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EXECUTIVE SUMMARY 
 
The Beal Mountain Mine is located in the headwaters of German Gulch in the Pioneer 
Mountains, Silver Bow County, Montana, about 16 miles west southwest of Butte and 10 miles 
southwest of Fairmont (Gregson) Hot Springs.  The mine is primarily situated on land managed 
or controlled by the United States Department of Agriculture, Forest Service (USDA-FS), 
Beaverhead-Deerlodge National Forest (B-DNF).  The Beal Mountain Mine completed open pit 
mining operations in 1997 and gold recovery from the heap leach pad in 1999, with reclamation 
of the mine disturbances continuing through 2003.  With a filing of bankruptcy in 1998, and 
exhaustion of bonding funds to complete reclamation, the USDA-FS became the lead agency 
responsible for final mine closure.   
 
The USDA-FS placed the mine closure under its CERCLA (Comprehensive Environmental 
Responsibility, Compensation, and Liability Act) authority, and determined that the non-time-
critical removal action process would be followed for mine closure.  As part of that process, the 
USDA-FS contracted with Maxim Technologies, Inc. (Maxim was acquired by Tetra Tech Inc. in 
2005) to develop a report documenting existing conditions at the Beal Mountain Mine Site 
(Maxim, 2004a).  This document was followed by a draft Engineering Evaluation/Cost Analysis 
(EE/CA) (Maxim 2005) that evaluated closure options for the Beal Mountain Mine.   
 
In February of 2009, the USDA-FS contracted with Tetra Tech, Inc. (Tetra Tech) to revise and 
update the 2005 Draft EE/CA (Maxim 2005) to a final document.  The 2005 Draft EE/CA needed 
to be revised to incorporate water quality monitoring and other data that had been collected to 
fill data gaps since the release of the 2005 document.   This new data as well as a description of 
activities that have taken place at the Beal Mountain Mine site since 2005 were incorporated 
into a Public Draft Beal Mountain Mine EE/CA (Tetra Tech 2009) that went out for public review 
and comment.  These comments and additional revisions by the Agencies involved have been 
used in the preparation of this Final EECA for the Beal Mountain Mine site.  A response to 
public comment section has been included as Appendix F of this report.  
 
Working with the Forest Service, Tetra Tech, Inc. developed and revised the 2005 EE/CA to 
evaluate final closure options for the Beal Mountain Mine.  The purpose of this document is to 
present an evaluation of alternatives that address issues at the mine that constitute the release 
or threat of a release of contaminants present at the site.  The objective of this EE/CA is to 
screen, develop, and evaluate potential removal alternatives that could be used to mitigate 
environmental issues identified at the site.   
 
The USDA-FS goal for the site is to close the mine and allow the area to return to its pre-mining 
multiple use state.  Although a large portion of the mine property is reclaimed, several on-going 
operational, maintenance, and reclamation requirements need to be met for specific facilities 
before final closure is complete.  There are also outstanding issues that potentially affect the 
environment that need to be addressed.  These issues include the long-term geochemical 
reactivity of mine wastes (including both acidity and the release of selenium to the environment 
from several potential mine sources), geotechnical stability of the pit high wall and leach pad 
dike, infiltration of precipitation and groundwater into the leach pad, and treatment and disposal 
of excess solution accumulating on the  heap leach pad.   



ES-ii  Executive Summary  

Final Beal Mountain Mine EECA  

ISSUES RELATED TO EXISTING CONDITIONS OF MINE FACILITIES 
 
Pit Wall and Leach Pad Stability 
 
There are currently two active slides in the Beal Mountain pit area, the west wall and the clay/sill 
slide.  The west wall slide has moved across and into the Beal Mountain pit in an eastward 
direction.  During active mining, movement of this slide was reported in the range of 10 to as 
much as 100 feet per year.  Based on analysis of projected slide configurations, it is projected 
that the west wall slide may move as much as another 200 feet before movement ceases (Sitka 
1997). 
 
The clay/sill slide is a relatively small slide located immediately south of the southern corner of 
the heap leach pad.  During mining, the southern corner of the leach pad containment dike 
experienced some geotechnical instability due to movement of the clay/sill slide.  There were 
several responses implemented to mitigate the clay/sill slide’s movement during mining and 
closure activities including installing and operating dewatering wells to reduce pore pressure on 
the slide plane.  Dewatering was discontinued in July 2003, but reinstated by the US Forest 
Service in the spring of 2008.  By May 2005, however, with water levels in the dewatering wells 
at their seasonal high, two inclinometers located in the area of the clay/sill slide showed 
movement at depth.  Movement at depth was previously seen in both of these inclinometers 
during active mining in the mid to late 1990’s.  The inclinometer casings were resurveyed again 
in the spring of 2008, and one of the two wells showed ½” movement since the 2005-surveying 
event. In May of 2008, and in June and October of 2009 TetraTech performed three additional 
inclinometer hole surveys of casings in the vicinity of the clay-sill slide area.  Cumulative 
displacement on a previously identified shear plane at 165 feet in S195-3 has been 2.75 inches 
since the installation of casing S195-3 in 1995.  The steady increase in the cumulative 
displacement observed indicates there is active on-going movement at a depth of 165 feet 
below the top of the casing on the clay-sill slide block.  No significant recent displacement is 
apparent in hole S197-1. No significant recent displacement was noted in casing S197-2; 
however, historical displacement in 2005 has occurred at elevations of 70 and 270 feet below 
the top of the casing. 
 
Three survey prisms installed in 2005 in the clay sill slide area had shown no significant 
displacement through 2008. In 2008, ten additional survey prisms were installed near the clay-
sill and west wall slide areas.  Survey prism was re-measured in July and October of 2009.  
Movement in the west wall slide area over this period of time as measured in nine prisms, 
ranged from to as little as  0.107 feet, to as much as  0.36 feet, with movement occurring to the 
east and southeast (toward the pit high-wall).  Movement in the clay sill slide area over this 
same period of time ranged from as little as 0.096 feet to as much as 0.138 feet to the south. 
Displacement measurements in inclinometer casings and between survey prisms located in the 
west wall and clay sill slide masses indicates progressive down-slope movement at an 
increasing rate.  
 
Slope stability analyses indicate that the crest of the leach pad dike has a relatively low factor of 
safety under worst-case conditions and regression of the clay/sill slide uphill into the leach pad 
dike could occur.  If this occurred, spent ore and pad solution may be at risk for uncontrolled 
release to the environment.   
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Waste Rock 
 
Waste rock was generated from mining of both the Beal Mountain pit and the South Beal pit.  
Most of the rock placed in the waste rock dump was mined from the Beal Mountain pit.  These 
wastes were also used in the construction of the leach pad containment dike and haul roads.  A 
significant portion of waste rock (35% to 65%) mined from the Beal Mountain pit presents a risk 
of acid generation and subsequent acid rock drainage.   
 
Waste rock seepage currently contains elevated concentrations of selenium that originates from 
several different sources within the waste rock dump.  These concentrations are manifested in 
seepage water emanating from spring SPR-10A (buried under the upper end of the waste), 
spring SPR-5 (at the toe of the waste rock dump), and water from the toe drain collection 
system.  This combined seepage is currently collected in pipeline system originally constructed 
for waste rock seepage disposal under an old MPDES permit during active mining operations 
and during the initial stages of mine closure.  This pipeline system currently discharges into a 
series of five infiltration galleries located in alluvial material along German Gulch below surface 
water sampling station STA-3A.   
 
Leach Pad Solution Volume and Geochemistry 
 
In October 2003 in anticipation of closure of the water treatment facility, the draw down and 
treatment of solution on the leach pad was completed.  Following cessation of treatment in the 
fall of 2003, leach pad solution volume increased to about 25,000,000 gallons by the end of 
2004.  This accumulation of solution is thought to be the result of continued drain down in the 
heap leach pad, infiltration of precipitation through the leach pad cover, and from groundwater 
flow onto the leach pad during the spring snowmelt period and during periods of active LAD 
water discharge along the north edge of the pad.  With the accumulation of 25 million gallons of 
pad solution, the Forest Service decided to recommission the biological water treatment plant to 
lower the level of solution in the pad in accordance with the contingency plan that involves 
active management of the leach pad dike instability issue.  The biological treatment system was 
operated throughout the summer and early fall of 2005 and the volume of pad solution was 
reduced to about three million gallons by November 2005.  In 2006, after a review of water 
treatment options developed in the initial draft EE/CA (Maxim 2005), a pilot scale reverse 
osmosis water treatment facility was designed, constructed and field tested by Tetra Tech.  
Based on the successful results of pilot scale testing, a full-scale reverse osmosis water 
treatment facility with a treatment capacity of about 200 gallons per minute was constructed, 
installed and placed into operation on the Beal heap leach pad in the summer of 2008.   From 
the fall of 2005 to the spring of 2008, the volume of solution on the leach pad had increased to 
about 90 million gallons.  Approximately 12-15 million gallons of pad solution was treated by the 
reverse osmosis system in its start-up season reducing the volume of water on the pad to about 
75 million gallons.  An additional 25.4 million gallons of pad solution were treated in 2009.  As of 
October of 2009, there was about 65.5 million gallons of water on the pad; the capacity of the 
pad is thought to be about 106 million gallons based on a discharge event that took place in 
December of 1999 in the final stages of the leach pads operation.  A review of the rate of 
accumulation of water on the pad based on the last four periods of dewatering (2003, 2005, 
2008 and 2009) suggests an average annual additional accumulation of water on the pad of 
about 28-34 million gallons per year.   
 
Water collecting in the leach pad must be treated before it can be discharged to surface water 
or groundwater.  Water quality in the pad has changed considerably over the closure and 
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treatment period with most parameter concentrations decreasing except for sulfate, which has 
increased from 1,440 mg/L in 1999 to, most recently, 2,630 mg/L in 2009.  Parameter 
concentrations that have dropped since 1999 include selenium (0.305 mg/L currently from over 
1.5 mg/L), arsenic (currently 0.221 mg/L from over 0.75 mg/L), iron (currently 1.93 mg/L versus 
more than 20 mg/L), and copper (currently 0.057 mg/L versus over 100 mg/L, a ten-thousand 
fold drop).  Alkalinity has also decreased from about 360 mg/L to about 112 mg/L (CaCO3 
equivalent) in March 2005 and to 88 mg/L by August 2009.  Total cyanide has decreased from 
over 200 mg/L in 1999 to about 1.63 mg/L in 2009 (weak acid dissociable cyanide in August 
2008 was even lower at about 0.391 mg/L).   
 
Land Application Disposal (LAD) Areas 
 
Solution application to the LAD areas involved historical discharges over 200 million gallons of 
water to about 31 acres.  Application of biologically treated pad solution to the LAD areas began 
in earnest in 2001 through 2003, and, after an 18 month hiatus, land application of treated heap 
leach solution was reinitiated in May 2005.  A reverse osmosis treatment system constructed in 
2008 has also discharged about 37.4 million gallons to an LAD system in 2008 and 2009, albeit 
with much cleaner water than the previous biological treatment system was capable of 
producing.  In 2004, the LAD areas were used to dispose of water collected in the waste rock 
dump toe drain and from springs 5 and 10A.  This water was also captured and stored over the 
winter of 2004/2005, and was land applied along with the treated pad solution between May and 
November 2005. 
 
During the period of discharge to the LAD (2001 to 2006, the last year sampled), selenium and 
cyanide concentrations that exceed aquatic standards were detected in springs, and iron, 
selenium, and cyanide were detected in monitoring wells near the LAD areas.  In addition, 
cyanide levels in American Gulch, Beefstraight Creek, and lower Minnesota Gulch down 
gradient of the LAD areas commonly exceeded the chronic aquatic water quality standard 
(0.005 mg/L) and occasionally exceeded the acute aquatic surface water standard (0.022 mg/L) 
over the same time period.  In German Gulch the chronic standard for cyanide was routinely 
exceeded at stations STA-1A and STA-1, both of which are located downstream of the 
confluence of Beefstraight Creek with the main stem of German Gulch.  Since March 2004, no 
exceedances of the chronic aquatic standard for cyanide have been measured in German Gulch 
above STA-1A.  Cyanide water quality criteria are based on total recoverable concentrations, 
which include complexed forms of cyanide such as iron complexes.  Free cyanide is a much 
more reliable index of toxicity to aquatic life than total cyanide.  While there are no free cyanide 
data for the Beal Mountain site, weak acid dissociable (WAD) concentrations have been 
measured to represent cyanide that is considered more bioavailable.  These values are 
generally lower than total cyanide concentration by as much as 30% to more than 100% in 
German Gulch and Beefstraight Creek.  The national recommended acute and chronic water 
quality criteria for cyanide (0.022 and 0.0052 mg/L, respectively) are based on free cyanide.   
 
With respect to selenium and cyanide values in soil in the LAD areas, data have not been 
collected since 2000 (Spotts, 2000).  Measured sodium absorption ratios at the project site 
suggest that impacts due to sodium may not be significant.  Vegetation data do not show 
elevated concentrations of contaminants in plant tissue that would be of concern to wildlife or 
livestock.  Visual observations in several areas representative of a range of vegetation 
communities present in the LAD areas indicate that, overall, the vegetation community is not 
severely impacted.   
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German Gulch 
 
German Gulch is the receiving stream for the majority of water quality issues associated with 
the mine facilities and a likely place to measure the success of reclamation efforts at the Beal 
Mountain Mine.  German Gulch and its two main tributaries, Beefstraight Creek and Minnesota 
Gulch, support populations of native westslope cutthroat trout (recognized as “sensitive” by 
USDA-FS) and non-native eastern brook trout.   
 
The main impacts to water quality from mine facilities that appear to have potential long-term 
effects (based on concentrations that exceed chronic aquatic water quality standards) are 
elevated total recoverable concentrations of cyanide and selenium.  Concentrations of cyanide 
exceed the chronic and occasionally the acute standards for some stream surface water 
sampling events in 2003 in American Gulch and for several sampling events in 2003, through 
2009 in Lower Minnesota Gulch.  All but seven samples from Beefstraight Creek exceeded the 
chronic standard and seven samples exceeded the acute standard for cyanide.  These three 
tributaries are located to the north of the German Gulch divide and drain the areas of most 
intense LAD application located to the north of the leach pad.  Surface water in samples 
collected from STA-3A in upper German Gulch was also occasionally elevated in cyanide during 
2003 through 2009 (above the chronic but below the acute level) and no exceedances in 2009. 
Surface water at STA-2 showed two exceedances of the cyanide standard in 2003 and no 
exceedances in 2004 through 2009, although STA-1 and STA-1A, located below the confluence 
of Beefstraight Creek (the tributary creek that drains the LAD area) with German Gulch, 
frequently exceeded the chronic standard for cyanide.   
 
Total recoverable selenium concentrations measured during the 2003 to 2009 period in German 
Gulch at STA-4 and all stations downstream of STA-3A are below the chronic aquatic life 
standard for selenium of 0.005 mg/L.  At STA-4, selenium concentrations are low because the 
flow from the toe of the waste rock dump, which contains high concentrations of selenium, is 
captured before it can enter German Gulch.  Concentrations of selenium measured in all of the 
surface water samples collected during the 2003 to 2009 period from STA-3 and STA-3A 
exceeded the chronic aquatic life standard, but none exceed the acute aquatic life standard of 
0.02 mg/L.  Selenium concentrations measured in surface water samples from stations STA-4, 
STA-3, and STA-3A reached their highest levels between 1997 and 1999 and have generally 
declined since then. During the 2003 to 2009 period, total recoverable concentrations of most 
constituents, including arsenic, copper, and zinc, was below chronic aquatic life standards.   
 
Prior to mine development, selenium concentrations throughout German Gulch were considered 
low with respect to Montana water-quality standards, with readings from non-detect to 0.004 
mg/L.  With the covering of spring SPR-10A with waste rock, selenium concentrations in 
German Gulch increased, and remained elevated until recently.  The highest concentrations of 
selenium in German Gulch are typically measured at station STA-3A, with the most recent 
concentrations of 0.005 mg/L measured in September of 2009.  In-stream selenium 
concentrations have been decreasing since 1996 when water from SPR-10A was captured in a 
pipeline and discharged to infiltration galleries down stream of STA-3A.   
 
Fish and aquatic macroinvertebrate tissues sampled from the German Gulch sub-watershed did 
not contain elevated levels of copper but did contain elevated levels of selenium (Selch, 2009).  
Mean dry weight selenium concentrations in middle German Gulch macroinvertebrates were 
above the range of suggested toxic effects thresholds to fish from dietary organisms (3 to 11 
micrograms per gram).  Selenium concentrations were found to be statistically higher in fish 
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whole-body tissues from middle German Gulch than in fish collected from Minnesota Gulch and 
Beefstraight Creek.  These results suggest a potential pathway for bioaccumulation of selenium 
in the German Gulch sub-watershed.   
 
Samples collected in the sub-watershed from sediment, fish tissue, fish eggs, and 
macroinvertebrates in 2002 through 2007 showed selenium elevated above literature values for 
range of toxic effects in all media sampled in German Gulch but not in Minnesota Gulch and 
Beefstraight Creek.  The hazard rating for selenium in German Gulch was high or moderate for 
fish eggs and high for macroinvertebrates at all three stations.  For sediment, the hazard rating 
was high at the two upstream stations in German Gulch, but had diminished to none at the 
downstream station.   
 
Other measures of biological integrity of German Gulch that monitor aquatic life other than fish 
indicated that impacts from other uses of the area have an impact to streams in addition to 
those identified with the Beal Mountain Mine.  Results of periphyton sampling indicate biotic 
integrity in the upper and middle reaches of German Gulch in 2001 was generally rated as 
good, with minor impairment of aquatic life.  Other biotic data (algae metrics) indicate relatively 
unimpaired biota existing in these streams.  Aquatic macroinvertebrate data from 1999, 2001, 
and 2002 indicate generally good biotic conditions, with upper German Gulch classified as 
moderately impaired during the summer but improved to non-impaired during the fall (McGuire 
and Weber, 2003).  Water quality clearly played a role in limiting macroinvertebrate community 
biointegrity in upper German Gulch, as most community metrics indicated environmental stress 
and high macroinvertebrate densities were indicative of nutrient enrichment.  Middle German 
Gulch was classified as non-impaired during both sample events in 1999 and 2001, although 
scores were lower in 2001 than in previous years.  Biointegrity scores relative to 
macroinvertebrates were slightly lower in 1999 and 2001 than in 1997 for all sample sites, the 
likely reason being environmental stress related to drought, low streamflow, and declining water 
and habitat quality.  Toxic impacts were not indicated at any site monitored in 2002.   
 
Physical habitat condition for the upper German Gulch location was considered “sub-optimal” in 
1999 and 2001 for most habitat parameters (McGuire and Weber, 2003).  Habitat quality 
declined due to reduced riparian plant cover, increased bank erosion, and increased sediment 
deposition.  These conditions appear to have been worsened by drought and livestock use.  
Habitat degradation was also attributed to historic placer mine dredging.  Both Minnesota Gulch 
and Beefstraight Creek sampling sites were rated optimal for habitat in 2002. 
 
ALTERNATIVES DEVELOPMENT AND EVALUATION 
 
A number of alternatives were developed to address issues identified at each mine facility.  
These alternatives were assembled from general response actions, response technologies, and 
process options that are appropriate for mine wastes or geotechnical instabilities.  A subset of 
five water treatment options was also developed from a matrix of potential technologies 
applicable to treatment of waste rock dump seepage.  The results of the alternatives analysis is 
briefly summarized below for the following mine facilities:  main Beal Mountain pit; waste rock 
dump; leach pad; land application disposal areas; and German Gulch.  Monitoring was 
evaluated as an alternative for each of these facilities.    There was no significant issues 
associate with the South Beal pit.   
 



Final Beal Mountain Mine EECA - USDA Forest Service, Northern Region ES-vii 

Tetra Tech  March  2010  

Main Beal Mountain Pit 
 
The two principal issues of concern at the main Beal Mountain pit are geotechnical instability of 
the pit high-wall and risks to public safety resulting from the high-wall.  Failure or continued 
movement of the clay/sill slide in the high-wall of this pit could be propagated upward into 
foundation materials of the overlying southern containment dike of the leach pad, posing a 
potential risk to the structural integrity of the overlying south dike.  The risk associated with 
geotechnical instability of the containment dike is that a failure could breach the lower pad liner, 
releasing pad solution and spent ore to the environment.  A second issue of concern related to 
the main Beal Pit is the risk to public safety posed by falling from the pit high-wall or injury 
resulting from rock falling from the high-wall. 
 
Monitoring was evaluated for the main Beal Mountain pit.  While monitoring is not solely 
protective of the environment at this site, it provides a means of detecting changes in conditions 
that could impact the environment.  At the main Beal Mountain pit, monitoring would only detect 
slide movements that threaten containment dike stability.  Monitoring is considered essential at 
this point in time, however, the effectiveness of monitoring is dependent on the successful 
implementation of the existing annual operation and maintenance plan for interim dewatering of 
the clay-sill slide and pad solution removal seasonally when they are required.  Monitoring will 
meet applicable or relevant and appropriate requirements (ARARs) if the slides remain stable 
without dewatering.   
 
Three alternatives were developed that would be variously effective in the long-term with 
respect to minimizing risks to public safety.  One alternative would prevent human entry to areas 
of the pit that are subject to landslides and fall hazards using fences and signage, while another 
would decrease the potential for landslides to occur and would eliminate fall hazards by 
reduction of the high-wall angle by drill-hole blasting techniques.  It appears that drill hole 
blasting would need to occur from the top of the pit high-wall and would bring down only a 
minimal amount of material that would be insufficient to construct a buttress to provide 
additional geotechnical stability for the clay-sill slide within the pit.  In addition, in order to get the 
required angle on the pit, it would likely be necessary begin the new cut slope far enough back 
from the lip of the high-wall to risk stability of the leach pad containment dike foundation.  
Therefore, it appears that this alternative might be an effective means of protecting public 
safety, without risk to the leach pad facility, only if the leach pad was removed prior to 
implementing the alternative.   
 
The last alternative involves buttressing the main Beal Mountain pit high-wall to decrease the 
potential for landslides to occur and would eliminate public safety falling hazards locally in the 
area of the buttress.  This alternative would be effective in stabilizing the clay-sill slide and the 
leach pad foundation only if the buttress extended high enough and were thick enough on the 
hill to support the existing buttress adjacent to the clay-sill slide.  Such a buttress would require 
large volumes of material.  This alternative is also prohibitively expensive.   
 
Monitoring and public safety alternatives are implementable with standard construction 
equipment, materials, and earth moving techniques.    The total cost for monitoring is estimated 
at about $65,016. Whereas, the public safety alternative using fencing and signage is estimated 
to cost $31,984.  Alternatives related to both public safety and geotechnical stability are 
estimated to cost  $8,942,978 for reduction of angle on the high-wall, and $8,064,141 for 
buttressing the clay-sill slide area from within the pit. 
 



ES-viii  Executive Summary  

Final Beal Mountain Mine EECA  

Waste Rock Dump 
 
At the waste rock dump, monitoring would not meet ARARs and is not protective of the 
environment, as it does not address the concentration or loading of selenium from the waste 
rock dump seepage into German Gulch.  Monitoring also does not address the future potential 
for acid rock drainage (ARD) generation from the waste rock. 
 
Four other alternatives considered for the waste rock dump facility involved either capping and 
containment scenarios.  Two alternatives consider removing waste material from above spring 
SPR-10A and diverting the flow to minimize contact of groundwater with waste rock.  These two 
alternatives (WR-2A and WR-2B) differ in the amount of material removed from above the 
spring, the scope of reworking the existing dump, and the cover design.  Both alternatives would 
be effective in isolating groundwater from spring SPR-10A from contact with waste rock and 
could reduce the selenium load from waste rock seepage by as much as 20%.  However, 
neither alternative will completely reduce the selenium load since there are uncertainties 
involved with seepage in groundwater beneath the waste rock dump.  Alternative WR-2B will 
have a much greater impact on seepage flow since the entire waste rock dump would be 
regraded to allow drainage off the slopes rather than infiltration through the waste rock dump. 
The waste rock dump would then be covered with an impermeable cap.   
 
Two alternatives would reclaim the upper third of the waste rock dump, which has yet to be 
completed.  These alternatives, WR-3A and WR-3B, would attempt to limit infiltration from this 
upper and flatter portion of the dump into waste rock.  Alternative WR-3A uses a soil cover to 
achieve this end, while Alternative WR-3B uses a composite cover.  As with the WR-2 
alternatives discussed above, both Alternatives WR-3A and WR-3B would be somewhat 
effective in limiting infiltration into the waste rock dump, although the composite cover design 
used in Alternative WR-3B will be more effective in reducing infiltration and seepage, even 
though it only covers the upper third of the waste rock dump.  
  
The four cover alternatives have several things in common including:  all meet the ARAR for 
slope stability criteria, with slope regrading under Alternative WR-2B providing the greater slope 
stability than the other alternatives; each of the alternatives have revegetated surfaces to 
minimize erosion and maximize evapotranspiration in the covers; each alternative will utilize 
upgradient diversion ditches to control run-on and berms ,snow-fencing, and/or vegetation 
barriers to control snow-drifting; and, long-term maintenance requirements for each  alternative 
would be low once vegetation was established.   
 
None of the four alternatives will likely meet surface water ARARs in German Gulch and each 
are only somewhat protective of the environment in that seepage quality should improve and 
seepage quantity should decrease.  None of the alternatives would reduce seepage 
concentrations to a degree that would permit discharge of the seepage without prior treatment.  
Alternative WR-2B is the most protective of the four and is the most effective in the long-term.  
Alternative WR-3A is probably the least effective of the four alternatives.   
 
The costs to implement these alternatives vary considerably and almost directly with 
protectiveness of the environment and long-term effectiveness.  Estimated costs range from 
about $416,958 for Alternative WR-3A to over $14.3 million for Alternative WR-2B.   
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Leach Pad 
 
For the leach pad, monitoring would not meet ARARs and is not protective of the environment if 
pad solution continues to accumulate.  Anytime water levels in the pad rise to exceed the 
recommended volume of 25 million gallons, water treatment will be required to reduce volumes.  
Water quality on the pad is poor enough that treatment will be necessary before the pad solution 
can be discharged from the facility.   
 
Five other alternatives for the leach pad have been developed and these include:  replacing the 
existing cover (LP-2), partial removal of spent ore from the pad (LP-3), complete removal of the 
spent ore and the containment dike components of the heap leach pad to a new on-site 
repository (LP-4), and construction of a grout curtain along the northern edge of the heap leach 
pad (LP-5.    
 
Alternative LP-2 (replacing the leach pad cover) and LP-5 (placing a grout wall [curtain] along 
the northern edge of the leach pad) address two distinct and likely areas of input of excess 
solution that is accumulating on the leach pad.  As such, both of these alternatives are effective 
and protective of the environment, and may be most protective and effective if both alternatives 
are implemented together.  However, because the relative amount of water attributable to the 
cover or groundwater sources is unknown, it may be more practical to construct the grout wall 
first and then monitor its affect in order to assess the actual amount of water coming through the 
leach pad cover before replacing it, either in part or its entirety.    
 
Alternatives LP-3 and LP-4 permanently reduce or eliminate the potential for geotechnical 
instability by moving spent ore to more stable locations, and as such both are effective and 
protective of the environment.  Alternative LP-3 would reposition spent ore from the unstable 
area at the southwest portion of the leach pad to the northern portion of the pad.  Alternative LP-
4 involves the construction of an on-site repository to store spent ore currently held by the leach 
pad and the contaminated mine waste used to construct the containment dike thus eliminating 
loading above the unstable area beneath the pad. Alternative LP-3 may be technologically 
difficult to implement because of the need to remove most of the water from the pad prior to the 
selective removal of a portion of the spent ore.  Partial removal will require expanding the 
containment dike and obtaining additional soil cover, require upgrading reclaimed roads, and 
likely create new or reopen former soil borrow areas.  However, LP-4 will also require complete 
removal of water from the leach pad prior to moving the spent ore and containment dike 
material to a new location.   Removal of all of the pad solution will likely require evaporative 
treatment and sludge disposal of the wastes following RO treatment.   
 
LP-2 and LP-5 each eliminate what is interpreted to be a large but different portion of the water 
seasonally accumulating on the leach pad and are expected to meet ARARs to varying degrees.  
Each of these alternatives would require considerable surface disturbance, large volumes of 
construction traffic, and all action alternatives would require more than one construction season 
to implement. Alternative LP-4 may be most effective in that it completely removes spent ore 
and contaminated wastes to a proposed (but undefined) new on-site repository; as such it 
should be completely effective, is likely to meet all ARARS, will remove spent ore and wastes 
used to construct the containment dike from contact with groundwater,  and will eliminate the 
risk from geotechnical instabilities beneath the existing pad.  Alternative LP-4 is also extremely 
expensive to implement.    
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The cost of monitoring the leach pad is about $39,963.  The cost to implement Alternative LP-2 
(replace existing cover) is about $12,762,734, which is a one-time construction cost for the total 
replacement of the cover that requires only minor long-term monitoring.  If a repair of the cover 
was determined feasible, this cost could be much lower.  Alternative LP-3 (partial removal of 
spent ore) would cost about $7,132,911, while LP-4 (removal to an off-site repository) would 
cost about $201,311,444.  Finally, LP-5 the grout wall alternative is estimated to cost 
$4,257,806. 
 
LAD Areas 
 
Only one alternative, monitoring was evaluated for the LAD areas.  Monitoring, Alternative LAD-
1, may meet ARARs if only limited future use of the LAD is anticipated and as soluble solutions 
retained in soils in the LAD diminish in concentration over time.  As there are no identified 
issues with soils or plants at the LAD, monitoring may be an effective and long-term solution.  
The cost of monitoring seeps and springs and groundwater monitoring wells in the LAD areas 
down-gradient of the leach pad is about $44,310.  Recent and on-going discharge of much 
cleaner solutions resulting from RO treatment in areas of historical LAD solution application, are 
considered a positive approach in that it would encourage additional and faster leaching and 
rinsing of the remaining CN and Se components attenuated in soils. 
 
German Gulch 
 
As with some of the other monitoring alternatives, Alternative GG-1 will not attain ARARs and is 
not protective of the environment.  Selenium concentrations and loading to German Gulch are 
not expected to diminish naturally over time without actively addressing sources of selenium. 
 
Alternative GG-2 addresses one potential source of selenium in German Gulch by removing the 
road fill at the haul road/culvert crossing of the gulch near the main Beal Mountain pit and the 
Road Fill spring.  Removal of this material would be somewhat protective of the environment 
and somewhat effective in the long-term, although the road fill material is not considered a 
significant/major of selenium, and therefore, the reduction in selenium loading would be minor.  
Removal represents a permanent solution to this problem with only minor short-term impacts 
from construction in the active stream channel over a very short period of time.   
 
Alternative GG-3A (Seepage Water Treatment) evaluates four treatment options and 
implements a treatment to remove contaminants from waste rock seepage prior to discharging 
into a newly constructed LAD area.  This alternative would be protective of the environment and 
would result in a greater reduction of selenium loading compared to GG-2 because more 
selenium is contributed to German Gulch from waste rock seepage (almost 72% of the total load 
as measured at SW-3A) compared to road fill.  
 
The four active water treatment options proposed for possible use with Alternative GG-3A 
require that the seepage be gravity fed to the treatment system.  Three of the four treatment 
options require that a new  LAD system be constructed to dispose of treated water.  Water 
treatment options are compared below.  
 
Alternatives GG-3B and GG-3C both propose to discharge waste rock seepage into 
groundwater infiltration galleries constructed in alluvial materials adjacent to German Gulch 
using a mixing zone, as defined by MDEQ regulations, to meet water quality standards.  Both 
systems require upgrades to include collection boxes for springs SPR-5 and SPR-10A in the toe 
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drain area and a new pipeline connecting the toe drain seepage collection system with the old 
MPDES pipeline.  Operational upgrades to the old MPDES system pipeline include pipe 
cleaning and replacement of pressure relief valves.  Both alternatives could also capture 
contaminated spring seepage from natural springs SPR-3, SPR T, and SPR-D5, which would 
also be effective if the alternative were implemented in conjunction with one of the waste rock 
treatment or infiltration alternatives.  However, these springs  account for only 2.5% of total Se-
loading to German Gulch.    
 
Both alternatives include diluting the waste rock seepage with water from the main Beal 
Mountain pit drain to meet groundwater standards prior to discharge to infiltration galleries along 
German Gulch and have compliance points defined as surface water stations STA-1 or -1A.  
These two alternatives differ in the location of the infiltration galleries along German Gulch.  
Alternative GG-3B would discharge to existing and reconstructed infiltration galleries in upper 
German Gulch below STA-3A and with the furthest downstream infiltration gallery being just 
below STA-2.  Alternative GG-3C would extend the existing MPDES pipeline an additional 
12,000 feet downstream to the confluence of Beefstraight Creek and German Gulch where it 
would discharge to two new infiltration galleries.   
 
Both Alternatives GG-3B and GG-3C are effective in meeting water quality ARARs with respect 
to groundwater standards at the point of discharge and surface water standards at a compliance 
point chosen at STA-1 or -1A.  Under both alternatives, exceedances of the chronic aquatic 
standards for selenium at stations STA-3 and STA-3A may continue to occur, as neither 
alternative addresses all existing sources of selenium in the upper portion of German Gulch.  
However, implementing Alternative GG-3B may cause the chronic aquatic life standard for 
selenium to be exceeded at station STA-2 because existing infiltration galleries above STA-2 
would be used to discharge in this reach of German Gulch. Water sampling at STA-2 does not 
indicate impacts from the existing infiltration galleries. Alternative GG-3C would not impact 
aquatic standards at this location because infiltration of waste rock seepage would occur in 
groundwater in the German Gulch floodplain at the confluence of Beefstraight Creek. There is a 
concern that implementation of alternative GG-3C would impact fisheries in the upper reaches 
of German Gulch because of reduced in-stream flows. However, the contribution of flow to 
German Gulch from the spring collections system is minimal when compared with in-stream 
flow, even during low flow periods.  MDEQ regulations with respect to mixing zones require that 
acute aquatic life standards not be exceeded in surface waters near the mixing zone.   
 
Both Alternatives GG-3B and GG-3C will require some level of long-term operations and 
maintenance, although operation of the system will be passive for the most part.  Both 
alternatives will require long-term monitoring to ensure water quality ARARs are met.  In terms 
of short-term effectiveness, surface disturbances are much greater for Alternative GG-3C, as 
will be disruptions to users of the German Gulch drainage.  Both alternatives should be able to 
be constructed within one season, however. 
 
The cost of monitoring the German Gulch is about $30,870.  The cost to implement removal of 
road fill (GG-2) is estimated to be about $153,983.  The cost to implement Alternatives GG-3B 
(discharge to existing system) and GG-3C (discharge to extended system) is about $214,648 
and $679,243, respectively.  Annual O&M costs are the same for both Alternatives, about 
$19,383.   
 
Implementation of Alternative GG3A (waste rock seepage treatment) would be about $47,686 
for peripheral construction costs associated with the treatment alternative and somewhere in the 
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range of $540,000 to $1,680,000 for construction of the actual treatment facility and in the range 
of $76,000 to $1,440,000 for annual operating and maintenance costs.  
 
Water Treatment 
 
Four water treatment processes were identified for potential implementation at the Beal 
Mountain Mine site to treat waste rock seepage.  These treatment processes could be 
configured in a variety of ways to treat water on a year-round or seasonal basis.  For simplicity, 
the design treatment plant hydraulic capacities for year-round treatment have been directly 
adopted from the average annual flow rate without escalation.  A detailed review of the site 
water balance and seasonal flow variations would be required to establish the basis by which 
average, maximum, and minimum treatment plant hydraulic capacities would be defined; this 
level of work is beyond the scope of this evaluation.  For seasonal treatment, the design 
treatment plant hydraulic capacity was selected by assuming treatment would take place for four 
months each year.  Only one constituent of concern (selenium) requiring removal to meet 
effluent discharge goals has been identified for waste rock seepage.  
 
The effectiveness of selenium  removal through biological or chemical treatment to consistently 
meet the effluent discharge goal of 0.05 mg/L will be difficult.  Treatability testing would be 
required to determine the extent of selenium removal possible using chemical or biological 
treatment processes.  Two other treatment options were evaluated for this alternative that treat 
waste rock seepage by Iron Co-Precipitation (WT-3) and Active Anaerobic Bioreactor Treatment 
(WT-4).   A detailed cost analysis for water treatment options is presented in Appendix D.  For 
total cost, the water treatment option cost should be added to GG-3A alternative cost.  Costs 
associated with sample analysis and system performance reporting is not included in the 
operating cost estimates for the water treatment options.  Alternative GG-3A reports a range of 
costs based on these two treatment options the latter two alternatives (WT-3 and WT-4). 
 
PREFERRED ALTERNATIVE 
 
Based on the detailed and comparative analysis of the alternatives, a preferred alternative for 
each mine facility was selected.  The preferred alternative and justification for selecting the 
alternative for each mine facility is presented below.   
 
Main Beal Mountain Pit 
 
The preferred alternative for the main Beal Mountain pit is a combination of monitoring 
(Alternative MB-1) and an alternative that makes a provision for public safety (Alternative MB-
2A, fencing, signage and land use restrictions).  Monitoring will be both protective and effective 
when implemented in conjunction with the annual operation and maintenance plan calling for 
dewatering of groundwater in the slide areas and leach pad water treatment on a seasonal 
basis.  Monitoring is capable of identifying either high ground water levels in bedrock or 
movement of the clay/sill and west-wall slide areas.  Monitoring  would also be protective if 
significant amounts of water (>27.5 million gallons, the current condition) accumulates on the 
pad and water treatment and dewatering plans are implemented.  Fencing and signage of the 
pit high-wall to prevent public access will help minimize the potential for injury due to falls or 
landslides.   
 
Other public safety alternatives involving blasting to reduce the high wall slope angle (MB-2B) 
and buttressing the slide area from the interior of the pit (MB-2C) were not selected.   These 
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alternatives are either too dangerous to implement with respect to worker safety and leach pad 
containment dike foundation stability (MB-2B), or cost prohibitive and do not provide superior 
protection for public safety compared to MB-2A.  Additionally, buttressing the slide area to 
increase geotechnical stability would be unnecessary following implementation of the preferred 
alternative for the heap leach pad and is extremely costly.     
 
Waste Rock Dump  
 
Two alternatives considered for the waste rock dump are selected for the preferred alternative.  
These include WR-1 (Monitoring) and WR-2B (removal of waste rock cover from Spring 10 A, 
removal of significant source of selenium to groundwater, regrade, complete cover of dump with 
composite geo-membrane / soil cover).  This alternative should effectively remove a known 
source of selenium seepage (spring 10A), thereby preventing transport of this component of 
seepage in groundwater beneath the waste rock.  Additionally, this alternative would construct 
an impermeable (soil/geo-composite) cover of the mine wastes that would significantly reduce 
infiltration through the wastes and prevent it from contaminating groundwater. Reduction of this 
infiltration component would therefore, reduce the volume of seepage that delivers selenium 
and other constituents of concern from the waste rock dump to German Gulch.  Continued 
monitoring of SPR-5, SPR-10A, and the waste rock toe drain water quality would identify 
whether selenium concentrations from seepage decreased over time and if the potential for 
generation of acid mine drainage or other geochemical changes were occurring in the waste 
pile.   WR-2A and WR-2B both require moving the upper third of the waste rock dump to a 
repository/containment area nearby (possibly the leach pad or some other acceptable repository 
and reclaiming it with a soil cover) in order to minimize the impact of spring SPR-10A buried 
beneath this portion of the dump.  Spring SPR-10A has been dug out and piped to the perimeter 
of the waste rock dump in the past by Beal Mountain Mining, Inc. with only moderate success 
and also only represents about 20% of the total selenium load to German Gulch.  Re-grading 
and covering the entire waste rock dump with a composite cover will  likely be the most effective 
alternative reviewed, but is costly. Finally, alternative WR-3A is the least effective of the 
alternatives considered. At the time of release of this final EE/CA the Forest Service is working 
cooperatively with the Montana DEQ completing a design to implement waste rock closure 
alternative WR-3A during the summer of 2010 as an interim action with funding from a Montana 
Department of Natural Resources and Conservation (DNRC) grant. 
 
