98 3,216,873.41 2320.17 2319.4 Spoils Quarterly Annual Annual Monitor level and quality in 
spoil 


290 1,213,166.39 3,217,291.17 2304.4 2300.5 Spoils Quarterly Quarterly Quarterly Monitor level and quality in 
spoil 
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Table 8: continued 


Well 
ID 


Northing Easting MP 
Elevation 


Ground 
Elevation Aquifer 


Monitored 


Measurement Frequency 


Purpose 
NAD 83 St. 


Plane ft 
NAD 83 St. 


Plane ft 
NAD 83  


St. 
Plane ft 


NAD 83  
St. 


Plane ft 
Water 
Levels 


WQ 
Sampling 


Field 
Parameters 


291 1,210,062.38 3,216,403.18 2333.9 2330.8 Spoils Quarterly Quarterly Quarterly Monitor level and quality in 
spoil 


291-T 1,210,051.32 3,216,409.08 2331.35 2329.89 Spoils Quarterly Quarterly Quarterly Monitor level and quality in 
spoil 


292 1,216,888.63 3,210,713.90 2387.16 2384.87 Pust Coal Quarterly Annual Annual Monitor level and quality in 
Pust Coal 


293 1,216,857.87 3,210,716.03 2387.19 2385.05 Underburden Quarterly Annual Annual Monitor level and quality in 
underburden 


294 1,212,655.3 3,218,144.9 2293.626 2291.938 Underburden Quarterly Annual Annual Monitor level and quality in 
underburden 


295 1,211,894.83 3,217,641.29 2307.937 2305.912 Underburden Quarterly Annual Annual Monitor level and quality in 
underburden 


296 1,214,954.93 3,217,616.79 2321.353 2319.804 Underburden Quarterly Annual  Annual Monitor level and quality in 
underburden 


297 1,215,478.62 3,222,398.46 2210.372 2208.611 Alluvium Quarterly Annual  Annual Monitor level and quality in 
alluvium 


DG-1 1,209,956.39 3,216,482.40 2325.83 2324.8 Spoil Quarterly Quarterly Quarterly Monitor level and quality in 
spoil 


DG-2 1,210,051.32 3,216,409.08 2331.35 2329.89 Underburden Quarterly Quarterly Quarterly Monitor level and quality in 
underburden 


OB-1 1,216,936.92 3,215,936.80 2335.4 2333.4 Pust Coal Quarterly Annual Annual Monitor level and quality in 
Pust coal 


OB-2 1,212,242.26 3,214,987.77 2355.6 2352.6 Pust Coal Quarterly Quarterly Quarterly Monitor level and quality in 
Pust coal 


OB-3 1,216,920.18 3,210,711.90 2387.02 2385.07 Overburden Quarterly Annual Annual Monitor level and quality in 
overburden 
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Table 9: A comparison of flood-frequency estimates from regional USGS observation stations and Peabody and Garden Coulees. For 
the USGS stations, the peak flows are calculated from a Log Pearson Type 3 fitted curve. For Peabody and Garden Coulees, a range of 
peak flows are calculated using the USGS method of estimation given in Parrett and Johnson (2004). Note that these estimates are 
based only on basin and climatic characteristics.  


 
Max. Flow (cfs) for a Return Period (years) 


Drainage USGS 
Number 


Basin 
Size  
(sq. 
mi.) 


Mean / 
Station 


Elevation 
(ft) 


2 5 10 25 50 100 


Indian Creek 06328800 0.5 2090 16 44 83 178 309 529 
Alkali Creek 06329350 0.5 2260 16 34 56 105 165 258 
War Dance 
Creek 06328900 3.7 2080 22 60 95 155 212 284 


Linden Creek 06328700 4.2 2080 11 26 47 97 164 277 
Fox Creek 
Tributary 06329510 5.0 2375 10 52 143 496 1225 2958 


Peabody 
Coulee  6.8 2225 21 332 103 976 207 41760 377 3370 514 5200 630 7730 


Garden 
Coulee  18.6 2259 33 534 164 1560 326 2780 588 5270 796 8070 999 11900 


Burns Creek 06329200 233.0 2000 309 877 1502 2751 4161 6152 
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Table 10: Water quality of WSC ponds, Spring 22-DDA, and USGS sites. 


Concentration in mg/L Savage Mine 
Ponds Spring 22-DDA USGS Creeks 


pH 


Median 8.0 8.0 8.3 
Mean 8.1 7.9 8.3 
Min - Max 6.3 - 10.2 7.5 - 8.4 7.0 - 9.5 
Std. Dev. 0.5 0.2 0.4 
No. Samples 295 37 88 


SC (µS/cm) 


Median 1040 1730 1790 
Mean 1200 1691 3391 
Min - Max 62 - 5940 811 - 1984 314 - 11900 
Std. Dev. 805 268 3205 
No. Samples 257 35 53 


TDS 


Median 787 1320 1210 
Mean 974 1283 2066 
Min - Max 67 - 6100 241 - 1556 191 - 9890 
Std. Dev. 757 260 2362 
No. Samples 238 35 87 


TSS 


Median 8 18 60 
Mean 21 62 88 
Min - Max <8 - 343 1 - 448 4 - 916 
Std. Dev. 40 112 115 
No. Samples 291 36 87 


Hardness as 
CaCO3 


Median 465 1000 570 
Mean 617 935 726 
Min - Max 25 - 3580 44 - 1210 129 - 2110 
Std. Dev. 492 232 437 
No. Samples 212 35 88 


Bicarb as 
HCO3 


Median 266 552 544 
Mean 305 531 502 
Min - Max 29 - 1070 242 - 737 120 - 710 
Std. Dev. 209 98 139 
No. Samples 221 36 25 