Leach Pad Treatment 
 
Any corrective action addressing leach pad issues will need to begin with immediate RO 
treatment of leach pad solutions.  This is essential to prevent water accumulation on the pad 
from topping the liner system and discharging to the environment (as may have already 
occurred occasionally along the north edge of the pad and perhaps elsewhere) and also to 
minimize the risk of a geotechnical failure of the containment dike from the weight of water 
loading to the clay-sill fault geotechnical instability. Monitoring (LP-1) will be essential during this 
dewatering period. 
 
Therefore, the preferred alternative for the leach pad is a sequential combination of LP-1 
(monitoring), LP-5 (grout curtain), LP-2 (repair or replacement of the leach pad cover), and  LP-
3 (partial removal). Implementation of this alternative should proceed in phases that will first 
address potential, but likely, groundwater input to the pad along the northern edge of the leach 
pad with a grout curtain (LP-5).  Assuming there are still significant amounts of water entering 
the leach pad following completion of the grout curtain  the existing leach pad cover would be 
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replaced or repaired (LP-2) by installing a new geosynthetic membrane and revegetated soil 
cover to reduce or eliminate infiltration to the leach pad. This would be followed by a period of 
monitoring (LP-1) to determine the effectiveness of these two action alternatives with respect to 
the rate of accumulation of water on the pad.  The need for further long-term water treatment 
and the frequency of treatment could only be assessed after this period of monitoring, however, 
it is likely that the rate of accumulation of water on the pad would be substantially reduced and 
may even be essentially eliminated.  If after taking both of these actions and continuing to treat 
water, water continues to accumulate on the pad at a rate that periodically risks compromising 
the geotechnical stability of the containment dike, then moving spent ore from the unstable 
southwest corner of the pad to the northern portion of the pad (LP-3) would be considered.  
Long-term treatment of water at unknown frequency intervals presumably by RO treatment may 
still need to be undertaken as a future action after implementation of all of these alternatives.    
 
This combination of alternatives is very protective of the environment and very effective in the 
long-term because it will significantly reduce the volume of water collecting in the pad as well as 
relocate spent ore away from the geotechnically unstable portion of the pad.  It is, however, 
reasonably expensive, and although the need for long-term water treatment might be 
eliminated, it may still be required periodically for an indefinite period of time.   Alternative LP-4, 
(Total Removal to an On-site Repository) is likely the most effective and certain alternative for 
eliminating risks associated with the leach pad, but has a very high price and maximum short-
term impacts.   
 
LAD Areas 
 
The preferred alternative for LAD areas is LAD-1, Monitoring.  In addition to this alternative, land 
application of treated solutions containing relatively high concentrations of cyanide and 
selenium should be discontinued as the LAD areas are becoming less effective in both quantity 
of water that can percolate through the soil and degree of treatment.  This is evident by the fact 
that down-gradient springs historically contained the highest elevated concentrations of both 
selenium and cyanide during periods when land application occurred. There is also some 
concern that sodium present in the treated leach pad solution may have a long-term negative 
impact on soil in the LAD areas if these areas continue to be used.  Concentrations of cyanide 
and selenium have been naturally decreasing in recent years, since LAD applications of highly 
contaminated waters have ceased, in seeps and springs located down-gradient of the LAD 
treatment areas.  Discharge of much cleaner solutions resulting from RO treatment in areas of 
historical LAD solution application, could be considered a positive approach in that it would 
encourage additional and faster leaching of remaining CN and Se components attenuated in 
soils. 
 
German Gulch 
 
The preferred alternative for German Gulch is Alternative GG-1 (monitoring) and Alternative 
GG-3B (discharge to German Gulch using existing pipeline system).  Although other up-gradient 
sources of selenium are likely entering the uppermost reaches of German Gulch via 
groundwater, reducing flows to SPR 10 A, and capturing flow from the waste rock dump, the 
main Beal Pit drain, SPR-3, SPR-T, and SPR-D5, and discharging to the existing infiltration 
galleries via a refurbished, but existing pipeline should not significantly affect flow volumes in 
the upper portion of German Gulch. This portion of the stream is currently providing habitat for a 
population of fish although water quality may routinely exceed chronic standards for selenium at 
STA-3A, STA-3 and occasionally at STA-2. This should also allow  acute standards for selenium 
to be met along all reaches of the creek.   
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This alternative (GG-3B) may be a permanent solution if the water chemistry of the waste rock 
seepage in the long-term remains similar to current water chemistry. 
 
Given the high capital, operating, and maintenance costs associated with active treatment 
systems water treatment option WT-1, Passive In-Situ Anaerobic Biological Treatment, is the 
preferred treatment method if waste rock seepage requires treatment (Alternative GG-3A).  
Treatability testing would be required to determine if the combination of Passive In-Situ 
Anaerobic Treatment combined with final treatment in a LAD system would meet water quality 
objectives. 
 
Waste Rock Seepage Water Treatment 
 
At this time, no water treatment alternative is selected as part of the treatment for waste rock 
seepage or German Gulch surface water quality alternatives.  Given the high capital, operating, 
and maintenance costs associated with active treatment systems for waste rock seepage 
stream, water treatment option WT-1, Passive In-Situ Anaerobic Biological Treatment, may be 
the preferred treatment method if waste rock seepage requires treatment (Alternative GG-3A).  
Treatability testing would be required to determine if the combination of Passive In-Situ 
Anaerobic Treatment combined with final treatment in a LAD system would meet water quality 
objectives.  
 
Preferred Alternative, Common Actions and Site-Wide Annual O & M Costs 
 
Table E-1 presents the total cost of implementing the preferred alternative, by alternative.  
Costs shown in Table E-1 for monitoring alternatives (i.e., MB-1, WR-1) were calculated 
separately for each individual alternative.  Two of the preferred alternatives also have annual O 
& M costs associated with their implementation.  Alternative MB-2A –Public Safety Institutional 
Controls (fencing and signage) have annual O & M costs of $6,510, and Alternative GG-3B – 
Discharge to Existing System  have annual O & M costs of $19,383.  These O & M costs have 
been extended to a three-year period for each of these alternatives in Table E-1.  
 
Table E-1 also presents cost to implement actions that are considered common to all 
alternatives.  These common actions are: Main Beal pit high-wall surface water diversions, the 
removal of facilities (buildings and foundations), final road reclamation, facility pond removal, 
and select storm water collection pond removal. 
 
Table E-1 also presents Annual Site-Wide O & M Costs that includes: monitoring (such as water 
quality and geotechnical), road maintenance, leach pad water treatment, operation of de-
watering wells, and annual cost for Forest Service management of the site.  These activities 
need to be conducted and the costs incurred each year, even if no alternatives are selected for 
implementation. In addition, O & M cost estimates are included for a period of three years for  
Alternative MB-2A (Fencing and Signage) and Alternative GG-3B (Discharge to Existing 
System).  These costs would only be incurred if the alternative were selected for implementation 
as a response alternative.   
 
Finally, the cost to conduct additional site characterization or more detailed engineering design 
work prior to implementation and construction of response alternatives is not included in these 
costs. 
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TABLE E-1 
PREFERRED ALTERNATIVE, COMMON ACTION AND  

ANNUAL SITE-WIDE MAINTENANCE COSTS 

Facility or Area Preferred 
Alternative 

Alternative 
Cost O & M Costs  

MB-1    Monitoring $65,016  
MB-2A- Fencing and Signage 

 
$31,984 

 
$19,530  

3 Years O & MMain Beal Mountain Pit 

Main Beal Pit Total $97,000 $19,530

WR-1 Monitoring $21,294  
WR-2B Partial Removal with 

Complete Regrading 
and Composite Cover 

$14,373,728   
Waste Rock Dump 

Waste Rock Total $14,395,022  $0

LP-1 Monitoring $39,963 

LP-5 Grout Curtain North 
Edge of Leach Pad 

$4,257,806 
 

LP-2      Replace Existing Cover  $12,762,734 
LP-3  Partial Removal of 

Spent Ore  $7,132,911  

 
 
 
 

Leach Pad  
(implement alternatives 
sequentially LP-1, LP-5, LP-2, 
and LP-3 if required). 

Leach Pad Total $24,193,414 $0 

LAD Area LAD-1 Monitoring $44,310  $0

GG-1 Monitoring $30,870   
GG-3B Existing System  
                

$214,648 
 

$ 58,149
3 years O & MGerman Gulch 

German Gulch Total $245,518 $58,149

Total Preferred Alternative Cost $38,975,264 $77,679

Main Beal Pit Surface Diversions $60,000 
Remove Facilities & Ponds $270,625 
Road (final reclamation) $200,250 

Actions Common to All 
Alternatives 

Storm Water Collection Ponds $24,000 

 

Total  Actions Common to All Alternatives $554,875 $0

Annual Site-Wide Monitoring  $100,000
Main Access Road Maintenance  $20,000
Leach Pad Water Treatment  $300,000
Operating De-watering Wells  $15,000

 
Annual Site-Wide O &M 

Forest Service Personnel  $100,000

Total Annual Site Wide O & M Costs  $535,000

Grand Totals $39,530,139 $612,679
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1.0 INTRODUCTION 
 
The Beal Mountain Mine is located in the headwaters of German Gulch in the Pioneer 
Mountains, Silver Bow County, Montana (Figure 1), about 16 miles west southwest of Butte and 
10 miles southwest of Fairmont (Gregson) Hot Springs.  The mine is primarily situated on land 
managed or controlled by the United States Department of Agriculture, Forest Service (USDA-
FS), Beaverhead-Deerlodge National Forest (B-DNF) (Figure 2).   
 
The Beal Mountain Mine completed open pit mining operations in 1997 and gold recovery from 
the heap leach pad in 1999, with reclamation of the mine disturbances continuing through 2003.  
With a filing of bankruptcy in 1998, and exhaustion of bonding funds to complete reclamation, 
the USDA-FS, in cooperation with the Montana Department of Environmental Quality (MDEQ), 
became the lead agency responsible for final mine closure.  As the land management agency, 
the USDA-FS placed the mine closure under its CERCLA (Comprehensive Environmental 
Responsibility, Compensation, and Liability Act) authority, and determined that the non-time-
critical removal action process would be followed for mine closure.  As part of that process, the 
USDA-FS contracted with Maxim Technologies, Inc. to develop a draft Engineering 
Evaluation/Cost Analysis (EE/CA) that would evaluate final closure options for the Beal 
Mountain Mine.   
 
Maxim prepared a report documenting existing conditions at the Beal Mountain Mine Site 
(Maxim, 2004a).  That report describes in some detail the geology, hydrology, water quality, 
aquatics, and fisheries conditions at and near the mine.  The Existing Conditions Report also 
characterizes the source, nature, and extent of contamination and the risks of potential 
contaminant release related to various mine facilities at the Beal Mountain Mine. Subsequently, 
an agency revised draft of the original EE/CA was prepared and released in September of 2005 
(Maxim 2005). Also in 2005, Maxim Technologies was acquired by Tetra Tech, Inc.   However,  
the original Helena Office project management team and staff, has continued to provide 
continuity of technical and administrative services to the Forest Service on the Beal Mountain 
Mine EE/CA project, during and following this transition.    
 
In February of 2009, the USDA-FS contracted with Tetra Tech, Inc. (Tetra Tech)  to revise and 
update the 2005 Draft EE/CA to a final document.  The 2005 Draft EE/CA needed to be revised 
to incorporate water quality monitoring and other data that had been collected to fill data gaps 
since the release of the 2004 and 2005 documents.   This new data as well as a description of 
activities that have taken place at the Beal Mountain Mine site since 2005  are incorporated into 
this Draft Final Beal Mountain Mine EE/CA. 
 
1.1 PURPOSE 
 
The completion of the Existing Conditions Report (Maxim 2004) the initial draft version of the 
EE/CA (Maxim 2005), and the Public Draft of the EE/CA (Tetra Tech 2009), has led the USDA-
FS to request that Tetra Tech prepare this revised Final version of the EE/CA.  The purpose of 
this document is to present an engineering evaluation and cost analysis of alternatives to 
address issues at the mine that constitute the release or threat of a release of contaminants 
present at the mine.   
 
The USDA-FS goal for the site is to close the mine and allow the area to return to its multiple 
use state.  Although portions of the mine property were reclaimed, there are several on-going 
operational, maintenance, and reclamation requirements that need to be met for specific 
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facilities before final closure are complete.  There are also several significant and outstanding 
issues that potentially impact the environment that need to be addressed.  These issues 
include: 

1. The long-term geochemical reactivity of mine wastes (including both acidity and the 
release of selenium to the environment from several potential mine sources. 

2. Geotechnical stability of the pit high-wall and leach pad containment dike. 

3. Public safety issues related to the pit high-wall. 

4. Infiltration of precipitation and groundwater into the leach pad and waste rock dump. 

5. Treatment and disposal of heap leach solution. 

6. Mitigation of impacts to surface water in German Gulch and other nearby drainages. 

7. Impacts to seeps and springs in the vicinity of the Beal Mountain Mine area.   
 
Mine wastes present at the Beal Mountain Mine site are associated with certain mine facilities 
including:  two reclaimed open pits; reclaimed ore crushing and processing facilities; a partially 
reclaimed waste rock dump; waste rock used in the construction of roads and leach pad 
containment dikes; a reclaimed heap leach pad; and, areas that have been impacted by Land 
Application Disposal (LAD) of mine solutions.  In addition, there are water quality issues related 
to metals leaching from the waste rock dump and excess pad solution accumulation on the 
leach pad.  Each of these facilities and issues are considered in the scope of the removal action 
for this EE/CA.   
 
1.2 OBJECTIVE 
 
The objective of this EE/CA is to screen, develop, and evaluate potential response alternatives 
that could be used to mitigate environmental and potential human health issues identified in the 
vicinity of the Beal Mountain Mine site.  Mine wastes and potential or identified impacts to water 
quality may be addressed differently at each of the various mine facilities based on the nature 
and extent of actual or potential releases of contaminants.  The only risk to human health at the 
site is public safety risks posed by falling from the pit high-wall or injury resulting from rock 
falling from the high-wall. 
 
The principal environmental issues examined in this EE/CA are associated with impacts from 
recent open pit gold and silver mining and ore processing at the Beal Mountain Mine.  
Environmental issues are related to elevated levels of metal contaminants present in mining 
wastes that are mobilized by leaching into surface water and groundwater, and by the 
accumulation of excess solution containing elevated metals, cyanide, and nitrogen compounds 
in the leach pad that require treatment prior to discharge.  It is also likely that historically treated 
pad solution (2001 through 2005) that was subsequently discharged to LAD systems has 
negatively impacted water quality in down gradient seeps and springs, and it remains unclear 
but possible that the leach pad has occasionally during period of very high water levels on the 
pad discharged to groundwater. In addition, the geotechnical integrity of the leach pad 
containment dike is threatened by potential geotechnical instability in the pit high-wall.  Although 
it is unlikely, failure of the containment dike could lead to a release of contaminated water from 
the leach pad.  
 
This EE/CA was developed using the “non-time-critical removal” process outlined under 
CERCLA, as amended in 1986, and the updated National Oil and Hazardous Substances 
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Pollution Contingency Plan (NCP).  A non-time-critical removal action is implemented by the 
lead agency to respond to “the cleanup or removal of released hazardous substances from the 
environment… as may be necessary to prevent, minimize, or mitigate damage to the public 
health or welfare or to the environment…” (EPA, 1993).  The USDA-FS has CERCLA authority 
to conduct a removal action on National Forest system lands. 
 
1.3 REPORT ORGANIZATION 
 
This EE/CA is arranged in eight sections.  Following this introductory section, a discussion of 
mining and ore processing activities at the site and descriptions of geology, climate, and 
hydrology are presented in Section 2.0.  Section 3.0 presents data pertinent to site 
characterization, particularly related to levels of metals present in mining wastes at various mine 
facilities and potential or actual releases of these metals to surface or groundwater in German, 
Minnesota, and Beefstraight gulches.  Section 4.0 summarizes ecologic risks associated with 
mining wastes at the various facilities.   
  
Section 5.0 outlines the removal action scope, removal action objectives (RAOs), and goals for 
the site.  The RAOs were developed by the USDA-FS, and goals were identified based on both 
applicable or relevant and appropriate requirements (ARARs) and representative cleanup 
guidelines for mine waste sites.  In Section 6.0, response action technologies and process 
options are screened and potentially applicable removal alternatives are developed.  Section 7.0 
presents a detailed analysis of alternatives using National Contingency Plan (NCP) evaluation 
criteria, and Section 8.0 presents a comparative analysis of the various alternatives, and selects 
a preferred alternative. 
 
Figures and tables are incorporated into the text of the report.  References cited in the 
document are listed at the end of the text.  Appended information includes laboratory analytical 
data and detailed cost estimates for alternatives developed in Section 7.0. 
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2.0  SITE LOCATION AND DESCRIPTION 
 
This section of the report contains a description of the site with respect to its mining activities, 
geology, climate, hydrology, and hydrogeology.  An Existing Conditions report prepared for the 
Beal Mountain Mine site (Maxim, 2004a) contains more detailed information on the topics 
summarily reviewed in this chapter.  An initial draft of this EE/CA was released by the USDA-FS 
in September of 2005 (Maxim 2005).  This report, a much revised version of the original draft 
EE/CA, contains monitoring data acquired since the draft EE/CA was prepared in 2005 that will 
be used in selection of the preferred alternative for the reclamation of this site. 
 
2.1 SITE DESCRIPTION AND ACCESS 
 
The Beal Mountain mineral deposits (Beal Mountain and South Beal) occur in the headwaters 
area of German Gulch (Figure 2).  The main Beal Mountain deposit is located on the south 
flank of a prominent northeast–southwest trending ridge (Beal’s Hill) that is located between two 
creeks, German Gulch on the southeast and Minnesota Gulch to the northwest.  Both creeks 
are tributaries of Silver Bow Creek and the Clark Fork River.  An outlying deposit, South Beal, 
occurs about 1,500 feet south of the main Beal Mountain deposit on a steep north-facing valley 
side-slope and across German Gulch.  Elevation in the vicinity of the mine ranges from about 
6,500 feet in German Gulch to 7,863 feet at the top of Beal’s Hill.  The mining permit boundary 
(Figure 2) contains about 1,475 acres, with about 90% of the permit area in German Gulch and 
10% in Minnesota Gulch.   
 
Topography consists of broad, gently to moderately sloping ridge tops and steep V-shaped 
valleys (Figure 2).  Ridge tops and south facing slopes are typically open, and north-facing 
slopes are tree covered.  Most of the site facilities, including the main Beal Mountain pit, leach 
pad, maintenance, and process facility areas, are situated on slopes with a south-facing aspect.  
The waste rock dump is on an east-facing slope and the South Beal pit is on a north-facing 
slope. 
 
The Beal Mountain Mine site has been accessed in recent years either by county road and 
Primary Forest Route #83 southeast from Fairmont Hot Springs, or along a private road used 
under a Temporary Road Use Permit to its junction with Primary Forest Route #83 also 
originating from near Fairmont Hot Springs (Figure 2).  A third route originating from Interstate 
15 near Silver Bow Montana (just southwest of Butte) crosses private land, then joins up with 
Forest Service Route 8490 to  Primary Forest Route #83.  This third route is rarely used to 
access the mine site, because of its length (to Interstate-15), relatively poorer road conditions.  
Each of these roads has at least one segment, which has restrictions on all forms travel from 
December 1st through May 15th.  In addition, travel off road in the Mount Haggin State Wildlife 
Management Area is also restricted year around.  Finally the Beal Mountain Mine Site proper is 
managed by the USFS under an Administrative Closure and is closed to the public year-around.    
 
2.2 MINING  
 
Beal Mountain Mining, Inc. mined two small low-grade gold-silver deposits, Beal Mountain and 
South Beal, in open pits from 1988 through 1997 (Figure 3).  In all, some 14,807,100 tons of 
ore and 20,300,000 tons of waste were mined.  Early waste rock production from the Beal 
Mountain pit was used to construct an embankment or containment dike for the heap leach pad.  
Later, waste rock from the Beal Mountain pit was placed on a waste rock dump and was used 
for haul road construction foundations.  Waste rock from the South Beal pit was used to partially 
backfill the Beal Mountain pit and as a cover for portions of the waste rock dumps and leach 
pad.  A portion of South Beal pit waste rock was also disposed in the waste rock dump.   
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Major facilities at the site include (Figure 3): two open pit mines; a waste rock disposal area; a 
heap leach pad with a large containment dike or embankment along its southern flank and a 
smaller one on its north side; ore stockpile and crushing/agglomeration facility area (facility now 
removed); processing plant area (building partially removed); a water treatment plant; an onsite 
maintenance shop/warehouse and fuel storage area (buildings now removed); and an offsite 
office/warehouse complex (buildings now removed).  During reclamation and closure, the 
processing plant was converted to a biological water treatment facility.  Several ponds are also 
used at the mine site.  Ancillary facilities included access and haul roads, soil storage piles, 
drainage systems and two pump stations (buildings now removed) in German Gulch.   
 
A biological water treatment facility was operated from 2001 to 2003 by Beal Mountain Mine, 
Inc. (BMMI), and again in 2005 by USDA-FS. Subsequent to those operations various facilities 
at the site were dismantled and sold at auction by the Montana Department of Environmental 
Quality, Mine Waste Cleanup Bureau (DEQ).  In 2006 a pilot scale Reverse Osmosis water 
treatment was designed, installed and tested by Tetra Tech for the USDA-FS.  In 2008, a full 
scale RO water treatment facility was constructed and operated at the site to remove, treat and 
dispose of excess water accumulating on the heap leach pad. Twelve million gallons of water 
was treated in 2008 and 25.4 million gallons were treated in 2009.   Water infiltrating into the 
heap leach pad will require seasonal treatment and discharge on an annual basis until source 
control measures are implemented that reduce or eliminate excess water accumulation on the 
leach pad.  
 
These facilities are described in detail in Section 3.0 of this report.  Table 2–1 presents total 
acreages of disturbed ground with each facility and the extent of reclamation to date.   
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TABLE 2-1 
TOTAL DISTURBED ACRES BY FACILITY 

 Total Facility 
Acreage 

Reclaimed 
Acreage 

Unreclaimed 
Acreage 

Permit Area  1,470.5 -- -- 

Main Beal Mountain Pit 47.7 34.7 13.0 

South Beal Pit 45.5 45.5 0 

Waste rock disposal area 48.2 31.4 16.8 
Heap leach pad (77 acres) area includes 
containment dike 101.6 101.6 0 

Soil storage 20.3 14.5 5.1 

Ore processing facilities 19.0 0.00 19.0 

Ore stockpile and Crushing Area 12.8 12.8 0 

Maintenance, fuel and shop area 4.8 1.4 3.4 

Haul roads and associated disturbance 50.8 26.5 24.3 

Exploration roads 18.7 18.7 0 

Ancillary Facilities 1 16.6 -- -- 

Access road (SE of point E)2 4.2 -- -- 

Subtotal 390.2 287.1 81.6 
Beefstraight-German Gulch Creek Pump Station and 
Intake Structures 0.1 -- -- 

Subtotal 0.1 -- -- 

Office/Shop Complex 5.0 -- -- 
Access road 3 15.1 -- -- 

Subtotal 20.1 -- -- 

Outside Permit Boundary Access Road4 41.6 -- -- 

Grand Total 452.0 287.1 81.6 
 

1 Ancillary facilities include (see Figure 3): miscellaneous  roads (not haul roads or exploration roads), utility corridor, soil 
storage stockpile areas, drainage systems corridors, BCD and BCD-A ponds and two pump stations in German Gulch. 

2 Road segment connecting road on Smith ranch with public USFS road up German Gulch. 
3 Access road and miscellaneous disturbances around office/shop complex. 
4 Access roads providing egress to mine site and in existence prior to mine development, upgraded to provide all-weather 

access to mine site, no plan to change road by reclamation or closure activities.  

 
2.3 DISTRICT GEOLOGY  
 
The Beal Mountain Mine area is located along a regional northeast-southwest trending contact 
zone between intrusive rocks of the Boulder Batholith and various thrust-faulted sedimentary 
units (Figure 4).  Intrusive rock crops out to the east of the sediment/intrusive contact and about 
2,500 to 3,000 feet east of the Beal Mountain deposits.   
 
The main Beal Mountain ore deposit is a pipe-shaped body that is nearly vertical in orientation 
and is hosted in Cretaceous age clastic sedimentary rocks of the Vaughn Member of the 
Blackleaf Formation.  These sediments have been thermally-baked (metamorphosed) and  
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altered by hydrothermal fluids from the Cretaceous granodiorite intrusives of the Boulder 
Batholith to biotite, amphibolite, or pyroxene-potassium-feldspar hornfels, and metaquartzite 
and metaconglomerate.  This alteration has produced rocks that are very hard, dense, and 
brittle, and subsequent faulting prepared the ground for later mineralization along narrow to 
wide zones of intensely fractured, sheared, and broken rock (Hastings and Harrold 1988).    
 
The Blackleaf Formation is comprised in part of marine shale units that are known to be 
naturally enriched in selenium, a contaminant of concern in German Gulch surface and 
groundwater.  There has been some speculation that weathering of the Blackleaf Formation 
may in part be responsible for contributing a natural component of pre- and post mining 
selenium to German Gulch.  However, very limited pre-mining water quality data collected from 
samples taken from both surface water and natural seeps and springs in German Gulch show 
very low levels or below detection levels of selenium.  These are discussed in greater detail in 
the surface and groundwater sections below.     
 
In the mine area, the zones of most intense fracturing are associated with two prominent steeply 
dipping sets of faults: the east-west trending Beal Shear zone and the northwest-southeast 
trending Gully Fault (Figure 4).  Portions of each of these structures are highly mineralized and 
are important centers of mineralization for portions of the Main Beal Mountain ore deposit.  In 
addition, a steeply dipping fault is inferred to lie along the axis of German Gulch based on subtle 
stratigraphic evidence.   
 
The Beal Shear zone is a brecciated and sheared zone that varies from 70 to 120 feet in width 
and is located along the south side of the Beal deposit (Figure 4).  It trends approximately east-
west and dips 70-80 degrees to the south.  A 100-foot wide fracture zone parallels the Beal 
Shear to the north and ore-grade mineralization appears to occur within and to the north of this 
fracture zone.   
 
The Gully Fault is a normal fault that crosscuts the Beal deposit.  It trends N. 45 W. and is 
approximately vertical to very steeply dipping to the southwest. Displacement has been 
measured at about 25 feet and is down-dropped to the southwest.  A 20-foot wide fault gouge 
has developed along the fault plane that contains iron-stained clays and sedimentary breccia 
fragments. 
 
Numerous pre-mineralization faults, at very low angles to the very gently dipping bedding 
planes, are comprised of brecciated sedimentary fragments in a clay matrix and occur 
throughout the mine area.  These faults are likely minor, low-angle thrusts that are developed 
parallel to large-scale regional thrust faults.  Some of these faults have been reactivated during 
mining, and movement of as much as three feet per day has been measured along some beds 
and zones (see west wall slide and clay/sill slide in the geotechnical stability analysis section).   
 
The rate of movement is probably related to the amount of water lubricating the fault zone 
surfaces.   
 
The main Beal Mountain ore deposit produced gold and silver as extremely fine-grained (1-5 
micron) disseminations in the coarser-grained facies (quartzite and conglomerate) of the 
Cretaceous sedimentary rocks.  Gold also occurs associated with late-stage, narrow, quartz 
veins that crosscut the disseminated sediment-hosted gold-bearing zone.  Based on drill and 
surface samples, trace metals associated with the gold mineralization include silver, bismuth, 
copper, and arsenic, with lower concentrations of lead and zinc (BMMI, 1992).  Sulfide 
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mineralization occurs within the altered Cretaceous sediment host rocks in concentrations 
ranging from three to eight percent both within and outside of the gold-bearing mineralized 
zone, and may or may not be directly associated with gold mineralization.  Sulfide minerals 
include pyrrhotite, pyrite, chalcopyrite, and minor amounts of molybdenite and arsenopyrite.  
Mineralogic data suggest that sulfide oxidation may play an important role in the chemistry of 
mine seepage, with oxyanionic elements such as selenium that substitute for sulfur in sulfides, 
and the constituents of concern arsenic and copper being mobilized in mine seepage.  
 
The South Beal deposit (Figure 3) is hosted in an individual bed of impure calcareous quartzite 
or siliceous limestone that is now largely metamorphosed and altered to a chalky calc-silicate 
hornfels.  The bed is about 32 feet thick, trends northwest, and dips from 5 to 20 degrees to the 
northeast, essentially parallel to the north facing hill slope.  Gold mineralization is offset by a 
northwest trending fault on the east side of the deposit.   
 
Like the main Beal Mountain deposit, sulfides occur as disseminated and fracture controlled 
mineralization with pyrite, pyrrhotite, and chalcopyrite being the most abundant phases.  Locally 
ore in the South Beal deposit occurs as a thin quartzite bed that is 10 to 15 feet thick and 
contains as much as 5% sulfides.  Gold occurs principally as fine, free gold (5-20 micron) and is 
confined to the favorable host metaquartzite and calc-silicate hornfels lithologies.   
 
Waste rock associated with both deposits are Cretaceous sediments that have been altered and 
consist of predominantly fine-grained, brown quartzite; cherty limestone that has been altered to 
calc-silicate (wollastonite-pyroxene) hornfels; and mudstone that has been altered to biotite or 
amphibole/k-feldspar hornfels. Much of the waste rock from the South Beal Pit consists of an 
impure calcium-rich quartzite or silicified limestone with low sulfide content.  In general, waste 
rock in the more highly fractured main Beal Mountain deposit contains more abundant sulfides 
than the waste rocks of the South Beal deposit.  In addition, weathering and oxidation also 
appears to be more pervasive in the South Beal deposit, which in addition to having oxidized 
sulfide, is responsible for the intense clay alteration and high clay content associated with South 
Beal wastes.   
 
2.4 CLIMATE  
 
The northern Pioneer Mountain Range has a continental climate that is significantly modified by 
locally mountainous terrain.  Large daily and annual temperature ranges and marked 
differences in precipitation, temperature, and wind directions are common on a local scale. 
 
During mine operations, a climate monitoring station was maintained at the mine to record site 
specific precipitation. Upon mine closure, the station was removed.  The nearest automated 
climate monitoring station is the Natural Resource Conservation Service SNOTEL station at 
Basin Creek, which is located about 20 miles to the southeast of the site at an elevation of about 
7,100 feet above sea level.  Comparison of historic mine site climate data and the Basin Creek 
station data indicates the Basin Creek station generally receives more precipitation than Beal 
Mountain. However, the Basin Creek station is useful in regards to relative comparisons of the  
cumulative amounts of precipitation, timing of precipitation, and timing of the snowmelt period. 
 
Average annual precipitation calculated in the vicinity of the site is 25 inches per year based on 
information published by Natural Resources Conservation Service (NRCS 1998).  Site-specific 
evaporation data have also been collected by Beal Mountain Mining, Inc. (BMMI).  About half of 
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average annual precipitation occurs during the period from April to July.  June has the highest 
average monthly precipitation (2.77 inches; 16% of total annual precipitation) and January has 
the lowest average monthly precipitation (0.49 inches; 3% of total annual precipitation).   
 
2.5 HYDROLOGY  
 
German Gulch is the principal drainage in the Beal Mountain Mine area (Figure 2).  German 
Gulch collects water from most of the main mining facilities including the Beal Mountain and 
South Beal pits, and the waste rock dump (Figure 3).  German Gulch flows into Silver Bow 
Creek approximately two miles downstream of the German Gulch-Beefstraight Creek 
confluence.  Maximum and minimum daily mean flows recorded at the USGS station near the 
mouth of German Gulch between 1955 and 1969 were 300 cubic feet per second (cfs) and 2.8 
cfs, respectively (Figure 5).  Peak 5-year and 100-year peak flows at STA-2 were estimated at 
62 cfs and 625 cfs, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  German Gulch Hydrograph (cubic feet per second) 
 
 
Figure 6 shows the change in flow as a function of distance downstream from surface water 
STA-4 (upstream site in German Gulch) for two different sampling events one in June 2002 and 
the other in November 2001.  The location of STA-4 is shown in Figure 7. 
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Figure 6.  Flow downstream in German Gulch (cubic feet per second) 
 
Minnesota Gulch flows north and northeast around Beal’s Hill and into Beefstraight Creek, 
which in turn flows east into German Gulch.  Minnesota Gulch drains the area north of the leach 
pad and most of the land application areas (Figure 3).  The topographic divide between 
German and Minnesota gulches occurs beneath the leach pad facility, with the largest portion of 
the leach pad draining to the south into German Gulch.   
 
Maximum flows measured in Minnesota Gulch between 1994 and 2004 are 30 cfs.  BMMI 
(1988) estimated the 5-year and 100-year peak flow at the mouth of Minnesota Gulch at 13 cfs 
and 42 cfs, respectively.  Maximum stream-flow in German and Minnesota gulches typically 
occurs between mid-April and late June, and seasonally low flows typically occur in late fall and 
winter.   
 
2.6 HYDROGEOLOGY 
 
Groundwater in the study area occurs in fractured bedrock, colluvium, alluvium, and backfill 
material within the Beal Mountain pit.  Groundwater flow is controlled by the presence and 
location of unconsolidated materials and by the orientation of fractures and faults in bedrock.  
Groundwater is recharged by snowmelt and precipitation events.  This water percolates 
vertically through overlying colluvial material and into bedrock fractures.  Groundwater in 
unconsolidated material generally occurs under unconfined conditions.  The degree of hydraulic 
communication between groundwater in unconsolidated material and the underlying bedrock 
fracture system varies based on the nature of the unconsolidated material and its topographic 
position.   
 
The potentiometric surface generally parallels the topographic surface and groundwater flow is 
generally from the ridge tops toward German Gulch and Minnesota Gulch.  However, 
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groundwater flow in bedrock appears to be anisotropic and controlled by high permeability 
faults, joints, and fractures and the presence of low permeability igneous intrusions and clay 
seems within bedrock.  Bedrock with low fracture density or poorly interconnected fractures 
generally has very low permeability.  Major faults within the area include the Beal Shear, the 
Gully Fault, and German Gulch Fault (Figure 4). Unfractured These faults have likely created 
preferential pathways for groundwater flow due to the increased fracturing of rock near or 
adjacent to the faults.  In some cases, cross-fault permeability within faults zones is relatively 
low due the presence of fault gouge.  
 
Hydrographs for paired well locations along the ridge between German Gulch and Minnesota 
Gulch where one well is completed in colluvium/alluvium and is adjacent to a bedrock well show 
groundwater elevations are higher in the colluvium than the bedrock indicating vertical hydraulic 
gradients are downward from colluvium into underlying bedrock (MBMG 2007 and 2009).  This 
implies that shallow colluvial groundwater derived from precipitation is recharging the bedrock 
system.   
 
Hydrographs for paired well locations along German Gulch show that groundwater elevations 
are higher in bedrock than in adjacent alluvium, indicating that vertical hydraulic gradients are 
upward from bedrock into the overlying alluvial material.  This implies that groundwater is 
discharging from the bedrock system to the alluvial system.   Water in alluvium likely flows 
parallel to, and discharges into, German Gulch.  
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3.0  MINE SITE AND FACILITY CHARACTERISTICS 
 
This section presents a brief summary of the salient points and relevant data presented in the 
Beal Mountain Mine Existing Conditions Report (Maxim, 2004a) and additional data collected 
since the report was written. Characteristics of individual mine facilities as they affect 
contaminant sources and migration (or potential migration), and larger issues of concern (e.g., 
rock geochemistry, water quality, aquatics, and impacts to German Gulch) are discussed in this 
section.  
 
3.1 MINE FACILITIES 
 
Mine facilities at the site include two reclaimed open pits, a waste rock dump, a heap leach pad 
and associated containment dike, and various LAD areas.  Characteristics important to issues 
associated with these facilities are further described in the following section (Section 3.2). 
 
3.1.1 Beal Mountain Pit 
 
The Beal Mountain pit was initially developed in an amphitheater-like configuration with an open 
end to the east that allowed the pit to be free draining toward German Gulch (Figure 3).  Overall 
pit dimensions at the conclusion of mining were approximately 1,300 feet in a north-south 
direction and 1,600 feet in an east-west direction with a total depth of about 500 feet, about 190 
feet of which was below the level of German Gulch.  Bench heights of 20 feet were used during 
mining with 30-foot wide safety benches constructed every 60 vertical feet.  Overall slope 
angles are approximately 45 degrees.  Mining in the Beal Mountain pit ended in February 1997.  
 
The Beal Mountain pit was reclaimed by partial backfilling and construction of a shallow near-
surface under-drain system (Figure 8).  The deep central portion of the pit was backfilled to the 
elevation of German Gulch.  Backfill material consisted of mined waste from the South Beal 
deposit.  A buttress of waste rock was also placed along the north high-wall of the pit (Figure 8) 
to partially buttress a slide exposed in the pit high-wall.   
 
An under-drain system was constructed about five to seven feet below the final reclaimed pit 
surface.  This under-drain system consists of a dendritic arrangement of very coarse rock filled 
channels constructed about 12 to 15 feet wide, and about two to three feet in depth that were 
covered with a filter fabric material.  Both the under-drain system and the surface water system 
draining the pit (MBDRAIN, Figure 7) have discharged directly into German Gulch since 
January of 2004.  Flow from the pit is estimated to range from about 30 gallons per minute 
(gpm) at low flow conditions to as much as 100 to 150 gpm at high flow.  Water quality data for 
MBDRAIN were collected between 1998 and 2006.  Selenium concentrations initially exceeded 
acute aquatic life standards but decreased steadily through 2001.  Since 2001 selenium 
concentrations have fluctuated between 0.001 mg/L and 0.015 mg/L, usually exceeding the 
chronic aquatic life standard of 0.005 mg/L, but not exceeding the acute aquatic life standards 
(0.02 mg/L) downstream from MB Pit Drain.  
 
3.1.2 Beal Mountain Pit Slides 
 
During the course of mining, which began in 1988, there have been several slope stability 
problems identified in the main Beal Mountain Pit area.  The earliest slope stability issue 
identified was a minor down slope landslide movement in the north high wall area in 1989, 
called the North Wall Slope Movement (Figure 9). This slide resulted from weak ground 
conditions in vicinity of a fault within the pit high wall.  Little additional movement took place on 
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 this slide until spring of 2008, when another failure occurred in this same general area creating 
a talus cone from upper benches of the pit high wall onto the backfilled slopes of the main Beal 
pit below.     
 
There are currently two other active slides in the Beal Mountain pit area that are related to 
geotechnical stability in the leach pad containment dike, the west wall and the clay/sill slide 
(Figure 9).  These slides are wedge-shaped blocks of metasediments that move along clay 
layers that dip at a low-angle to the northeast and likely occur along minor thrust faults parallel 
to regional thrusts.  Near vertical northwest trending joints and shears border the blocks along 
the northeast and southwest boundaries. 
 
The west wall slide has moved across and into the Beal Mountain pit in an eastward direction 
along a basal clay layer.  During active mining, movement of this slide was reported in the range 
of 10 to as much as 100 feet per year.  A large portion of this movement resulted from 
undercutting the toe of the slide during Beal Mountain pit mining operations.  Based on analysis 
of projected slide configurations, it is projected that the west wall slide may move as much as 
another 200 feet before movement ceases. 
 
The clay/sill slide is a relatively small slide located immediately south of the southern corner of 
the heap leach pad and immediately north of the west wall slide.  The slide moves along a 
series of clay layers similar to the west wall slide.  The vertical Gully Fault bounds the slide to 
the northeast (Figure 9) and apparently cuts off clay layers to the northeast of the fault so the 
clay-sill and west wall slides do not extend under the heap leach containment dike. Some  
movement on the clay/sill slide is directly related to movement of the west wall slide, which 
through its eastward movement leaves the southern edge of the clay/sill slide unsupported, 
allowing it to move south and east toward the pit.  During the period of active mining, movement 
of this slide propagated slump-like features and cracks or fractures upward into the 
unconsolidated fill of the southern corner of the heap leach pad.  These features lead to 
potential geotechnical instability of the leach pad dike in the southern corner of the pad that 
warranted geotechnical studies.  
 
During mining, the southern corner of the leach pad dike experienced some geotechnical 
instability due to movement of the clay/sill slide.  There were several responses implemented to 
mitigate the clay/sill slide’s movement during mining and closure activities.  These included 
constructing surface water diversion ditches, unloading material above the slide, excavating 
material lying to the southwest of the leach pad containment dike, constructing a rock buttress, 
and installing and operating dewatering wells (1995 and later) to reduce pore pressure on the 
slide planes.  Seasonal operation of dewatering wells will need to be part of any ongoing annual 
operations and maintenance plan until alternatives are implemented that minimize the risk of 
geotechnical instability in the containment dike on the southwestern corner of the leach pad. 
 
Slope stability analyses indicate the crest of the leach pad dike has a relatively low factor of 
safety under worst-case conditions.  With completion of active dewatering in July 2003, 
groundwater levels in the slide area rebounded during spring snowmelt and early summer 
months in 2004 and 2005.  These conditions resulted in movement of the slide in May 2005 that 
were detected in slope indicator SI95-3 during regular monitoring of the slide (Figure 9).  At that 
time, a contingency plan developed for the leach pad facility in the event slide movement affects  
geotechnical integrity of the leach pad dike involved dewatering the slide area and reducing  
volume of solution in the pad.  This contingency plan was re-implemented in May 2008 as part 
of an annual operation and maintenance plan with active reduction of pad solution and more 
frequent monitoring of the slide. 
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A cross-section of the leach pad is shown in Figure 10 with corresponding Factor’s of Safety 
(FS) related to different water level conditions.  Minimum Factors of Safety for embankment 
slope stability including additional instability introduced by seismic forces is generally 
considered to be about 1.1, and a Factor of Safety of 1.0 or less would be indicative of  an 
unstable slope or a slope that is close to failure.  A minimum Factor of Safety of about 1.4 or 
greater is generally sought for new final construction guidelines.   Stability analyses are 
presented fully in the Existing Conditions Report (Maxim, 2004a). 
 
In May of 2008, and in June and October of 2009 TetraTech performed three inclinometer hole 
surveys of casings (S195-3, 460 feet; S197-1, 330 feet: and S197-2, 298 feet) in the vicinity of 
the clay-sill slide area.  Cumulative displacement on a previously identified shear plane at 165 
feet in S195-3 has been 2.75 inches since the installation of casing S195-3 in 1995.  The steady 
increase in the cumulative displacement observed indicates there is active on-going movement 
at a depth of 165 feet below the top of the casing on the clay-sill slide block.  No significant 
recent displacement is apparent in hole S197-1, however historical displacement (ranging from -
3 inches to +1.15 inches) was measured in the upper 35 feet of this hole in 1997 that may have 
been due to construction associated with rising of the elevation of the containment dike on the 
leach pad. No significant recent displacement was noted in casing S197-2, however, historical 
displacement in 2005 has occurred at elevations of 70 and 270 feet below the top of the casing. 
 
Three survey prisms installed in 2005 in the clay sill slide area had shown no significant 
displacement through 2008. In 2008, ten additional survey prisms were installed in the vicinity of 
the clay sill and west wall slide areas.  Survey prism were re-measured in July and October of 
2009.  Movement in the west wall slide area over this period of time as measured in nine 
prisms, ranged from as little as feet 0.107 feet to as much as 0.36 feet, with movement 
occurring to the east and southeast (toward the pit high-wall).  Movement in the clay sill slide 
area over this same period of time ranged between 0.096 feet and 0.138 feet to the south. 
Displacement measurements in inclinometer casings and between survey prisms located in the 
west wall and clay sill slide masses indicates progressive down-slope movement at an 
increasing rate.   
 
Observation of the West Wall Slide mass (Figure 9) provided no apparent indication of any 
recent mass movement along the slide plane or in the scarp area based on the sediment record 
and vegetation growth. Although tension cracks are still prevalent in the bench at approximate 
elevation 7,260 to 7,280, most of the cracking observed is now in filled with sediment and shows 
no indication of additional surface displacement. Three of the cracks however still remain open 
on the order of 2 to 3 feet along their length approximately 1 to 2 inches wide. This cracking is 
most prevalent within 30 to 60 feet of the crest of the north pit face.  
 
A significant rockslide occurred in 2008 to the east of the west wall slide area on the north high-
wall extending from the upper bench at approximate elevation 7240 to the crest of the soil berm 
within the lower back-filled portion of the pit at approximate elevation 7070. Based on 
observations, the rock face is active and the slide will be regressive towards the west due to 
continued freeze/thaw action and mechanical weather of the rock mass. Several large blocks of 
rock are on the verge of coming down.  
 
To date, slide movement has not obviously affected stability of the leach pad dike since the 
original slope failures in 1994 and 1995.   
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3.1.3 South Beal Pit 
 
The South Beal pit was mined as an open pit (open cut) in a shallow amphitheater-like 
configuration that is open to the north (Figure 3).  The pit was developed on a relatively steep 
north-facing sedimentary dip slope that dips about 20 degrees to the north. The overall pit 
dimensions were approximately 1,600 feet in both a north-south and east-west direction.  Bench 
heights of 20 feet were used during mining with 30-foot wide safety benches constructed every 
100 vertical feet. The height of the open cut is approximately 450 feet (elevations 7,700 to 
7,240) along the southern high-wall. The South Beal pit was reclaimed in 1998-1999 by 
stripping topsoil and some waste rock from an area about 100 feet to the south of the upper 
edge of the south high-wall.  Regraded slope areas were covered with approximately 12 inches 
of subsoil and 12 inches of topsoil and revegetated.  Reclaimed slope angles are approximately 
2.5H:1V.   
 
Data collected during static and kinetic testing of South Beal pit ore and waste rock suggest a 
low potential for ARD from pit high-walls and waste rock, and a high potential from ore.  While 
limited, the available data for evaluating metal mobility indicate that leachate from South Beal 
rock will be of good quality (Maxim 2004a). The low ARD-risk and metal mobility potential 
results in the South Beal waste rock make it more desirable as a source of borrow or sub-soil fill 
material.  It has been used as a borrow source historically by BMMI for sub-soil cover material 
for the waste rock dump, heap leach pad cover, and for Main Beal Pit backfill material.  In this 
EE/CA it is considered a potential source for borrow material for future remedial actions as well.     
 
3.1.4 Waste Rock  
 
Waste rock was generated from mining of both the main Beal Mountain pit and the South Beal 
pit.  The total amount of waste generated is about 20,300,000 tons.  Waste has been used or 
placed in at least four areas including the waste rock dump, leach pad containment dike, haul 
roads, or for road base and as pit backfill in the main Beal Mountain pit (Table 3-1).  Volume 
estimates presented in Table 3-1 are based on only a few known volumes. 
 

TABLE 3-1 
APPROXIMATE DISTRIBUTION OF MINE WASTES 

Facility Tons Bank Cubic Yards* 

Main and South Beal Pit Wastes 

Waste Rock Dump  11,900,000 5,670,000 

Main Beal Pit Wastes 

Leach Pad Dike 3,000,000 1,400,000 

Road Prisms 750,000 360,000 

South Beal Wastes 

Leach Pad Cap  150,000 70,000 

Waste Rock Dump Cap  350,000 170,000 
Main Beal Mountain Pit Backfill  4,150,000 1,980,000 

TOTAL 20,300,000 9,650,000 
Notes: Quantities are estimates that are based on few known volumes.   

 Assumes 2.1 tons per bank cubic yards 
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Most of the rock placed in the waste rock dump (48 acres) was mined from the main Beal 
Mountain pit.  The lower portion of the waste rock dump (31.4 acres) has been reclaimed by 
regrading of the slope to a 2:1 minimum, placing five feet of compacted South Beal waste, and 
placing 14 to 20 inches of soil cover.  The upper third (16.8 acres) of the waste rock dump 
(above 7,300 feet) has been regraded and a minimum five-foot thick layer of South Beal waste 
capping material has been placed over the wastes. To date no topsoil has been placed on top of 
the waste rock dump and it has not been revegetated.   
 
Waste rock mined from the main Beal Mountain pit was also used in construction of the leach 
pad dike and haul roads.  South Beal pit waste was placed on the dump in 1993 and 1994. 
 
Data for evaluating the environmental geochemical behavior of the waste rock are available 
from the baseline geochemical report (Schafer, 1994), geochemical assessment program 
reports (Pegasus, 1998; Gallagher, 1995, 1996, and 1997), and a pit wall study (Schafer, 1995).  
Surface water quality data for two springs (SPR-5 and SPR-10A) influenced by seepage from 
the waste rock dump are also available as are data from the waste rock dump toe drain and 
main Beal Mountain pit drain.   
 
A significant portion of waste rock (35% to 65%) mined from the main Beal Mountain pit 
presents a long-term risk of acid generation and subsequent acid rock drainage.  Waste rock 
geochemistry is discussed further in section 3.2.2.  Water quality and flow of seepage from the 
waste rock dump is discussed in section 3.2.3. 
 
3.1.5 Leach Pad 
 
The heap leach pad (Figure 3 and Figure 11) covers approximately 77 acres, stores an 
estimated 14,807,100 tons of spent ore, and has a capacity to hold 106,000,000 gallons of 
solution.  The foundation is constructed on unconsolidated and discontinuous glacial till 
overlying weathered bedrock.  A substantial containment dike or embankment surrounds about 
60% of the leach pad, with the containment of the leach pad materials along northeastern and 
eastern portions of the pad being provided in large part by natural topography of Beal Hill. The 
dike was constructed from approximately 3,000,000 tons of waste rock from portions of the first 
three years of mining from the Beal Mountain pit.  Along the southern side of the leach pad, the 
preexisting topography was a steep south-facing hill slope.  Because of this topography, the 
dike along the south side was constructed to stabilize and hold ore on the side-hill pad 
construction site, and to act as a surface upon which to lay out the bottom composite liner.  This 
southern portion of the dike is about 70 feet wide across its crest and about 350 feet wide at the 
base.  It is also about 175 feet high and over 2,400 feet in length.  
 
On top of the foundation materials and beneath the base liner, a series of under-drains were 
installed to remove shallow groundwater and to provide a leak detection system (Figure 12).  
The under-drain system drains to both the north and south as the topographic divide between 
German and Minnesota gulches occurs beneath the pad.  The under-drains are a dendritic 
system of pipes that connect rock-filled basins (blanket collection drains or BCD) in the 
subsurface with two ponds (BCD and BCDA; Figure 12).  The leach pad base constructed on 
top of the BCD under-drain is a composite liner that consists of two six- to nine-inch lifts of 
compacted clay as a bottom liner overlain by a 40-mil PVC geomembrane liner.  Depth of spent 
ore on the pad is typically 100 to 120 feet with the thickest section (205 feet) located in the 
southern part of the facility, to the north of the steep southern embankment.  Six sumps were 
constructed for recovering leachate solution from the heap leach pad (Figure 12). 
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The leach pad underwent an unusual closure history because of the accumulation of excess 
water on the leach pad.  Open pit mining operations ended in 1997 and also in 1997 an 
additional 5–foot lift was added to the containment dike (final elevation along the south side was 
7504.5 feet) and the liner was extended to accommodate the last of the mined ore.  The leach 
pad continued to be operated to recover gold until a winter shut-down late in the year in 1999.  
This shut-down took place with what was thought to have been sufficient freeboard to 
accommodate any additional accumulation of water on the leach pad through the spring of 
2000.  In December of 1999, at the end of a very wet year, the leach pad solution overtopped 
the containment dike along its southern margin.  The total amount of water on the leach pad at 
the time was estimated at 106,000 million gallons.  Spill volumes were estimated at 80,000 to as 
much as 190,000 gallons.  Approximately 70,000 gallons of solution were captured in the lined 
blanket collection drain (BCD) pond with the remainder flowing down a surface water diversion 
ditch toward German Gulch.  An unknown volume of water infiltrated the leach pad containment 
dike.  An emergency lift of material (1-2 feet) was added to the containment dike in the vicinity of 
the spill and a patch of liner material was added to the liner (under winter operational 
conditions).  Water was pumped from the leach pad to the barren pond for emergency storage 
of about 1 million gallons of pad solution.  Early in the spring of 2000, a hydrogen peroxide 
cyanide destruct system was set up in the barren pond and water from the pond was discharged 
via an LAD system on the north side of the leach pad.  Vegetation was again impacted by the 
LAD solutions (previously impacted in 1995) and a number of trees and shrubs were damaged 
or killed by what was later discovered to be thiocyanide complexes in the LAD solutions 
(Appendix D, pgs. 5 and 6).  Other methods of disposing of the water through aeration sprinkler 
systems, snow cannons and through evaporation methods were used on the site during this 
period to control water levels and prevent any additional uncontrolled discharge from the pad.  A 
pilot scale and then an operational scale biological water treatment system with both aerobic 
and anaerobic components were eventually constructed for use on the site to dewater the pad, 
with the full scale system beginning operation in the spring of 2001.   Therefore, no true rinsing 
or cyanide destruction methods were used on the pad proper.   
 
The heap leach pad was reclaimed during 2002 and 2003.  Work completed for reclaiming the 
pad included reclamation  of the containment dike, drawing down solution contained within the 
pad, regrading the spent ore to a more stable configuration (perimeter ore slopes are 3H:1V or 
lower), and constructing a low permeability cap.  A composite cap for the leach pad was 
constructed using various low permeability geosynthetic and soil covers.  A 30-mil PVC 
geomembrane was installed over most of the leach pad (Figure 3).  The existing conditions 
report (Maxim 2004) describes and illustrates the various geosynthetic composite covers used 
in the cover.  Following placement of the geocomposite covers, an 18-inch thick layer of clayey 
and weathered quartzite South Beal waste and Beal shear zone material were placed as 
subsoil.  An 18-inch soil cover was placed over the reclaimed pad and the containment dike.  
The soil was seeded with an approved seed mixture.   
 
3.1.6 LAD Areas and Water Treatment Systems 
 
Land Application and Biological Treatment 
 
Land application of treated water at the Beal Mountain Mine site was conducted during four 
early periods:  (1) in 1995, a limited one-time application of treated pad solution was disposed; 
(2) early in 2000, to dispose of excess hydrogen peroxide treated pad solution following an 
uncontrolled discharge from the leach pad at the end of 1999;  (3)  between 2001 and 2003, an 
extensive application of treated heap leach solution (biological treatment plant) was undertaken 
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by BMMI; and (4) the biological water treatment was reinitiated in February 2005 under contract 
to the USDA-FS with land application continuing from May through October of 2005.  Land 
application was also used to dispose of water captured from the toe of the waste rock dump and 
pit area beginning in 2002 and continuing intermittently through 2004. 
 
In 1995, land application occurred over a period of several days, and involved disposal of a total 
of 5.33 million gallons of water.  Following this operation, negative impacts to meadow 
vegetation and down slope conifers were observed, including browning and dying foliage.  LAD 
was used again in 2000 following the discharge from the leach pad, with similar impacts to 
vegetation. Studies performed in 1999 and 2000 suggested that thiocyanate concentrations in 
the solutions applied may have contributed to the observed impacts to vegetation, as well as 
elevated salt content and peroxide concentrations. 
 
In 2001, as part of final mine closure operations, a biological treatment plant was constructed at 
the mine to treat leach pad solution prior to its disposal in land application areas. The system 
was designed to reduce levels of nitrate, ammonia, cyanide, thiocyanide and select metals.  The 
system was most effective in reducing nitrate.  The biological treatment system used at the Beal 
Mountain Mine for the treatment of heap leach pad solutions was modeled after one in place at 
the Nickel Plate Mine in British Columbia, Canada.  A pilot scale facility was initially constructed 
and field tested and was the basis for the final full scale treatment plant constructed.  The 
system consisted of two components: an aerobic biomass substrate treatment, and anaerobic 
denitrification treatment.  
 
Water quality data for the applied solution varied somewhat by analyte over the course of land 
application.  The range of key constituents for both input and discharge water quality 
parameters are shown in Table 3-2.   
 

TABLE 3-2 
REPRESENTATIVE BIOLOGICAL  TREATMENT PLANT INPUT AND DISCHARGE 

WATER QUALITY 
Concentration (milligrams per liter) Sample 

Date pH Total Dissolved 
Solids Total Cyanide Arsenic Copper Selenium 

Biological Treatment System Discharge Water Quality 
6-16-01 8.35 5365 6.96 0.013 1 0.042 1 0.584 1 
8-22-01 7.72 5184 2.08 0.006 2 0.015 2 0.418 2 
8-1-02 7.5 3450 2.9 0.050 2 0.03 1 0.274 1 

12-23-02 7.6 5400 12.5* 0.077 1 0.043 1 0.260 1 
4-30-03 7.6 3350 5.0 0.044 1 0.059 1 0.216 1 

10-22-03 8.2 5110 3.7 0.097 1 0.186 1 0.357 1 
5-31-05 -- -- 6.9 -- 0.033 1 0.182 1 

Biological Treatment System Input Water Quality 
9-23-02 8.7 5850 14.6 0.158 0.42 0.604 

 
1  Total recoverable 
2  Dissolved 
* Value believed to be result of analytical methodology.  Subsequent analyses of samples by this lab resulted in 

lower, more consistent values (Bruce Parker, BMMI, personal communication, 2003). 
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Treated solution was applied using drip lines and sprinklers on several small land application 
cells comprising a total of about 31 acres within the overall permitted LAD area.  A total of 
152,084,681 gallons of solution were treated and applied more or less continuously between 
July 2001 and November 2003.  Overall, vegetation in the LAD area was not severely impacted 
based on field observations.  By the end of 2004, solutions in the leach pad had increased to 
more than 27.5 million gallons, with water treatment and land application used to dispose of this 
water.   
 
In 2004, land application disposal areas were rinsed with water captured from the waste rock 
dump toe drain  that had been stored in one of the treatment ponds.  About 12.1 million gallons 
of water were disposed (Parker, 2004).  In 2005, the water treatment plant was put back on line 
and the USDA-FS oversaw the treatment of leach pad water through  the plant.  Approximately, 
33 million gallons of pad solution and 16.7 million gallons of mine waste seepage water were 
treated and land applied in 2005.  By the end of October 2005, more than 224 million gallons 
had been land applied as a result of Beal Mountain Mine pad dewatering and waste rock 
seepage disposal  land applied (Parker, 2005c).   
 
Land Application and Reverse Osmosis Treatment Plant 
 
In 2006 a pilot scale Reverse Osmosis water treatment was designed, installed and tested by 
Tetra Tech for the USDA-FS.  A full scale reverse osmosis treatment plant was installed during 
the summer of 2008.  The RO plant was installed to treat and discharge the excess 
accumulation of heap leach pad solution caused by infiltration through the cover from 
precipitation and likely inflow from groundwater sources along the north edge of the leach pad.   
 
The RO Plant was designed to operate at a treatment rate of 200 gpm.  During the 2008 start-
up and operation season, the plant ran intermittently for 61 days from August 21 to October 20.  
During an optimal operation season with winter shut downs the RO Plant may achieve an 
operation season from June 1st to October 15th with minimal shut downs for operation and 
maintenance.  Table 3-3 summarizes the achieved operation of the plant during the 2008 
season and a projection of an optimal RO Plant operation season. 
 

TABLE 3-3 
ACTUAL 2008, 2009 AND OPTIMAL RO WATER TREATMENT RATES 

Season Inflow 
(gpm) 

Reject 
(gpm) 

Treated Outflow 
(gpm) 

Treated Volume 
(mil gallons) 

Seasonal Average Outflow 
(gpm) 

2008 350 150 200 12 95 
2009 350 150 200 25.375 approximately 150 

Optimal 350 150 200 34 177 

 
Table 3-4 below shows the water quality standards for aquatic and human health in comparison 
to the inflow water quality from the heap leach pad, the predicted water quality and the actual 
effluent water quality during operation of the RO Plant.  The table shows exceedances as 
shaded numbers.   Heap leach pad water chemistry improved from 2002 to 2006 with a 
significant reduction in total cyanide, total recoverable iron, and total recoverable selenium. This 
may have been due to solution removal during operation of the biological treatment system in 
2003 and 2005 and then subsequent inflow of cleaner diluting water from leaks through or 
around the edge of the cover, or from external groundwater sources onto the leach pad.  
Cyanide concentration increase between 2006 and 2008 is possibly due to precipitation or  
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groundwater flushing of the upper heap leach pad, or residual drain-down from spent ore stored 
on the pad.   
  
Generally the leach pad solution (RO system influent, Table 3-4) contains concentrations of 
total recoverable arsenic, total recoverable iron, and total recoverable nickel exceeding their 
respective chronic aquatic life standards. Leach pad solution also contains concentrations of 
ammonia, total cyanide, total recoverable copper, and total recoverable selenium exceeding 
their respective chronic and acute aquatic life standards (Table 3-4). In addition, CN As, Se, 
and Sr exceed the human health standards and Fe and Mn exceed the secondary guidelines for 
human health. 
 
Cyanide in all but one of the effluent samples (Table 3-4) exhibited exceedances of the acute 
standards. Ammonia present in effluent also occasionally exceeded the chronic standard. 
 

TABLE 3-4 

REVERSE OSMOSIS WATER QUALITY INPUT AND EFFLUENT 
Regulatory Standards 

Aquatic ANALYTE 

Acute Chronic 
Human 
Health 

Raw Water  
Sep 23 
2002 

Raw Water  
Sep 18 
2006 

Predicted 
Effluent 

Raw 
Water    

Aug 25 
2008 

Actual 
Effluent   
Sep 10 
2008 

Raw 
Water 
2009 

Actual 
Effluent 

(average)
2009 

pH (s.u.) 6.5 to 8.5 8.7 8.47 -- -- -- 8.5 -- 
TDS -- -- 500 5850 4490 6.4 4700 <10 4983 -- 

Total 0.022 0.0052 0.2 14.6 3.1 <0.001 7.71 0.01 1.625 0.04 
Cyanide 

WAD -- -- -- 3.26 0.311 <0.001 -- -- -- -- 
Thiocyanate -- -- -- -- <0.200 -- -- -- -- -- 
Ammonia as 

N ~0.005 -- 2.4 16.5 0.46 13.9 0.21 16.8 0.58 

Nitrite-N -- -- 1 58.4 40.6 0.4 34.1 0.272 -- 0.17 
NO2+NO3-N -- -- 10 170 223 2.6 132 0.724 110 1.6 

Nitrate-N -- -- 10 112 182 1.9 124 0.539 -- 1.4 
Phosphorus -- -- -- 0.07 0.16 <0.001 0.15 <0.01 0.156 -- 

SO4 -- -- 250 2660 2280 0.021 2430 <0.30 2630 -- 
Arsenic 0.34 0.15 0.01 0.158 0.166 0.001 0.154 <0.003 0.211 -- 
Copper 0.014 0.009 1.3 0.42 0.0901 <0.001 0.0609 <0.001 0.0571 -- 

Iron -- 1 0.3 4.13 1.02 0.002 1.5 <0.06 1.93 -- 
Manganese -- -- 0.05 -- 0.165 <0.001 0.12 <0.001 0.14 -- 

Nickel 0.47 0.052 0.1 -- 0.1 <0.001 0.093 0.0013 0.0792 -- 
Selenium 0.02 0.005 0.05 0.604 0.36 <0.001 0.321 0.0036 0.305 -- 
Strontium -- -- 4 4.6 4.04 <0.001 3.88 <0.005 4.03 -- 

 
Concentrations in milligrams per liter unless otherwise noted 
Bolded and shaded values indicate exceedance of one or more regulatory standards 
--  :  Parameter not applicable or not collected 
~   :  Approximate 
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During the 2008 and 2009 water treatment seasons, RO treated solution was temporarily 
discharged to the Fresh Water Pond then land applied on Beal’s Hill.  Approximately 12 million 
gallons of treated leach pad water was land applied to Beal’s Hill in 2008.     In 2008 and early 
2009, the LAD was initially operated on the hillside south of LAD Area A, as shown on Figure 3.  
The LAD was later moved to LAD Area B and D in late September of 2009 because runoff from 
the LAD Area A was reaching German Gulch, spring flows were increasing above the road, and 
the road was becoming saturated.  An additional 25.4 million gallons of RO treated water were 
land applied in 2009, for a total of 37.4 million gallons for both years. None of the effluent 
samples (Table 3-4) exhibited exceedances of any acute standards.  Ammonia and total 
cyanide exceeded the chronic standard entering the Freshwater Pond. The LAD was used as 
supplemental treatment for the RO Plant effluent to reduce the concentrations of ammonia and 
total cyanide.  Concentrations of cyanide within the Freshwater Pond decreased with residence 
time as indicated by lower concentrations at the land application system, which may be due to 
photo degradation, by sun light. Concentrations of ammonia within the Freshwater Pond 
generally increased with residence time as indicated by a higher concentration at the land 
application system which may be due to the degradation of cyanide by sunlight (ammonia is a 
byproduct of cyanide degradation) or the result of a large amount of organic materials in the 
bottom of the Freshwater Pond.  The discharge from the LAD system was below all aquatic life 
standards with the exception of ammonia. 
 
3.2 ISSUES OF CONCERN 
 
The Existing Conditions Report (Maxim, 2004a) identified several major issues of concern at the 
mine.  These issues include potential instability of the leach pad dike, potential for waste rock 
and ore to generate acid, surface water quality, groundwater quality, chemistry of the waste rock 
toe discharge, chemistry of the heap leach pad solution, issues associated with the LAD areas, 
and aquatic issues in German Gulch.  These issues are further discussed below. 
 
3.2.1 Leach Pad Dike Instability 
 
Slope stability analyses indicate that the crest of the leach pad dike has a relatively low factor of 
safety under worst-case conditions and regression of the clay/sill slide uphill into the leach pad 
dike could occur.  The principal issue with respect to instability resulting from the clay/sill slide is 
the potential for movement of the slide with subsequent damage to the south containment leach 
pad dike.  Failure of the containment dike could lead to a potential release of pad solution to the 
environment. Under current conditions, the portion of the leach pad interior presently containing 
solution (i.e. within the volume defined by the 7,504-foot contour and the pad’s base liner) 
essentially represents these worse case conditions. Under worse case conditions, the highest 
groundwater level conditions have the lowest factor of safety calculated by the historical 
geotechnical modeling (1.02) with respect to stability (Figure 10, Analysis 7) (Maxim 2003). 
Also under these conditions, a failure might occur in the leach pad dike that could breach the 
pad solution pool at an elevation of about 7,465 to 7,467 feet.   
 
During mining, the southern corner of the leach pad’s dike has experienced some geotechnical 
instability due to movement of the clay/sill slide.  Movement along this slide was first noted in 
1993 when a crack appeared at the toe of the leach pad dike.  During the very wet year in 1997, 
a 150 foot long section of the dike toe was noted to have dropped 20 feet with several cracks 
noted uphill of the toe.  There were several responses implemented to mitigate the clay/sill 
slide’s movement during mining and closure activities, including installing and operating 
dewatering wells to reduce pore pressure on the slide plane.  Dewatering was initiated in 1995 



3-16 Mine Site and Facility Characteristics Section 3  

Final Beal Mountain Mine EECA  

and the system was expanded in 1997 due to the visible displacement that occurred.  No further 
movement of the slide was noted in 1998.   
 
Dewatering occurred regularly in the spring/early summer between 1999 and 2002.   In July 
2003, the Forest Service discontinued dewatering operations to determine whether dewatering 
would be needed for long-term management of the slide.  Monitoring of three inclinometers and 
three survey prisms in the area of the clay/sill slide area showed no movement through April 
2005.  By May 21, 2005, however, with water levels in the dewatering wells at their seasonal 
high, the inclinometer located at the upper margin of the clay/sill slide showed about 0.25 inches 
of movement at the 165 foot depth (Parker, 2005b).  This is the same depth of movement seen 
on the slide prior to 1999 before dewatering was implemented.  In June 2005, movement was 
also detected in the lower slope indicator at a depth of 70 feet (Parker, 2005a).  This is the 
same depth in this lower inclinometer where movement occurred prior to 1999.  The description 
of additional movement in inclinometer casings since 2005 is briefly described above in section 
3.1.2. 
 
Displacement measurements in inclinometer casings and between survey prisms (see section 
3.1.2 above) located in the west wall and clay sill slide masses in recent years indicates 
progressive down-slope movement at an increasing rate.  Dewatering wells DW-2, DW-3, DW-4 
and DW-5 have been used in each of the last two years (2008 and 2009) in the vicinity of the 
two slide masses in an effort to dewater the slide zones to minimize movement  by reducing the 
hydrostatic head, pore pressure and lubrication on the geologic units and fault planes.  
However, both high groundwater levels and the weight of additional water stored in the leech 
pad are significant and contributing factors to potential leach pad embankment instability.  
Higher water levels on the leach pad also increase the potential risk that a failure surface may 
penetrate the saturated heap leach pad solutions and risk a potential release.  Seasonal 
operation of dewatering wells will need to be part of any ongoing annual operation and 
maintenance plan until alternatives are implemented that minimize the risk of geotechnical 
instability in the containment dike on the southwestern corner of the leach pad. 
 
Under worst-case conditions of high, but expected groundwater levels (Figure 10, WL=2), a 
factor of safety of 1.4 (Figure 10, analysis 8) has been calculated for a failure in the leach pad 
dike that could breach the pad solution pool at an elevation as low as about 7,465 to 7,467 feet 
(Maxim 2003).  The volume of water calculated to be on the pad with the top of the pool at that 
elevation is about 27.5 million gallons (Figure 21).  In order to minimize the risk of a release of 
solution under worst-case geotechnical conditions, it appeared prudent to restrict the volume of 
solution on the pad to less than 27.5 million gallons.  As this volume was reached in December 
2004, the Forest Service decided to begin treating the pad solution in 2005 to drawdown the 
pad solution volume to 3 to 5 million gallons.  Water volume on the leach pad is currently about 
65.5 million gallons (October 2009) well above the recommended values for weight loading to 
the clay sill slide, a geotechnical instability that risks failure of the leach pad containment dike 
with a concurrent release of pad solution to the environment.  Leach Pad solution volumes and 
water treatment is discussed in greater detail in section 3.2.6 below. 
 
3.2.2 Waste Rock and Spent Ore Potential to Generate ARD 
 
Geochemical data was collected and analyzed to evaluate the risk of acid rock drainage (ARD) 
formation using static and kinetic test methods, and to predict trace element release by 
weathered mined material or in pit high-walls.  Related studies evaluated the mineralogy of 
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weathered and unweathered rock, and characterized rocks that would be exposed in the 
ultimate Beal Mountain pit high-wall as a basis for predicting post-mine water quality.   
 
The mineralogy of ore and waste, and thus the geochemistry, varies across the mined deposit.  
Rock mined from a particular area may have been placed as waste rock on the dump, as fill for 
construction, or as post-mine backfill.  Acid/base accounting (ABA) data for waste rock and ore 
from the main Beal Mountain pit is presented in Figure 13.  Roughly, one-third of waste rock 
and ore mined from Beal Mountain pit is potentially acid generating based on static tests and 
another third is not.  Remaining waste rock and ore have uncertain potential to generate acid.   
 
Kinetic tests showed variable potential for ARD generation and trace element release; most 
columns, while maintaining a near-neutral pH, were maintaining or increasing sulfate release 
rates with declining alkalinity.  Mineralogy showed variable alteration and some degree of 
encapsulation of sulfide minerals, which may explain the slow reaction rates.  It is not clear from 
the data that all samples would remain non-acidic if kinetic tests were conducted for longer than 
the 20-week test periods used to characterize potential ARD of the rock.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.  Beal Mountain Pit Waste Rock Static Test Results (tons/1000 tons) 
 
Monitoring data from springs SPR-5 and SPR-10A that are influenced by the waste rock dump, 
show similar trends compared to the kinetic test results discussed above.  While pH has 
remained at or near neutral values throughout the monitoring period, sulfate concentrations had 
increased steadily throughout the period during which sulfate was monitored (i.e. until 
2005)(Figure 14).  Alkalinity concentrations remained relatively steady.  These data suggest 
sulfide minerals within the waste are being oxidized to produce sulfate.  A byproduct of this 
reaction is the liberation of free acidity, which to this point in time, has been effectively 
neutralized by available alkalinity within the waste.  Acid rock drainage could be generated as 
the available alkalinity is consumed. 
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Some trace element release is likely to occur from the waste rock dump, including aluminum, 
arsenic, copper, iron, selenium, and zinc.  As the waste rock dump is primarily composed of 
waste mined from the Beal Mountain pit (except for cover materials and some waste from the 
South Beal pit), the potential for ARD and metal mobility at this facility are expected to be similar 
to rock mined from the Beal Mountain pit.  The heap leach containment dike and the haul road 
prism were also constructed with waste rock from the Main Beal Mountain pit.   
 
Data collected during static and kinetic testing of South Beal pit ore and waste rock suggest a 
low potential for ARD from the pit high-walls and waste rock, and a high potential from residual 
ore.  During reclamation, the entire South Beal pit was regraded and covered with South Beal 
pit waste, topsoiled, and revegetated.  While South Beal ore presents a high risk of ARD, it is 
unlikely that the relatively small amount of residual ore remaining in the buried pit walls will 
generate enough acidity to overwhelm the neutralization potential of the surrounding rock.  
While limited, the available data for evaluating metal mobility indicate that leachate from South 
Beal waste rock will be of good quality. 
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Figure 14.  Sulfate and Alkalinity in SPR-5 and SPR-10A Samples 
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Analyses of spent ore were used to characterize material on the leach pad.  Static ABA testing 
of spent ore indicates that material contained in the leach pad has a high potential for acid 
generation (Figure 15).  However, kinetic testing of spent ore and pad solution pH 
measurements indicate low ARD risk.  It is possible that, while spent ore poses a risk of ARD, 
the high pH of the barren/pad solution is buffering acid generation in the heap leach pad.  It is 
noteworthy that pH and alkalinity of the pad solution have decreased somewhat following 
cessation of leaching operations, indicating that the neutralizing capability of the heap is slowly 
being depleted.  Kinetic test data indicate that leachate from spent ore will be of generally good 
quality with possible exceedances of human health based standards for arsenic.  Pad solution 
analyses indicate that most metal concentrations in the heap are near equilibrium with elevated 
levels of selenium, iron, and copper.  Selenium and copper concentrations in pad solution 
appear to be declining.  Leach pad solutions are not of a quality suitable for discharge to either 
surface or groundwater without treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15  Spent Ore Static Test Results (tons/1000 tons) 
 
Waste rock and spent ore derived from mining of the main Beal Mountain pit is known to be a 
source of selenium, sulfate, and nitrate contamination to surface and groundwater (discussed 
further below).  These contaminants are mobilized by leaching of the waste rock by 
precipitation, snowmelt, surface water in contact with wastes, and by groundwater from springs 
located beneath the waste rock storage areas.  When mobilized, these contaminants produce 
elevated contaminant concentrations in both surface and groundwater.  In the case of selenium, 
concentrations are high enough that, at least locally, chronic aquatic surface water quality 
standards are exceeded (i.e., German Gulch between STA-3 and STA-3A,  and are 
occasionally at the chronic aquatic standard level at STA-2) (Figure 7).  Impacts to surface 
water resources are discussed in more detail in section 3.2.3. 
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Metals such as selenium, arsenic, and zinc are frequently mobilized under near-neutral pH from 
waste rock.  Oxidation of pyrite typically results in the production of sulfate, a reduction of 
alkalinity (both of which are measured in seepage waters from Beal Mountain pit wastes) and a 
decrease in pH.  Metals mobilized by acidic solutions include iron, aluminum, and copper.   
 
3.2.3 Surface Water Quality 
 
Background 
 
Background surface water quality in the German Gulch drainage at stations STA-3 and STA-3A 
generally exhibited sulfate at relatively low concentrations of less than 30 mg/L.  Nitrate and 
selenium concentrations prior to mining activities were below their respective method detection 
limits.  Additional constituents such as arsenic and zinc were below 0.02 mg/L and 0.05 mg/L, 
respectively.  Concentrations of copper ranged from less than 0.001 mg/L up to 0.4 mg/L 
indicating background water quality at the site often naturally exceeded the chronic aquatic life 
standard and occasionally exceeded the acute aquatic life standards for copper. 
 
Surface Water Quality 2003-2009 
 
Surface water in the German Gulch drainage is generally a calcium bicarbonate type (hardness 
of 74 milligrams per liter (mg/L) to 339 mg/L) and is poorly buffered.  During 2003 to 2009, 
German Gulch exhibited pH values that ranged from 7.2 to 8.4 standard units (su).  Surface 
water quality data from area streams is compiled in Table 3-5 for 2003 through 2009.  Figure 7 
shows surface water sampling locations.  
 
Table 3-5 shows that concentrations of nitrate measured in samples collected from all surface 
water stations were below the maximum contaminant level (MCL) of 10 mg/L during 2003 
through 2009.  
 
Nitrate concentrations in samples collected from German Gulch generally increase in the reach 
of stream between STA-4 and STA-3A then decrease from this point downstream.  This trend 
was also true for sulfate concentrations in German Gulch (i.e. STA-3A contained the highest 
average concentration).  Concentrations of sulfate measured during the 2003 to 2009 period 
shown in Table 3-5 are also below the secondary maximum contaminant level (250 mg/L) for all 
samples except the May 2003 sampling event at stations STA-3 and STA-3A (368 and 280 
mg/L, respectively) and the September 2005 sampling event at station STA-3A (309 mg/L).  
 
During the 2003 to 2009 period shown in Table 3-5, total recoverable concentrations of most 
constituents, including arsenic, copper, and zinc, was below chronic aquatic life standards.  
Total recoverable iron concentrations in German Gulch in 2003 at STA-1 did exceed the human 
health guideline of 0.3 mg/L in two monthly samples, and the standard was also exceeded for 
one monthly sample collected from STA-1A near the site in 2003.  However, iron standards 
were not exceeded at any upstream surface water sample sites in 2003, nor have they been 
exceeded at any surface water site since 2003.   Iron was not analyzed in 2004 through  2009.   
 