Cl 


Median 11.0 15.7 7.5 
Mean 12.7 15.3 11.5 
Min - Max <3.0 - 52.2 1.0 - 21.9 0.9 - 120 
Std. Dev. 9.4 5.0 14.2 
No. Samples 221 36 87 


SO4 


Median 337 545 530 
Mean 434 536 1149 
Min - Max 6.8 - 3990 189 - 710 55 - 6200 
Std. Dev. 450 104 1547 
No. Samples 216 35 87 
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Table 10: continued 


Concentration in mg/L Savage Mine Ponds Spring 22-DDA USGS Creeks 


Ca 


Median 66 151 77 
Mean 79 151 87 
Min - Max 6 - 472 65 - 218 6 - 220 
Std. Dev. 54 28 43 
No. Samples 230 37 88 


Mg 


Median 80 149 93 
Mean 101 142 124 
Min - Max 3 - 583 61 - 174 12 - 420 
Std. Dev. 78 27 88 
No. Samples 230 37 88 


Na 


Median 54 67 200 
Mean 58 66 410 
Min - Max 2 - 354 25 - 85 6 - 2600 
Std. Dev. 45 13 627 
No. Samples 230 36 88 
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Table 11: Baseline water quality ionic concentrations in Pust coal, overburden, and underburden. 
Aquifer Well ID Statistic  pH SC TDS SO4 HCO3 Cl Ca Mg Na 


   s.u. uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Overburden 103 Max 7.6 1028 491 103 429 9.2 88 67 46 
  Min 7 526 388 64 325 4 57 54 14 
  Average 7.4 827 435 85 384 6.9 67 61 19 
  Median 7.9 815 437 87 403 7 60 62 15 
  #Samples 9 9 9 9 9 9 9 9 9 
            
Pust 261 Max 9.6 1340 1639 432 578 10.5 140 120 130 
  Min 6.6 997 507 129 486 1.5 60 57 53 
  Average 7.0 1156 769 164 525 4.7 75 67 101 
  Median 6.9 1144 728 144 519 4.0 71 65 104 
  #Samples 20 20 20 20 20 20 20 20 20 
            
Pust 263 Max 7.3 1591 1430 438 665 15 146 136 102 
  Min 6.4 1010 622 180 476 4.5 78 66 43 
  Average 6.8 1489 1085 375 549 8.7 130 118 56 
  Median 6.8 1520 1090 387 540 8.2 134 121 55 
  #Samples 21 21 22 22 22 22 22 22 22 
            
Pust 292 Max 7.2 1980 1330 514 919 16.7 99 94 272 


  Min 6.6 622 350 64 262 5.0 44 40 23 
  Average 6.9 914 544 138 387 12.1 66 60 52 
  Median 6.8 939 525 130 372 13.2 71 62 38 
  #Samples 20 20 20 20 20 20 20 20 19 
            


Underburden 293 Max 7.6 2134 1440 535 1220 10 110 114 344 
  Min 6.7 622 383 61 345 2 49 44 26 
  Average 7.2 1920 1285 446 760 4.0 93 91 257 
  Median 7.2 2014 1360 469 709 3.8 95 94 263 
  #Samples 16 16 16 16 16 16 16 16 15 
 
 







Application 185 CHIA – Tables 


12-18 
12/14/2012 


Table 12: Trace metal concentrations in overburden, Pust coal and underburden baseline. 


Aquifer Well 
ID Statistic Al As B Cd Cr Cu Fe Mn Ni Pb Se V Zn 


mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 


Overburden OB-
3 Max NS 0.004 0.2 ND ND NS 0.04 0.05 0.04 0.028 NS NS NS 


  Min NS ND ND ND ND NS ND ND ND ND NS NS NS 
  Average NS ** ** ND ND NS ** ** ND ND NS NS NS 
  Median NS ND 0.13 ND ND NS ND 0.021 ND ND NS NS NS 
  #Samples 0 5 5 5 3 0 9 9 2 2 0 0 0 
                
Pust 261 Max NS 0.004 0.540 0.0130 ND NS 0.77 0.16 ND 0.017 NS NS NS 
  Min NS ND 0.005 ND ND NS ND ND ND ND NS NS NS 
  Average NS ** 0.400 ** ND NS ** ** ND ** NS NS NS 
  Median NS ND 0.390 ND ND NS 0.22 0.06 ND ND NS NS NS 
  #Samples 0 17 17 17 17 0 23 19 17 17 0 0 0 
                
Pust 263 Max NS 0.008 0.540 0.010 ND ND 0.0170 0.15 ND 0.017 NS NS NS 
  Min NS ND 0.260 ND ND ND ND ND ND ND NS NS NS 
  Average NS ** 0.409 ** ND ND ** ** ND ** NS NS NS 
  Median NS ND 0.420 ND ND ND ND 0.095 ND ND NS NS NS 
  #Samples 0 14 14 14 14 0 22 18 14 14 0 0 0 
                
Pust 292 Max ND ND 0.550 0.0001 0.004 ND 1.11 0.19 ND ND ND ND ND 


  Min ND ND 0.300 ND ND ND ND 0.07 ND ND ND ND ND 
  Average ND ND 0.383 ** ** ND ** 0.10 ND ND ND ND ND 
  Median ND ND 0.380 ND ND ND 0.19 0.09 ND ND ND ND ND 
  #Samples 1 15 15 15 12 1 19 20 1 1 1 1 1 
                