Total recoverable selenium concentrations measured during the 2003 to 2009 period shown in 
Table 3-5 in German Gulch at STA-4 and all stations downstream of STA-3A are below the 
chronic aquatic life standard for selenium of 0.005 mg/L.  At STA-4, selenium concentrations are 
low because the flow from the toe of the waste rock dump, which contains high concentrations  



STATION DATE TYPE Flow
(cfs)

 Field pH 
(standard 

units)

Total 
Dissolved 

Solids
Sulfate

NA NA 0.01 0.01 1.3 0.3 ** 0.05 2 0.14 NA NA
Acute NA NA 0.34 0.014 * NA 0.020 0.12 * 0.022 NA NA

Chronic NA NA 0.15 0.009 * 1.00 0.005 0.12 * 0.0052 NA NA
A-G 1/15/2003 N 5.00 7.7 168 25 0.1 U 0.003 U 0.004 0.43 0.001 U 0.005 U 0.2 U
A-G 2/12/2003 N 3.00 8.4 158 30 0.05 U 0.003 U 0.002 0.04 0.001 U 0.005 U 0.2 U
A-G 3/12/2003 N 3.00 8.5 161 26 0.1 U 0.003 U 0.001 0.03 0.001 U 0.005 U 0.2 U
A-G 4/23/2003 N 40.00 8.1 148 46 1.6 0.004 0.004 0.8 0.001 U 0.081 0.007 0.2 U
A-G 5/13/2003 N 50.00 7.9 167 58 0.1 0.003 U 0.002 0.05 0.001 0.053 0.008 0.2 U
A-G 6/18/2003 N 10.00 8.4 305 109 1.6 0.003 U 0.001 0.03 0.002 0.102 0.042 0.2 U
A-G 7/25/2003 N 4.00 8.2 182 32 2 0.003 U 0.001 U 0.03 0.001 U 0.009 0.005 U 0.2 U
A-G 8/7/2003 N 6.00 7.9 194 29 0.1 U 0.003 U 0.002 0.15 0.001 U 0.005 U 0.2 U
A-G 9/23/2003 N 5.00 8.3 177 26 0.1 U 0.003 U 0.001 0.02 0.001 U 0.005 U 0.2 U
A-G 10/23/2003 N 6.00 8.1 161 26 0.1 U 0.003 U 0.002 0.05 0.001 U 0.005 U 0.2 U
A-G 11/12/2003 N 4.00 8.3 172 30 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.005 U 0.2 U
A-G 12/10/2003 N 8.3 162 27 0.1 U 0.003 U 0.001 U 0.07 0.001 U 0.005 U 0.2 U
A-G 6/11/2004 N 15.00 7.8 0.003 U 0.002 0.001
BCD 3/13/2003 N
BCD 6/18/2003 N
BCD 9/18/2003 N
BCD 11/12/2003 N
BCD 3/16/2004 N
BCD 6/11/2004 N
BCD 9/28/2004 N
BCD 12/14/2004 N
BCD 3/29/2005 N
BCD 6/28/2005 N 0.00 7.83 52.1 0.001 0.154 0.01 U 0.031 0.008
BCD 9/28/2005 N 0.01 9.73 618 15.3 0.018 0.012 0.039 0.01 U 1.18 0.2 0.2 U
BCD 6/29/06 N POND 7.9 41.8 0.005 0.129 0.008 0.005 U
BCD 6/12/08 N POND 6.91 1.96 0.011 0.01 M% 0.044 0.033
BCD 6/15/09 N POND 9.23 20.8 0.0091 0.108 0.01 M% 0.012
BCD 9/3/09 N POND 8.55 22 0.0828 0.103 0.0016 U 0.0048 M%
BCD-A 3/12/2003 N 1050 520 8.4 0.003 U 0.013 0.32 0.017 0.61 D 0.131 0.2 U
BCD-A 6/18/2003 N 0.01 7.1 1170 614 11.8 0.004 0.005 0.23 0.023 0.58 D 0.1 0.2 U
BCD-A 9/18/2003 N 0.02 7.6 1120 576 10.5 0.003 U 0.002 0.2 0.013 0.61 D 0.175 0.2 U
BCD-A 11/13/2003 N 7.3 1130 605 11 0.004 0.003 0.18 0.015 0.393 D 0.132 0.2 U
BCD-A 3/16/2004 N 7.69 0.003 U 0.008 0.011
BCD-A 6/10/2004 N 7.55 0.005 0.004 0.025
BCD-A 9/28/2004 N 0.01 7.32 569 10.2 0.002 0.018 0.542 D 0.124
BCD-A 12/14/2004 N 7.24 0.005 0.014 0.416 D 0.156
BCD-A 3/29/2005 N 6.77 0.007 0.008 0.312 0.135
BCD-A 6/28/2005 N 0.01 7.09 9.37 0.004 0.02 0.01 U 0.489 0.095
BCD-A 9/28/2005 N 0.01 7.85 561 8.69 0.003 U 0.003 0.012 0.01 U 0.416 0.103 0.2 U
BCD-A 6/29/06 N POND 7.05 5.5 0.005 0.017 0.065 0.049
BCD-A 6/12/08 N POND 6.9 2.75 0.012 0.018 M% 0.075 0.068
BCD-A 6/15/09 N POND 6.86 2.2 0.0056 0.0097 0.083 M% 0.07
BCD-A 9/3/09 N POND 6.9 3.1 0.002 0.0093 0.059 0.0674 M%
BS-D 1/15/2003 N 4.10 8.3 169 8 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
BS-D 2/12/2003 N 8.68 161 19 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.007 0.005 U 0.2 U
BS-D 3/12/2003 N 8.51 236 51 0.1 U 0.003 U 0.001 U 0.02 0.002 0.01 U 0.02 0.011 0.2 U
BS-D 3/25/2003 N 0.077 0.024
BS-D 4/23/2003 N 30.00 8.3 117 22 0.1 U 0.003 U 0.003 0.29 0.001 U 0.01 U 0.024 0.008 0.2 U
BS-D 5/13/2003 N 14.00 8.4 136 29 0.24 0.003 U 0.001 0.07 0.001 0.01 U 0.034 0.01 0.2 U
BS-D 5/21/2003 N 0.037 0.016
BS-D 5/29/2003 N 0.02 0.005 U
BS-D 6/2/2003 N 0.022 0.012
BS-D 6/2/2003 D 0.025
BS-D 6/4/2003 N 0.01
BS-D 6/12/2003 N 0.03 0.01

TABLE 3-5
2003 to 2009 SURFACE WATER QUALITY DATA SUMMARY

Nitrate+ Nitrite 
as N

Dissolved 
Arsenic

Total 
Recoverable 

Arsenic

Total 
Recoverable 

Copper

Beal Mountain Mine
BCD - Blanket Collecton Drain for Beal Leach Pad
BS - Beafstraight Creek MINN - Minnesota Gulch 

Aquatic Life 
Standards

NA
NA

Weak Acid
Dissociable 

Cyanide

Total 
Recoverable 

Selenium

Total 
Recoverable 

Zinc
Total Cyanide

Total 
Recoverable 

Iron

Human Health Standards - Surface Water 10

MB - Main Beal Pit Drain STA - German Gulch

Thio-cyanate
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STATION DATE TYPE Flow
(cfs)

 Field pH 
(standard 

units)

Total 
Dissolved 

Solids
Sulfate

NA NA 0.01 0.01 1.3 0.3 ** 0.05 2 0.14 NA NA
Acute NA NA 0.34 0.014 * NA 0.020 0.12 * 0.022 NA NA

Chronic NA NA 0.15 0.009 * 1.00 0.005 0.12 * 0.0052 NA NA

TABLE 3-5
2003 to 2009 SURFACE WATER QUALITY DATA SUMMARY

Nitrate+ Nitrite 
as N

Dissolved 
Arsenic

Total 
Recoverable 

Arsenic

Total 
Recoverable 

Copper

Beal Mountain Mine
BCD - Blanket Collecton Drain for Beal Leach Pad
BS - Beafstraight Creek MINN - Minnesota Gulch 

Aquatic Life 
Standards

NA
NA

Weak Acid
Dissociable 

Cyanide

Total 
Recoverable 

Selenium

Total 
Recoverable 

Zinc
Total Cyanide

Total 
Recoverable 

Iron

Human Health Standards - Surface Water 10

MB - Main Beal Pit Drain STA - German Gulch

Thio-cyanate

BS-D 6/18/2003 N 22.00 7.6 158 20 0.1 U 0.003 U 0.001 U 0.04 0.001 U 0.01 U 0.02 0.008 0.2 U
BS-D 7/11/2003 N 0.016 0.005 U
BS-D 7/18/2003 N 0.014 0.005 U
BS-D 7/25/2003 N 10.50 8.6 148 13 0.1 U 0.003 U 0.001 U 0.02 0.001 U 0.01 U 0.013 0.005 U 0.2 U
BS-D 8/1/2003 N 0.009 0.005 U
BS-D 8/7/2003 N 5.50 8.5 164 10 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
BS-D 8/22/2003 N 0.009 0.005 U
BS-D 9/23/2003 N 5.20 8.6 186 18 0.01 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.024 0.012 0.2 U
BS-D 10/23/2003 N 3.50 8.4 168 13 0.1 U 0.003 U 0.001 0.01 U 0.001 U 0.01 U 0.018 0.005 U 0.2 U
BS-D 11/12/2003 N 3.60 8.5 202 23 0.1 0.003 U 0.052 0.26 0.002 0.04 0.022 0.008 0.2 U
BS-D 12/10/2003 N 8.79 172 14 0.1 U 0.003 U 0.001 U 0.01 0.001 U 0.01 U 0.017 0.005 U 0.2 U
BS-D 1/14/2004 N 8.66 0.003 U 0.001 U 0.001 U
BS-D 2/18/2004 N 8.2 0.003 U 0.001 U 0.001 U
BS-D 3/16/2004 N 3.10 8.5 0.003 U 0.001 U 0.001 U
BS-D 4/22/2004 N 4.40 8.35 0.003 U 0.002 0.001 U
BS-D 5/20/2004 N 11.20 8.53 0.003 U 0.001 0.001 U
BS-D 6/11/2004 N 15.30 8.5 0.003 U 0.001 0.002
BS-D 7/15/2004 N 5.25 8.69 19 0.003 U 0.001 0.001 U
BS-D 7/19/2004 N 0.05 UJ 0.005 UJ
BS-D 8/19/2004 N 5.25 8.68 0.1 UJ 0.002 0.001 U 0.01 0.005 UJ
BS-D 9/28/2004 N 4.40 8.61 13 0.05 UJ 0.001 U 0.001 U 0.008 0.005 UJ
BS-D 10/29/2004 N 3.90 8.76 0.05 U 0.001 U 0.001 U 0.01 0.005 U
BS-D 11/30/2004 N 3.60 8.59 20 0.003 U 0.001 U 0.001 0.019 0.006 0.2 U
BS-D 12/14/2004 N 3.86 7.67 0.001 U 0.001 0.015 0.005 UJ
BS-D 3/29/2005 N 3.90 8.76 0.05 U 0.001 0.001 0.006 0.005 U
BS-D 6/29/2005 N 11.70 8.47 0.05 U 0.001 U 0.001 U 0.01 U 0.021 0.007
BS-D 7/21/2005 N 4.38 8.36 0.001 U 0.014 0.006
BS-D 8/16/2005 N 3.50 8.41 0.001 U 0.011 0.006
BS-D 9/28/2005 N 7.80 8.49 0.001 U 0.011 0.007
BS-D 12/22/2005 N 2.85 7.34 0.001 0.014 0.005 U
BS-D 3/29/2006 N 2.80 7.88 0.1 U 0.001 U 0.001 0.008 0.005 U
BS-D 6/28/2006 N 11.25 8.27 0.05 U 0.001 U 0.001 U 0.005 U
BS-D 10/4/2006 N 3.84 8.02 0.1 U 0.001 U 0.001 U 0.005 U
BS-D 4/8/2008 N 1.97 7.11 0.05 U 0.001 U 0.001 U 0.005 U
BS-D 6/13/2008 N 34.94 8 0.05 U 0.001 0.001 U 0.008 0.005 U
BS-D 6/13/2008 D 34.94 8 0.05 U 0.001 0.001 U 0.009 0.005 U
BS-D 9/12/2008 N 8.59 8.17 0.05 U 0.001 U 0.001 U 0.005 U 0.005 U
BS-D 6/15/2009 N 39.79 8.06 0.02 0.00079 0.0037 J 0.006 M% 0.0052 J
BS-D 9/3/2009 N 18.26 8.55 0.03 0.00067 0.0005 U 0.0016 U 0.0057
BS-FISH 4/30/2003 N 0.004 0.2 0.001 U 0.01 U 0.041 0.017
BS-FISH 5/1/2003 N 0.038 0.025
BS-FISH 5/2/2003 N 0.042 0.039
BS-FISH 5/3/2003 N 0.036 0.012
BS-FISH 5/4/2003 N 0.034 0.014
BS-FISH 5/5/2003 N 0.003 U 0.001 U 0.17 0.001 0.01 U 0.032 0.015
BS-FISH 5/6/2003 N 0.033 0.015
BS-FISH 5/7/2003 N 0.034 0.046
BS-FISH 5/8/2003 N 0.022 0.016
BS-FISH 5/9/2003 N 0.029 0.013
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STATION DATE TYPE Flow
(cfs)

 Field pH 
(standard 

units)

Total 
Dissolved 

Solids
Sulfate

NA NA 0.01 0.01 1.3 0.3 ** 0.05 2 0.14 NA NA
Acute NA NA 0.34 0.014 * NA 0.020 0.12 * 0.022 NA NA

Chronic NA NA 0.15 0.009 * 1.00 0.005 0.12 * 0.0052 NA NA

TABLE 3-5
2003 to 2009 SURFACE WATER QUALITY DATA SUMMARY

Nitrate+ Nitrite 
as N

Dissolved 
Arsenic

Total 
Recoverable 

Arsenic

Total 
Recoverable 

Copper

Beal Mountain Mine
BCD - Blanket Collecton Drain for Beal Leach Pad
BS - Beafstraight Creek MINN - Minnesota Gulch 

Aquatic Life 
Standards

NA
NA

Weak Acid
Dissociable 

Cyanide

Total 
Recoverable 

Selenium

Total 
Recoverable 

Zinc
Total Cyanide

Total 
Recoverable 

Iron

Human Health Standards - Surface Water 10

MB - Main Beal Pit Drain STA - German Gulch

Thio-cyanate

MB DRAIN 3/12/2003 N 0.08 7.72 750 409 0.2 0.005 0.005 0.22 0.005 0.005 U 0.2 U
MB DRAIN 6/18/2003 N 7.3 984 560 0.4 0.004 0.001 0.01 U 0.012 0.005 U 0.2 U
MB DRAIN 7/25/2003 N 0.11 7.3 1030 496 0.4 0.003 0.002 0.02 0.011 0.005 U 0.2 U
MB DRAIN 9/18/2003 N 0.11 7.3 1030 581 0.3 0.003 U 0.002 0.02 0.008 0.005 U 0.2 U
MB DRAIN 11/12/2003 N 0.09 7.4 1010 554 0.3 0.003 0.001 0.01 U 0.008 0.005 U 0.2 U
MB DRAIN 1/13/2004 N 0.09 7.5 0.004 0.003 0.006
MB DRAIN 2/18/2004 N 0.07 7.45 0.004 0.001 0.006
MB DRAIN 6/10/2004 N 0.09 7.21 0.003 U 0.001 U 0.03 U 0.001 U
MB DRAIN 9/28/2004 N 0.06 7.45 445 0.18 0.002 0.007 0.005 U
MB DRAIN 12/13/2004 N 0.04 7.31 0.1 0.003 0.006 0.005 U
MB DRAIN 6/29/2005 N 6.8 0.47 0.001 0.015 0.04 0.005 U
MB DRAIN 6/28/06 N 6.99 0.31 0.002 0.014 0.005 U
MB DRAIN 10/5/06 N 7.42 0.2 0.002 0.01 0.005 U
MINN-DN 1/14/2003 N 2.80 8.2 200 7 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.02 U
MINN-DN 2/12/2003 N 8.63 179 14 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
MINN-DN 3/11/2003 N 8.68 194 15 0.1 U 0.003 U 0.001 U 0.01 U 0.001 0.01 U 0.005 U 0.2 U
MINN-DN 4/24/2003 N 8.00 8.5 186 31 0.1 0.003 U 0.002 0.06 0.001 0.01 U 0.017 0.011 0.2 U
MINN-DN 5/21/2003 N 6.00 8.5 228 28 0.1 U 0.003 U 0.001 0.04 0.002 0.01 U 0.029 0.018 0.2 U
MINN-DN 6/30/2003 N 9.80 8.2 162 19 0.03 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.016 0.005 U 0.2 U
MINN-DN 7/25/2003 N 5.25 8.7 197 14 0.1 U 0.003 U 0.001 U 0.01 0.001 U 0.01 U 0.015 0.005 U 0.2 U
MINN-DN 8/7/2003 N 4.40 8.4 189 9 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
MINN-DN 9/18/2003 N 2.50 8.6 268 46 0.1 U 0.003 U 0.001 U 0.02 0.002 0.01 U 0.081 0.026 0.2 U
MINN-DN 10/22/2003 N 2.60 8.6 212 21 0.1 U 0.003 U 0.001 U 0.01 U 0.001 0.01 U 0.031 0.007 0.2 U
MINN-DN 11/12/2003 N 2.80 8.7 263 44 0.3 0.003 U 0.001 U 0.01 U 0.002 0.01 U 0.063 0.018 0.2 U
MINN-DN 12/9/2003 N 8.68 222 20 0.2 0.003 U 0.001 U 0.01 0.001 U 0.01 U 0.039 0.006 0.2 U
MINN-DN 1/14/2004 N 1.75 8.68 0.003 U 0.001 U 0.001 U
MINN-DN 2/19/2004 N 1.50 8.44 0.003 U 0.001 U 0.001 U
MINN-DN 3/11/2004 N 1.60 8.62 0.003 U 0.001 U 0.001 U
MINN-DN 4/22/2004 N 2.20 8.41 0.003 U 0.001 U 0.004
MINN-DN 5/20/2004 N 6.90 8.48 0.003 U 0.001 0.001 U
MINN-DN 6/11/2004 N 7.00 8.52 0.003 U 0.001 0.001 U
MINN-DN 7/15/2004 N 3.50 8.57 17 0.003 U 0.001 0.001 U
MINN-DN 7/19/2004 N 0.05 U 0.012 0.005 UJ
MINN-DN 8/19/2004 N 3.50 8.68 0.1 UJ 0.002 0.001 U 0.013 0.005 UJ
MINN-DN 9/28/2004 N 3.40 13 0.05 0.001 U 0.001 U 0.013 0.008
MINN-DN 9/28/2004 D 8.73 13 0.06 0.001 U 0.001 U 0.015 0.008
MINN-DN 10/29/2004 N 2.70 8.61 0.06 0.002 0.001 U 0.011 0.005 U
MINN-DN 11/30/2004 N 2.30 8.59 42 0.003 U 0.001 U 0.001 0.052 0.013 0.2 U
MINN-DN 12/14/2004 N 2.50 8.49 0.001 0.002 0.042 0.009
MINN-DN 1/28/2005 N 2.00 8.66 0.1 0.001 U 0.001 U 0.019 0.005 U
MINN-DN 3/30/2005 N 2.00 8.58 0.06 0.002 0.001 0.013 0.005 U
MINN-DN 6/30/2005 N 9.80 8.26 0.06 0.002 0.001 U 0.01 U 0.033 0.014
MINN-DN 7/21/2005 N 2.20 8.47 0.09 0.001 U 0.001 U 0.037 0.017
MINN-DN 8/16/2005 N 3.38 8.52 21 0.05 U 0.003 U 0.001 0.001 U 0.028 0.011
MINN-DN 9/28/2005 N 3.85 8.48 13 0.05 U 0.003 U 0.001 U 0.001 U 0.012 0.007 0.2 U
MINN-DN 6/28/06 N 4.69 8.14 0.05 U 0.001 U 0.001 0.008 0.005 U
MINN-DN 10/4/06 N 1.14 8.07 0.1 U 0.001 U 0.001 U 0.005 U
MINN-DN 6/12/08 N 16.40 8.05 0.07 0.001 U 0.001 U 0.011 0.01
MINN-DN 9/12/08 N 20.70 8.27 0.001 U 0.001 U 0.005 U 0.005 U
MINN-DN 6/16/09 N 20.05 8.12 0.02 0.0008 0.00037 J 0.0092 M% 0.006 J
MINN-DN 9/3/09 N 4.65 8.57 0.07 0.0005 U 0.0005 U 0.0016 U 0.018 M%
MINN-UP 1/14/2003 N 0.35 8.1 145 2 0.1 U 0.003 U 0.003 0.35 0.001 U 0.01 0.005 U 0.2 U
MINN-UP 6/30/2003 N 1.80 8 84 1 0.1 U 0.003 U 0.001 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
MINN-UP 7/25/2003 N 0.71 8.3 121 2 0.1 U 0.003 U 0.001 0.01 U 0.001 0.01 U 0.005 U 0.2 U
MINN-UP 8/7/2003 N 1.00 8.1 154 1 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
MINN-UP 9/18/2003 N 0.42 8.5 140 1 0.1 U 0.003 U 0.001 0.08 0.001 U 0.01 U 0.005 U 0.2 U
MINN-UP 11/12/2003 N 8.4 136 3 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.01 U 0.005 U 0.2 U
MINN-UP 6/11/2004 N 3.10 8.18 0.003 U 0.001 0.001 U
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STATION DATE TYPE Flow
(cfs)

 Field pH 
(standard 

units)

Total 
Dissolved 

Solids
Sulfate

NA NA 0.01 0.01 1.3 0.3 ** 0.05 2 0.14 NA NA
Acute NA NA 0.34 0.014 * NA 0.020 0.12 * 0.022 NA NA

Chronic NA NA 0.15 0.009 * 1.00 0.005 0.12 * 0.0052 NA NA

TABLE 3-5
2003 to 2009 SURFACE WATER QUALITY DATA SUMMARY

Nitrate+ Nitrite 
as N

Dissolved 
Arsenic

Total 
Recoverable 

Arsenic

Total 
Recoverable 

Copper

Beal Mountain Mine
BCD - Blanket Collecton Drain for Beal Leach Pad
BS - Beafstraight Creek MINN - Minnesota Gulch 

Aquatic Life 
Standards

NA
NA

Weak Acid
Dissociable 

Cyanide

Total 
Recoverable 

Selenium

Total 
Recoverable 

Zinc
Total Cyanide

Total 
Recoverable 

Iron

Human Health Standards - Surface Water 10

MB - Main Beal Pit Drain STA - German Gulch

Thio-cyanate

NC-FISH 4/30/2003 N 125 21 0.1 U 0.004 0.004 0.74 0.001 U 0.01 U 0.005 U 0.2
STA-1 1/15/2003 N 7.00 8.1 181 26 0.1 0.003 U 0.002 0.05 0.001 0.01 U 0.005 U 0.2 U
STA-1 2/13/2003 N 7.89 150 30 0.1 0.003 U 0.001 U 0.04 0.001 U 0.01 U 0.005 U 0.2 U
STA-1 3/12/2003 N 6.00 8.31 156 37 0.1 0.003 0.002 0.42 0.002 0.01 U 0.006 0.005 U 0.2 U
STA-1 3/25/2003 N 0.02 0.005 U
STA-1 4/23/2003 N 42.00 8.1 127 29 0.1 U 0.003 0.004 0.56 0.001 0.01 U 0.01 0.005 U 0.3
STA-1 5/13/2003 N 22.50 8.1 119 30 0.01 0.003 0.002 0.24 0.001 U 0.01 U 0.007 0.005 U 0.2 U
STA-1 6/18/2003 N 29.00 8.2 153 32 0.1 U 0.003 U 0.002 0.17 D 0.001 0.01 U 0.011 0.008 0.2 U
STA-1 7/25/2003 N 12.60 8.1 165 25 0.1 U 0.003 0.001 U 0.06 0.001 U 0.01 U 0.009 0.005 U 0.2 U
STA-1 8/7/2003 N 7.40 8.2 175 26 0.1 U 0.004 0.001 U 0.04 0.001 0.01 U 0.021 0.009 0.2 U
STA-1 9/23/2003 N 6.40 8.3 184 29 0.01 U 0.003 U 0.001 0.06 0.001 U 0.01 U 0.012 0.008 0.2 U
STA-1 10/23/2003 N 5.60 8 161 29 0.1 U 0.003 U 0.001 0.04 0.001 0.01 U 0.007 0.005 U 0.2 U
STA-1 11/12/2003 N 5.30 8.4 183 23 0.1 U 0.003 U 0.001 U 0.03 0.001 0.01 U 0.016 0.005 U 0.2 U
STA-1 12/10/2003 N 8.48 171 28 0.1 U 0.003 U 0.001 0.03 0.001 U 0.01 U 0.009 0.005 U 0.2 U
STA-1 1/14/2004 N 6.00 8.38 0.003 0.001 U 0.001
STA-1 2/18/2004 N 6.00 8.11 0.003 0.001 0.001
STA-1 3/16/2004 N 5.80 8.23 0.003 0.001 U 0.001
STA-1 4/22/2004 N 8.20 8.08 0.003 U 0.001 0.001 U
STA-1 5/20/2004 N 20.00 8.24 0.003 0.001 0.001 U
STA-1 5/20/2004 D 0.003 U 0.002 0.001 U
STA-1 5/20/2004 S 37 0.05 U 0.005 U 0.2 U
STA-1 6/11/2004 N 21.00 8.22 0.003 0.002 0.002
STA-1 6/11/2004 D 0.003 0.002 0.002
STA-1 6/11/2004 S 29 0.05 U 0.01 0.006 0.2 U
STA-1 7/15/2004 N 7.35 8.44 29 0.004 0.002 0.001 U
STA-1 7/19/2004 N 0.05 U 0.005 UJ
STA-1 8/19/2004 N 8.40 8.53 0.1 U 0.002 0.001 U 0.006 0.005 U
STA-1 9/28/2004 N 5.50 8.34 29 0.05 U 0.001 0.001 U 0.005 UJ
STA-1 10/29/2004 N 6.10 8.45 0.05 U 0.002 0.001 0.007 0.005 U
STA-1 11/30/2004 N 4.20 8.36 32 0.003 U 0.001 U 0.001 U 0.01 0.005 UJ 0.2 U
STA-1 12/14/2004 N 4.70 7.83 0.001 U 0.001 U 0.007 0.005 U
STA-1 1/28/2005 N 5.00 8.42 0.1 U 0.003 0.001 U 0.005 U
STA-1 3/29/2005 N 7.35 8.42 0.05 U 0.002 0.001 0.005 U
STA-1 6/29/2005 N 27.00 8.07 0.05 U 0.002 0.001 U 0.01 U 0.01 0.005 U
STA-1 7/21/2005 N 6.15 8.27 0.05 U 0.002 0.001 U 0.005 U
STA-1 8/16/2005 N 5.25 8.33 28 0.05 U 0.003 U 0.001 U 0.001 U 0.007 0.005 U
STA-1 9/28/2005 N 9.60 8.26 33 0.05 U 0.003 U 0.001 U 0.001 U 0.007 0.005 U 0.2 U
STA-1 12/21/2005 N 4.75 6.29 0.13 0.001 U 0.001 0.007 0.005 U
STA-1 3/29/06 N 6.51 7.33 0.1 U 0.001 0.001 0.005 U
STA-1 6/27/06 N 19.41 7.38 0.05 U 0.002 0.002 0.005 U
STA-1 10/4/06 N 4.72 8 0.1 U 0.001 U 0.001 U 0.005 U
STA-1 4/8/08 N 4.33 7.11 0.05 U 0.001 U 0.001 0.005 U
STA-1 6/13/08 N 83.19 7.52 0.05 U 0.003 0.001 0.009 0.005 U
STA-1 9/15/08 N 10.49 8.09 0.05 U 0.001 U 0.001 0.005 U 0.005 U
STA-1 6/15/09 N 89.27 7.59 0.09 0.0022 0.00096 0.005 U
STA-1 6/15/09 D 89.27 7.59 0.02 0.002 0.00091 0.005 U
STA-1 9/3/09 N 10.73 8.18 0.04 0.00083 0.00063 0.044
STA-1A 1/15/2003 N 4.70 8.2 184 27 0.1 U 0.003 U 0.001 U 0.01 0.002 0.01 U 0.005 U 0.2 U
STA-1A 2/12/2003 N 7.95 165 36 0.1 U 0.003 U 0.001 U 0.02 0.001 U 0.01 U 0.005 U 0.2 U
STA-1A 3/12/2003 N 6.50 8.32 202 50 0.1 U 0.003 U 0.003 0.5 0.002 0.01 U 0.014 0.005 U 0.2 U
STA-1A 3/25/2003 N 0.041 0.012
STA-1A 4/23/2003 N 37.80 8.1 123 35 0.1 U 0.003 0.004 0.38 0.001 U 0.01 U 0.015 0.005 U 0.2
STA-1A 5/13/2003 N 21.00 8.2 159 43 0.08 0.003 U 0.002 0.1 0.002 0.01 U 0.018 0.007 0.2 U
STA-1A 6/18/2003 N 25.00 8.3 163 34 0.1 U 0.003 U 0.002 0.12 0.001 0.01 U 0.012 0.006 0.2 U
STA-1A 7/25/2003 N 13.00 8.2 168 26 0.1 U 0.003 U 0.001 U 0.03 0.001 0.01 U 0.009 0.005 U 0.2 U
STA-1A 8/7/2003 N 5.80 8.3 179 27 0.1 U 0.003 U 0.001 U 0.02 0.001 0.01 U 0.009 0.005 U 0.2 U
STA-1A 9/23/2003 N 5.90 8.3 190 31 0.01 U 0.003 U 0.001 U 0.01 0.001 0.01 U 0.015 0.007 0.2 U
STA-1A 10/23/2003 N 5.25 8.1 174 32 0.1 U 0.003 U 0.001 U 0.01 0.001 0.01 U 0.008 0.005 U 0.2 U
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STATION DATE TYPE Flow
(cfs)

 Field pH 
(standard 

units)

Total 
Dissolved 

Solids
Sulfate

NA NA 0.01 0.01 1.3 0.3 ** 0.05 2 0.14 NA NA
Acute NA NA 0.34 0.014 * NA 0.020 0.12 * 0.022 NA NA

Chronic NA NA 0.15 0.009 * 1.00 0.005 0.12 * 0.0052 NA NA

TABLE 3-5
2003 to 2009 SURFACE WATER QUALITY DATA SUMMARY

Nitrate+ Nitrite 
as N

Dissolved 
Arsenic

Total 
Recoverable 

Arsenic

Total 
Recoverable 

Copper

Beal Mountain Mine
BCD - Blanket Collecton Drain for Beal Leach Pad
BS - Beafstraight Creek MINN - Minnesota Gulch 

Aquatic Life 
Standards

NA
NA

Weak Acid
Dissociable 

Cyanide

Total 
Recoverable 

Selenium

Total 
Recoverable 

Zinc
Total Cyanide

Total 
Recoverable 

Iron

Human Health Standards - Surface Water 10

MB - Main Beal Pit Drain STA - German Gulch

Thio-cyanate

STA-1A 11/12/2003 N 5.10 8.3 196 38 0.1 U 0.003 U 0.001 U 0.01 U 0.002 0.01 U 0.014 0.005 0.2 U
STA-1A 12/10/2003 N 8.54 182 32 0.1 U 0.003 U 0.001 U 0.01 0.001 0.01 U 0.01 0.005 U 0.2 U
STA-2 1/15/2003 N 1.93 7.95 246 102 0.2 0.003 0.002 0.03 0.002 0.01 U 0.005 U 0.2 U
STA-2 2/13/2003 N 1.57 7.7 214 95 0.2 0.003 0.001 U 0.01 0.002 0.01 U 0.005 U 0.2 U
STA-2 3/13/2003 N 1.72 7.8 236 97 0.2 0.003 U 0.001 U 0.01 U 0.003 0.01 U 0.005 U 0.3
STA-2 4/23/2003 N 8.00 8.1 182 80 0.2 0.005 0.006 0.24 0.003 0.01 U 0.034 0.005 U 0.2 U
STA-2 5/13/2003 N 4.90 8.5 255 121 0.27 0.004 0.002 0.04 0.005 0.09 0.005 U 0.2 U
STA-2 6/18/2003 N 7.30 8 173 70 0.1 0.003 U 0.002 0.04 0.002 0.01 U 0.005 U 0.2 U
STA-2 7/25/2003 N 2.01 8.3 274 116 0.1 0.004 0.002 0.01 0.004 0.01 U 0.005 U 0.2 U
STA-2 8/7/2003 N 1.80 8.3 293 138 0.1 U 0.004 0.001 0.01 U 0.004 0.01 U 0.005 U 0.2 U
STA-2 9/23/2003 N 1.24 8.4 316 144 0.04 0.004 0.001 U 0.01 U 0.003 0.01 U 0.005 U 0.2 U
STA-2 10/22/2003 N 1.24 8.4 291 140 0.1 U 0.004 0.001 0.01 0.003 0.01 U 0.006 0.005 U 0.2 U
STA-2 11/12/2003 N 1.37 8.25 284 126 0.1 0.004 0.005 0.05 0.003 0.01 U 0.005 U 0.2 U
STA-2 12/9/2003 N 8.31 209 82 0.1 0.004 0.001 U 0.01 U 0.003 0.01 U 0.005 U 0.2 U
STA-2 1/13/2004 N 1.37 8.21 0.005 0.001 U 0.004
STA-2 2/18/2004 N 1.57 8 0.004 0.001 0.003
STA-2 3/16/2004 N 1.72 8.22 0.004 0.001 U 0.003
STA-2 4/22/2004 N 2.30 8.41 0.004 0.001 0.004
STA-2 5/20/2004 N 7.75 8.16 0.005 0.004 0.002
STA-2 6/10/2004 N 7.15 8.21 0.004 0.002 0.002
STA-2 7/15/2004 N 1.93 8.37 83 0.005 0.002 0.002
STA-2 7/19/2004 N 0.05 UJ 0.005 UJ
STA-2 9/28/2004 N 1.57 8.41 100 0.05 U 0.002 0.002 0.005 U
STA-2 12/14/2004 N 1.72 7.79 0.001 U 0.003 0.005 U
STA-2 3/29/2005 N 1.64 8.33 0.08 0.001 0.004 0.005 U
STA-2 5/20/2005 N 9.30 8.33 0.15 0.006 0.005 0.005 U
STA-2 6/29/2005 N 15.00 7.99 0.05 U 0.003 0.002 0.01 U 0.005 U
STA-2 9/28/2005 N 1.93 8.28 110 0.05 U 0.004 0.001 U 0.002 0.01 U 0.005 U 0.2 U
STA-2 12/21/2005 N 0.89 7.7 0.21 0.001 U 0.004 0.005 U
STA-2 3/29/06 N 0.66 7.38 0.2 0.001 U 0.004 0.005 U
STA-2 6/27/06 N 5.34 7.75 0.05 0.002 0.005 0.005 U
STA-2 10/5/06 N 1.64 7.94 0.1 U 0.001 0.005 0.005 U
STA-2 4/8/08 N 1.24 7.11 0.09 0.001 U 0.004 0.005 U
STA-2 6/13/08 N 23.90 7.39 0.08 0.003 0.003 0.005 U
STA-2 9/15/08 N 2.40 7.91 0.08 0.001 U 0.004 0.005 U 0.005 U
STA-2 6/15/09 N 32.30 7.39 0.03 0.0026 0.0021 0.005 U 0.0052 J
STA-2 9/3/09 N 7.31 8.24 0.05 U 0.0018 0.0028 0.0016 U 0.0013 U
STA-3 1/15/2003 N 0.20 7.8 305 137 0.7 0.012 0.003 0.15 0.013 0.005 U 0.2 U
STA-3 2/13/2003 N 8.2 283 126 1.17 0.009 0.001 0.01 U 0.01 0.005 U 0.2 U
STA-3 3/11/2003 N 0.13 8.32 323 151 0.8 0.01 0.002 0.05 0.01 0.005 U 0.2 U
STA-3 5/13/2003 N 0.72 8.2 679 368 0.9 0.009 0.003 0.03 0.011 0.005 U 0.2 U
STA-3 6/30/2003 N 1.00 8.3 360 182 0.5 0.01 0.002 0.03 0.01 0.005 U 0.2 U
STA-3 1/20/2004 N 0.11 8.31 0.013 0.002 0.009
STA-3 2/18/2004 N 0.11 8.31 0.015 0.007 0.018
STA-3 3/16/2004 N 0.17
STA-3 6/10/2004 N 1.31 8.09 0.009 0.003 0.004
STA-3A 1/15/2003 N 0.32 7.9 294 120 1.1 0.009 0.001 0.02 0.008 0.01 U 0.005 U 0.2 U
STA-3A 2/13/2003 N 0.32 8.1 278 127 1.2 0.009 0.001 U 0.01 0.005 0.01 U 0.005 U 0.2 U
STA-3A 3/12/2003 N 0.38 8.21 283 120 1.3 0.009 0.003 0.09 0.007 0.01 U 0.005 U 0.2 U
STA-3A 4/23/2003 N 1.20 8 433 215 1 0.008 0.003 0.06 0.008 0.01 U 0.005 U 0.2 U
STA-3A 5/13/2003 N 0.77 7.9 533 280 1.61 0.008 0.003 0.03 0.012 0.01 U 0.017 0.005 U 0.2 U
STA-3A 6/18/2003 N 1.50 7.8 325 159 0.6 0.004 0.003 0.09 D 0.006 0.01 U 0.005 U 0.2 U
STA-3A 7/25/2003 N 0.59 8 390 167 0.9 0.01 0.002 0.01 0.01 0.01 U 0.012 0.006 0.2 U
STA-3A 8/7/2003 N 0.36 8.1 396 187 0.9 0.01 0.002 0.01 0.011 0.01 U 0.011 0.005 0.2 U
STA-3A 9/23/2003 N 0.16 8 352 149 1.02 0.01 0.001 0.01 U 0.011 0.01 U 0.009 0.005 U 0.2 U
STA-3A 10/22/2003 N 0.19 8 328 148 1.1 0.011 0.003 0.03 0.01 0.01 U 0.014 0.005 U 0.2 U
STA-3A 11/12/2003 N 0.21 8.1 371 161 1.3 0.01 0.001 0.01 U 0.013 0.01 U 0.007 0.005 U 0.2 U
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STATION DATE TYPE Flow
(cfs)

 Field pH 
(standard 

units)

Total 
Dissolved 

Solids
Sulfate

NA NA 0.01 0.01 1.3 0.3 ** 0.05 2 0.14 NA NA
Acute NA NA 0.34 0.014 * NA 0.020 0.12 * 0.022 NA NA

Chronic NA NA 0.15 0.009 * 1.00 0.005 0.12 * 0.0052 NA NA

TABLE 3-5
2003 to 2009 SURFACE WATER QUALITY DATA SUMMARY

Nitrate+ Nitrite 
as N

Dissolved 
Arsenic

Total 
Recoverable 

Arsenic

Total 
Recoverable 

Copper

Beal Mountain Mine
BCD - Blanket Collecton Drain for Beal Leach Pad
BS - Beafstraight Creek MINN - Minnesota Gulch 

Aquatic Life 
Standards

NA
NA

Weak Acid
Dissociable 

Cyanide

Total 
Recoverable 

Selenium

Total 
Recoverable 

Zinc
Total Cyanide

Total 
Recoverable 

Iron

Human Health Standards - Surface Water 10

MB - Main Beal Pit Drain STA - German Gulch

Thio-cyanate

STA-3A 12/9/2003 N 8.15 356 165 1.3 0.01 0.001 U 0.01 U 0.011 0.01 U 0.008 0.005 U 0.2 U
STA-3A 1/20/2004 N 0.26 8.1 415 229 1.2 0.011 0.002 0.01 U 0.011 0.009 0.005 U 0.3
STA-3A 2/18/2004 N 0.28 7.91 0.01 0.001 0.009
STA-3A 3/16/2004 N 0.32 8.16 228 0.9 0.009 0.001 U 0.009 0.005 U 0.2 U
STA-3A 4/22/2004 N 0.58 7.98 0.014 0.004 0.009
STA-3A 5/20/2004 N 1.08 8.12 0.01 0.003 0.007
STA-3A 6/10/2004 N 1.56 8.09 0.008 0.003 0.004
STA-3A 7/15/2004 N 0.35 8.11 232 0.012 0.003 0.01
STA-3A 7/19/2004 N 0.58 0.005 U
STA-3A 9/28/2004 N 0.26 8.13 75 0.47 0.002 0.007 0.005 UJ
STA-3A 12/14/2004 N 0.34 7.81 0.002 0.009 0.005 UJ
STA-3A 3/29/2005 N 0.31 8.21 0.73 0.002 0.008 0.005 U
STA-3A 6/29/2005 N 3.50 7.87 0.39 0.003 0.006 0.01 U 0.005 U
STA-3A 9/28/2005 N 0.32 7.85 309 0.65 0.01 0.002 0.008 0.01 U 0.008 0.005 U 0.2 U
STA-3A 12/21/2005 N 0.28 7.25 0.99 0.002 0.01 0.006 0.005 U
STA-3A 3/29/2006 N 0.16 7.62 0.9 0.001 0.01 0.005 U
STA-3A 6/27/2006 N 1.41 7.69 0.5 0.003 0.008 0.005 U
STA-3A 10/4/2006 N 0.30 7.62 0.6 0.002 0.008 0.005 U
STA-3A 4/7/2008 N 0.20 7.76 0.71 0.001 U 0.008 0.005 U
STA-3A 6/13/2008 N 6.07 7.56 0.56 0.003 0.013 M% 0.005 U
STA-3A 9/15/2008 N 0.78 7.77 0.57 0.002 0.008 0.006 0.005 U
STA-3A 9/15/2008 D 0.78 7.77 0.58 0.002 0.008 0.008 0.005 U
STA-3A 6/15/2009 N 6.39 7.46 0.24 0.0033 0.0075 0.005 U 0.005 U
STA-3A 9/3/2009 N 1.43 7.9 1.1 0.0018 0.006 0.0018 J 0.0032 J
STA-4 3/28/2003 N 0.06 7.7 159 70 0.1 U 0.003 U 0.001 U 0.01 0.002 0.005 U 0.2 U
STA-4 6/18/2003 N 0.70 7.9 109 41 0.1 U 0.004 0.002 0.04 0.002 0.005 U 0.2 U
STA-4 9/23/2003 N 0.03 7.8 197 81 0.1 U 0.003 0.001 U 0.01 U 0.002 0.005 U 0.2 U
STA-4 11/12/2003 N 0.07 7 195 81 0.1 U 0.003 U 0.001 U 0.01 U 0.003 0.005 U 0.2 U
STA-4 6/10/2004 N 1.00 8.24 0.003 U 0.002 0.002
STA-4 12/14/2004 N 0.10 8.02 0.001 0.003 0.005 U
STA-4 6/29/2005 N 2.36 7.84 0.05 U 0.003 0.001 0.01 U 0.005 U
STA-4 6/27/06 N 0.29 8.1 0.05 U 0.002 0.001 0.005 U
STA-4 6/12/08 N 2.67 7.21 0.05 U 0.002 0.002 M% 0.005 U
STA-4 6/15/09 N 4.07 7.3 0.005 U 0.0028 0.00062 0.005 U
STA-4 9/3/09 N 0.20 7.88 0.04 0.0029 0.0011 0.0016 U
SW-GG 10/12/2004 N 1300 369 0.01 0.005 0.005 U

Notes: UJ- The material was analzed for, but not detected above the associated value Value exceeds surface water human health standards from MDEQ Circular DEQ-7 (2008)
U - Concentration less than laboratory reporting limit Value exceeds acute aquatic life standard from MDEQ Circular DEQ-7 (2008)
D - Indicates reporting limit increased due to sample matrix interference Value exceeds chronic aquatic life standard from MDEQ Circular DEQ-7 (2008)
M% - Matrix spike recoveries exceed acceptable limits Type N - natural; D - duplicate; S - split
* -  based on a hardness of 100 mg/L cfs Cubic feet per second
** - No primary standard, secondary standard based on aesthetic properties Blank cells indicate sample not analyzed for that parameter
J - Estimated - greater than method detection limit but less than practical quantitation limit Concentrations in milligrams per liter (mg/L) except for pH. 
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of selenium, is captured before it can enter German Gulch.  Concentrations of selenium 
measured in all of the surface water samples collected during the 2003 to 2009 period shown in 
the table from STA-3 and STA-3A exceeded the chronic aquatic life standard, but none exceed 
the acute aquatic life standard of 0.02 mg/L.  Selenium concentrations measured in surface 
water samples from stations STA-4, STA-3, and STA-3A reached their highest levels between 
1997 and 1999 and have generally declined since then (see Maxim 2004a, Figure 12, page 37). 
 