Underburden 293 Max ND 0.0003 0.720 0.0003 0.006 0.0089 0.99 0.21 0.017 ND ND 0.0023 ND 
  Min ND ND 0.300 ND ND 0.0089 ND 0.08 ND ND ND 0.0023 ND 
  Average ND ** 0.423 ** ** 0.0089 ** 0.13 ** ND ND 0.0023 ND 
  Median ND ND 0.400 ND ND 0.0089 0.52 0.12 ND ND ND 0.0023 ND 
  #Samples 1 11 11 11 8 1 15 16 9 11 1 1 1 
ND= Non-detect 
NS=No sample 
** Averages not computed for analytes with non-detect samples 
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Table 13: Summary statistics for paste extract analyses of coal ash deposited at the Savage Mine. 
Parameter Max (mg/Kg) Min (mg/Kg) Average (mg/Kg) Median (mg/Kg) 


Ca 920 202 562 556 
Mg 489 31 178 156 
Na 733 72 217 154 
K 128 25 64 58 
Cl 130 4 35 14 
CO2 9 0 ** 5 
HCO3 330 2.4 117 98 
SO4 3853 904 2459 2363 
Nitrate-N 82.2 0 7.02 0.32 
Al 4.32 0.025 0.89 0.6 
As 0.018 <0.001 ** 0.003 
B 17.8 3.55 9.0 8.75 
Cd 0.02 <0.001 ** <0.001 
Cu 0.05 <0.001 ** 0.01 
F 1.16 0.04 0.44 0.36 
Fe 0.26 <0.01 ** 0.04 
Pb 0.008 <0.001 ** <0.001 
Hg 0.01 <0.001 ** <0.001 
NO2+NO3 88.2 <0.02 ** 0.51 
PO4 0.11 <0.02 ** <0.02 
Se  0.008 <0.001 ** <0.001 
Zn 0.238 <0.001 ** 0.02 
Ni 0.028 <0.001 ** 0.015 
Cr 0.08 <0.001 ** 0.003 
Total number 
samples 13 13 13 13 


**No averages for parameters with non-detect samples. 
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Table 14: Life of mine (LOM) disturbance area, permit area, and ponded area for current and proposed mining activities. The permit area and 
disturbance area do not include pre-law mining. Areas are calculated against premine drainage basins, and the calculated acreages for each 
category may differ from the acreages presented in the permit application due to differences in the delineation of drainage basins. The 
premine drainage basins used to calculate area are shown in Figure 4.  


Drainage Basin 
Pre-mine 
Drainage 


Area  
To-Date 


Disturbance 


App. 185 
LOM 


Disturbance** 


Approved 
Permit Area 


App. 185 
Permit Area 


Total Permit 
Area 


Ponded 
Area 


 
acres   acres 


% of 
basin acres 


% of 
basin acres 


% of 
basin acres 


% of 
basin acres 


% of 
basin acres % of 


basin 
Yellowstone River @ Sidney 43770880   684 0 1132 0 884 0 397 0 1280 0 1469 0.003 


 
Peabody Coulee 4244   330 8 584 14 463 11 208 5 671 16 729 17 


  
North Drainage 657   234 36 478 73 356 54 188 29 544 83 586 89 


  
Middle Impoundment 143   74 52 74 52 74 52 0 0 74 52 143 100 


  
Other 3444   22 1 31 1 33 1 20 1 53 2 0 0 


 
Garden Coulee 11970   354 3 548 5 421 4 189 2 609 5 740 6 


  
South Drainage #1 386   124 32 145 37 136 35 0 0 136 35 250 65 


  
South Drainage #2 16   14 89 15 91 16 100 0 0 16 100 16 100 


  
South Drainage #3 518   171 33 350 67 196 38 187 36 383 74 429 83 


  
South Drainage #4 45   13 28 0 0 14 31 0 0 14 31 45 100 


  
Garden Trib #1 173   8 5 12 7 25 14 0 0 25 14 0 0 


  
Garden Trib #2 134   20 15 26 19 29 22 0 0 29 22 0 0 


  
Other 10698   4 0 2 0 5 0 2 0 6 0 0 0 


* The Application 185 LOM disturbance area includes additional area within the existing permit and is the proposed total mine-wide disturbance. 
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Table 15: Premine and proposed postmine drainage characteristics. Note that most basins (North Drainage and all South Drainages) were 
enlarged for this study to include more downstream area as shown in Figure 4. Consequently, the numbers presented in this analysis will not 
agree with the numbers presented by WSC in their permit. 


Premine Drainage Characteristics 


Drainage 
Drainage 


Area 
(acres) 


Total 
Stream 


Length (ft) 


Drainage 
Density 


(mi/mi^2) 


Main 
Channel 


Length (ft) 


Main Valley 
Length (ft) 


Main 
Channel 


Sinuosity 


Valley Elev. 
Difference (ft) 


Avg. Valley 
Slope (%) 


Peabody Coulee 4244 80879 2.3 36188 27660 1.31 337 1.2 
North Drainage 657 14010 2.6 14010 11900 1.18 188 1.6 
Garden Coulee 11970 285745 2.9 72561 53120 1.37 508 1.0 
South Drainage #1 341 6952 2.5 6952 6080 1.14 140 2.3 
South Drainage #2 16 942 7.1 942 850 1.11 22 2.6 
South Drainage #3 518 10864 2.5 10864 9400 1.16 155 1.6 
South Drainage #4 45 1567 4.2 1567 1560 1.00 40 2.6 
Garden Trib #1 173 7558 5.3 5135 4950 1.04 140 2.8 
Garden Trib #2 134 7732 7.0 4768 3550 1.34 166 4.7 


Postmine Drainage Characteristics 


Drainage 
Drainage 


Area 
(acres) 


Total 
Stream 


Length (ft) 


Drainage 
Density 


(mi/mi^2) 


Main 
Channel 


Length (ft) 
Main Valley 
Length (ft) 