 In October 2002, MDEQ conducted a synoptic sampling of the upper portion of German Gulch 
(Jepson, 2002).  Samples were collected and analyzed from uppermost German Gulch to a 
sample site located downstream of STA-3A (including Outfall 001, Figure 7).  At the time of this 
sampling, water from springs SPR-5 and SPR-10A and seepage from the toe drain of the waste 
rock dump (which collectively contained high concentrations of selenium) was being collected in 
a pipeline (MPDES Permit pipeline) and piped around some of these stations.  Further 
downstream, the outflow from the main Beal Mountain pit was collected and combined with the 
pipeline flows and disposed in a series of five infiltration galleries adjacent to German Gulch 
beginning about 400 feet downstream of STA-3A.  The chemistry and flow of the combined 
water from the various waste rock sources and the Main Beal pit drain was measured at Outfall 
001.  The MDEQ study also sampled the two springs and the toe drain seepage separately.  As 
each of the inflows was measured, a comparative loading analysis of selenium contribution from 
each source to the total outflow from the waste rock dump was done (assuming the toe drain 
system collects the entire outflow from the toe area of the dump, which is unlikely as there is 
undoubtedly some contaminated groundwater flow that is not captured by the toe drain system) 
(Table 3-6).  Data shown in Table 3-6 indicates that of the total load measured from these three 
sources, the toe drain contributes almost 71.8%.   
 
Adding flow from the main Beal Mountain pit under-drain system, although only having a Se 
concentration of 8 micrograms per liter, results in 21.3% of the total load at Outfall 001 from this 
source, principally due to the relatively high flow component (58.8 gpm) from the under-drain 
system.  The waste rock dump component loads shown in Table 3-6 are normalized to 100% at 
Outfall 001.   
 

TABLE 3-6 
SELENIUM LOADING FROM WASTE ROCK COMPONENTS AND PIT DRAIN(1)  

Sample Site 
In-Flow 
To Drain 
(gpm)2 

Total 
Selenium

(μg/L)2 

Selenium Load 
(pounds/day) 

Selenium Load from 
Waste Rock dump 
Components (%) 

Selenium Load at 
Outfall 001 below 

STA-3A (%) 

Spring SPR-10A 1.0 346 0.00416 19.9% 15.7% 

Spring SPR-5 1.7 84 0.00172 8.2% 6.5% 

Toe Drain 13.0 96 0.01500 71.8% 56.5% 

Total Waste Rock Dump  15.7 -- 0.02088 100% 78.7% 

MB Pit Drain 58.8 8 0.00566 -- 21.3% 

Total at Outfall 001 82 23 0.02654 -- 100.0% 

1 Data collected by Wayne Jepson, MDEQ, 10/17/02 
2 gpm = gallons per minute; μg/L = micrograms per liter 
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The MDEQ study also measured main stem inflows into German Gulch at several stations and a 
number of springs.  Because selenium is apparently lost to groundwater along loosing reaches 
of the stream and is not conserved, it cannot be used to show loading contributions further 
downstream in German Gulch.  However, what can be said of these data is that almost all of the 
loading enters the system from downstream of STA-4, and not from the surface water inflows 
measured.  In addition, almost 50% of the load is present at STA-3 (presumably mostly from 
groundwater contributions) and the remainder of the load enters between STA-3 and STA-3A.   
 
In the fall of 1992, sulfide-bearing waste rock from the main Beal Mountain pit was used to 
construct a new haul road to access the South Beal pit.  Coarse waste rock was placed directly 
in the German Gulch floodplain in an attempt to have the water in German Gulch flow through 
the rock rather than through the culvert.  While some of this fill was removed in 1999 through 
2001 during construction of Outfall 001 of the main Beal Mountain pit drain system, the coarse 
waste rock remains in the stream along with overlying fill required to maintain the road crossing.  
In September 2003, the USDA-FS conducted a metal loading study in German Gulch (Gurrieri, 
2003).  The purpose of this study was to characterize selenium concentrations and identify 
possible sources contributing selenium to German Gulch during low flow conditions.  Results of 
the study indicated that all main-stem sampling sites above the road crossing of German Gulch 
near the main Beal Mountain pit mouth had selenium concentrations below the chronic aquatic 
life criteria of 0.005 mg/L (waste rock dump seepage was being diverted during the sampling 
period around this upper portion of German Gulch in the MPDES permit pipeline).  Selenium, 
sulfate, and nitrate concentrations increase appreciably below the road crossing near where a 
right bank tributary discharges just below the culvert crossing (named the Road Fill spring).  
This right-bank tributary contributed as much as 65% of the total remaining load encountered in 
the reach of German Gulch that was included in this synoptic study.  Subsurface inflow at this 
point is considerable and was calculated to contribute as much as 46% of the measured load 
(Figure 16) (Gurrieri, 2003).  It needs to be remembered here that this percentage of loading 
does not take into account the diverted loading from waste rock seepage or the Main Beal pit 
under drain system and that these components are capable of accounting for100% of the load 
at STA-3A.  Therefore, the groundwater component and the Road Fill spring’s total contribution 
to loading at STA-3A is likely very small (probably less than 10% of total loading). In addition, 
most of the subsurface (groundwater) selenium loading occurred over a very short distance of 
an approximately 300 foot reach of German Gulch.  Using water quality data down stream of 
this  study reach, the greatest increase in selenium and sulfate loading occurred between STA-3 
(5,000 feet downstream of STA-4) and STA-3A.  Loads and concentrations of selenium and 
sulfate are much lower at and below STA-2, probably as a result of dilution.   
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 Selenium Loads in German Gulch - Upper and Lower Reaches
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Figure 16.  Selenium Loading in German Gulch (micrograms per second) (after Gurrieri, 
2003) 
 
The study identified potential sources of selenium including the waste-rock dump, waste 
material used as road fill, and the leach pad where waste rock was used to construct the leach 
pad containment dike.  The chemical signature of selenium, sulfate, and nitrate are indicators of 
contamination from waste rock.  The study also concluded groundwater discharging to German 
Gulch from faults that cross the valley in the vicinity of the Beal Mountain pit are probably not a 
source of selenium because the pit water has low to negligible selenium concentrations. 
 
A number of seeps and springs (Figures 17 and 18) both on the German Gulch side of the 
divide (SPR-2, SPR-3, and SPR-T) and seeps and springs on the Minnesota Gulch side of the 
divide (SPR 19, and SPR D3, D4  and D-8) are located down-gradient of the heap leach pad. 
These springs have both elevated Se and CN values (Table 3-6), as do both under drain 
collection ponds (BCD and BCD-A).  It is unclear if the sources of the Se and CN are from 
beneath the leach pad or the result of seasonal hydrologic events on the pad that have 
occasionally allowed the leach pad to discharge over the top edge of the liner.  Many of these 
areas are also areas that could have been significantly impacted by contaminated LAD water 
applications. 
 
Concentrations of cyanide exceed the chronic and occasionally the acute standards for some 
stream surface water sampling events in 2003 in American Gulch and for several sampling 
events in 2003, through 2009 in Lower Minnesota Gulch (Figure 17).  All but seven samples 
from Beefstraight Creek exceeded the chronic standard and seven samples exceeded the acute 
standard for cyanide (Figure 17).  These three tributaries are located to the north of the German 
Gulch divide and drain the areas of most intense LAD application located to the north of the 
leach pad (Figure 3).  Surface water in samples collected from STA-3A in upper German Gulch 
was also occasionally elevated in cyanide during 2003 through 2009 (above the chronic but 
below the acute level) (Figure 17).  
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Figure 17.  Total Cyanide Concentrations in Surface Water 
 
 

Surface water at STA-2 showed two exceedances of the cyanide standard in 2003 and no 
exceedances in 2004 through 2009, although STA-1 and STA-1A, located below the confluence 
of Beefstraight Creek (the tributary creek that drains the LAD area) with German Gulch, 
frequently exceeded the chronic standard for cyanide (Figure 17).   
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3.2.4 GROUNDWATER QUALITY  
 
Background 
 
There is a very limited amount of data available to assess pre-mining selenium groundwater 
concentrations in vicinity of the existing waste rock dump.  In fact, only one water sample 
collected from spring SPR-5 in October 1981 is representative of pre-mining conditions.  This 
spring is located at the toe of the waste rock dump and therefore, since the initial construction of 
the waste rock dump in 1989 and continuing to the present has been affected by waste rock 
seepage moving down-slope beneath the dump.  Total and dissolved selenium concentrations 
were below the detection limit (0.005 mg/L) in the 1981 sample.  Dissolved selenium 
concentrations at SPR-5 remained below detection limit values until November 1989 when they 
began to increase, peaking in 1993 with a dissolved concentration of 0.199 mg/L.  Total and 
total recoverable selenium concentrations were not measured regularly until 1997.  Total 
recoverable selenium concentrations measured from 1997 through 2009 are considerably less 
than the dissolved concentrations measured in the early to mid nineties and average 0.068 
mg/L.  Samples from SPR-5 in 1981 also reported an Arsenic concentration of 0.011 mg/L 
(which is in excess of the current human health standards), elevated levels of Copper (0.01 
mg/L) (which was likely in excess of the Acute and Chronic aquatic water quality standards) and 
an iron concentration of 0.03 mg/L.  All other metal constituents measured were at 
concentrations below detection limit values (BMMI, 1988).  
 
Groundwater Quality 2003-2005 
 
Groundwater samples have not been collected since 2005.  Comparison of 2003, 2004, and 
2005 water quality data from monitoring wells to groundwater standards  (Table 3-7)  indicates  
that samples  from wells in the  land application disposal  (LAD)  area (Figure 18) only rarely 
exceeded standards for nitrate, iron, and cyanide.  Many, however, did have elevated total 
dissolved solids.  Cyanide was generally not detected in monitoring wells in the LAD area prior 
to 2001 when land application of treated water from the leach pad was initiated.  Since that time, 
cyanide concentrations in most monitoring wells in the LAD area have increased.  In addition, 
springs located within and downhill of the LAD area show appreciable increases in cyanide and 
selenium concentrations since land application began in 2001 (Table 3-6).   
 
Selenium and sulfate concentrations increased in colluvial wells located north of the northern 
portion of the leach pad dike, which was constructed with unoxidized waste rock from the Beal 
Mountain pit.  This may have resulted from the flushing of soluble selenium from the waste rock 
that subsequently infiltrated into shallow groundwater in this area.   
 
Springs sampled at the toe of the waste rock dump have shown impacts of water draining 
through waste rock.  Concentrations of selenium, sulfate, nitrate, and total dissolved solids are 
elevated in these springs (Table 3-6).  A comparison of selenium and nitrate concentrations in 
wells located in the waste rock toe area indicates that selenium and nitrate impacts are much 
more pronounced in shallow alluvial groundwater than in the underlying bedrock (Table 3-7).  
Sulfate began increasing in groundwater in both bedrock and alluvium at that location in about 
1992 and has been increasing since.   
 
Groundwater samples from wells adjacent to German Gulch downstream of the Beal Mountain 
pit occasionally exceeded the MCL for iron and contained relatively high concentrations of total 
dissolved solids and sulfate.  Selenium concentrations increased slightly in alluvial and bedrock  



Total 
Dissolved 

Solids
Sulfate

NA NA 10 0.01 1.3 0.3 ** 0.050 0.2
MB-97-01 6/30/2003 N 85 6 7 1670 1490 882 0.1 U 0.003 U 0.001 U 0.88 0.003 0.005 U 0.2 U
MB-97-01 6/12/2004 200 22.75
MB-97-01 6/25/2004 6.5
MB-97-01 12/31/2004 7
MB-97-01 6/28/2005 N 5.71
MB-97-02 6/30/2003
MB-97-02 11/13/2003 N 180 26.1 7 1320 1070 679 0.1 U 0.003 U 0.001 U 5.26 0.001 U 0.046 0.012 0.2 U
MB-97-02 6/10/2004 N 200 23.49 7.11 1592 0.003 U 0.001 26 0.001
MB-97-02 6/12/2004 200 22.75
MB-97-02 12/31/2004 23.9
MB-97-02 6/28/2005 N 23.45 7.07 1525 0.05 U 0.001 0.001 0.005 U
RFMW-1A 10/11/2004 N 17 16.28 268 127 0.07 0.009 0.001 0.01 U 0.003 0.005 U
RFMW-1B 10/11/2004 N 26 14.09 306 132 0.11 0.01 0.003 0.01 U 0.004 0.005 U
RFMW-2A 10/14/2004 N 15 16.28 561 295 0.7 0.014 0.002 U 0.01 U 0.009 0.005 U
RFMW-2B 10/13/2004 N 25 14.54 526 313 1.04 0.014 0.002 U 0.01 U 0.009 0.005 U
SBB-87-01 6/30/2003 N 32 7.1 7.2 1250 1010 598 0.2 0.003 U 0.004 0.08 0.012 0.005 U 0.2 U
SBB-87-01 11/13/2003 N 32 7.91 7.2 1270 1060 658 0.3 0.003 0.002 0.04 0.012 0.005 U 0.2 U
SBB-87-01 6/10/2004 N 32 7.6 7.21 1374 0.003 U 0.004 0.012
SBB-87-01 12/30/2004 N 8 7.52 1430 0.14 0.005 0.014 0.005 U
SBB-87-01 6/28/2005 N 7 7.1 1409 0.09 0.006 0.023 0.005 U
SBB-87-02 6/30/2003 N 150 6.6 7.4 1160 1170 691 0.1 U 0.008 0.001 U 0.12 0.002 0.005 U 0.2 U
SBB-87-02 11/13/2003 N 150 7 7.7 1400 1220 783 0.1 U 0.007 0.001 U 0.14 0.001 U 0.005 U 0.2 U
SBB-87-02 6/10/2004 N 150 6.7 7.5 1482 0.008 0.001 U 0.001 U
SBB-87-02 12/30/2004 N 7 7.83 1541 0.05 U 0.004 0.001 U 0.005 U
SBB-87-02 6/28/2005 N 6.25 7.58 1308 0.05 U 0.001 U 0.001 U 0.005 U
SBB-87-06 6/30/2003 N 150 14.5 7.2 660 142 7 0.4 0.005 0.001 0.03 0.001 U 0.005 U 0.2 U
SBB-87-06 11/13/2003 N 150 18.3 7.9 250 160 6 0.5 0.006 0.003 0.02 0.001 U 0.005 U 0.2 U
SBB-87-06 6/10/2004 N 150 15.5 7.93 297 0.005 0.002 0.001 U
SBB-87-06 12/31/2004 N 18 7.78 294 0.26 0.002 0.001 U 0.005 U
SBB-87-06 6/28/2005 N 13.2 7.7 259 0.38 0.002 0.001 U 0.005 U
SBB-87-07 6/30/2003 85 13.6
SBB-87-07 11/13/2003 N 85 15.89 7.3 640 448 214 2.3 0.003 U 0.001 U 0.06 0.001 0.013 0.005 U 0.2 U
SBB-87-07 6/10/2004 N 85 12.29 7.38 780 0.003 U 0.001 0.001
SBB-87-07 12/31/2004 N 14 7.26 760 1.52 0.003 0.001 0.024 0.005
SBB-87-07 6/28/2005 N 9.13 6.9 1644 0.08 0.001 U 0.001 U 0.034 0.007
SBB-87-12 1/15/2003 N 150 7.6 7.6 300 188 59 0.1 U 0.01 0.002 0.03 0.001 U 0.005 U 0.23
SBB-87-12 2/13/2003 N 150 8.4 318 179 61 0.05 U 0.011 0.001 U 0.01 U 0.001 U 0.005 U 0.3
SBB-87-12 3/11/2003 N 150 7.94 318 191 63 0.1 U 0.008 0.001 U 0.04 0.001 U 0.005 U 0.3
SBB-87-12 4/30/2003 N 150 7.8 8.25 300 184 63 0.1 U 0.011 0.001 U 0.09 0.001 U 0.005 U 0.3
SBB-87-12 5/21/2003 N 150 8.6 8.2 300 197 60 0.1 U 0.009 0.001 U 0.08 0.001 U 0.005 U 0.2 U
SBB-87-12 6/30/2003 N 150 5.8 8.3 480 183 64 0.1 U 0.008 0.001 U 0.03 0.001 U 0.005 U 0.2 U
SBB-87-12 7/25/2003 N 150 7.9 7.95 300 189 56 0.1 U 0.009 0.001 U 0.52 0.001 U 0.005 U 0.2 U
SBB-87-12 8/22/2003 N 150 8.2 320 195 63 0.1 U 0.009 0.001 U 0.01 0.001 U 0.005 U 0.2 U
SBB-87-12 11/13/2003 N 150 8.46 8.1 340 204 67 0.1 U 0.01 0.001 U 0.02 0.001 U 0.005 U 0.2 U
SBB-87-12 6/10/2004 N 150 7.5 8.16 329 0.007 0.001 U 0.001 U
SBB-87-12 12/30/2004 N 8 7.91 374 0.05 U 0.001 U 0.001 U 0.005 U
SBB-87-12 6/28/2005 N 7.25 7.88 345 1.44 0.006 0.008 0.009 0.005 U
SBB-87-13 1/15/2003 N 17 7.3 430 291 122 0.9 0.01 0.007 0.09 0.011 0.005 U 0.57
SBB-87-13 2/13/2003 N 17 7.82 441 286 132 0.91 0.01 0.006 0.01 0.011 0.005 U 0.7
SBB-87-13 3/11/2003 N 17 7.43 462 288 129 0.9 0.012 0.008 0.07 0.01 0.005 U 0.4
SBB-87-13 4/30/2003 N 17 10.2 7.3 580 407 197 1.5 0.014 0.016 0.6 0.009 0.005 U 0.7
SBB-87-13 5/21/2003 N 17 9 7.6 640 456 225 1.7 0.01 0.008 1.38 0.01 0.005 U 0.5
SBB-87-13 6/30/2003 N 17 11.6 8.3 310 311 138 1.5 0.01 0.005 0.02 0.009 0.005 U 0.2 U

Selenium

Groundwater Human Health Standard - 

STATION DATE
Depth to 

Water
(feet) Iron

Type
Field pH 

(standard 
units)

Well 
Depth
(feet)

TABLE 3-7 
2003 to 2008 GROUNDWATER DATA SUMMARY

Beal Mountain Mine

NA

Field SC 
(umhos/

cm)

Dissolved Concentration (milligrams per liter)

Nitrate/
Nitrite as N Arsenic Copper

Weak Acid
Dissociable

Cyanide
Total Cyanide Thio-

cyantate

NA
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Total 
Dissolved 

Solids
Sulfate

NA NA 10 0.01 1.3 0.3 ** 0.050 0.2

Selenium

Groundwater Human Health Standard - 

STATION DATE
Depth to 

Water
(feet) Iron

Type
Field pH 

(standard 
units)

Well 
Depth
(feet)

TABLE 3-7 
2003 to 2008 GROUNDWATER DATA SUMMARY

Beal Mountain Mine

NA

Field SC 
(umhos/

cm)

Dissolved Concentration (milligrams per liter)

Nitrate/
Nitrite as N Arsenic Copper

Weak Acid
Dissociable

Cyanide
Total Cyanide Thio-

cyantate

NA
SBB-87-13 7/25/2003 N 17 12.05 7.2 480 338 131 1.3 0.013 0.01 1.02 0.009 0.005 U 0.2 U
SBB-87-13 8/22/2003 N 17 7.65 490 335 147 1.2 0.012 0.006 0.03 0.01 0.01 0.005 U 0.4
SBB-87-13 11/13/2003 N 17 12.15 7.7 470 320 139 1.1 0.012 0.008 0.02 0.01 0.005 U 0.2 U
SBB-87-13 6/10/2004 N 17 11.6 7.48 542 0.009 0.005 0.007
SBB-87-13 12/30/2004 N 10 7.28 671 0.84 0.008 0.008 0.005 U
SBB-87-13 6/28/2005 N 6.8 7.41 497 0.05 U 0.001 U 0.001 U 0.005 U
SBB-88-20 6/30/2003 60 27.3
SBB-88-20 11/13/2003 N 60 32.52 7.1 870 659 336 9 0.003 U 0.004 0.03 0.026 0.014 0.005 U 0.2 U
SBB-88-20 6/10/2004 D 0.003 U 0.01 0.023
SBB-88-20 6/10/2004 S 349 8.02 0.024 0.008 0.2 U
SBB-88-20 6/10/2004 N 60 28.2 6.92 925 0.003 U 0.008 0.021
SBB-88-20 12/31/2004 N 34 7.11 993 7.7 0.035 0.027 0.029 0.005 UJ
SBB-88-20 6/28/2005 N 26.35 7.37 1137 7.84 0.02 0.023 0.023 0.005
SBB-88-25 6/30/2003 N 32 6.1 7.2 444 277 82 1.2 0.003 0.007 0.03 0.01 0.052 0.013 0.2 U
SBB-88-25 11/13/2003 N 32 18.25 7.5 570 411 168 2 0.003 U 0.011 0.03 0.013 0.059 0.018 0.2 U
SBB-88-25 6/10/2004 N 32 13.35 7.29 650 0.003 U 0.011 0.01
SBB-88-25 12/30/2004 N 19.1 7.25 726 2.19 0.028 0.013 0.094 0.017
SBB-88-25 6/28/2005 N 6.72 7.31 461 1.17 0.005 0.011 0.069 0.011
SBB-88-26 6/30/2003 N 73 7 7.35 420 293 88 1 0.003 0.002 0.04 0.008 0.067 0.011 0.2 U
SBB-88-26 11/13/2003 N 73 17.5 7.4 610 432 181 2.2 0.003 U 0.003 0.05 0.009 0.09 0.022 0.2 U
SBB-88-26 6/10/2004 N 73 13.6 7.35 681 0.003 U 0.002 0.009
SBB-88-26 12/30/2004 N 21 7.35 919 3.68 0.005 0.01 0.113 0.023
SBB-88-26 12/30/2004 D 3.73 0.005 0.01 0.132 0.023
SBB-88-26 6/28/2005 N 3.8 7.39 464 1.18 0.006 0.01 0.075 0.012
SBB-91-29 6/30/2003 N 39 10.5 6.8 1570 1390 734 16 0.003 U 0.002 0.56 0.047 1.68 D 0.27 D 0.2 U
SBB-91-29 6/10/2004 N 39 11.25 6.97 1635 0.003 U 0.002 0.02
SBB-91-29 12/31/2004 N 12 7.12 1680 10.3 0.005 0.006 1 D 0.094
SBB-91-29 6/28/2005 N 10.85 6.88 1635 13 0.001 U 0.021 0.93 0.311
SBB-91-30 6/30/2003 N 24 10.6 6.8 1420 1200 616 10.7 0.003 U 0.002 0.06 0.02 0.109 0.024 0.2 U
SBB-91-30 6/10/2004 N 24 10.4 6.94 1393 0.003 U 0.001 0.014
SBB-91-30 12/31/2004 N 12 7.66 1080 3.73 0.002 0.01 0.029 0.005
SBB-91-30 6/28/2005 N 9.97 6.94 1504 12.5 0.001 0.018 0.067 0.017
SBB-94-31 1/15/2003 N 150 7.5 560 340 103 2.7 0.003 U 0.006 0.21 0.015 0.052 0.02 0.28
SBB-94-31 2/13/2003 N 150 7.08 576 339 117 2.46 0.003 U 0.005 0.14 0.016 0.116 0.018 0.3
SBB-94-31 3/11/2003 N 150 7.83 227 358 119 2.4 0.003 U 0.006 0.28 0.016 0.145 0.027 0.4
SBB-94-31 4/30/2003 N 150 56.1 7.6 510 366 123 2.3 0.003 U 0.005 0.15 0.018 0.005 U 0.3
SBB-94-31 5/21/2003 N 150 34.1 7.6 560 400 125 2.9 0.003 U 0.004 0.11 0.018 0.156 0.085 0.2 U
SBB-94-31 6/30/2003 N 150 47.1 7.4 560 393 125 4.2 0.003 U 0.004 0.07 0.015 0.138 0.038 0.2 U
SBB-94-31 7/25/2003 N 150 76.5 7.5 620 430 132 3.2 0.003 U 0.004 0.1 0.019 0.21 D 0.054 0.2 U
SBB-94-31 8/22/2003 N 150 7.8 625 457 168 2 0.003 U 0.002 0.05 0.021 0.25 D 0.046 0.2 U
SBB-94-31 11/13/2003 N 150 71.75 7.35 530 454 177 2.2 0.003 U 0.003 0.08 0.02 0.136 0.04 0.2 U
SBB-94-31 6/10/2004 N 150 69.85 7.48 570 0.003 U 0.002 0.017
SBB-94-31 12/30/2004 N 76 7.45 617 2.01 0.007 0.018 0.108 0.017
SBB-94-31 6/28/2005 N 60.62 7.28 518 2.98 0.009 0.012 0.065 0.009
SBMW-2 6/30/2003 155
SBMW-3 6/30/2003 N 123 94 7.5 340 195 70 1.2 0.003 U 0.001 U 0.01 U 0.004 0.005 U 0.2 U
WRMW-1 10/18/2004 N 141 123.1 1590 1120 2.31 0.007 0.002 U 0.01 U 0.1 0.005

WRMW-1A 10/18/2004 D 1600 1090 2.35 0.008 0.002 U 0.01 U 0.1 0.005 U

Notes: UJ- The material was analzed for, but not detected above the associated value Shading indicates value exceeds human health groundwater standard from MDEQ Circular DEQ-7 (2008)
Concentrations in milligrams per liter (mg/L) except for pH. Type N - natural; D - duplicate; S - split
U - Concentration is less than laboratory reporting limit indicated Blank cells indicate sample not analyzed for that parameter
D- Report limit increased due to sample matrix interference
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groundwater in these wells from 1993 to 1995, with another increase in selenium concentrations 
noted in bedrock groundwater in 2001.  Changes in surface water selenium concentrations in 
German Gulch at STA-3 parallel changes in the bedrock well near this station, suggesting good 
communication between surface and groundwater at this location.  
 
In 2004, five additional groundwater monitoring wells were installed in the German Gulch 
watershed (Figure 18).  Four wells were installed in two locations up-gradient and down-
gradient of the road fill that covers German Gulch near the mouth of the main Beal Mountain pit 
(RFMW-1A and -1B; RFMW-2A and – 2B) and the fifth well (WRMW-1) was installed in the 
waste rock dump.  These wells were installed to answer questions regarding selenium loading 
from the waste rock dump and from the road fill.  A detailed discussion of the methods and 
results are presented in Maxim (2004b).   
 
Analysis of data collected during the installation of the waste rock well WRMW-1 (Figures 18, 
19 and 20) showed that the waste rock dump is a major source of selenium.  While it had been 
speculated that the captured spring 10A was the main source of selenium from the waste rock 
dump, concentrations of selenium in well WRMW-1 (0.1 mg/L) are similar to the concentrations 
measured in the toe drain (0.096 mg/L).  These data show that the source of selenium in water 
beneath the dump is more widespread than initially thought (not just from spring 10A). In 
addition, it suggests that the spring/toe-drain capture system may not be effective in preventing 
selenium from moving through the local groundwater system under the waste rock dump.  
 
Water quality results in surface water and groundwater in the road fill area do not indicate road 
fill is the primary source of selenium loading to German Gulch. However, constituent 
concentrations in groundwater change considerably between the two well pairs, with down-
gradient well pair showing a doubling of many constituent concentrations including major ions 
sulfate, calcium, and magnesium, and metalloids arsenic and selenium. A 10-fold increase in 
nitrate concentrations was also measured in the down-gradient well pair from the up-gradient 
well pair.  Groundwater constituent concentrations and surface water constituent concentrations 
were similar at the down-gradient well pair location, although arsenic is higher in groundwater 
than surface water and total dissolved solids are higher in surface water than groundwater.  
Water quality in SPR-3 is similar to both German Gulch surface water and groundwater for 
many constituents.  It appears that concentrations measured in groundwater, surface water, and 
SPR-3 could be connected to groundwater inputs that originate from uphill of SPR-3. In addition, 
water discharging from MB Drain contains elevated concentrations of selenium (0.015 mg/L in 
June 2005) that may increase groundwater concentrations in the road fill area (Table 3-5).  