Main 
Channel 


Sinuosity 
Channel Elev. 
Difference (ft) 


Avg. Valley 
Slope (%) 


Peabody Coulee 4242 79086 2.3 36188 27660 1.31 337 1.2 
North Drainage 701 12217 2.1 12217 11440 1.07 175 1.5 
Garden Coulee 11973 295420 3.0 72561 53120 1.37 508 1.0 
South Drainage #1 339 12741 4.6 5981 5780 1.03 146 2.5 
South Drainage #2 15 456 3.6 456 430 1.06 38 8.8 
South Drainage #3 518 14499 3.4 9714 9180 1.06 177 1.9 
South Drainage #4 62 2304 4.5 1719 1630 1.05 46 2.8 
Garden Trib #1 168 7558 5.5 5135 4950 1.04 140 2.8 
Garden Trib #2 129 7732 7.3 4768 3550 1.34 166 4.7 
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Table 16: Estimated maximum discharge and runoff volumes derived from SEDCAD modeling of a 2-yr 
24-hr and 10-yr 24-hr NRCS Type II Storm with 1.6 inches and 2.6 inches of precipitation respectively. 
This model shows only the impact of the hydrograph response from changes to stream length, 
drainage basin size, impoundment structures, and infiltration rates. Postmine scenarios assume at 
least 10 years of vegetation (all of the mine meets Phase III bond release requirements). 


  
2-yr 24-hr 10-yr 24-hr 


Drainage Scenario 
Max 
Flow 
(cfs) 


Runoff 
Vol (ac-ft) 


% 
Runoff 
Change 


Max Flow 
(cfs) 


Runoff 
Vol (ac-ft) 


% 
Runoff 
Change 


Garden Coulee premine 102 112  481 455  
Garden Coulee during 


mining 89 104 -7 406 426 -6 


Garden Coulee postmine 102 112 0 504 455 0 


Peabody Coulee premine 65 40  323 159  
Peabody Coulee during 


mining 50 33 -18 259 135 -15 


Peabody Coulee postmine 63 39 -2 337 161 1 


North Drainage premine 15 7  81 26  
North Drainage during 


mining 1 0.5 -93 14 2 -91 


North Drainage postmine 17 7 7 94 28 8 


South Drainage #1 premine 9 4  51 15  
South Drainage #1 during 


mining 1 1 -86 20 2 -83 


South Drainage #1 postmine 8 3 -10 47 14 -9 


South Drainage #3 premine 11 6  55 22  
South Drainage #3 during 


mining 1 0.5 -91 17 3 -88 


South Drainage #3 postmine 14 6 3 79 23 7 


Junction of South 
Drainages 1, 2, 3 premine 19 10  95 39  
Junction of South 
Drainages 1, 2, 3 


during 
mining 4 2 -85 49 8 -81 


Junction of South 
Drainages 1, 2, 3 postmine 23 10 -2 128 40 1 
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Table 17: Comparison of baseline water quality between Pust coal and spoil. 


Aquifer Statistic  pH SC TDS SO4 HCO3 Cl Ca Mg Na 
    s.u. uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L 


Pust Max 9.6 1980 1639 514 919 16.7 146 136 272 
baseline Min 6.4 622 350 64 262 1.5 44 40 23 
  Average 6.9 1187 799 226 487 8.5 91 81 70 
  Median 6.8 1144 728 144 519 8.2 71 65 55 
                      
Spoil Max 8.8 2980 7910 1560 918 55.3 3230 1490 1040 


  Min 6.0 867 627 107 108 3.0 75 34 11 
  Average 6.8 1976 1971 793 577 24.6 422 241 114 
  Median 6.7 2165 1825 950 655 16.5 271 200 41 
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Table 18: Spoil water quality summary for ionic parameters. 
Aquifer Well ID Statistic pH SC TDS SO4 HCO3 Cl Ca Mg Na 


   s.u. uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Spoil 105 Max 7.8 2346 1850 840 723 22.5 246 190 86 
  Min 6.1 1516 888 434 501 9.1 141 113 7 
  Average 6.6 1922 1457 613 604 16 197 150 55 
  Median 6.6 1850 1431 575 610 15.5 193 147 51.2 
  #  Samples 34 31 34 35 35 35 35 35 35 
            
Spoil 106 Max 7.9 2553 2189 985 766 24.5 249 208 104 
  Min 6.3 1594 1050 381 429 9.4 140 100 51 
  Average 6.7 1937 1448 561 660 17.1 193 149 70 
  Median 6.7 1928 1400 547 686 16.5 190 145 70 
  #  Samples  31 30 31 31 31 31 31 31 30 
            
Spoil 286 Max 8.8 1905 1470 838 515 25.5 224 155 61 
  Min 6.2 867 627 107 108 3.0 75 34 13 
  Average 6.7 1341 1009 440 417 11.6 147 107 25 
  Median 6.7 1353 1015 460 420 8.8 151 109 24 
  #  Samples 30 29 28 34 28 28 28 28 27 
            
Spoil 289 Max 7.5 1565 1140 508 561 16.4 219 100 60.2 
  Min 6.4 1100 774 238 351 6.1 134 59.2 10.8 
  Average 6.8 1274 893 335 416 10.2 161 74 32 
  Median 6.8 1250 855 340 406 10.1 155 71 32 
  #  Samples 22 22 22 22 22 22 22 22 21 
            
Spoil 290 Max 7.4 2761 2250 1140 918 21.0 345 257 72 
  Min 6.3 1368 909 278 354 9.0 138 82 31 
  Average 6.7 2117 1649 775 705 15.6 243 173 57 
  Median 6.8 2165 1825 950 731 16.2 271 200 59 
  #  Samples 31 30 28 36 28 28 28 28 27 
            
Spoil 291 Max 6.9 2980 2550 1430 694 49.9 397 265 200 
  Min 6.0 1930 1595 799 438 11.7 243 150 21 
  Average 6.5 2600 2236 1206 539 36.7 335 224 42 
  Median 6.4 2677 2345 1265 532 40.4 346 232 38 
  #  Samples 29 31 30 38 30 30 30 30 29 
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Table 18: continued 
Aquifer Well ID Statistic  pH SC TDS SO4 HCO3 Cl Ca Mg Na 
   s.u. uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Spoil 291-T Max 6.5 2828 2140 1300 655 42.3 356 218 41 
  Min 6.3 1942 1970 922 547 33.6 324 211 41 
  Average 6.4 2313 2027 1096 619 36.5 345 213 41 
  Median 6.5 2234 1970 1040 655 33.6 356 211 41 
  #  Samples 5 6 3 12 3 3 3 3 3 
            
Spoil DG-1 Max 7.7 2665 7910 1560 861 55.3 3230 1490 1040 
  Min 6.5 1988 2190 1020 457 48.3 284 190 147 
  Average 6.9 2305 5050 1321 659 51.8 1757 840 594 
  Median 6.9 2283 5050 1275 659 51.8 1757 840 594 
  #  Samples 5 4 2 8 2 2 2 2 2 
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Table 19: Comparison of water quality trace-metal concentrations between Pust coal and spoil. 
Aquifer Statistic Al As B Cd Cr Cu Fe Mn Ni Pb Se V Zn 


  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Pust Max ND 0.008 0.550 0.013 0.004 ND 1.110 0.190 0.008 0.017 ND/NS ND/NS ND/NS 
baseline Min ND ND 0.005 ND ND ND ND ND ND ND ND/NS ND/NS ND/NS 
(3 wells) Average ND ** 0.386 ** ** ND ** ** ** ** ND/NS ND/NS ND/NS 
 Median ND ND 0.390 ND ND ND 0.190 0.060 ND ND ND/NS ND/NS ND/NS 
 #samples 2 42 42 42 39 1 61 54 42 42 1 1 1 
               
Spoil Max ND 0.292 0.870 0.010 ND 0.0077 3.1500 2.0000 0.2100 0.0556 0.0127 0.0036 0.0900 
(8 wells) Min ND ND ND ND ND ND ND ND ND ND ND ND ND 


 Average ND ** ** ** ** ** ** ** ** ** ** ** ** 
 Median ND 0.0071 0.525 0.001 ND 0.0032 0.2050 0.3525 0.0255 ND ND 0.0030 0.0900 
 #samples 7 177 141 141 134 7 193 183 141 141 46 7 7 


ND= Non-detect 
NS=No sample 
** Averages not computed for analytes with non-detect samples 
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Table 20: Water quality summary for trace metals in spoil. 
Aquifer Well ID Statistic Al As B Cd Cr Cu Fe Mn Ni Pb Se V Zn 


   mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Spoil 105 Max NS 0.0048 0.52 ND ND NS 0.8 0.27 ND ND NS NS NS 
  Min NS ND 0.48 ND ND NS ND 0.15 ND ND NS NS NS 
  Average NS ** 0.51 ND ND NS ** 0.18 ND ND NS NS NS 
  Median NS 0.0032 0.52 ND ND NS ND 0.17 ND ND NS NS NS 
  #Samples  9 9 9 9 0 27 22 9 9 0 0 0 
                
Spoil 106 Max ND 0.0042 0.72 0.00052 ND 0.0031 3.15 0.51 0.21 0.023 ND 0.0036 ND 
  Min ND ND 0.31 ND ND 0.0031 ND 0.36 ND ND ND 0.0036 ND 
  Average ** ** 0.53 ** ND 0.0031 ** 0.40 ** ** ** 0.0036 ** 
  Median ND 0.0027 0.53 ND ND 0.0031 0.15 0.41 ND ND ND 0.0036 ND 
  #Samples 1 26 26 26 25 1 27 24 26 26 1 1 1 
                
Spoil 286 Max ND 0.0060 0.760 0.010 ND ND 0.64 0.45 0.0164 0.015 0.0008 ND ND 
  Min ND ND 0.210 ND ND ND ND 0.00 ND ND ND ND ND 
  Average ** ** 0.588 ** ND ND ** 0.23 ** ** ** ** ** 
  Median ND ND 0.590 ND ND ND 0.14 0.21 ND ND ND ND ND 
  #Samples 1 33 27 27 26 1 32 31 27 27 8 1 1 
                
Spoil 289 Max 1.64 0.0060 0.250 0.00053 ND 0.0077 1.81 0.42 0.0600 0.0556 ND 0.0035 0.09 
  Min 1.64 ND ND ND ND 0.0077 ND 0.07 ND ND ND 0.0035 0.09 
  Average 1.64 ** ** ** ND 0.0077 ** 0.1 ** ** ND 0.0035 0.09 
  Median 1.64 0.0031 0.150 ND ND 0.0077 ND 0.1 ND ND ND 0.0035 0.09 
  #Samples 1 21 21 21 20 1 21 22 21 21 1 1 1 
                
Spoil 290 Max ND 0.0350 0.680 0.00036 ND 0.0022 0.24 0.39 0.1000 0.030 0.0057 0.0025 ND 
  Min ND ND 0.180 ND ND 0.0022 ND 0.12 ND ND ND 0.0025 ND 
  Average ** ** 0.503 ** ** 0.0022 ** 0.28 ** ** ** 0.0025 ** 
  Median ND 0.0109 0.530 ND ND 0.0022 0.09 0.30 ND ND ND 0.0025 ND 
  #Samples 1 35 27 27 26 1 34 33 27 27 9 1 1 
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Table 20: continued 