WRMW-1
SPRING 10A

N

A A'



N



Total 
Dissolved 

Solids
NA NA 10 0.01 1.3 0.3 ** 0.05 0.14 NA NA

Acute NA NA NA 0.34 0.014 * NA 0.020 0.022 NA NA
Chronic NA NA NA 0.15 0.009 * 1 0.005 0.005 NA NA

SPR-1A 8/22/2003 N 5 8.1 598 192 0.1 0.064 0.003 0.09 0.004 0.005 U 0.2 U
SPR-1A 6/18/2008 N 30 528 230 0.71 0.066 0.003 0.224 0.001 0.005 U 0.005 U 0.2 U
SPR-2 1/15/2003 N 1 7.4 295 77 2 0.007 0.001 U 0.01 U 0.016 0.012 0.013 0.2 U
SPR-2 2/12/2003 N 1 7.89 289 85 2.09 0.006 0.001 U 0.01 U 0.015 0.048 0.009 0.2 U
SPR-2 3/11/2003 N 0.8 8.06 308 88 2.1 0.005 0.007 0.06 0.016 0.057 0.015 0.2 U
SPR-2 4/23/2003 N 0.55 7.2 255 68 1.9 0.006 0.001 0.01 U 0.016 0.048 0.019 0.2 U
SPR-2 5/16/2003 N 1.2 8.2 244 50 1.6 0.007 0.002 0.01 U 0.008 0.034 0.013 0.2 U
SPR-2 7/25/2003 N 0.6 7.4 867 410 D 1.2 0.003 U 0.001 U 0.01 U 0.069 0.02 0.009 0.2 U
SPR-2 8/7/2003 N 0.61 7.2 838 469 1.1 0.003 U 0.001 U 0.01 U 0.059 0.026 0.015 0.2 U
SPR-2 6/18/2008 N 0.53 481 230 0.72 0.007 0.006 0.131 0.015 0.015 0.012 0.2 U
SPR-2 6/16/2009 N 0.114 7.11 0.24 0.00085 0.0078 0.0096 J 0.011
SPR-2 9/4/2009 N 0.52 7.23 1 0.0005 U 0.0142 0.066 0.01
SPR-2 9/4/2009 D 0.52 7.23 1 0.0005 U 0.0146 0.075 0.042
SPR-3 3/12/2003 N 2 8.3 504 267 1.8 0.008 0.005 0.53 0.01 0.02 0.005 0.2 U
SPR-3 6/30/2003 N 3 7.9 628 326 2.2 0.006 0.002 0.09 0.011 0.03 0.011 0.2 U
SPR-3 6/30/2003 N 1.2 7.5 203 38 1.2 0.007 0.001 0.01 U 0.006 0.022 0.009 0.2 U
SPR-3 10/12/2004 N 573 306 1.23 0.023
SPR-3 6/18/2008 N 12 655 380 2.59 0.006 0.002 0.077 0.012 0.005 U 0.005 U 0.2 U
SPR-3 6/15/2009 N 60.6 7.89 2.2 0.0014 0.012 0.006 J 0.0056 J
SPR-3 9/3/2009 N 1.47 8.11 0.726 0.0033 0.005 0.0068 0.012 M%
SPR-5 3/28/2003 N 0.5 7.8 1750 1050 3 0.004 0.004 0.14 0.07 0.005 U 0.2 U
SPR-5 6/18/2003 N 1.5 7.5 1790 1110 3.8 0.005 0.003 0.02 0.069 0.005 U 0.2 U
SPR-5 9/18/2003 N 1 7.9 1890 1140 D 2.6 0.007 0.002 0.12 0.066 0.005 U 0.2 U
SPR-5 11/12/2003 N 0.25 7.7 1880 1140 D 2.8 0.007 0.003 0.18 D 0.069 0.005 U 0.2 U
SPR-5 3/16/2004 N 0.5 7.93 0.004 0.005 0.058
SPR-5 6/10/2004 N 2 7.93 0.006 0.004 0.044
SPR-5 9/28/2004 N 0.5 7.76 1110 D 1.49 0.003 0.049 0.005 UJ
SPR-5 12/14/2004 N 0.5 7.78 1.9 0.003 0.066 0.005 U
SPR-5 3/29/2005 N 0.5 7.96 1.86 0.003 0.065 0.005 U
SPR-5 6/29/2005 N 1 7.59 2.87 0.006 0.051 0.005 U
SPR-5 9/28/2005 N 0.5 7.85 2.08 0.003 U 0.002 0.137 0.005 U 0.2 U
SPR-5 12/22/2005 N 1 7.96 2.81 0.004 0.058 0.005 U
SPR-5 3/29/2006 N 0.002 0.052 0.005 U
SPR-5 6/27/2006 N 0.4 7.38 2.44 0.005 0.049 0.005 U
SPR-5 10/5/2006 N 0.1 7.52 1.7 0.003 0.053 0.005 U
SPR-5 4/7/2008 N 7.08 0.69 0.004 0.033 0.005 U
SPR-5 6/12/2008 N 3 7.5 1.29 0.003 0.048 M% 0.005 U
SPR-5 9/15/2008 N 0.5 7.75 1.19 0.002 0.044 0.005 U 0.005 U
SPR-5 6/16/2009 N 1.1 7.24 0.33 0.0012 0.00467 0.005 U 0.005
SPR-5 9/4/2009 N 0.63 7.59 0.74 0.0014 0.00367 0.0065 0.011 M%

SPR-5F 3/29/2006 N
SPR-10A 3/28/2003 N 0.38 7.3 814 416 2.9 0.003 U 0.001 U 0.01 U 0.319 0.005 U 0.2 U
SPR-10A 6/18/2003 N 10 7.1 812 437 2 0.003 U 0.002 0.01 U 0.173 0.005 U 0.2 U
SPR-10A 9/18/2003 N 1.06 6.9 936 511 2.6 0.003 U 0.001 0.01 U 0.318 0.005 U 0.2 U
SPR-10A 11/12/2003 N 0.27 7.7 946 483 D 2.6 0.003 U 0.001 0.01 U 0.301 0.005 U 0.2 U
SPR-10A 6/10/2004 D 0.003 U 0.002 0.17
SPR-10A 6/10/2004 N 9.7 7.14 0.003 U 0.001 U 0.08
SPR-10A 6/10/2004 S 554 1.53 0.005 U 0.2 U
SPR-10A 9/28/2004 N 5.3 7.03 686 D 2.11 0.002 0.275 0.005 U
SPR-10A 12/14/2004 N 0.8 7.17 2.6 0.002 0.357 0.005 U
SPR-10A 3/29/2005
SPR-10A 6/29/2005 N 7 7.35 1.72 0.004 0.179 0.005 U

Beal Mountain Mine

Total Cyanide
Weak Acid
Dissociable

Cyanide

STATION DATE
Field pH

(standard 
units)

Nitrate/
Nitrite as N

Aquatic Life 
Standards

Type
Iron +

Human Health Standards - Surface Water

TABLE 3-8
2003 to 2009 SPRING WATER QUALITY DATA SUMMARY
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cyantate
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Flow 
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NA NA 10 0.01 1.3 0.3 ** 0.05 0.14 NA NA

Acute NA NA NA 0.34 0.014 * NA 0.020 0.022 NA NA
Chronic NA NA NA 0.15 0.009 * 1 0.005 0.005 NA NA

SPR-1A 8/22/2003 N 5 8.1 598 192 0.1 0.064 0.003 0.09 0.004 0.005 U 0.2 U
SPR-1A 6/18/2008 N 30 528 230 0.71 0.066 0.003 0.224 0.001 0.005 U 0.005 U 0.2 U

Beal Mountain Mine

Total Cyanide
Weak Acid
Dissociable

Cyanide
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Field pH
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units)

Nitrate/
Nitrite as N

Aquatic Life 
Standards

Type
Iron +

Human Health Standards - Surface Water

TABLE 3-8
2003 to 2009 SPRING WATER QUALITY DATA SUMMARY

Thio-
cyantate

Total Concentration (milligrams per liter)
Flow 
(gpm) Copper +Arsenic + Selenium +Sulfate

SPR-10A 9/28/2005 N 1.5 7.14 586 2.2 0.003 U 0.001 U 0.265 0.005 U 0.2 U
SPR-10A 12/22/2005 N 6.14 2.19 0.001 0.243 0.005 U
SPR-10A 3/29/2006 N 0.19 0.001 0.25 0.005 U
SPR-10A 6/27/2006 N 0.8 6.96 1.02 0.113 0.005 U
SPR-10A 10/5/2006 N 0.7 7.25 1.3 0.179 0.005 U
SPR-10A 6/12/2008 N 35 6.91 0.82 0.003 0.067 M% 0.005 U
SPR-10A 9/15/2008 N 3 6.97 1.17 0.001 U 0.123 0.005 U 0.005 U
SPR-10A 6/15/2009 N 46 6.86 0.45 0.0026 0.0411 0.005 U 0.005 U
SPR-10A 9/3/2009 N 3.7 7.11 0.96 0.0015 0.096 0.0016 U 0.0088 M%
SPR-18 1/14/2003 N
SPR-18 2/12/2003 N
SPR-18 3/11/2003 N
SPR-18 5/16/2003 N 0.67 8.3 165 22 0.7 0.004 0.001 0.07 0.002 0.03 0.012 0.2 U
SPR-18 6/30/2003 N 0.35 7 139 18 0.7 0.006 0.001 U 0.05 0.002 0.013 0.005 U 0.2 U
SPR-18 7/25/2003 N 0.5 7.6 140 18 0.7 0.005 0.001 0.26 0.002 0.03 0.006 0.2 U
SPR-18 8/7/2003 N 0.36 7.4 165 16 0.8 0.005 0.001 U 0.04 0.002 0.011 0.005 U 0.2 U
SPR-18 6/18/2008 N 0.6 176 33 0.83 0.005 0.001 0.047 0.002 0.034 0.014 0.2 U
SPR-18 6/16/2009 N 0.43 8.14 0.49 0.0012 0.0026 0.021 M% 0.0092 J
SPR-18 9/4/2009 N 0
SPR-19 1/14/2003 N 15 7.7 592 173 1.9 0.003 U 0.003 0.03 0.01 0.438 D 0.121 0.2 U
SPR-19 2/12/2003 N 5 7.64 534 81 1.88 0.003 U 0.001 0.02 0.008 0.407 D 0.115 0.2 U
SPR-19 3/11/2003 N 541 155 1.9 0.003 U 0.001 0.02 0.009 0.41 0.116 0.2 U
SPR-19 4/24/2003 N 5.5 7.5 430 103 1.7 0.003 U 0.001 0.01 0.006 0.27 D 0.086 0.2 U
SPR-19 5/21/2003 N 8.6 7.1 1340 951 D 0.1 U 0.003 U 0.003 0.32 0.033 1.04 D 0.26 D 0.2 U
SPR-19 6/30/2003 N 6 7.3 1440 561 5.8 0.003 U 0.002 0.17 0.02 1.08 D 0.3 D 0.2 U
SPR-19 7/25/2003 N 4 7.3 1260 405 D 5.2 0.003 U 0.001 0.15 0.023 0.77 D 0.22 D 0.2 U
SPR-19 8/7/2003 N 2.6 7.3 1210 469 4.9 0.003 U 0.002 0.11 0.02 0.84 D 0.52 D 0.2 U
SPR-19 6/17/2008 N 17 1170 580 2.67 0.002 0.003 0.1 0.016 0.25 0.137 0.2 U
SPR-19 6/15/2009 N 22.66 7.26 2.3 0.0015 0.0134 0.26 M% 0.023
SPR-19 9/4/2009 N 3.03 7.25 3.1 0.0013 0.0166 0.13 0.16 M%
SPR-D1 1/14/2003 N
SPR-D1 2/12/2003 N
SPR-D1 3/12/2003 N
SPR-D1 4/24/2003 N 6 6.7 1020 500 0.1 U 0.003 U 0.002 0.14 0.023 0.9 D 0.2 D 0.2 U
SPR-D1 5/16/2003 N 6 6.8 1080 495 D 0.1 0.003 U 0.001 0.17 0.024 0.86 D 0.22 D 0.2 U
SPR-D1 6/18/2003 N 3 7.1 1050 526 0.1 U 0.003 U 0.001 U 0.12 0.02 0.6 D 0.122 0.2 U
SPR-D1 7/25/2003 N 2 6.95 1010 417 D 0.1 U 0.003 U 0.001 U 0.13 0.02 0.65 D 0.2 D 0.2 U
SPR-D1 8/7/2003 N 4 6.6 1030 514 0.1 U 0.003 U 0.001 U 0.11 0.018 0.53 D 0.156 0.2 U
SPR-D1 6/18/2008 N 15 322 140 0.05 U 0.002 0.002 0.038 0.001 0.121 0.035 0.2 U
SPR-D2 1/14/2003 N
SPR-D2 2/12/2003 N 2 8.27 2220 62 0.18 0.003 U 0.005 0.31 D 0.075 1.88 D 0.397 D 0.2 U
SPR-D2 3/12/2003 N 1 8.15 1580 855 D 0.3 0.003 U 0.003 0.35 0.029 1.26 D 0.27 D 0.2 U
SPR-D2 4/24/2003 N 10 6.6 2280 1320 D 0.1 0.003 U 0.005 0.55 0.035 2.01 D 0.72 D 0.2 U
SPR-D2 5/16/2003 N 20 6.8 1320 697 D 0.1 U 0.003 U 0.002 0.41 0.023 0.9 D 0.52 D 0.2 U
SPR-D2 6/30/2003 N 1.25 7.5 1120 568 0.1 U 0.003 U 0.001 0.12 0.018 0.85 D 0.36 D 0.2 U
SPR-D2 7/25/2003 N 2 6.6 1090 493 D 0.4 0.003 U 0.002 0.21 0.015 0.57 D 0.18 D 0.2 U
SPR-D2 8/7/2003 N 3.6 6.9 1270 720 0.4 0.003 U 0.001 0.15 0.017 0.74 D 0.31 D 0.2 U
SPR-D2 6/18/2008 N 10 469 270 1.76 0.001 0.001 0.07 0.002 0.18 0.073 0.2 U
SPR-D2 6/16/2009 N 36.8 6.31 0.63 0.00074 0.0029 0.12 M% 0.029
SPR-D2 9/4/2009 0.13 7.88 0.72 0.00069 0.0028 0.19 0.065
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NA NA 10 0.01 1.3 0.3 ** 0.05 0.14 NA NA

Acute NA NA NA 0.34 0.014 * NA 0.020 0.022 NA NA
Chronic NA NA NA 0.15 0.009 * 1 0.005 0.005 NA NA

SPR-1A 8/22/2003 N 5 8.1 598 192 0.1 0.064 0.003 0.09 0.004 0.005 U 0.2 U
SPR-1A 6/18/2008 N 30 528 230 0.71 0.066 0.003 0.224 0.001 0.005 U 0.005 U 0.2 U
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TABLE 3-8
2003 to 2009 SPRING WATER QUALITY DATA SUMMARY

Thio-
cyantate

Total Concentration (milligrams per liter)
Flow 
(gpm) Copper +Arsenic + Selenium +Sulfate

SPR-D3 1/14/2003 N 2 7.4 201 75 0.1 U 0.003 U 0.001 U 0.01 0.002 0.005 U 0.2 U
SPR-D3 2/12/2003 N 0.5 7.7 198 80 0.05 0.003 U 0.001 U 0.01 U 0.002 0.025 0.005 U 0.2 U
SPR-D3 3/11/2003 N 8.12 214 80 0.1 U 0.003 U 0.002 0.06 0.002 0.025 0.005 U 0.2 U
SPR-D3 4/23/2003 N 1.25 7.8 193 75 0.1 U 0.01 U 0.002 0.03 0.002 0.021 0.005 U 0.2 U
SPR-D3 5/16/2003 N 5 7.4 214 79 0.1 0.003 U 0.001 U 0.01 U 0.002 0.03 0.008 0.2 U
SPR-D3 6/30/2003 N 0.6 7.8 214 88 0.1 U 0.003 U 0.001 U 0.01 U 0.003 0.063 0.012 0.2 U
SPR-D3 7/25/2003 N 0.26 7.5 201 70 0.1 U 0.003 U 0.001 U 0.01 U 0.002 0.021 0.014 0.2 U
SPR-D3 8/7/2003 N 0.23 7.4 217 75 0.1 U 0.003 U 0.001 U 0.01 U 0.002 0.028 0.01 0.2 U
SPR-D3 6/17/2008 N 2.4 320 150 0.08 0.002 0.004 0.577 0.001 U 0.045 0.024 0.2 U
SPR-D4 1/14/2003 N 5 7.8 176 38 0.1 U 0.003 U 0.01 0.01 U 0.001 0.007 0.005 U 0.2 U
SPR-D4 2/12/2003 N 157 39 0.09 0.003 U 0.002 0.01 0.001 U 0.008 0.005 U 0.2 U
SPR-D4 3/11/2003 N 8 8.02 182 39 0.1 U 0.003 U 0.001 0.01 0.001 U 0.009 0.005 U 0.2 U
SPR-D4 4/23/2003 N 5 7.5 163 34 0.1 U 0.003 U 0.002 0.03 0.001 U 0.007 0.005 U 0.2 U
SPR-D4 5/16/2003 N 25 7.3 169 36 0.1 U 0.003 U 0.002 0.05 0.001 U 0.005 U 0.2 U
SPR-D4 6/30/2003 N 176 69 0.1 U 0.003 U 0.001 U 0.01 U 0.002 0.027 0.005 U 0.2 U
SPR-D4 7/25/2003 N 4 7.25 236 76 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.024 0.009 0.2 U
SPR-D4 8/7/2003 N 1.6 7.2 263 95 0.1 0.003 U 0.001 U 0.01 U 0.001 0.019 0.007 0.2 U
SPR-D4 6/17/2008 N 15.84 494 290 0.22 0.001 U 0.002 0.015 0.003 0.027 0.006 0.2 U
SPR-D4 6/16/2009 N 25.85 6.49 0.14 0.00075 0.0037 0.019 M% 0.0084 J
SPR-D4 9/4/2009 N 10.28 6.6 0.13 0.00096 0.0016 0.039 0.0092
SPR-D5 1/14/2003 N
SPR-D5 2/12/2003 N
SPR-D5 3/13/2003 N 1 7.8 182 36 0.3 0.007 0.006 1.26 0.003 0.005 U 0.2 U
SPR-D5 4/23/2003 N 3 7.5 176 36 0.5 0.005 0.001 0.03 0.003 0.005 U 0.2 U
SPR-D5 5/13/2003 N 2 7.6 172 38 0.4 0.005 0.001 U 0.14 0.003 0.005 U 0.2 U
SPR-D5 6/18/2003 N 4 7.4 181 38 0.1 U 0.007 0.001 0.07 0.004 0.005 U 0.2 U
SPR-D5 7/25/2003 N 2 7.3 198 36 0.1 U 0.007 0.001 U 0.06 0.003 0.013 0.005 0.2 U
SPR-D5 8/7/2003 N 3 7.6 219 38 0.1 U 0.006 0.003 0.44 0.002 0.015 0.005 U 0.2 U
SPR-D5 9/18/2003 N 4 8.2 211 39 0.2 0.004 0.002 0.41 0.004 0.018 0.005 U 0.2 U
SPR-D5 10/22/2003 N 1.5 7.5 196 38 0.1 U 0.004 0.001 U 0.01 0.003 0.011 0.005 U 0.2 U
SPR-D5 11/12/2003 N 2 7.7 206 41 0.1 U 0.004 0.001 0.13 0.004 0.018 0.005 U 0.2 U
SPR-D5 12/9/2003 N 0 7.88 208 38 0.2 0.004 0.001 U 0.02 0.004 0.011 0.005 U 0.2 U
SPR-D7 1/14/2003 N 1 7.5 141 20 0.1 U 0.006 0.003 0.51 0.001 U 0.005 U 0.2 U
SPR-D7 2/13/2003 N
SPR-D7 3/13/2003 N 0.1
SPR-D7 4/23/2003 N 4 8.1 110 20 0.1 U 0.005 0.003 0.28 0.001 U 0.072 0.005 U 0.2 U
SPR-D7 5/13/2003 N 0.75 8.1 122 20 0.1 U 0.006 0.003 0.31 0.001 U 0.005 U 0.2 U
SPR-D7 6/30/2003 N
SPR-D7 7/25/2003 N
SPR-D7 8/7/2003 N
SPR-D8 1/14/2003 N 7.8 221 79 0.3 0.003 U 0.001 U 0.01 0.003 0.005 U 0.2 U
SPR-D8 2/12/2003 N 8.13 230 100 0.22 0.003 U 0.002 0.04 0.001 U 0.05 0.011 0.2 U
SPR-D8 3/11/2003 N 8.07 319 141 0.2 0.003 U 0.001 U 0.01 0.005 0.132 0.035 0.2 U
SPR-D8 4/24/2003 N 50 8.1 402 187 0.6 0.003 U 0.003 0.15 0.005 0.098 0.045 0.2 U
SPR-D8 5/21/2003 N 50 8.2 317 139 0.5 0.003 U 0.002 0.09 0.004 0.054 0.031 0.2 U
SPR-D8 6/30/2003 N 60 7.7 318 150 0.2 0.003 U 0.001 U 0.01 U 0.004 0.054 0.022 0.2 U
SPR-D8 7/25/2003 N 35 8.2 310 122 0.1 0.003 U 0.006 0.21 0.003 0.04 0.015 0.2 U
SPR-D8 8/7/2003 N 30 8 330 137 0.1 U 0.003 U 0.001 0.03 0.003 0.045 0.018 0.2 U
SPR-D8 9/18/2003 N 30 8.3 305 138 0.2 0.003 U 0.001 U 0.02 0.003 0.066 0.02 0.2 U
SPR-D8 10/22/2003 N 20 7.7 272 118 0.1 U 0.003 U 0.002 0.1 0.003 0.041 0.008 0.2 U
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NA NA 10 0.01 1.3 0.3 ** 0.05 0.14 NA NA

Acute NA NA NA 0.34 0.014 * NA 0.020 0.022 NA NA
Chronic NA NA NA 0.15 0.009 * 1 0.005 0.005 NA NA

SPR-1A 8/22/2003 N 5 8.1 598 192 0.1 0.064 0.003 0.09 0.004 0.005 U 0.2 U
SPR-1A 6/18/2008 N 30 528 230 0.71 0.066 0.003 0.224 0.001 0.005 U 0.005 U 0.2 U
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TABLE 3-8
2003 to 2009 SPRING WATER QUALITY DATA SUMMARY

Thio-
cyantate

Total Concentration (milligrams per liter)
Flow 
(gpm) Copper +Arsenic + Selenium +Sulfate

SPR-D8 11/12/2003 N 25 7.8 294 121 0.2 0.003 U 0.016 0.61 0.004 0.055 0.02 0.2 U
SPR-D8 12/9/2003 N 8.3 287 125 0.2 0.003 U 0.003 0.04 0.004 0.055 0.022 0.2 U
SPR-D8 1/14/2004 N 7.92 0.003 U 0.005 0.005
SPR-D8 2/19/2004 N 10 8.26 99 0.29 0.003 U 0.001 0.003 0.029 0.005 U 0.2 U
SPR-D8 3/11/2004 N 10 8.36 94 0.3 0.003 U 0.001 U 0.001 U 0.037 0.2 U
SPR-D8 4/22/2004 N 35 8.16 0.003 U 0.001 U 0.001 U
SPR-D8 5/20/2004 N 60 7.89 0.003 U 0.001 U 0.005
SPR-D8 6/11/2004 N 50 8.17 0.003 U 0.002 0.006
SPR-D8 7/15/2004 N 40 8.01 206 0.003 U 0.002 0.005
SPR-D8 7/19/2004 N 0.05 UJ 0.094 0.02
SPR-D8 8/19/2004 N 30 7.83 0.1 UJ 0.003 0.004 0.09 0.016
SPR-D8 9/28/2004 N 20 8.3 157 0.1 0.002 0.004 0.128 0.023
SPR-D8 10/29/2004 N 35 8.32 0.003 0.005 0.066 0.014
SPR-D8 11/30/2004 N 25 8.14 131 0.003 U 0.003 0.004 0.051 0.012 0.2 UJ
SPR-D8 12/13/2004 N 25 7.92 0.2 0.002 0.004 0.045 0.005
SPR-D8 1/28/2005 N 25 8.07 0.2 0.001 U 0.004 0.039 0.006
SPR-D8 3/30/2005 N 5 8 0.18 0.001 0.003 0.036 0.005 U
SPR-D8 6/30/2005 N 150 7.68 0.07 0.001 U 0.003 0.059 0.013
SPR-D8 7/21/2005 N 30 8.1 0.05 U 0.001 U 0.003 0.057 0.01
SPR-D8 8/16/2005 N 30 8.01 148 0.05 U 0.003 U 0.004 0.003 0.055 0.017
SPR-D8 9/28/2005 N 40 8.06 201 0.05 U 0.003 U 0.001 U 0.004 0.121 0.009 0.2 U

SPR-ROADFILL 1/13/2004 N 50 7.63 0.014 0.003 0.01
SPR-ROADFILL 2/18/2004 N 30 7.65 0.016 0.005 0.007
SPR-ROADFILL 3/16/2004 N 50 7.72 0.013 0.003 0.008
SPR-ROADFILL 4/22/2004 N 7.18 0.013 0.002 0.007
SPR-ROADFILL 5/20/2004 N 200 7.48 0.012 0.003 0.007
SPR-ROADFILL 6/10/2004 N 325 7.46 0.012 0.004 0.004
SPR-ROADFILL 7/15/2004 N 250 7.58 312 0.014 0.003 0.009
SPR-ROADFILL 7/19/2004 N 0.3 0.005 UJ
SPR-ROADFILL 9/28/2004 N 75 7.51 346 0.3 0.002 0.006 0.005 U
SPR-ROADFILL 12/13/2004 N 99 7.37 0.37 0.002 0.008 0.005 U
SPR-ROADFILL 6/29/2005 N 538.6 7.43 0.38 0.005 0.009 0.005 U
SPR-ROADFILL 12/21/2005 N 17.95 7.5 0.41 0.002 0.009 0.005 U
SPR-ROADFILL 3/29/2006 N 0.002 0.008 0.005 U
SPR-ROADFILL 6/27/2006 N 175 7.39 0.41 0.004 0.011 0.005 U
SPR-ROADFILL 10/5/2006 N 7.46 0.5 0.002 0.01 0.005 U
SPR-ROADFILL 6/13/2008 N 484.7 6.95 0.59 0.004 0.026 M% 0.005 U
SPR-ROADFILL 9/15/2008 N 112.2 7.22 0.27 0.002 0.009 0.005 U 0.005 U
SPR-ROADFILL 9/16/2008 N 400.4 6.97 0.03 0.0039 0.0201 0.005 M% 0.005
SPR-ROADFILL 9/17/2008 N 238 7.27 0.25 0.0021 0.0086 0.0016 U 0.0046 J

SPR-T 4/23/2003 N 0.012 0.011 0.008
SPR-T 8/22/2003 N 15 8.2 581 290 3.6 0.007 0.076 0.15 0.021 0.049 0.009 0.2 U
SPR-T 1/13/2004 N 5 8.28 0.008 0.002 0.025
SPR-T 2/18/2004 N 3 8.18 0.008 0.001 U 0.02
SPR-T 3/16/2004 N 6 8.26 0.009 0.001 U 0.02
SPR-T 4/22/2004 S 0.007 0.002 0.015
SPR-T 4/22/2004 D 0.007 0.002 0.018
SPR-T 4/22/2004 N 2 8.08 302 4.2 0.02
SPR-T 5/20/2004 N 4.5 8.22 0.005 0.001 U 0.02

Beal Mountain Mine Engineering Evaluation/Cost Analysis Final  pages 3-38 to 3-42   



Total 
Dissolved 

Solids
NA NA 10 0.01 1.3 0.3 ** 0.05 0.14 NA NA

Acute NA NA NA 0.34 0.014 * NA 0.020 0.022 NA NA
Chronic NA NA NA 0.15 0.009 * 1 0.005 0.005 NA NA

SPR-1A 8/22/2003 N 5 8.1 598 192 0.1 0.064 0.003 0.09 0.004 0.005 U 0.2 U
SPR-1A 6/18/2008 N 30 528 230 0.71 0.066 0.003 0.224 0.001 0.005 U 0.005 U 0.2 U
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2003 to 2009 SPRING WATER QUALITY DATA SUMMARY
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Total Concentration (milligrams per liter)
Flow 
(gpm) Copper +Arsenic + Selenium +Sulfate

SPR-T 6/10/2004 N 33 8.11 0.004 0.001 0.02
SPR-T 7/15/2004 N 3.96 8.2 332 0.007 0.004 0.025 D
SPR-T 7/19/2004 N 3.52 0.033 0.006
SPR-T 9/28/2004 N 5 8.32 282 3.88 0.002 0.019 0.038 0.012
SPR-T 12/13/2004 N 3 7.75 4.4 0.001 0.022 0.028 0.005 UJ
SPR-T 3/29/2005 N 2 8.35 4.56 0.001 0.02 0.033 0.007
SPR-T 6/29/2005 N 50 7.64 2.52 0.002 0.026 0.098 0.015
SPR-T 9/28/2005 N 7 7.94 348 3.15 0.007 0.001 0.022 0.032 0.007 0.2 U
SPR-T 12/21/2005 N 2 7.78 4 0.002 0.027 0.036 0.008
SPR-T 3/29/2006 N 1 7.43 0.002 0.02 0.031 0.007
SPR-T 6/27/2006 N 3.4 7.68 2.42 0.001 0.021 0.007 0.005 U
SPR-T 10/5/2006 N 0.3 7.93 3.1 0.002 0.22 0.005 U
SPR-T 6/13/2008 N 115 6.91 1.66 0.001 U 0.013 M% 0.014 0.008
SPR-T 9/15/2008 N 30 0.98 0.001 U 0.012 0.017 0.012
SPR-T 6/15/2009 N 113.55 7.87 0.88 0.0007 0.0106 0.005 U 0.005 U
SPR-T 9/3/2009 N 10 8.12 1.6 0.0007 0.0122 0.0062 0.015 M%

TOE DRAIN 10/21/2002 N 1740 1080 0.01 U 0.096
TOE DRAIN 3/16/2004 N 10 7.8 920 2.2 0.005 0.007 0.071 0.005 U 0.2 U
TOE DRAIN 9/28/2004 N 21 863 D 2.25 0.005 0.095 0.005 U
TOE DRAIN 12/14/2004 N 2.2 0.005 0.092 0.005 U
TOE DRAIN 12/14/2004 D 2.2 0.006 0.091 0.005 U
TOE DRAIN 12/14/2004 S 8 2.3 0.005 0.091 0.005 U
TOE DRAIN 6/29/2005 N 80 3.21 0.009 0.109 0.005 U

Notes: UJ- Material was analyzed for, but not detected above associated value Value exceeds surface water human health standards from MDEQ Circular DEQ-7 (2008)
U - Concentration less than laboratory reporting limit Value exceeds acute aquatic life standard from MDEQ Circular DEQ-7 (2008)
* - Indicates standard calculated using hardness of 100 mg/L Value exceeds chronic aquatic life standard from MDEQ Circular DEQ-7 (2008)
** - No primary standard, secondary standard based on aesthetic properties Type N - natural; D- duplicate; S - split
+ - Indicates Total Recoverable Metals Analysis gpm gallons per minute
J - Indicates estimated concentration Blank cells indicate sample not analyzed for that parameter
D - Indicates reporting limit increased due to sample matrix interference Concentrations in milligrams per liter (mg/L) except for pH. 

Beal Mountain Mine Engineering Evaluation/Cost Analysis Final  pages 3-38 to 3-42   



Final Beal Mountain Mine EECA - USDA Forest Service, Northern Region 3-43 

Tetra Tech  March 2010  

3.2.5 Waste Rock Drainage Flow and Geochemistry 
 
Water emanating from SPR-10A (buried under the upper end of the waste rock dump), SPR-5 
(at the toe of the waste rock dump), and water from the toe drain collection system (Figures 19 
and 20) were historically discharged to the MPDES drainfields in German Gulch until sometime 
during 2002. These flow components were then redirected to the MPDES pipeline and the drain 
fields again beginning in 2005.  During the intervening years, these flows were collected and 
pumped to a storage pond near the processing plant and discharged directly through the LAD 
system (Figure 3).  This water currently has elevated selenium levels and historically had 
elevated nitrate levels that could not be discharged directly to surface or groundwater without 
treatment or use of a mixing zone as provided by the historical MPDES permit.    
 
A cumulative flow from the waste dump including SPR-10A, SPR-5, and the waste rock toe 
drain ranges between eight gpm at low flow to about 250 gpm during high flow.  Average annual 
flow is about 70 gpm.  (The toe drain is sampled independently of SPR-10A and SPR-5 by 
separating these flows from one another at Pump Station 4, as described in the 2004 Site 
Operations Manual). During highest flow conditions, not all of the flow can be captured and 
released to the MPDES pipeline, so some of the water bypasses the pipeline and infiltration 
galley system and discharges directly to German Gulch.  The original pipeline was designed to 
handle flows of about 400 gpm, and did so during mine operations when the MPDES permit was 
in force and the system actively used.  During closure, from 2000 through 2003, however, these 
waters were collected and pumped back to either the leach pad or stored and discharged via 
the LAD system.  When the mine finally closed at the end of 2003 to early 2004 and BMMIs 
activities ceased the waste rock water source was again placed into the MPDES pipeline 
system.  At that time the capacity of the pipeline was noticeably reduced to about 200 gpm, 
presumably as a result of sedimentation within the system.  
  
Selenium is the principal contaminant of concern in German Gulch.  The chronic aquatic life 
standard is routinely exceeded for surface water from STA-3 and STA-3A.  The toe drain 
capture system is not 100% effective in collecting seepage through and below the waste rock 
dump (see discussion of WRMW-1 above in the groundwater section), especially during the 
period of high flows.  The range of geochemical parameters recently measured in waste rock 
seepage is presented in Table 3-9. 
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TABLE 3-9 
WASTE ROCK SEEPAGE CHEMISTRY 

Waste Rock Seepage 
Constituent 

Spring SPR-5 (1) Spring SPR-10A (1) Toe Drain (2) 

pH 7.5 to 7.7 6.9 to 7.4 7.8 
Alkalinity, mg/L CaCO3 92 144 89 
Sulfate, mg/L 924 to 1,180 416 to 686 863 to 1080 
Total Dissolved Solids, mg/L 1,440 to 1,930 801 to 946 1740 
Total Suspended Solids, mg/L <10 to 90 <10 <10 
Ammonia, mg/L as N <0.05 to <0.1 <0.05 to <0.1 <0.05 to <0.1 
Arsenic, mg/L <0.003 to 0.025 <0.003 0.005 
Copper, mg/L 0.001 to 0.006 <0.001 to 0.009 0.005 to 0.009 
Cyanide, Total, mg/L <0.005 to 0.012 <0.005 to 0.012 <0.005 
Cyanide, WAD, mg/L <0.005 <0.005 -- 
Iron, mg/L <0.01 to 1.17 <0.01 to 0.06 -- 
Nitrate + Nitrite, mg/L as N  0.69 to 4.27 0.82 to 3.41 2.2 to 3.21 
Selenium, mg/L 0.033 to 0.137 0.067 to 0.387 0.071 to 0.109 
Thiocyanate, mg/L <0.2 <0.2 <0.2 
Notes:  Excedances highlighted.  

(1)  Range of analyses from 2002 through 2008. 
(2)  Range of analyses from 2002 through 2005. 

 
 
3.2.6 Leach Pad Solution Volume and Geochemistry 
 
Volume 
 
In October 2003, the draw down and biological treatment of the leach pad solution associated 
with mine closure was completed and the water treatment plant was mothballed.  Depth of 
solution above the base liner in the vicinity of the sumps was approximately 17 feet.  At that 
time, the pad was estimated to contain approximately 3,100,000 gallons of solution. As the pad 
solution levels rose to >27.5 million gallons  in December of 2004, it was decided to re-
commission the biological water treatment plant for operation during the summer of 2005 to 
remove excess water from the pad.  By June of 2005, leach pad solution volume increased to 
about 35,800,000 gallons (June 30, 2005).  The biological water treatment plant was again 
operated through the summer and fall of 2005 and reduced the volume of solution on the pad to 
about three to five million gallons.  In all approximately 182 million gallons of water were treated 
and discharged to LAD systems from  the leach pad from 2002 to 2005.  The biological water 
treatment plant was mothballed at the end of 2005 and was later taken apart for sale at auction 
by the DEQ in 2008.     
 
With the completion of the draft EE/CA (Maxim 2005) the water treatment alternatives had been 
analyzed and evaluated and the Reverse Osmosis (RO) treatment system was expected to 
provide the most effective treatment of leach pad solutions.  In order to evaluate the predicted 
effectiveness of the system, a pilot scale design for a Reverse Osmosis water treatment plant 
was completed and field tested by Tetra Tech in the summer of 2006.  A decision was made 
during 2007 to contract with Tetra tech for a full scale RO treatment system for delivery and 
operation in 2008.  Between the cessation of treatment in October of 2005 and June 2008, 
leach pad solution volume increased to about 90 million gallons.  
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In August of 2008, water treatment by reverses osmosis began, and a measured 37.4 million 
gallons of pad solution were treated and discharged via LAD by mid-October 2009.  In October 
of 2009, the pad solution volume was estimated at approximately at approximately 65.5 million 
gallons). This volume of water is well above the 27.5 million gallons that should be the limit on 
the pad to minimize the risk of failure by weight loading to the geotechnical instability.  
 
Figure 21 shows the rate of increase of solution on the pad over time along with the incremental 
increase in volume.  A review of the rate of accumulation of water on the pad based on the last 
four periods of dewatering (2003, 2005, 2008 and 2009) suggests an average annual additional 
accumulation of water on the pad of about 28-34 million gallons per year.  A breakdown of 
estimated accumulation by month on the pad is presented in Table 3-10. 
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Figure 21.  Leach Pad Solution Volume 
 
 

TABLE 3-10 
RATE OF SOLUTION ACCUMULATION ON THE LEACH PAD BY 

MONTH 
Months of the Year Millions of Gallons per Month 

April  2.0 to 2.5 
May and June 6.0 to 8.0 
July and August 2.5 to 3.0 
September through March 1.4 

Total  28.8 to 34.3 
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Figure 22 shows the relationship between precipitation and solution volume using daily 
recorded precipitation data from the Natural Resource Conservation Service SNOTEL site at 
Basin Creek, which is located about 20 miles to the southeast of the site at an elevation of about 
7,100 feet above sea level.  Figure 22 also shows that there is a positive correlation between 
the incremental increase in solution volume and the timing of precipitation, indicating that a leak 
in the top cover liner or lateral flow of groundwater onto the pad is potentially responsible for the 
increased solution volume.   
 
Water balance modeling completed during the existing conditions report (Maxim, 2004), 
estimated following the construction of the soil cover on the heap and completion of residual 
drain down from the heap leach material, the long-term percolation rate through the cover into 
the heap leach material would be on the order of 0.75 inches per year (3.5% of annual 
precipitation) This equates to a flow rate of approximately 3.0 gallons per minute (gpm) or 
approximately 1.6 million gallons per year.  This estimate assumed the cover components were 
installed with minimal construction defects. The resultant estimate of infiltration through the 
cover equivalent to 3.5% of annual precipitation is, based on years of experience designing and 
evaluating cover performance in a variety of environments, a reasonable estimate of 
performance given the inclusion of geosynthetic components in the cover. Even assuming the 
estimate is low, if the net infiltration through the cover is estimated using the worst case 
scenario modeled in the 2004 evaluation (a closure cover incorporating PVC on 5:1 (H:V) 
slope), the resultant net infiltration only increases to 8.6% of annual precipitation, or 3.8 million 
gallons per year. This value is still approximately an order of magnitude less than the recharge 
that is currently being observed at Beal Mountain Heap Leach Facility.  If an attempt is made to 
estimate the frequency of water treatment that might be required in the future, several 
simplifying assumptions need to be made.  For example, at this time it is unknown to what 
volume the reverse osmosis treatment system may be capable of dewatering the leach pad to, 
before its efficiency diminishes.  If the reverse osmosis treatment system is assumed to be 
capable of dewatering the leach pad to a final solution volume of approximately 10 million 
gallons over the next three years, and groundwater influxes onto the pad are minimized, the 
leach pad will continue to receive approximately 3.8 million gallons per year due to cover 
infiltration. If these initial assumptions are true, the heap, can in fact, be initially dewatered in a 
period of at least three years.  The residual drain down due to surface retention of the heap, 
generally follows a parabolic rate curve, with most water draining down over the first few years, 
but with long term drain-down taking as much as 20 or more years.  For our initial calculations 
we have assumed that after three years of dewatering the drain-down becomes negligible 
(which is not necessarily true based on the data presented in Figure 21, which show winter 
drain down values decrease in rate over a three winter period of record, with final winter volume 
being about  7 to 10 million gallons).   If water treatment is anticipated to begin when the pad 
reaches a solution volume of approximately 60 million gallons, a new round of water treatment 
would need to be initiated at least as frequently as every 13 years after cessation of the 
previous treatment and run for approximately two years.  If we alternatively consider long term 
drain down continues for a period of 20 years at a rate of 7-10 million gallons per year, water 
treatment will be required at least as frequently as every six to 10 years for this first twenty year 
period, and should be required less frequently (perhaps every 15 years or so) after that initial 
drain-down period.   As will be seen later the annual operating costs for the existing RO 
treatment system is about $300,000 per year.  These costs do not include any major 
rehabilitation or new set up charges for the treatment system resulting from the 13 to 15 year 
hiatus.  So once groundwater influxes are reduced and a properly functioning cover system is 
established, drain-down will continue to be a significant factor for probably 20 or so years into 
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the future and water treatment and disposal  will need to continue into the future regardless of 
the leach pad alternative selected.    
 
The average annual precipitation is approximately 25 inches per year at the Basin Creek 
SNOTEL site.  If all annual accumulation of solution on the pad is attributable to precipitation, 
the accumulation represents approximately 57% of the total precipitation over the 77 acre pad 
site.   If the composite (geomembrane/GCL/soil) cover system is functioning to some degree as 
designed, this amount of infiltration is unlikely and another source, potentially groundwater 
infiltration onto the pad, may account for some portion (43%) of observed annual accumulations.  
 
To investigate the potential for groundwater contributing to the increasing solution in the leach 
pad, depth to groundwater was monitored continuously during the period of November 2005 
through November 2006 and again during June 2008 through March 2009 (MBMG 2007 and 
2009).  Figure 22 presents groundwater elevation data for two monitoring wells (SBB-88-25 and  

 
Figure 22.  Leach Pad Solution Volume Change 

 
SBB-88-26) near the north leach pad containment dike, solution elevations in Sump 3A, and 
cumulative monthly precipitation. Wells SBB-88-25 and SBB-88-26 were installed during August 
1988. Well SBB-88-25 is 32 feet deep and completed in colluvial material. Well SBB-88-26 is 73 
feet deep and completed in fractured bedrock.  Elevated levels in Sump 3A during the August 
through October 2008 period are due to the injection of the RO treatment system reject water.  
Sump Levels in 3A decrease dramatically upon shutdown of the RO system on October 20, 
2008.  The groundwater elevation peaks in Monitoring wells SBB-88-25 and SBB-88-26 during 
October 2008 correspond with switching the RO LAD system from the hillside south of LAD area 
A to the hillside south of LAD areas B and D.  This timing also corresponds with a significant 
precipitation event.  Groundwater elevations in this area appear to be highly responsive to 
precipitation events and possibly LAD activities.   Figure 23 indicates there is a positive 
correlation between the incremental increase in groundwater elevation, the timing of 
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precipitation, and solution volume increases, indicating a potential for groundwater to contribute 
to the leach pad volume.  Additionally, the graph indicates periods in which groundwater 
elevations along the north leach pad containment dike may be higher than dike and the top of 
the liner allowing groundwater to spill over the containment dike into the leach pad.  
Unfortunately, the elevation of the leach pad liner at various locations along the north 
containment dike is unknown. Additionally, groundwater elevations along much of the north  
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Figure 23.  Groundwater Influence on Leach Pad Solution Volume  
 
containment dike are also unknown.  Figure 24 depicts the relations described on Figure 22 
and 23 on a figure showing two cross sections of the heap leach pad in relation to the water 
levels in the monitoring wells described above.   
 
During the winter periods shown in the graphs, a declining incremental change in volume 
probably is related to the long-term drain-down of water that is retained in the spent ore under 
the leach pad cover, but above the water level on the pad.   
 