Aquifer Well 
ID Statistic Al As B Cd Cr Cu Fe Mn Ni Pb Se V Zn 


   mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
Spoil 291 Max ND 0.2924 0.870 0.00600 ND ND 1.060 0.490 0.0900 0.0270 0.0101 0.0025 ND 
  Min ND ND 0.420 ND ND ND ND 0.310 ND ND ND 0.0025 ND 
  Average ** ** 0.626 ** ** ** ** 0.424 ** ** ** 0.0025 ** 
  Median ND 0.2000 0.610 ND ND ND 0.320 0.430 ND ND ND 0.0025 ND 
  #Samples 1 37 29 29 28 1 37 34 29 29 10 1 1 
                
Spoil 291-T Max ND 0.158 0.420 0.00103 NS 0.0032 1.15 1.96 0.0264 ND 0.009 0.0034 ND 
  Min ND 0.104 0.420 0.00103 NS 0.0032 ND 0.49 0.0264 ND ND 0.0034 ND 
  Average ** 0.125 0.420 0.00103 NS 0.0032 ** 1.01 0.0264 ** ** 0.0034 ** 
  Median ND 0.120 0.420 0.00103 NS 0.0032 0.26 0.90 0.0264 ND ND 0.0034 ND 
  #Samples 1 10 1 1 0 1 9 10 1 1 9 1 1 
                
Spoil DG-1 Max ND 0.0447 0.32 ND NS 0.0042 2.82 2.00 0.0245 ND 0.01270 ND ND 
  Min ND 0.0081 0.32 ND NS 0.0042 ND 0.65 0.0245 ND ND ND ND 
  Average ** 0.0217 0.32 ** NS 0.0042 ** 1.16 0.0245 ** ** ** ** 
  Median ND 0.0163 0.32 ND NS 0.0042 0.31 1.00 0.0245 ND ND ND ND 
  #Samples 1 6 1 1 0 1 6 7 1 1 8 1 1 
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Table 21: Surface water hydrologic impact assessment summary. 
Resource Stream Water Springs Mine Ponds 
Use Class Ephemeral C-3 None None 


Current Uses Livestock & Wildlife Wildlife Wildlife 


Assessment  
Approach 


Quantity Model sediment ponds and 
reclamation plan 


Staff gauge 
to measure 
water depth 


Staff gauge to measure 
water depth 


Quality 


Comparison of MDPES 
discharges & pond water to 


regional water quality samples; 
Comparison of discharge and 
pond water to livestock water 


quality guidelines 


Comparison 
of grab 


samples to 
historic data 


Comparison of grab 
samples to historic data 


Anticipated 
Impacts 


Quantity 


During mine – reduction of 
runoff volume 


Post mine – similar runoff 
volume except for South 


Drainage #1 and #3 


None or 
slight 


reduction in 
flow until 
aquifer 


recovery 


None 


Quality None None None 
Monitored 
unit? 


Quantity No Yes Yes 
Quality Yes – MPDES discharges Yes Yes 


Applicable WQ 
Standards 


Narrative C-3 
Uses  MPDES for pond 


discharges 
Exceedance of 
standard No No No 


Impact to use Yes No No 


Duration of 
impacts 


Quantity Mine life through reclamation of 
ponds 


Mine life 
through 
aquifer 


recovery 


Mine life through 
reclamation of ponds 


Quality None None Mine life through 
reclamation of ponds 


Mitigations 


Quantity Replace water source for 
impacted water rights 


None 
required 


Inspection by engineers to 
ensure pond integrity 


Quality None required None 
required 


Regular sampling of water 
to ensure MPDES 


compliance 
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Table 22: Groundwater hydrologic impact assessment summary. 
Resource Alluvium Overburden Pust Coal Underburden Spoil 


Use Class None Class I Class I - Class II Class II Class II –  
Class III 


Current Uses None None Domestic/livestock Domestic/livestock None 


Assessment  
Approach 


Quantity 
Monitoring well 


level 
measurement 


Monitoring well 
level 


measurement 


Drawdown model 
Monitoring well level 


measurement 


Drawdown model 
Monitoring well level 


measurement 


Monitoring well 
level 


measurement 


Quality Sample analysis Sample analysis Sample analysis Sample analysis Sample analysis 


Anticipated 
Impacts 


Quantity None 


Removal in pit 
area - Upgradient 


drawdown in 
mine vicinity 


Removal in pit area – 
Upgradient drawdown 


in mine vicinity 


Minimal drawdown (6’ 
max) 


Increases in 
water level over 


time 


Quality 
Discharge to 


drainage may be 
affected by spoil 


No impact 
None Downgradient 


coal expected to 
remain dry 


None 


Poorer than 
overburden and 


Pust coal 
baseline 


Monitored unit? Quantity Yes Yes Yes Yes Yes 
Quality Yes Yes Yes Yes Yes 


Applicable WQ Standards DEQ-7 
Uses 


DEQ-7 
Uses 


DEQ-7 
Uses 


DEQ-7 
Uses 


DEQ-7 
Uses 


Exceedance of standard No No No No Yes 
Impact to use No No No No No 


Duration of 
impacts 


Quantity Mine life Post-mining   Approx. 50 years 


Quality 
50+ years 


(Coincident 
w/coal recovery) 


None No upgradient impact None 50+ years to 
recovery 


Mitigations 


Quantity None required None required Replacement of 
affected private wells None required None required 


Quality None required  
None required- Coal is 
dry at cropline inside 
permit boundary 


None required – Well 
completion depths > 
200’ below spoil 


Must meet water  
state quality 
standards prior to 
bond release 
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Figure 1: Proposed, current, and historic coal mining at the Savage Mine.  
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Figure 2: 30-year monthly climate summary for Savage, MT from 1981 - 2010 (Western Regional 
Climate Center). 
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Figure 3: Annual total precipitation from 1906 – 2011. The 30-yr average is computed from 1981 to 
2011. 
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Figure 4: Surface water CIA with the premine and proposed postmine major drainage basins.  
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Figure 5: Groundwater CIA. 
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Figure 6: Private well locations near the Savage Mine. 
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Figure 7: Active surface water rights. Further information on the water right is listed in Table 6. 
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Figure 8: Historic and current monitoring locations. 
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Figure 9: Premine and proposed postmine drainage sub-basins and channels. 
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Figure 10: USGS stations and drainage areas. 
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Figure 11: Box and Whiskers plots showing the variation in TDS and TSS at the Savage Mine ponds and 
at nearby USGS stations (Burns Creek, Fox Creek, and Lone Tree Creek). The boxes show the median 
and 25th and 75th percentiles. The error bars mark the 5th and 95th percentiles.  
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Figure 12: The distribution of slope within the proposed permit, excluding pre-law areas. The 
distribution is calculated from the premine and proposed postmine topography. 
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Figure 13: SEDCAD modeling results for a 2-yr 24-hr NRCS Type II Storm with 1.6 inches of 
precipitation. This model shows only the impact of the hydrograph response from changes to stream 
length, drainage basin size, impoundment structures, and infiltration rates. A) Dashed lines are 
hydrographs for Peabody Coulee while solid lines are hydrographs for Garden Coulee. B) Dashed lines 
are hydrographs for North Drainage while solid lines are hydrographs for the confluence of South 
Drainages #1 and #3.  
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Figure 14: Major ion concentrations and TDS measured at spring 22DDA/SP. 
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Figure 15: Groundwater drawdown model for the Pust coal and underburden aquifers including mining in Amendment 185 (after Nicklin, 
2008). 
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Figure 16: Water level and quality changes over time in overburden monitoring well OB-3. 
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Figure 17: North-south hydrogeologic cross-section through the Savage Mine reflecting current water levels. The location of the cross section 
is shown in Figure 8. 
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Figure 18: Pust coal monitoring well hydrographs showing water level changes over time. 
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Figure 19: Water quality in Pust monitoring wells. 
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Figure 20: Underburden monitoring well hydrographs showing water level changes over time. 
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Figure 21: Water quality at underburden monitoring wells. 
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Figure 22: Savage Mine spoil well water level hydrographs. 
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Figure 23: Pust coal and spoil potentiometric surface. 
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Figure 24: Graphs of spoil well water quality. 
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Figure 25:  Graphs of arsenic concentrations through time at spoil wells. 
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Figure 26: Private wells and projected drawdown in the Pust coal at the end of mining. 
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Figure 27: Private wells and projected drawdown in the underburden at the end of mining. 
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14.0 APPENDIX A
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Table A-1: Acronyms used within this document. 
Acronym Definition 


ARM Administrative Rules of Montana 
CDFA Cumulative Departure From Average 
CHIA  Cumulative Hydrologic Impact Assessment 
CIA Cumulative Impact Area 
DEQ Department of Environmental Quality 
DNRC Department of Natural Resources and Conservation 
EPA Environmental Protection Agency 
GWIC Groundwater Information Center 
LOM Life of Mine 
MBMG Montana Bureau of Mines and Geology 
MCA Montana Code Annotated 
MCL Maximum Contaminant Levels 
MPDES Montana Pollutant Discharge Elimation System 
MSUMRA Montana Strip and Underground Mine Reclamation Act 
NRWQC National Recommended Water Quality Criteria 
NSDWR National Secondary Drinking Water Regulations 
OSMRE Office of Surface Mining Reclamation and Enforcement 
PHC Probable Hydrologic Consequences 
PHC Probable Hydrologic Consequences 
PMT Post Mine Topography 
SMCRA Surface Mining Reclamation and Control Act 
SWL Static Water Elevation 
TDS Total Dissolved Solids 
TSS Total Suspended Solids 
USGS United States Geological Survey 
WSC Westmoreland Savage Corporation 
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15.0 APPENDIX B  
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NOTES 
 
The drainage properties are calculated from the premine and proposed postmine topography using 
ArcGIS as well as Exhibits B1 and D2 of the Savage Mine Permit. The SEDCAD basins are based on mine 
pond drainage areas. No impoundment structures are modeled in the SEDCAD basins for the premine 
and postmine models. Impoundment structures are simulated for the during mining model based on 
information given on the pond design exhibits in the Savage Mine Permit. Pit interception and changes 
to drainage basins due to the mine plan was not modeled for the during mining model. As-built pond 
dimensions result in complete retention of up to the 10-yr, 24-hr storm event for all areas upstream of 
the ponds under the assumption that the ponds are dry before the storm event.
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Table B-1. Values used to calculate Curve Numbers (CN) and Time of Concentration (Tc) for modeled sub-basins. 
Cropland CN 75 


Rangeland CN 69 


Area from Table C-1 and C-2 in Appendix C and CN numbers from pond design exhibits in the Savage Mine Permit 


  
Premine 


During Mining -- From 
Pond Designs 


Postmine 


 
Basin 


Crop-
land 


Acres 


Range-
land 


Acres 


Total 
Acres 


Time of 
Concen-


tration (hr) 


Curve 
Number 


Total 
Acres 


Time of 
Concen-
tration 


(hr) 


Curve 
Number 


Crop-
land 


Acres 


Range-
land 


Acres 


Total 
Acres 


Time of 
Concen-
tration 


(hr) 