To attempt to corroborate the correlation between increasing solution in the leach pad and 
infiltrating precipitation, samples of rainfall, snow, and snowmelt were collected at the Beal 
Mountain site beginning in Spring 2004 through Spring 2005.  These precipitation samples were 
keep cold in a dark refrigerator until the samples were shipped to an analytical laboratory for 
analysis of the ratio between Oxygen-18 and Oxygen-16 isotopes, along with deuterium 
content.  The theory behind oxygen isotope analyses is that these isotopes are ideal tracers of 
water sources and movement because they are integral constituents of water molecules, not 
something that is dissolved in the water like other tracers that are commonly used in hydrology.   
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Using a simple mixing model and known volume changes in the leach pad sump, at least half of 
the change in oxygen isotope ratio and the majority of the hydrogen isotope ratios in the pad 
solution in June 2005 could be attributed to rain and snowmelt that occurred between April and 
June 2005 (Maxim, 2005).  Unfortunately, the isotope data is unable to distinguish between 
precipitation directly infiltrating through the leach pad cover, and precipitation that has infiltrated 
through the adjacent groundwater system. 
 
Finally, leach pad solution levels on the pad measured in October  of 2009 were approximately 
65.5 million gallons.  Given anticipated seasonal additions of solution to the pad over the 
months of January through June of approximately additional 18 to 23 million gallons (Table 3-
10), the total volume of water on the pad by the end of June of 2009 could be as much as 83.5 
to 88.5 million gallons.  The maximum volume of water believed to be able to be stored on the 
pad based on a previous 1999 discharge event is 106 million gallons.  Therefore, the leach pad 
should have about 17.5 million gallons of additional capacity prior to the startup of RO water 
treatment in the spring/early summer of 2010.  However, this volume of solution will be greatly in 
excess of the recommended volume of 27.5 million gallons, below which the water level should 
be maintained to minimize the risk of a failure of the containment dike resulting from solution 
weight loading to the geotechnical instability.   
 
Because water quality in the heap leach pad is not suitable for discharge to either surface water 
or groundwater, the water must be treated before it can be discharged.  HELP modeling 
suggests that if the leak through the cover is repaired and any groundwater inflows are 
stemmed, then long-term infiltration through the cap on the leach pad should be reduced to 
about three gpm, but could be as high as six gpm under conditions of reduced 
evapotranspiration (Maxim, 2004a).   
 
Heap Leach Pad Water Balance Prediction  
 
The heap leach pad currently contains approximately 65.5 million gallons of solution (October 
2009).  The maximum estimated capacity of the heap leach pad is 106 million gallons.  The 
estimated annual inflow to the heap leach pad is approximately 25 million gallons.  Figure 25  
below shows four operating scenarios for drain down of the heap leach pad as follows: 
 

1) Optimal treatment conditions during a 4.5 month operational season from June 1st to 
October 15th;  

 
2) Optimal treatment over an extended operational season from May 1st to December 1st; 

 
3)  Inflow reduced by ½ with a  4.5 month treatment season; and,  

 
4) Inflow reduced by ½ with an optimal 7 month treatment season.   

 
For all of these scenarios it was assumed that the water on the pad could not be reduced below 
10 million gallons with the RO Plant.  Based on these various scenarios, dewatering of the heap 
leach pad with no reduction in the rate of water accumulating on the pad could take from 2.75 
years (scenario 2) to 9 years (scenario 1) depending on the length of the treatment system year.  
With a 50% rate of reduction of water accumulating on the pad, dewatering of the pad down to 
some finite volume could take from 3.75 (scenario 3) to 2 years (scenario 4), again depending 
on the length of the treatment year (Table 3-11).    



Final Beal Mountain Mine EECA - USDA Forest Service, Northern Region 3-51 

Tetra Tech  March 2010  

TABLE 3-11 
LEACH PAD SOLUTION CHEMISTRY 

Constituent Concentration Date of Analysis 

pH 8.3 7/19/2004 

Alkalinity, mg/L CaCO3 89.4 8/25/2008 

Total Dissolved Solids, mg/L 4,700 8/25/2008 

Sodium, mg/L 756 10/8/2006 

Potassium, mg/L 15.8 10/8/2006 

Calcium, mg/L 659 8/25/2008 

Magnesium, mg/L 13.2 8/25/2008 

Chloride, mg/L 160 10/8/2006 

Fluoride, mg/L <1 10/8/2006 

Sulfate, mg/L 2,430 8/25/2006 

Ammonia, mg/L N 13.9 8/25/2008 

Nitrate + Nitrite, mg/L N 132 8/25/2008 

Nitrite, mg/L 34.1 8/25/2008 

Cyanide, Total, mg/L 7.71 8/25/2008 

Cyanide, WAD, mg/L 0.391 10/8/2006 

Thiocyanate, mg/L <0.2 10/8/2006 

Barium, mg/L 0.0158 8/25/2008 

Cadmium, mg/L <0.00053 10/8/2006 

Lead, mg/L <0.003 10/8/2006 

Manganese, mg/L 0.19 9/10/2008 

Mercury, mg/L <0.0002 10/8/2006 

Phosphorous, Total, mg/L P 0.15 8/25/08 

Silicon, mg/L as SiO2 <0.003 3/11/2004 

Silver, mg/L <0.00018 10/8/2006 

Strontium, mg/L 3.88 8/25/2008 

 Total Dissolved  
Arsenic, mg/L 0.154 -- 8/25/2008 

Copper, mg/L 0.0609 -- 8/25/2008 

Iron, mg/L 1.44 -- 9/10/2008 

Selenium, mg/L 0.321 -- 8/25/2008 
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Heap Leach Pad Drawdown Predictions
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Figure 25 Heap Leach Pad Drawdown Predictions 
 
Leach Pad Existing and Future Water Quality 
 
Water quality in the pad has changed considerably over the closure and treatment period with 
most parameter concentrations decreasing except for sulfate, which has remained stable at 
approximately 2,630 mg/L.  Arsenic has increased slightly from 0.158 mg/L in 2002 to 0.211 
mg/L in 2009.  Parameter concentrations that have decreased since 2002 include selenium 
(0.305 mg/L currently from over 0.6 mg/L), iron (currently 1.93 mg/L versus more than 4.13 
mg/L), and copper (currently 0.057 mg/L versus over 0.42 mg/L).  Alkalinity has also decreased 
from about 306 mg/L to about 88 mg/L (CaCO3 equivalent).  Total cyanide has decreased from 
over 14 mg/L in 2002 to about 1.625 mg/L in 2009 (weak acid dissociable cyanide in September 
2006 was even lower at about 0.311 mg/L) (Table 3-4).   
 
The future water quality on the pad can be qualitatively estimated based on the RO treatment 
system design.  The RO Plant rejects approximately 40% of the raw water inflow extracted from 
the heap leach pad for treatment, due to the effectiveness of contaminant removal of the 
system.   This reject water leaves the RO Plant with increased concentrations of analytes, (i.e., 
those removed from the treated effluent water); the reject is returned to the pad.  Under the 
existing conditions, the solution in the heap leach pad is diluted each year, on average, by an 
influx of approximately 25 to 30 million gallons from precipitation and other likely groundwater 
sources.  Future quality of water within the heap leach pad is expected to degrade over several 
years as reject water is sent back to the heap leach pad from the RO system and dilution ratios 
decrease as response actions are implemented.  If the source of the inflow to the heap leach 
pad is reduced significantly or stemmed, the water quality of the heap leach pad will degrade as 
the impounded water is reduced to a point where further reduction in volume to meet water 
quality standards can no longer be achieved by RO treatment.  When this occurs, final reduction 
point is reached, and the remaining water on the leach pad will likely require evaporation 
treatment and sludge disposal.   
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3.2.7 LAD Areas 
 
Approximately 249.4 million gallons of water have been applied to various LAD areas at the 
Beal Mountain site between 1994 and October of 2009.  By far the most significant amount of 
water applied over the shortest period of time (2001-2005) was during treatment of heap leach 
pad solution.  During this period, approximately 182 million gallons of water were discharged to 
about 31 acres of LAD area.  A very crude approximation of the water quality during this period 
indicates that it had a pH of about 7.8 standard units (su), total dissolved solids (TDS) values of 
about 4,500 mg/L, elevated concentrations of arsenic (0.05 mg/L), and, most recently (May 
2005), elevated copper (0.033 mg/L), selenium (0.182 mg/L), and cyanide (6.9 mg/L) 
concentrations (Table 3-2).   
 
During the period of discharge to the LAD (2001 to present), selenium and cyanide 
concentrations that exceeded standards were detected in springs, and iron and cyanide were 
detected in groundwater monitoring wells in the vicinity of the LAD areas (Table 3-8).  In 
addition, cyanide levels in American Gulch, Beefstraight Creek, and lower Minnesota Gulch 
down-gradient of the LAD areas commonly exceeded the chronic aquatic water quality standard 
(0.005 mg/L) and occasionally exceeded the acute aquatic surface water standard (0.022 mg/L).  
In German Gulch the chronic standard for cyanide was routinely exceeded at stations STA-1A 
and STA-1, both of which are located downstream of the confluence of Beefstraight Creek with 
the main stem of German Gulch.  Since March 2004, there have not been any exceedances of 
the chronic aquatic surface water standard for cyanide in German Gulch above STA-1A.  
Cyanide water quality criteria are based on total recoverable concentrations, which include 
complexed forms of cyanide such as iron complexes (e.g., Fe4[Fe(CN)6]3).  Free cyanide is a 
much more reliable index of toxicity to aquatic life than total cyanide because total cyanide can 
include nitriles (organic cyanides) and relatively stable metallocyanide complexes (EPA, 1985).  
While there are no free cyanide data for the Beal Mountain site, weak acid dissociable (WAD) 
concentrations have been measured to represent cyanide that is considered more bio-available.  
These values are generally lower than total cyanide concentration by as much as 30% to more 
than 100% in German Gulch and Beefstraight Creek.  The national recommended acute and 
chronic water quality criteria for cyanide (0.022 and 0.0052 mg/L, respectively)(EPA, 2004) are 
based on free cyanide.   
 
With respect to selenium values in soil, no measured data is available at the present time.  
However, based on solution application rates and concentration data (Table 3-2), a residual soil 
concentration of about 3.1 mg/kg is calculated.  This value is higher than typically found in soils 
with non-seleniferous parent material but on the low end of soils derived from seleniferous 
sedimentary rocks (McNeal and Balistrieri, 1989).  In the absence of soil data, these values may 
be of use in placing calculated values in perspective with respect to naturally occurring soils.  
 
Measured sodium absorption ratios (SARs) at the project site suggest that impacts due to 
sodium may not be significant.  USDA-FS scientists and others (Bighorn 2002) have made 
visual observations in several areas representative of a range of vegetation communities 
present in the LAD areas.  The USDA-FS findings indicated that, overall, the vegetation 
community was not severely impacted.   
 
The principal mechanism of transport for contaminants from the LAD areas appears to be 
groundwater that in turn discharges to seeps and springs and then either directly or indirectly to 
surface water.  Metals concentrations in all LAD area springs have remained relatively stable 
with the exception of iron decreasing in Springs SPR-19, SPR-D1, and SPR-D2.  Additionally, 
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spring SPR-D2 has exhibited decreasing concentrations of copper.  The only significant 
contaminant of concern appears to be low concentrations of cyanide and it is uncertain how 
much selenium or cyanide has been stored in soil profiles.  Since a large volume of water was 
discharged to a small area over a very short period, it is unclear how quickly this contaminant 
will clear the system under natural drainage and natural rinsing conditions. However, water 
quality has been improving in receiving surface waters over time, with respect to both selenium 
and cyanide.   
   
3.2.8 German Gulch Aquatic and Fisheries Issues 
 
German Gulch is the receiving stream for the majority of water quality issues associated with 
the mine facilities and a likely place to measure the success of reclamation efforts at the Beal 
Mountain Mine.  German Gulch and its two main tributaries, Beefstraight and Minnesota, 
support populations of native westslope cutthroat trout (recognized as “sensitive” by USDA-FS) 
and non-native eastern brook trout.   
 
The main impacts to water quality from mine facilities that appear to have potential long-term 
effects (based on concentrations that exceed chronic aquatic water quality standards) are 
historically elevated total recoverable concentrations of cyanide, selenium, and rarely copper.  
At 0.006 mg/L, the most recent total concentration of cyanide at STA-3A in German Gulch 
(September 2008) exceeded the DEQ-7 chronic aquatic life standard of 0.005 mg/L.  Total 
recoverable concentrations of copper were lower than the chronic aquatic standard at all 
stations in German Gulch during all sampling events between  2003 and 2009. 
 
Prior to mine development, selenium concentrations throughout the stream were considered low 
with respect to Montana water-quality standards, with readings from non-detect to 0.004 mg/L.  
With the covering of spring SPR-10A with waste rock, selenium concentrations in German 
Gulch increased, and remained elevated until recently.  The highest concentrations of selenium 
in German Gulch are typically measured at STA-3A, with the most recent concentrations of 
0.008 mg/L measured in September 2008 (Table 3-3).  In-stream selenium concentrations 
decreased, beginning in 1997 when water from SPR-10A was captured and pumped to the LAD 
area for disposal, and have since remained below the acute aquatic life standard but above the 
chronic standard.   
 
During the summer of 2001, fish and aquatic macroinvertebrate tissues from the German Gulch 
sub-watershed were collected and analyzed for selenium and copper concentrations.  Copper 
concentrations were not elevated in macroinvertebrates or fish.  Mean dry weight selenium 
concentrations in middle German Gulch macroinvertebrates were above the range of suggested 
toxic effects thresholds to fish from dietary organisms (3 to 11 micrograms per gram).  Selenium 
concentrations were found to be statistically higher in fish whole-body tissues from middle 
German Gulch than in fish collected from Minnesota Gulch and Beefstraight Creek.  These 
results suggested a potential pathway for bioaccumulation of selenium in the German Gulch 
sub-watershed.   
 
In 2002 and 2003, samples were collected and analyzed for selenium at five sample sites in the 
sub-watershed in fish tissue, fish eggs (two sites), and macroinvertebrates.  Bed-load sediment 
samples were also collected in 2002 and 2003.  Selenium was found to be elevated above 
literature values for range of toxic effects in all media sampled in the three German Gulch 
locations; levels were not elevated above these thresholds in Minnesota Gulch and Beefstraight 
Creek.  The hazard rating for selenium in German Gulch was high or moderate for fish eggs and 
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high for macroinvertebrates at all three stations based on the selenium guideline of 2.5 mg/kg 
(Hamilton and Lemly, 1999).  For sediment, the hazard rating was high at the two upstream 
stations, but had diminished to none at the downstream station.  Further study was conducted to 
evaluate whether elevated selenium concentrations in these media are accumulating in fish 
populations, if concentrations are correlated with fish size, and if fish size is changing with time. 
 
Note the following portion of this section (through the next three figures) is taken directly from an 
unpublished report from the Montana Fish Wildlife and Parks.   
 

Fish were collected and analyzed whole-body for copper and selenium from 3 
locations along German Gulch (Figure 26) from 2002 to 2007.  Beefstraight Creek 
(BS-D) was used as a pseudo-control location for comparison with German Gulch.  
Not all locations were sampled every-year.  Beefstraight Creek contained both 
westslope cutthroat trout (WCT – 2002 and 2007) and Eastern brook trout (EBT – 
2003 and 2004).  The upper German Gulch location (STA-3A) was comprised of 
WCT; the lower German Gulch location (STA-1A) was comprised of EBT. 

 
Both copper and selenium are essential elements for fish in a homeostatic state, 
however when concentrations are high, fish may accumulate metals to toxic 
concentrations.  Unlike non-essential metals such as mercury, cadmium, and lead 
that accumulate with fish size, essential elements like copper, zinc, and selenium 
tend to be more highly concentrated in smaller fish, likely due to higher metabolic 
rates in these fish compared to larger individuals.  Moreover, larger fish require more 
elevated and prolonged exposures to reach toxic concentrations.  The EPA’s chronic 
selenium criteria for whole body fish tissue is 7.91 ug/g dry weight (dw), however fish 
sampled during the summer and fall that exceed 5.85 ug/g are considered to be 
approaching toxic concentrations.  Moreover, the EPA is currently revising this 
standard after much criticism of it being too low.  Selenium is normally present in fish 
tissue at 0.47 ug/g and whole body concentrations may be as high as 1 ug/g wet 
weight.  Multiplying dw concentrations by 0.33 is a quick way to convert 
concentrations to wet weight for comparison. 
 
Fish species and size collected varied between sample locations and years.  No 
significant correlations were found between fish size (length or weight) and copper or 
selenium concentrations.  Therefore, these variables were not used as covariates in 
the analysis.  Overall, fish size increased from 2002 to 2007 at each location (Figure 
27).  Both copper and selenium concentrations have remained stable throughout the 
years sampled (Figure 28).  Levels of both metals, especially copper, appeared to 
rise in 2004 at all locations, even in Beefstraight Creek.  However, the high 
concentration in Beefstraight was mainly driven by one fish that measured 73.8 ug/g 
copper.  It is possible this fish migrated up from German Gulch as no barriers exist 
preventing this movement.  
 
In general, no declining trend in copper and selenium concentrations are apparent 
from the current data.  Concentrations of selenium remain near or above the current 
EPA’s chronic selenium criteria of 7.91 ug/g or the proposed summer fall sampling 
level of 5.85 ug/g. Error bars in Figures 27 and 28 represent ± 1 S.E. Multiplying the 
variability in the error bars by 2 will calculate 95% confidence intervals.  
Comparisons between years that do not overlap with the 95% confidence intervals 
would likely be statistically significant at a p<0.05 level. 
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Figure 26 Location of sample sites along German Gulch Creek. 
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Figure 27. Mean weight of fish collected from 3 locations along German Gulch Creek from 2002 
to 2007.  Locations included Beefstraight Creek (BS-D), German Gulch below Beal Mountain 
Mine (STA-3A), and German Gulch below confluence with Beefstraight Creek (STA-1A).  Fish 
collected from BS-D included Westslope Cutthroat Trout (WCT - 2002 and 2007) and Eastern 
Brook Trout (EBT 2003 and 2004).  Fish collected from STA-3A were WCT. Fish collected from 
STA-1A were EBT.  Error bars represent ± 1 S.E. 
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Figure 28. Mean concentrations (µg/g dw) of copper ( ) and selenium ( ) measured in 
fish from 3 locations along German Gulch Creek from 2002 to 2007.  Locations included 
Beefstraight Creek (BS-D), German Gulch below Beal Mountain Mine (STA-3A), and 
German Gulch below confluence with Beefstraight Creek (STA-1A).  Fish collected from 
BS-D included Westslope Cutthroat Trout (WCT - 2002 and 2007) and Eastern Brook 
Trout (EBT 2003 and 2004).  Fish collected from STA-3A were WCT. Fish collected from 
STA-1A were EBT. Error bars represent ± 1 S.E.  
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Other measures of biological integrity of German Gulch that monitor aquatic life other than fish 
indicated that impacts from other uses of the area impact streams in addition to those identified 
with the Beal Mountain Mine.  Results of periphyton sampling indicate the biotic integrity in the 
upper and middle reaches of German Gulch in 1999 and 2001 was generally rated as good, 
with minor impairment of aquatic life (McGuire and Weber, 2001).  Other biotic data (algae 
metrics) indicate relatively unimpaired biota existing in these streams.  Aquatic 
macroinvertebrate data from 1999, 2001, and 2002 indicate generally good biotic conditions, 
with upper German Gulch classified as moderately impaired during the summer but improved to 
non-impaired during the fall.  Water quality clearly played a role in limiting macroinvertebrate 
community bio-integrity in upper German Gulch, as most community metrics indicated 
environmental stress and high macroinvertebrate densities were indicative of nutrient 
enrichment.  Middle German Gulch was classified as non-impaired during both sample events in 
1999 and 2001, although scores were lower in 2001 than in previous years.  Bio-integrity scores 
relative to macroinvertebrates were slightly lower in 1999 and 2001 than in 1997 for all sample 
sites, the likely reason being environmental stress related to drought, low stream flow, and 
declining water and habitat quality.  Toxic impacts were not indicated at any site monitored in 
2002 (McGuire and Weber, 2003).   
 
Habitat data has also been collected on German Gulch and on Greenland Gulch, a tributary to 
German Gulch.  Physical habitat condition for the upper German Gulch location was considered 
“sub-optimal” in 1999 and 2001 for most habitat parameters (McGuire and Weber, 2002).  
Habitat quality declined due to reduced riparian plant cover, increased bank erosion, and 
increased sediment deposition.  These conditions appear to have been worsened by drought 
and livestock use (McGuire and Weber, 2002).  Habitat degradation was also attributed to 
historic placer mine dredging.  Both Minnesota Gulch and Beefstraight Creek sampling sites 
were rated optimal in 2002 (McGuire and Weber 2003). 
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4.0  RISK EVALUATION 
 
A streamlined risk evaluation process was used to assess threats to human health and the 
environment associated with exposure to discharges from the mine facilities.  Risks are 
evaluated using site-specific chemical concentration data, applicable exposure scenarios, and 
pertinent standards, guidelines, or other criteria.   
 
4.1  STREAMLINED HUMAN HEALTH RISK EVALUATION 
 
The streamlined human health risk evaluation was completed to assess the potential risk that 
mine discharges pose to recreational users of National Forest System lands surrounding the 
site.  The evaluation was performed by identifying contaminants of concern, determining an 
exposure scenario, and comparing exposure concentrations to human health standards.  These 
tasks are accomplished by evaluating available site data to select contaminants of concern 
(COCs), identifying applicable human populations and exposure routes, and characterizing risk 
by comparing COC concentrations to applicable human health standards or guidelines.  This 
risk evaluation is generic in application and limited in scope, and is not the same as a risk 
assessment, which collects actual human exposure data and evaluates risk to a specific 
population.   
 
4.1.1  Contaminants of Concern 
 
There is currently no risk to humans from direct contact with waste rock, at the Beal Mountain 
Mine site except for a small area at the uppermost part of the waste rock dump,  mine wastes 
are covered with soil.  There is also no risk to humans from direct contact with spent ore or 
leach pad solution as these wastes are covered and contained on the leach pad.  Therefore, 
COCs for human health were only identified for surface water. 
 
Contaminants of concern are contaminants that pose significant potential risks to human health 
or the environment.  Contaminants measured in surface water and springs/seeps (Road Fill 
seep and LAD area springs/seeps) are considered “real” surface water sites for this evaluation 
(Tables 3-7 and 3-8. Real surface water is defined as surface water that does not originate from 
mine adits, mine waste discharges, or intermittent drainages (Tetra Tech 1996). The LAD 
spring/seeps are considered part of real surface water since they would likely emit water even if 
the area was not actively receiving LAD waters. The real surface water sites used in to evaluate 
COCs for the site include: Minnesota Gulch (MINN/DN), Beafstraight Creek (BS-D), German 
Gulch (STA-3A), and the spring/seep sites (SPR-2, SPR-18, SPR-19, SPR-D1, SPR-D2, SPR-
D3, SPR-D4, SPR-D5, SPR-D7, SPR-D8, and SPR-T). 
 
Tetra Tech reviewed analytical results for the 2003 through 2008 monitoring events for these 
monitoring stations to evaluate COCs that could impact human populations. This interval of time 
was chosen as it represents the period of time since the mining company completed their 
closure activities. Standard U.S. Environmental Protection Agency (EPA) criteria that must be 
collectively satisfied to establish a COCs are that a contaminant: (1) is associated with mining 
wastes present at the site; (2) has an average concentration at least three times average 
background levels; and, (3) has been measured at concentrations above detection limits in at 
least 20% of the samples analyzed.  Following the evaluation based on the EPA criteria, Tetra 
Tech also compared surface water results with the human health surface water quality 
standards in the Montana Numeric Water Quality Standards, Circular WQB-7, dated January 
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2004 to further evaluate which constituents to retain as COCs. If constituents met one or more 
EPA criteria but did not exceed the Montana water quality standard, they were excluded from 
further risk evaluation. 
 

 Total recoverable nitrate+nitrite, sulfate, copper, iron, selenium, and cyanide meet one or 
more of the EPA criteria.   

 
 Arsenic and nitrate+nitrite did not exceed their respective Montana water quality 

standard in real surface water.   
 
 Copper was detected above the laboratory practical quantification limit (PQL) but did not 

exceed Montana water quality standards for any real surface water site sampled.   
 
 Zinc was detected above the laboratory PQL in four surface water samples but did not 

exceed the Montana water quality standard.  
 
 Cyanide was detected above the PQL at several surface water monitoring sites and 

exceeded the Montana water quality standard at three LAD spring/seeps.   
 
 Selenium concentrations were above the laboratory PQL at several real surface water 

sites and was above the Montana water quality standard in one water sample collected 
from a LAD-area spring/seep. 

 
 Sulfate and iron are considered secondary by the EPA and are based on odor and taste 

qualities.  Therefore, sulfate and iron are not considered human health risks at the site.  
 
Based on the above review of the 2003 to 2008 monitoring results, cyanide and selenium are 
considered Human Health COCs for real surface water at the Site and were retained for further 
evaluation in this risk evaluation.  
 
4.1.2  Human Health Exposure Assessment 
 
The German Gulch, Minnesota Gulch, and Beefstraight Creek watersheds that are impacted by 
mine discharges of COCs primarily lie on National Forest System lands managed by the B-DNF.  
Road access to the mine via German Gulch is currently restricted by an Administrative Closure 
and access is bared by a gate, allowing only Forest Service permitted vehicle access to the 
main portions of German Gulch that contain elevated concentrations of COCs from the mine.  
As access to the mine and former mine facilities is currently controlled, recreationists can no 
longer access the area.  In addition, travel along the main access road to the mine site (Primary 
Forest Rout #83)  is prohibited from December 2 through May 15 when springs and streams are 
typically covered by snow.   
 
Ingestion of surface water and ingestion of fish are the only routes of exposure to mine 
discharges by recreationists since mine wastes are covered with an engineered soil cover.  
Neither the surface water or fish ingestion routes are expected to be significant or substantial 
exposures for several reasons including the following:  (1) the likelihood that most people do not 
use surface water and springs as a sole source of their drinking water when recreating in the 
watershed (i.e. most people are likely to bring drinking water for camping, hiking, or fishing 
forays); (2) potential exposure is limited to only a few months of the year; and, (3) exposure to 
fish ingestion is presumed to be limited to only a small number of fishermen (though the 
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numbers are not known) that may catch and consume fish in this area.  Therefore, potential 
exposures of mine discharges to a typical recreational user of the area are likely to be limited to 
very short durations for a very short time.  For this risk evaluation, recreational use was 
considered low. 
 
4.1.3  Toxicity Assessment  
 
The toxicity assessment for this evaluation was done by reviewing data on hazards and dose-
response evaluations.  For non-carcinogens such as cyanide and selenium, toxicity values used 
in assessing potential health effects involve using chronic references doses and a range of 
exposure levels.  Cyanide toxicity values were obtained from the Agency for Toxic Substances 
and Disease Registry (ATSDR) toxicological profiles and an EPA reference dose was obtained 
for selenium. 
 
4.1.4  Risk Characterization 
 
As indicated in Section 3.2.3, 2003 through 2008 results for several surface water and LAD 
spring/seeps were reviewed to evaluate COCs for real surface water for the Site. Surface water 
monitoring stations MINN/DN, BS-D, and STA-3A and LAD area and the Road Fill 
springs/seeps are being considered as “real” surface water sites for this evaluation (Tables 3-7 
and 3-8. For both German Gulch exposures, STA-3A, was used as the exposure point.  This 
was done to garner a point of maximum exposure to contaminants in German Gulch, 
recognizing that based on existing data, exposures would be lower both upstream and 
downstream of this point. Based on the review of analytical results for these monitoring sites, 
cyanide and selenium are potential COCs for the site. Tetra Tech used the highest 
concentration of cyanide and selenium measured in real surface water between 2003 and 2008 
for use in the recreational risk calculations for surface water. Reference dose (RfD) and 
bioaccumulation factor (BCF) information was also needed to calculate recreational use for 
ingestion of fish. Tetra Tech obtained BCF values for cyanide and selenium from Montana 
Department of Environmental Quality (DEQ) Montana Numeric Water Quality Standards 
Circular DEQ-7 (January 2008).  
 
In Tetra Tech (1996) recreational cleanup levels were not calculated for fish ingestion for 
cyanide or for water ingestion and fish ingestion for selenium. Therefore, Tetra Tech used the 
RfD of 0.02 mg/kg/day for cyanide (Tetra Tech, 1996) and the RfD of 0.005 mg/kg/day for 
selenium, along with other variables presented in Tetra Tech (1996) to calculate recreational 
cleanup levels. The recreational cleanup values were used for calculating Hazard Quotients 
(HQs ) for cyanide and selenium. Appendix E includes the cleanup level equations used in the 
calculations, the variables used, and calculation results and also the recreational risk 
assessment calculation spreadsheets. Table 4-1 lists results of the risk evaluation for real 
surface water sites, including the calculated HQs.  
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TABLE 4-1 
Hazard Quotients for Recreational Visitors Exposed to Surface Water and Fish Ingestion 

Beal Mountain Mine – Minimum Recreational Use Scenario (7 days per year) 

COC 

Maximum 
Surface Water 
Concentration 
(2003 to 2008) 

(µg/L) (1) 

Surface 
Water 

Cleanup 
Level 

Guideline 
(µg/L)(2) 

RH/GP 
Water 

Ingestion 
HQ 

Fish 
Ingestion 
Cleanup 

Level 
Guideline 
(µg/L)(2) 

Fish 
Ingestion 

Hazard 
Quotient 

Maximum Water 
Routes Hazard 

Quotient 

Cyanide 2,010 72,857 0.0276 1,507,375 0.0013 0.0276 

Seleniumm 75 42,583 0.0018 78,509 0.0010 0.0018 

Total HQs 0.0293  0.0023 0.0293 

Notes: (1)  Data from Tetra Tech (2009) - maximum concentration in “real” water sources  
(2)  Guidelines obtained from Tetra Tech, (1996).  The guidelines are based on a Hazard Index of 1.0 for 
the minimum recreational use scenario (7 days exposure) for RH/GP and fisherman. Appendix E I includes 
the recreational risk assessment calculation spreadsheets. 

 --  Not available or not calculated 
 
 
Whole fish body tissue concentrations of selenium were measured in fish at a level of 10.76 
µg/g in middle German Gulch in a study performed between 2002 and 2007.  In Beefstraight 
Creek, the concentration was 3.53 µg/g.  Selenium concentrations in brook trout fillets taken 
from lower German Gulch on a wet-weight basis averaged 2.34 µg/g (USDA-FS, 2002).  Based 
on an EPA reference dose (RfD) of 0.005 mg/kg/day for human consumption to avoid chronic 
(long term, taking many years to develop) selenosis in humans, 0.58 meals of German Gulch 
fish could be eaten per day and remain within the limit (USDA-FS, 2002).  This amounts to 17 
meals per month of German Gulch fish that could be consumed before exceeding the reference 
dose (USDA-FS, 2002). 
 
There are no site-specific tissue concentrations of cyanide in fish available for streams in the 
watershed.  However, plasma extracted from fish blood did contain levels of thiocyanate, 
although the levels did not significantly vary between fish in German Gulch and Beefstraight 
Creek watersheds from fish in the control stream.  ATSDR has derived an intermediate oral 
minimal risk level (MRL) of 0.05 mg/kg/day for cyanide (ATSDR, 2004).  EPA reference doses 
range from 0.2 mg/kg/day for potassium cyanide to 0.005 mg/kg/day for copper cyanide 
(ATSDR, 2004). 
 
As shown in Table 4-1, none of the calculated HQs were at or greater than 1.0 for real surface 
water at the site calculated for this risk evaluation.  Based on the calculations, neither the 
ingestion of surface water nor fish appear to present a health risk for recreational users of the 
site. 
 
4.2   STREAMLINED ECOLOGICAL RISK EVALUATION 
 
4.2.1  2005 Streamlined Ecological Risk Evaluation 
 
Tetra Tech (formerly Maxim Technologies) prepared an initial streamlined ecological risk 
evaluation as part of the 2005 EE/CA (Maxim 2005). The streamlined ecological risk evaluation 
was completed to assess the potential risk that mine wastes at the site pose to plants and 
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animals.  The evaluation was performed by using surface water data collected between 2003 
and 2005 and comparing concentrations of COCs in surface water, sediment, and plant tissue 
data (LAD area only) with ecological criteria and standards available in toxicity literature and 
risk-based EPA guidance.  The key guidance documents used in the 2005 EE/CA were EPA's 
Ecological Risk Assessment Guidance for Superfund (EPA, 1997), Risk Assessment Guidance 
for Superfund, Volume II, Environmental Evaluation Manual (EPA, 1989a), Ecological 
Assessment of Hazardous Waste Sites (EPA, 1989b), the National Academy of Science, 
National Research Council (NAS-NRC, 1980) toxic effects criteria for animals, and Lemly (2002) 
for selenium in aquatic ecosystems.  Some site-specific ecological data was available for this 
evaluation including selenium concentrations in whole body fish tissues, cyanide concentrations 
in fish blood, and metals and selenium concentrations in plants growing in the LAD areas. 
   
The 2005 streamlined ecological risk evaluation focused on contaminants of concern, no 
evaluation was done with respect to the physical habitat present at the site nor was an 
assessment made with regard to how other factors may have affected aquatic or terrestrial 
populations (e.g. placer mining; livestock grazing).  The presence or absence of appropriate 
habitat for animals, spawning redds for fish, or the health of wetlands and riparian areas, while it 
may affect the presence, diversity, or nature of aquatic and terrestrial populations, were not 
considered under the non-time-critical removal process evaluation of risk.  A use attainability 
study was the mechanism that would assess the nature of the contamination in conjunction with 
other habitat factors. 
 
The 2005 ecological risk evaluation estimated the then existing risk present at the site and 
involved four steps: 1) identification of COCs; 2) exposure assessment; 3) ecological effects 
assessment; and, 4) risk characterization.  These steps were completed by evaluating 2003 to 
2005 site data to select the COCs, identifying species and exposure routes of concern, 
assessing ecological toxicity of the COCs, and characterizing overall risk by integrating the 
results of the exposure and toxicity assessments.   
 
4.2.2   2008 Streamlined Ecological Risk Evaluation 
 
Surface water monitoring by Tetra Tech between 2003 and 2008 indicated concentrations of 
metals have decreased in some areas of the site. No soil data was collected during the 2003 to 
2008 monitoring period. This 2008 ecological risk evaluation was completed to provide an 
update to the ecological risk evaluation for surface water ingestion for aquatic life and deer.  
 
The evaluation was performed by comparing concentrations of COCs in surface water with 
ecological criteria and standards available in toxicity literature and risk-based EPA guidance.  
The key guidance documents used were EPA's Ecological Risk Assessment Guidance for 
Superfund (EPA, 1997), Risk Assessment Guidance for Superfund, Volume II, Environmental 
Evaluation Manual (EPA, 1989a), and Ecological Assessment of Hazardous Waste Site (EPA, 
1989b), and Montana DEQ aquatic acute and chronic water quality criteria (January 2008).  
Because there are no site-specific ecological risk data available, this evaluation, although 
executed in a quantitative manner, is only intended to be qualitative. 
 
As with the 2005 risk evaluation, because this ecological risk evaluation focuses on COCs, no 
evaluation is done with respect to the physical habitat present at the site nor is an assessment 
made toward how other factors may have affected aquatic or terrestrial populations. This aspect 
of the risk evaluation is qualitative rather than quantitative because there is not site-specific 
data. 
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4.2.3  Contaminants of Concern 
 
2005 Streamlined Ecological Risk Evaluation 
 
COCs in an ecological risk evaluation are contaminants that pose significant potential risks to 
the environment.  Samples impacted by mine waste sources were evaluated during the 2005 
risk evaluation to determine COCs.  Standard EPA criteria that must be collectively satisfied to 
establish a COC are that a contaminant: (1) is associated with mining wastes present at the site; 
(2) has an average concentration at least three times average background levels; and (3) has 
been measured at concentrations above the detection limit in at least 20% of the samples 
analyzed.  Table 4-2 presents the COCs for each risk area based on these criteria and using 
the data presented in Tables 3-7 and 3-8. 
 

TABLE 4-2 
CONTAMINANTS OF CONCERN IN SURFACE WATER AND SEDIMENT 

FOR 2005 STREAMLINED ECOLOGICAL RISK EVALUATION 

Risk Areas Arsenic Copper Cyanide Iron Nickel Selenium 

Surface Water Impacts 
from Waste Rock Dump X X  X  X 

German Gulch Low Flow 
at STA-3A  X  X  X 

German Gulch High 
Flow at STA-3A X  X X  X 

German Gulch Sediment X   X  X 

Leach Pad Solution X X X X X X 

Land Application Area 
(LAD)  Springs1   X X  X 

Note:  X denotes contaminant of concern identified for the corresponding media 
1 Land application area effects are measured in water quality of seeps and springs in the headwaters area of Minnesota and 

German Gulches,  down gradient of the leach pad and in areas of extensive historical LAD application.  
 
  
 
2008 Streamlined Ecological Risk Evaluation 
 
Tetra Tech compared the 2003 through 2008 real and non-real surface water and spring/seep 
monitoring results with acute and chronic aquatic life standards (MDEQ 2008). Copper, cyanide, 
and selenium were identified as COCs for ecological receptors as these constituents were 
above the acute and/or chronic aquatic life standards. 
 
4.2.4  Ecological Exposure Assessment 
 
Ecological receptors identified as potentially being affected by site contamination include 
fisheries and aquatic life down-gradient of the source areas.  Potentially adverse exposures of 
fisheries and aquatic life can be semi-quantitatively assessed by comparing site-specific surface 
water and sediment data to toxicity-based criteria and standards for the respective media.  
Exposure pathways for fisheries and aquatic life include: 1) direct exposure of fish and aquatic 
organisms (e.g. insect larvae, fish embryos) to metals in surface water that exceed toxicity 
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thresholds; and, 2) ingestion of aquatic species (e.g. insects) that have bio-accumulated 
contaminants to the extent that they are toxic to predators (e.g. fish).  For the 2008 risk 
evaluation, only surface water risk was evaluated based on data from the 2003 through 2008 
monitoring period. 
 
4.2.5 Ecological Effects Evaluation 
 
The COCs are known to have toxic effects on fish and aquatic life.  As a result, this streamlined 
risk evaluation assesses potential ecological effects using existing and proposed ecological 
criteria and guidelines.  The criteria and guidelines used to evaluate ecological risks from 
surface water and sediment at the site for the 2005 streamlined risk evaluation are presented in 
Tables 4-3 and 4-5, respectively. Table 4-4 presents the 2008 streamlined risk evaluation 
ecological risk results. Not all elements analyzed for in the 2005 risk evaluation have continued 
to be measured since 2005.  The elements arsenic, iron and nickel showed no ecological risk 
from the 2005 evaluation, and therefore a decision was made that they would not be measured 
after 2005.   
 
Surface water criteria are the chronic aquatic life standards promulgated by the State of 
Montana (MDEQ, 2004).  Criteria for copper and nickel are calculated as a function of water 
hardness while arsenic, cyanide, iron, and selenium are fixed numerical standards.  Guidelines 
for sediment toxicity are from Hamilton and Lemly (1999) for selenium, and the National 
Oceanic and Atmospheric Administration’s (NOAA) probable effects levels (PELs) for freshwater 
stream sediment for other elements.   
 
4.2.6 Risk Characterization 
 
This section integrates the ecological exposure and ecological effects assessments to provide a 
screening level estimate of potential adverse ecological impacts to aquatic life and fish.  This 
was accomplished by calculating ecologic-impact quotients (EQs), which are analogous to the 
hazard quotients calculated for human exposures.  Ecological risks are evaluated by dividing 
analytical data into the guideline to generate EQs.  Adverse ecological impacts may occur if an 
EQ value is 1.0 or greater.   
 