Curve 
Number 


G
ar


de
n 


Co
ul


ee
 


South 
Pond 1 


183 67 250 1.30 73 114 0.97 80 165 102 267 1.24 73 


South 
Pond 2 


0 16 16 0.19 69 31 0.37 74 0 15 15 0.22 69 


South 
Pond 3 


333 96 429 2.10 74 115 0.73 72 285 151 435 1.30 73 


South 
Pond 4 


41 4 45 0.52 74 156 1.58 76 39 23 62 0.29 73 


South 
Pond 5     


74 382 2.48 82 
     


Garden 
Trib #1  


173 173 3.29 69 176 3.28 69 
 


168 168 3.30 69 


Garden 
Trib #2  


134 134 0.40 69 138 0.53 74 
 


129 129 0.40 69 


South 
Drainage 


#3 
 


86 86 0.43 69 86 0.43 69 
 


86 86 0.43 69 


South 
Drainage 


#1 
 


80 80 0.28 69 80 0.28 69 
 


80 80 0.28 69 


Junction 
Pond 2, 1, 


3 
 


77 77 0.30 69 77 0.30 69 
 


77 77 0.30 69 


Garden 
Coulee, 
Other 


5309 5309 10618 9.26 72 10618 9.26 72 5309 5309 10618 9.26 72 
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Table B-1. Values used to calculate Curve Numbers (CN) and Time of Concentration (Tc) for modeled sub-basins. 
Cropland CN 75 


Rangeland CN 69 


Area from Table C-1 and C-2 in Appendix C and CN numbers from pond design exhibits in the Savage Mine Permit 


  
Premine 


During Mining -- From 
Pond Designs 


Postmine 


 
Basin 


Crop-
land 


Acres 


Range-
land 


Acres 


Total 
Acres 


Time of 
Concen-


tration (hr) 


Curve 
Number 


Total 
Acres 


Time of 
Concen-
tration 


(hr) 


Curve 
Number 


Crop-
land 


Acres 


Range-
land 


Acres 


Total 
Acres 


Time of 
Concen-
tration 


(hr) 


Curve 
Number 


Pe
ab


od
y 


Co
ul


ee
 


North 
Pond 1      


95 0.73 77 
     


North 
Pond 2 


372 213 585 1.61 73 108 0.70 70 380 249 629 1.44 73 


North 
Pond 3      


267 1.47 76 
     


North 
Pond 4      


201 1.65 84 
     


North 
Drainage 


below 
Pond 2 


 
72 72 0.44 69 83 0.45 69 


 
72 72 0.44 69 


Peabody 
North Trib 


502 502 1004 1.64 72 1004 1.64 72 502 502 1004 1.64 72 


Peabody 
Coulee, 
other 


1226 1226 2451 2.98 72 2435 2.98 72 1218 1218 2435 2.98 72 
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Figure B-2: Garden Coulee SEDCAD routing premine. 
 


 
Figure B-3: Garden Coulee SEDCAD routing during mining. 
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Figure B-3: Garden Coulee SEDCAD routing postmine. 
 
 


 
Figure B-4: Peabody Coulee SEDCAD routing pre- and postmine. 
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Figure B-5. Peabody Coulee SEDCAD routing during mining. 
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=.r'F Montana Department of 


~ ENVJ[]RONMENTAlLQUAUTY Brian Schweitzer, Governor 


P.O. Box 200901 • Helena, MT 59620-0901 • (406) 444-2544 • www.deq.mt.gov 


December 17,2012 VIA HAND DELIVERY 


Ed Coleman 
Bureau Chief-IEMB 
Department of Environmental Quality 


RE: Savage Mine-Permit 1984002 Revision-Application 00 185-Montana Private Property 
Assessment Act Compliance 


Ed, 


In my capacity as legal counsel to the Coal and Uranium Section of IEMB, I have reviewed the 
pertinent parts of the above-referenced proposed permit, provided to me by the Coal and 
Uranium Section, 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 105, 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. 


If I can be of further assistance with this matter, please let me know. 


~ 


Dana David 
Special Assistant Attorney General 
MTDEQ 
direct: 406-444-2626 
fax: 406-444-4386 
email: ddavid@mt.gov 


Enforcement Division • Permitting & Compliance Division • Planning, Prevention & Assistance Division • Remediation Division 



mailto:ddavid@mt.gov

http:www.deq.mt.gov





Taking or damaging implication exist if YES is checked in response to question 1 and also to any 
one or more of the following questions: 2, 3, 4, 6, 7a, 7b, 7c; or if NO is checked in response to 
questions 5a or 5b. 


If taking or damaging implication exists, the agency must comply with §5 of the Private Property 
Assessment Act, 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. 







ATTACHMENT A 


PRIVATE PROPERTY ASSESSMENT ACT CHECKLIST 


DOES THE PROPOSED AGENCY ACTION HAVE TAKINGS IMPLICATIONS 
UNDER THE PRIVATE PROPERTY ASSESSMENT ACT? 


• Yes No 
l. 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 viable uses 
~ of the property? 


14. Does the action deny a fundamental attribute of ownership?~ 


5. 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 5a 


~ 
and 5b and continue with question 6.] 


Sa. Is there a reasonable, specific connection between the government 
n/a requirement and legitimate state interests? 


~ 


5b. Is the government requirement roughly proportional to the impact 
n/a of the proposed use of the property? 


, 


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 through 


~ 
7c.] 


n/a 7a. Is the impact of government action direct, peculiar, and significant? 


7b. Has government action resulted in the property becoming 
nfa practically inaccessible, waterlogged, or flooded? 


7c. Has government action diminished property values by more than 
n/a 30% and necessitated the physical taking of adjacent property or property 


across a public way from the property in question? 