Surface Water  
 
2005 Streamlined Ecological Risk Evaluation 
 
Surface water EQs were generated for each COC by dividing metal concentrations by the 
chronic aquatic life criteria in Table 4-3.  This comparison is limited because EPA water quality 
criteria are not species-specific but were developed to protect 95 percent of the species tested 
and may not protect the most sensitive species, which may or may not be present in the 
German Gulch drainage.  In addition, toxicity to the most sensitive species may not in itself be a 
limiting factor for the maintenance of healthy aquatic organisms.   
 
Surface water risk characterization was completed in 2005 for high and low flow on German 
Gulch (STA-3A), seepage from the waste rock dump (SPR-5 and -10A), springs in the LAD area 
(SPR-D3, SPR-D4, SPR-18, and SPR-19), and leach pad solution (Table 4-3).  Waste rock 
seepage reported a total EQ of 38.7 that results almost exclusively from selenium, indicating a 
significant Se-load to German Gulch from this source.  German Gulch surface water EQs totals 
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TABLE 4-3 
ECOLOGICAL IMPACT QUOTIENTS FOR SURFACE WATER 

2005 STREAMLINED ECOLOGICAL RISK EVALUATION 

Average Surface Water Concentrations (milligrams/liter) and Ecological Impact Quotient (EQ) 

Mine Site Total 
Recoverab
le Arsenic 

EQ 
Total 

Recoverable 
Copper 

EQ 
Total Mass 
Digestion 
Cyanide 

EQ 
Total 

Recoverab
le Iron 

EQ 
Total 

Recoverab
le Nickel 

EQ Total Recoverable 
Selenium EQ Total EQ By Area

GUIDELINE (6) 0.150 0.009 0.0052 1 0.052 0.005  

Waste Rock 
Dump 
Seepage(1) 

0.0040 0.03 0.0020 0.22 -- -- 0.078 0.08 -- -- 0.193 38.60 38.70 

German Gulch 
High Flow (2) 0.0085 0.06 0.0030 0.33 0.0025 0.48 0.0750 0.08 -- -- 0.0075 1.50 2.21 

German Gulch 
Low Flow (3) -- -- 0.0017 0.19 0.01 1.92 0.0133 0.01 -- -- 0.0113 2.26 4.25 

LAD Area Springs 
(4) -- -- 0.001 0.11 0.22 42.3 0.04 0.04 -- -- 0.006 1.25 43.7 

Leach Pad 
Solution (5) 0.17 1.14 0.34 37.78 9.5 1,827 3.01 3.01 0.06 1.15 0.33 65.8 1,933 

Notes (1) Surface water (waste rock seepage) concentrations are average of samples SPR-5 and SPR-10A collected on 9/18/2003 and 11/12/2003. 
 (2) Surface water concentrations are average of samples from STA-3A collected on 3/11-13/2003 and 4/23/2003. 
 (3) Surface water concentrations are average of samples from STA-3A collected on 9/23/2003, 10/22/2003, and 11/12/2003. 
 (4) Concentrations are average of spring samples from the LAD area including SPR-D3, SPR-D4, SPR-18 and SPR-19 collected on 8/7/2003. 
 (5) Sample collected on 8/7/2003. Should not be considered surface water, included as a means of evaluating a discharge to surface water from the leach pad. 
 (6) Chronic aquatic life standards from Circular WQB-7, Montana Department of Environmental Quality (2004). 
 (*) Chronic standard adjusted for total hardness of 100 milligrams per liter for copper and nickel. 
 --  Not Contaminant of Concern 

 
.
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TABLE 4-4 
ECOLOGICAL IMPACT QUOTIENTS FOR SURFACE WATER IN STREAMS 

2008 STREAMLINED ECOLOGICAL RISK EVALUATION 
BEAL MOUNTAIN MINE 

 

COC 

Maximum 
Aquatic 

Surface Water 
Concentration 
(2003 to 2008) 

(µg/L) (1) 

Acute 
Criteria 
(µg/L)(2) 

Chronic 
Criteria 
(µg/L)(2) 

Acute 
Aquatic 
Water 

Quality EQ

Chronic 
Aquatic 
Water 

Quality EQ

Maximum Deer 
Ingestion 

Surface Water 
Concentration 

(µg/L)(2) 

Deer Intake 
Dose Est. Soil + 
Water (mg/kg-

day) 

Deer Ingestion 
EQ 

Copper 52.0 14.0 9.3 3.7145 5.5741 76.0 0.0112 0.0001 

Cyanide 81.0 22.0 5.2 3.6818 15.5769 2,010 0.2957 0.0123 

Selenium 13.0 20.0 5 0.6500 2.6000 357 0.0525 0.6910 

Total EQs 8.0463 23.751  0.7034 

 
Notes: (1)  Maximum concentrations from the 2003 to 2008 monitoring years for real surface water in which aquatic life might live 

(2)  Maximum concentrations from the 2003 to 2008 monitoring years for all surface water in which deer might ingest
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TABLE 4-5 
ECOLOGICAL IMPACT QUOTIENTS FOR SEDIMENT 

Average Sediment Concentrations (milligram/kilogram) 
and Ecological Impact Quotient (EQ) 

Site Total 
Recoverable 

Arsenic 
EQ 

Total 
Recoverable 

Selenium 
EQ Total EQ 

German Gulch (1) 136 8 3 1.2 9.2 

GUIDELINE 17 2.5  

Notes:   (1) Sediment concentrations in sample STA-3A collected on 10/17/2003. 
 (2) Guideline NOAA Probable Effects Level for arsenic in freshwater sediments (NOAA, 1999). 
 (3) Guideline from Hamilton and Lemly (1999). 

 
 
for high and low flow were 2.2 and 4.3 respectively.  Both selenium and cyanide contribute to 
the German Gulch surface water high HQ values. Cyanide concentrations at all surface water 
stations on German gulch have shown significant decreases in 2006 and 2008 sampling with no 
exceedances of the acute aquatic life standards.  Springs in the  LAD area exhibited an EQ of 
43.7, almost all of  which is attributable to cyanide. The leach pad solution should not be 
considered surface water, as waters on the leach pad are not directly available to biological 
receptors.  However, should the leach pad discharge to surface water, the very high EQ values 
(total EQ of 1,933)  could have major impacts to ecological receptors.  The most significant 
contribution to high EQ values from the leach pad are from cyanide. 
 
Excluding the leach pad arsenic, copper and iron contribute very little to the total EQ values for 
surface water sources.   The calculated EQ values indicate the potential for aquatic life impacts 
(EQs greater than 1.0) only for cyanide and selenium in surface water at the site (Table 4-3). 
 
2008 Streamlined Ecological Risk Evaluation 
 
Tetra Tech calculated surface water EQs for aquatic life and deer ingestion using the risk 
calculation spreadsheets for abandoned mine sites (Tetra Tech 1996). As specified by Tetra 
Tech (1996), maximum real surface water concentrations in streams were used for surface 
water in which aquatic life might live.  In addition, the maximum surface water (including 
springs/seeps) concentrations for surface water were also used to evaluate concentrations in 
water that deer might drink. Appendix E presents copies of the risk evaluation spreadsheets.  
 
Table 4-4 includes the results from the 2008 ecological risk evaluation. For this scenario, 
surface water quality data are compared to acute aquatic life criteria.  This comparison is limited 
because water quality criteria are not species-specific but were developed to protect 95 percent 
of the species tested and may not protect the most sensitive species, which may or may not be 
present in German Gulch.  In addition, toxicity to the most sensitive species may not in itself be 
a limiting factor for the maintenance of a healthy, viable fishery and/or other aquatic organisms.  
 
The calculated EQ values indicate the potential for aquatic life impacts (EQs greater than 1.0) 
for copper, cyanide, and selenium in surface water at the site (Table 4-3). However, the 
calculated EQ values for deer ingestion of water indicates a total EQ below 1.0. Based on the 
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calculations, ingestion of surface water does not appear to present a health risk for deer 
migrating through the site. 
 
Sediment  
 
Data used for 2005 sediment risk characterization includes one location on German Gulch 
(STA-3A; Table 4-5).  The sediment guideline of 2.5 mg/kg was used to calculate the selenium 
EQ (Hamilton and Lemly, 1999).  The NOAA PEL guideline was used to compute the arsenic 
EQ.  German Gulch at station STA-3A had a total EQ of 9.2.  The major contribution to the 
sediment EQ was from arsenic (8), with a lesser contribution from selenium (1.2).   
 
 
 

TABLE 4-6 
ECOLOGICAL IMPACT QUOTIENTS FOR FISH TISSUE 

Mean Concentration (micrograms per gram) and Ecological Impact 
Quotient (EQ) Site 

Selenium EQ 

Upper German Gulch (1) 8.03 3.21 

Beefstraight Creek (2) 4.93 1.97 

GUIDELINE (3)  2.5  

Notes:   (1) Mean 2003 selenium concentration at station STA-3A (LaMarr, 2003). 
 (2) Mean 2003 selenium concentration at station BS-D (LaMarr, 2003). 
 (3) Guideline from Hamilton and Lemly (1999). 

 
Fish Tissue 
 
Selenium concentrations in fish tissue were evaluated through review of data compiled by 
USDA-FS studies (LaMarr, 2003) and Montana Fish, Wildlife, and Parks studies (Skaar, 2004).  
Ecological impact quotients were calculated by dividing fish whole-body data from stations on 
German Gulch (STA-3-A) and Beefstraight (BS-D) into the selenium guideline of 2.5 mg/kg 
(Hamilton and Lemly, 1999).  Table 4-6 presents this information.  The selenium EQ for upper 
German Gulch was 3.2, while for Beefstraight Creek the selenium EQ was almost 2.0. 
 
Field studies were conducted by Montana Fish, Wildlife, and Parks in 2003 to investigate the 
possible effects of cyanide on cutthroat and brook trout in the German Gulch drainage (Skaar, 
2004).  Fish tissue showed notable degenerative cellular changes from exposure to cyanide. 
 
Wildlife and Livestock 
 
Of primary concern to wildlife and livestock is the accumulation of selenium in plant tissue.  The 
amount of selenium that can lead to chronic or acute toxicity varies by animal specie, but a 
continuous dietary intake of plants having an selenium concentration of less than 2 mg/kg is 
generally considered safe (NAS-NRC, 1980) for all species.  Selenium levels in vegetation that 
cause toxic effects range between 3 and 20 mg/kg for chronic exposure and 400 to 800 mg/kg 
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for acute exposure (Girling, 1984).  The plant tissue data from Beal Mountain shows that the 
majority of samples have selenium values less than 2.0 mg/kg (Maxim, 2004a). 
 
4.2 SUMMARY 
 
Exposure to mine discharges for a typical recreational user of the area is likely to be limited to 
very short durations for a very short time.  Potential human health risk was calculated for 
exposure to cyanide and selenium in the real surface water.  Exposure to real surface water 
does not appear to be a human health risk at the Beal Mountain Mine site, nor does the 
ingestion of fish.  
 
Ecological risks result principally from selenium in seepage from the waste rock dump, from 
selenium and cyanide in German Gulch, from arsenic and selenium in steam sediments in 
German Gulch, and from cyanide in spring discharges down-gradient of the LAD area (Table 4-
7).  In addition, if leach pad solution were released to surface water (even by an indirect 
groundwater pathway) without treatment, ecological risk could be incurred for all COCs (Table 
4-7).  The leach pad solutions also contain concentrations of fluorine, strontium, ammonia, 
nitrate, and nitrite that exceed groundwater standards, and these contaminants may pose a risk 
to the environment. 
 
Selenium was found to be elevated above established literature threshold ecological risk values 
for surface water and stream sediment sampled at the German Gulch locations; levels were not 
elevated above these threshold values for these media in Minnesota Gulch and Beefstraight 
Creek.  The hazard rating for selenium in German Gulch was high or moderate for fish eggs and 
high for macroinvertebrates at all three stations.  For sediment, the hazard rating was high at 
the two upstream stations, but had diminished to none at the downstream station.  Elevated 
selenium concentrations in these media may result in impacts to fish populations. Beefstraight 
Creek showed elevated levels of selenium in fish tissue only.  
 

TABLE 4-7 
ECOLOGICAL RISK IN SURFACE WATER, PAD SOLUTION AND SEDIMENT 

Risk Areas Arsenic Copper Cyanide Iron Nickel Selenium 

Waste Rock Dump Seepage      X 

German Gulch Low Flow at 
STA-3A   X   X 

German Gulch High Flow at 
STA-3A      X 

German Gulch Stream 
Sediment X     X 

LAD Area Springs   X   X 

Leach Pad Solution X X X X X X 

 
Note:  X,  Denotes hazard quotient greater than 1.0 
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5.0  RESPONSE ACTION SCOPE, GOALS, AND OBJECTIVES 
 
This section of the EE/CA presents the scope of a potential Removal Action at the Beal 
Mountain Mine to address identified issues and risks present.  Removal action objectives 
(RAOs) are also presented, as are goals that are intended to meet applicable or relevant and 
appropriate requirements (ARARs). 
 
5.1 SCOPE OF THE RESPONSE ACTION 
 
The streamlined risk evaluation demonstrated that only environmental risks are present at the 
mine site or in the watersheds that receive mine discharges.  Potential human health risks may 
occur from ingestion of water by recreationists from the waste rock dump toe seep and springs 
in the LAD area.  However, these potential human health risks are considered unlikely because 
exposures are either controlled (waste rock dump seepage) or are very limited (ingestion of 
spring water in the LAD areas).   
 
Environmental risks were calculated for both surface water and sediment due to elevated 
concentrations of contaminants measured in these media that resulted from specific mine 
discharges.  These risks result from migration of contaminants from: (1) the waste rock dump 
and perhaps to a very small degree from waste rock used as road fill for the German Gulch road 
crossing near the mine site (principally selenium) and groundwater in the same area; (2) treated 
leach pad solutions that were discharged to the LAD area (principally selenium and cyanide); (3) 
possible water flow onto and off the leach pad; and (4)  ecological risks to surface water, 
groundwater, and aquatic resources that result from potential structural instability in the pit high-
wall that could, under worst-case conditions, cause a failure of the leach pad dike and a 
subsequent release of leach pad solution.   
 
The scope of this removal action is directed at eliminating or reducing the risk of uncontrolled 
releases of soluble metals, cyanide, and selenium from mining-related sources at the Beal 
Mountain Mine site.  The scope of a potential removal action at the site is not intended to 
directly address elevated contaminant levels in groundwater.  However, by addressing the 
release or threat of a release of contaminants from identified waste sources, reduction in 
contaminant concentrations is expected to occur in area groundwater.   
 
5.2 REMOVAL ACTION OBJECTIVES 

 
The following Removal Action Objectives (RAOs) were developed by the USDA-FS for the Beal 
Mountain Mine: 
 

 Minimize the rate of water accumulation on the heap leach pad and the necessity of on-
going water treatment  

 Minimize the risk of failure of the heap leach pad containment dike resulting from 
geotechnical stability of the underlying clay-sill slide. 

 
 Minimize operation and maintenance requirements 

 
 Goal of achieving surface water quality aquatic standards in German and Minnesota 

Gulches and Beefstraight Creek  
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 Maintain erosional stability in reclaimed areas  

 Achieve reclamation objectives for revegetation cover, production, and diversity  

 Return the mine site to multiple uses including recreation and grazing 

 
5.3 ARAR-BASED RESPONSE GOALS 
 
Response action goals are primarily contaminant-based concentrations that are set by federal 
or state laws and regulations.  For this project, primary contaminant-specific ARARs apply to 
measured impacts to groundwater and surface water.  There are no contaminant-specific 
ARARs for plant or soil media.  A full listing of the identified ARARs for this project are 
presented in Appendix A along with a determination of their applicability, appropriateness and 
relevancy (75-5-101 and ARM 17 30705).  
 
5.3.1 Surface Water 
 
Aquatic life standards and human health standards are common ARARs for surface water.  
Generally, the more stringent of the two standards is identified as the ARAR-based reclamation 
goal.  Because the aquatic life standards are more stringent than the human health standards 
for COCs, and ecological risks predominate at this site, aquatic standards represent the surface 
water ARARs for this site.  These goals are presented in Table 5-1.  Those goals that are 
hardness dependent have been calculated based on a hardness of 100 mg/L.  Enforcement of 
cleanup goals may be executed at specific water quality stations, in which case the cleanup 
standard for the hardness dependent contaminants should be calculated based on the hardness 
at those specific stations.  In addition to the goals presented in Table 5-1, the complex 
chemistry, and fate and transport of cyanide, may make it desirable at some point in the future 
to consider an ARAR based response goal for WAD cyanide.   
 

 
TABLE 5-1 

ARAR-BASED RECLAMATION GOALS FOR SURFACE WATER 
Total Recoverable Metals (milligrams/liter)  

Arsenic Copper Total 
Cyanide Free Cyanide Iron Selenium 

Chronic 
Aquatic Life 
Goal 

0.150 0.009(1) 0.0052 0.0052 1.0 0.005 

Human Health 
Goal 0.018 1.3 0.140  0.3(2) 0.050 

 
Notes:   (1)     Hardness based criteria are calculated for hardness = 100 milligrams/liter. 
             (2)     Secondary Maximum Contaminant Level (SMCL) (based on aesthetic properties). 
 
 
5.3.2 Groundwater 
 
ARAR-based reclamation goals for groundwater are Montana Human Health Standards.  Using 
these standards, ARAR-based goals for COCs in groundwater are shown in Table 5-2.  
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TABLE 5-2 
ARAR-BASED RECLAMATION GOALS FOR GROUNDWATER 

Chemical Type (1) Concentration (milligrams/liter) 

Arsenic HHS (MCL) 0.018 (0.05) 

Copper HHS/MCL 1.3 

Cyanide HHS/MCL 0.2 

Iron MCL 0.3(2) 

Selenium HHS/MCL 0.05 

 
Notes: (1) HHS = Human Health Standard (MDEQ, 2004); MCL = Maximum Contaminant Level (EPA, 1996) 

(2) Secondary standard for taste, odor, color.
 

 
5.4 GUIDELINES 
 
As there are no ARARs-based goals for geotechnical stability or plant and soil concentrations, 
several guidelines are available for consideration of these elements of a potential response 
action. 
 
5.4.1 Geotechnical Stability 
 
Montana Department of Natural Resources and Conservation is responsible for dam safety in 
Montana.  The State has not promulgated its own set of standards for dam safety but rather 
defers to the national standards as set forth by the USDA Natural Resource Conservation 
Service (NRCS).  The NRCS has developed Embankment Slope Stability Minimum Factors of 
Safety guidelines and standards for earthen dams based on a USDA Soil Conservation Service 
document called Technical Release No. 60, Earth Dams and Reservoirs (SCS, 1981).  Table 5-
3 is a summary table from that document.  The applicable factors of safety are based on dam 
classifications (A through C) that are largely related to risk or potential impacts to human life and 
damage to infrastructure that might occur downstream if the dam were to fail.  A Class C 
classification for a dam envisions the largest risk under the classification involving loss of life 
and serious damage to infrastructure.  Class C dams do not require minimum safety factors 
greater than 1.5 under any circumstances reviewed in the document (Table 5-3).   
 
The US Forest Service has also prepared documents specifying design and safety criteria for 
earthen dams.  These data are presented in Forest Service Design Manual 7500 Water Storage 
and Transmission (USDA-FS 2000a) including Chapter 7520 Dam Planning, Investigation and 
Design.  In addition, the Forest Service has also prepared a Forest Service Handbook FSH-
7509.11 Dams Management Handbook  (USDA-FS, 2000b) which also recommends Factors of 
Safety of 1.5 for slope stability of waste rock dumps and tailing dam containment structures.   
Finally, the Montana Metal Mines Reclamation Act provides qualitative guidance that can be 
used as ARAR based reclamation goals for slope stability.  This guidance states that 
“…reclamation of disturbed land to comparable utility and stability as that of adjacent areas…”.   
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TABLE 5-3 
EMBANKMENT SLOPE STABILITY 
MINIMUM FACTORS OF SAFETY(1) 

Factor of Safety 
Loading Condition Structure 

Classification w/o Seismic 
Forces2/ 

w/ Seismic 
Forces 

End of Construction (a), (b) and (c) 1.4(3) Not Applicable 

Steady Seepage, Reservoir Elevation 
at Highest Principal Spillway Crest 

(a) 
(b) 
(c) 

1.4 
1.5 
1.5 

1.0 
1.1 
1.1 

Sudden Drawdown, Complete and/or 
Partial (a), (b) and (c) 1.3(4) Not Applicable 

 
Notes: 1 (from SCS, 1981, TR-60) Factor of safety is to be evaluated by an appropriate method. 
  2 Factor of safety for an infinite slope analysis is to exceed 1.0 for class (a) and 1.1 for classes (b) and (c). 
  3 A factor of 1.3 may be used for embankments on strong foundation where the limiting potential failure 

surface is entirely within the embankment. 
 4   A factor of 1.2 may be used where the limiting potential failure surface is entirely   within the 

embankment. 
 
  
 
5.4.2 Plant and Soil Guidelines 
 
Recreational and phytotoxicity cleanup goals for solid mine wastes have been adopted by 
MDEQ in the form of cleanup guidelines.  However, mined waste rock and spent ore at the Beal 
Mountain Mine site have been reclaimed and covered with either soil, sub-soils and/or 
geosynthetic materials and is not exposed at the surface where it might impact recreational use 
or have phytotoxic impacts.   
 
Of primary concern to wildlife and livestock is the accumulation of selenium in plant tissue.  The 
amount of selenium that can lead to chronic or acute toxicity varies by animal specie, but a 
continuous dietary intake of plants having a selenium concentration of less than 2 mg/kg is 
generally considered safe (NAS-NRC, 1980) for all species.  Selenium levels in vegetation that 
cause toxic effects range between 3 and 20 mg/kg for chronic exposure and 400 to 800 mg/kg 
for acute exposure (Girling 1984).   
 
For aquatic species, Lemly (2002) has suggested criteria for selenium that would result in a low 
aquatic hazard.  These criteria include the following:   
 

 Surface Water  - 3 microgram / Liter 
 Streambed Sediment – 2 microgram / gram 
 Aquatic Macroinvertebrates – 4 microgram / gram dry weight 
 Fish eggs – 7 microgram / gram dry weight 
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6.0  DEVELOPMENT OF REMOVAL ALTERNATIVES 
 
Removal alternatives are developed in this section to address the identified issues and risks 
present at the site.  The RAOs developed in the preceding section provide the basis for 
development of removal alternatives.   
 
6.1 OPTIONS CONSIDERED APPLICABLE FOR REMOVAL ALTERNATIVES 
 
EPA guidance for non-time-critical removal actions (EPA, 1993) suggests that only the most 
qualified technologies that apply to the media or source of contamination be evaluated in detail 
in the EE/CA.  Using this guidance, removal action activities were grouped into general 
response actions that are considered reasonable approaches to mitigating identified risks and 
that are implementable.  General response actions, response technologies, and process options 
that are appropriate for mine wastes or geotechnical instabilities present at the Beal Mountain 
Mine are shown in Table 6-1.  Various water treatment technologies are also presented in 
Table 6-1 and discussed in this section.  While there may be other response actions or 
technologies available for site cleanup, these were not considered further because they failed to 
meet the criteria of reasonableness and/or implementability. 
 
6.1.1 Monitoring 
 
Monitoring is considered an action that is common to all reclamation alternatives at the Beal 
Mountain Mine. Two types of monitoring are currently ongoing at the Beal Mountain Mine site 
including surface and groundwater monitoring, and geotechnical stability monitoring.  Surface 
water and groundwater monitoring down gradient of mine facilities is used to evaluate changes 
in conditions at the site and the effectiveness and success of response actions as measured by 
impacts to receiving waters. Monitoring stations may be added or removed based on results and 
review of sampling data.  Geotechnical stability monitoring (using survey prisms, inclinometers, 
water well levels, and direct field observations) is being used to monitor movement of slides in 
the pit high-wall that potentially threaten the integrity of the southern leach pad containment 
dike.  In addition to being used to evaluate success of response actions, the results of 
monitoring will be used to determine the need for other appropriate response actions.   
 
6.1.2 Institutional Controls 
 
Institutional controls are used to restrict or control access to or use of a site.  Land use and 
access restrictions are potentially applicable institutional controls.  Land use restrictions would 
limit the possible future uses of the land through changes to the local forest management plan 
or implementation of a closure order.  Institutional controls involve restricting access to the site 
via fencing and gates.  Neither institutional controls nor land use controls achieve cleanup 
goals.  However, in addition to limiting access, these controls can provide for long-term public 
safety. 
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6.1.3 Engineering Source Controls 
 
Engineering controls are used to reduce the mobility of contaminants by establishing barriers 
that limit contaminant exposure, reduce contaminant reactivity, and prevent or limit migration or 
flow of contaminated surface or groundwater.  Engineering controls typically include 
containment, partial removal or relocation of wastes, capping, run-on/runoff controls, 
revegetation, and/or disposal.  Engineering controls generally do not reduce the volume or 
toxicity of hazardous materials.   
 

TABLE 6-1 
GENERAL RESPONSE ACTIONS, RESPONSE TECHNOLOGIES, AND PROCESS OPTIONS  

CONSIDERED FOR POTENTIAL REMOVAL ACTION ALTERNATIVES 

General Response 
Action Response Technology Process Option 

Surface and Groundwater 
Quality 

Surface Water, monitor Wells, Springs, Stream 
Sediments 

Reclamation Goals Monitor Erosion and Revegetation Success Monitoring 

Geotechnical Stability Survey Prisms, Inclinometers, Water Well Levels, Field 
Observation 

Fencing/Signage Institutional Controls Access Restrictions 
Land Use Controls 

Grading/Compaction 

Revegetation Surface Controls 

Erosion Protection, Run-on/Runoff Control 

Soil Cover 

Composite Geomembrane and Soil Cover In-Situ Capping and 
Containment 

Grout Wall or Curtain 

Engineering Source 
 Controls 

Removal  Excavation  

Groundwater Dewatering 
Engineering Stability Removal  

Soil Excavation 
In-Situ Soil Treatment Physical  Soil Rinsing 

Contaminant Dilution Using Mixing Zone Physical Treatment 
Evaporation 

Denitrification 

Nitrification 

In-situ semi-passive anaerobic bioreactors 
Biological Treatment 

Active anaerobic  

Iron co-precipitation 

Water Treatment 

Chemical Treatment 
Reverse Osmosis 
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Surface Controls 
 
Surface controls are used to minimize contaminant release and migration.  Surface controls 
alone may not be appropriate in areas where direct human contact is a primary concern.  In 
these instances, surface controls are commonly integrated with containment to provide further 
protection.   
 
Surface control process options are directed at controlling water and wind erosion, and transport 
of contaminated materials.  These options include consolidation, grading, revegetation, and 
erosion controls.  Consolidation involves grouping wastes in a common area for more efficient 
management or treatment.  Grading and compaction are used to reshape and compact waste 
areas in order to reduce slopes, manage run-on/runoff and infiltration of surface water, and 
control erosion.  Revegetation involves adding soil amendments to a limited depth in the waste 
in order to provide nutrients and organic materials to establish vegetation.  Revegetation 
generally involves the selection of appropriate plant species, preparation of the seeding area, 
seeding and/or planting, mulching and/or chemical stabilization, and fertilization.  Depending on 
the success of revegetation, the site may require maintenance in order to establish a self-
sustaining plant community.  Erosion protection includes using erosion resistant materials to 
control water and wind impact on the contaminated media surface.  Processes include surface 
water diversions, application of mulch and natural or synthetic fabric mats, and riprap.   
 
Surface controls may be important in diverting water from the main Beal Mountain pit high-wall 
and the waste rock dump.  Regrading, revegetation, and erosion control will likely be important 
in reclamation of the waste rock dump and other mine related facilities. 
 
In-situ Capping and Containment 
 
Containment technologies are used as source control measures. These technologies are 
designed to eliminate direct contact and fugitive releases of contaminated materials. In addition, 
such controls are used to divert and minimize infiltration of surface water and precipitation that 
may contribute to erosion and/or leachate formation. Containment technologies may also be 
used to divert or redirect the flow of groundwater through the use of a grout curtain or wall.   
Capping is an appropriate alternative when materials are left on-site.  A site-appropriate capping 
design is dependent on the relative toxicity and mobility of the contaminants and their 
demonstrated impacts to human health and the environment.  The cap or cover design is a 
function of the degree of hazard posed by contaminated media and can range from simple 
soil/vegetation caps to complex composite geosynthetic/soil covers.  Capping or containment is 
also an option when excavation and disposal, or treatment actions are logistically impractical or 
cost prohibitive.  Capping and grout curtains (walls) are standard construction practices, use 
standard equipment, and employ standard design components.  Capping and containment 
source control measures will likely be important in the waste rock and leach pad source areas. 
 
Removal  
 
Partial to total removal or relocation of mine wastes can be used as a source control measure.  
Removal may be an important technology at the Beal Mountain Mine site where wastes 
overlying spring SPR-10A and other wastes may need to be removed and relocated in order to 
minimize waste contact with surface water and groundwater.  Partial removal or total removal 
may be important for remedying geotechnical stability issues with the leach pad containment 
dike and as a mean of eliminating the rate of accumulation of excess solutions on the leach pad.  
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Removal involves excavation of contaminated materials and placement in a repository site 
where materials are more suitable to capping or containment options.   
 
6.1.4 Engineering Stability 
 
At the Beal Mountain Mine site, the clay/sill slide above the high-wall of the main Beal Mountain 
pit poses a potential risk to the structural integrity of the overlying south leach pad containment 
dike under worst-case conditions.  Engineering alternatives examined for this site-specific issue 
include dewatering of the containment dike and underlying bedrock, and partial removal and 
relocation of spent ore on the pad. 
 
Dewatering 
 
Dewatering of unconsolidated overburden, construction fill material, and bedrock can be used to 
stabilize geologic materials by lowering the water table, which removes water as a lubricating 
fluid, reduces hydrostatic pressure, and increases the coefficient of friction on potential slip 
surfaces.  Monitoring of the clay/sill slide has determined that it can be induced to move under 
certain physical conditions, which in turn endangers the structural integrity of the southern leach 
pad containment dike. Dewatering of the leach pad dike and underlying bedrock may be 
periodically or seasonally required.  This mechanism has been proven effective and has been 
used successfully in the past at the Beal Mountain Mine site using existing dewatering wells, 
and has recently been reinstituted with new pumping and electrical equipment.  Horizontal 
drilling is an alternative for dewatering that may be considered in the future to reduce source 
flows into waste materials.   
 
Removal  
 
Geotechnical instability risks can be minimized by removal of mine wastes from zones of 
structural instability.  Removing the material also reduces the physical load or weight of material 
from the area at risk for failure.  At the Beal Mountain Mine site, this is the case with potential 
risk of failure of the southern leach pad containment dike.  Spent ore on the leach pad can be 
removed from the zone of potential failure and relocated to other areas of low risk on the pad.  
This removal technology involves excavation of material and placing it in a geotechnically more 
stable location. 
 
6.1.5 In-situ Soil Treatment  
 
A LAD area located to the north of the leach pad at the Beal Mountain Mine site was used 
extensively for discharge of treated pad solutions.  As a result, soils may be contaminated with 
sulfate, cyanide, and metals or metalloids (selenium).  Natural rinsing over time based on spring 
water quality monitoring results seems to be effective in reducing the concentration of 
containments reporting to adjacent surface and spring water.  Without addition column leach 
testing, it is not certain if soil rinsing under either natural or artificial conditions can maintain 
surface water or groundwater quality standards with respect to contaminants of concern. The 
removal of the LAD equipment from the site has made an active soil rinsing alternative 
unattractive.  
 



Final Beal Mountain Mine EECA - USDA Forest Service, Northern Region 6-5 

 

Tetra Tech  March 2010  

6.1.6 Water Treatment 
 
Leach Pad Water Treatment 
 
Two sources of water have been identified at the Beal Mountain Mine that may require 
treatment prior to discharge.  The two sources are:  (1) water accumulating in the heap leach 
pad; and (2) seepage waters collected from the waste rock pile.  A reverse osmosis treatment 
system was selected in an Action Memorandum for treatment of the pad solution in 2005 and a 
pilot scale facility was constructed in 2006. A full scale facility was constructed in 2008 and 
operated in 2008-2009 for treatment of excess and actively accumulating pad solutions. Water 
infiltrating into the heap leach pad will require seasonal treatment and discharge on an annual 
basis until source control measures are implemented that reduce or eliminate excess water 
accumulation on the leach pad.  Excess water accumulating on the heap leach pad would 
require treatment to meet the established groundwater effluent goals listed in Table 6-2.  
Reverse osmosis treated water currently still exceeds surface water standards for cyanide and 
ammonium (Table 3-4), and as result of this the water is routinely disposed of through a LAD 
system rather than direct discharge to surface water.  Additional treatment is currently being 
considered that might allow for a direct discharge of treated water.  
 
Waste Rock Seepage Water Treatment 
 
Estimated average annual water flow for the waste rock source is 70 gallons per minute.   
Waste rock dump seepage consists of drainage collected from springs SPR-5A and SPR-10 
plus seepage from the toe drain.  Combined flow from these sources has been estimated to be 
approximately 70 gpm on an average annual basis, though flow rate peaks at a higher rate (250 
gpm) in spring and decreases to a lower rate (eight gpm) through summer, fall, and winter.  In 
2002, flows from SPR-5A, SPR-10, and the toe drain were measured to be 11%, 6%, and 83% 
of total waste rock seepage, respectively (Jepson, 2002). These flow percentages likely vary 
seasonally, though data was not available to quantify the magnitude of seasonal variations. The 
waste rock water source would require treatment to meet established groundwater effluent 
goals (Table 6-2).   
 
Selenium is the only contaminant of concern requiring treatment from the waste rock source.  
The effectiveness of selenium removal is highly dependent on the form of selenium present.  
Reduced selenium (selenite) is more amenable to treatment, while oxidized selenium (selenate) 
is less amenable to treatment.  The form of selenium most likely to predominate at Beal 
Mountain is selenate, though analytical speciation of selenium should be completed.  A list of 
water treatment methods that are capable of removing selenium are presented in Table 6-3.  
This is not an exhaustive listing of all potentially applicable water treatment processes, and 
there are likely other water treatment processes that could be considered for this application. 
However, those listed in Table 6-3 represent a range of processes potentially suitable for this 
application based on untreated water chemistry and goals for treated effluent quality.  These 
treatment processes also span the expected range of process effectiveness, implementability, 
complexity, and cost.  Water treatment processes that were not carried forward in the 
Alternative Analysis are presented in Section 6.3.3.  The water treatment processes discussed 
in detail below have been retained for further consideration.   
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TABLE 6-2 
WATER QUALITY GOALS FOR TREATED EFFLUENT 

Constituent Effluent Goal (1,2) 

pH 6.0 to 9.0 

Ammonia, mg/L as N (3) 2.0 

Antimony, mg/L 0.006 

Arsenic, mg/L 0.02 

Beryllium, mg/L 0.004 

Barium, mg/L 2.0 

Cadmium, mg/L 0.005 

Chromium, mg/L (All Forms) 0.1 

Copper, mg/L 1.3 

Cyanide, Total, mg/L 0.2 

Fluoride, mg/L 4.0 

Lead, mg/L 0.015 

Mercury, mg/L 0.002 

Nickel, mg/L 0.1 

Nitrate, mg/L as N 10.0 

Nitrate + Nitrite, mg/L as N 10.0 

Nitrite, mg/L as N 1.0 

Selenium, mg/L 0.05 

Silver, mg/L 0.1 

Strontium, mg/L 4.0 

Thallium, mg/L 0.002 

Zinc, mg/L 2.0 

Notes: 1 MDEQ Circular WQB-7 human health standards for groundwater 
(MDEQ, 2004). 

 2 Total recoverable concentrations 
3 Total ammonia concentration (NH3 plus NH4) 
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TABLE 6-3 

WATER TREATMENT OPTIONS SUITABLE FOR WASTE ROCK SEEPAGE 
Treatment Process Selenium (1) 

Contaminant Dilution in a Mixing Zone  
Evaporation (2) P 11  
Biological – Passive Anaerobic (3) Table 6.4  
Biological – Active Anaerobic (4) Table 6.4  
Ion Exchange (5) P 111  
Iron Co-Precipitation Table 6.4, P112  
Reverse Osmosis (6) Table 6.4  
Activated Alumina Adsorption P 111  
Activated Carbon Adsorption P 111  (7) 

(1) Effectiveness of selenium removal is highly dependent on the form of selenium present.  
(2) Reduced selenium (selenite) is more amenable to treatment, while oxidized selenium (selenate) is less amenable to 

treatment.  The form of selenium most likely to predominate at Beal Mountain is selenate, though analytical speciation of 
selenium should be completed. 

(1) Suitable for relatively low water flow rates. 
(2) Passive anaerobic in-situ biological treatment (i.e., Biopass system). 
(3) Active anaerobic biological treatment to remove nitrite, nitrate and selenium (partial sulfate reduction may occur). 
(4) Combined anion and cation ion exchange, including pre-treatment by filtration with waste brine evaporation/crystallization. 
(5) Reverse osmosis or other membrane process, including pre-treatment by filtration and/or softening with waste brine 

evaporation/crystallization. 
(6) Variable removals of selenium may be observed with activated carbon adsorption depending on the chemical form of 

selenium present. 

 
 
Physical Treatment 
 

 Contaminant Dilution Using Mixing Zone  
 
Small flows of contaminated water can be transported in pipes down-gradient parallel to 
streams, to an area of higher flow regime, where the piped water can be released to 
groundwater through a series of infiltration galleries constructed adjacent to the stream.  At the 
Beal Mountain Mine site this discharge would not exceed human health (groundwater) 
standards for groundwater at the infiltration galleries.  In, addition mixing the small contaminated 
flow with a sufficiently larger flow volume in the subsurface near the main-stem of the stream 
can assure that aquatic surface water standards for contaminants of concern are not exceeded 
in the main stream.  A system like this was operated successfully at the Beal Mountain Mine 
during active mining for waste rock seepage and main Beal Mountain pit discharge under a 
Montana Pollutant Discharge Elimination System (MPDES) permit.  Eventually the contaminants 
of concern reached levels such that the stream, at the point of discharge, could no longer dilute 
the contaminants sufficiently to meet water quality standards and water was pumped and 
treated at the mine’s biological water treatment plant and the effluent discharged to an LAD 
system.  Since 2005 waste rock seepage has been redirected into the old MPDES system with 
discharge to existing infiltration galleries along German Gulch.  
 

 Evaporation 
 
Evaporation involves the high temperature vaporization of water from solution, thereby leaving 
behind most dissolved solids in a concentrated waste brine and/or waste solids cake.  
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Evaporation is an energy intensive process but can be used to reduce the volume of water 
requiring treatment and/or disposal.  Waste brine/cake resulting from the process must be 
treated and/or disposed, and there is a potential that the waste brine/cake could be considered 
a hazardous waste.  Evaporation is often considered for relatively low water flows or when a 
discharge of water is not allowed. 
 
Biological Treatment 
 

 In-situ Passive Anaerobic Treatment 
 

Passive anaerobic biological treatment involves the gravity flow of water through a below-grade 
bed of substrate often consisting of a mixture of rock, composted manure, and/or straw.  
Through the exclusion of oxygen, anaerobic/anoxic conditions develop in the substrate and 
biological activity acts to remove those constituents amenable to anaerobic/anoxic treatment.  
Systems are normally used to treat relatively low water flows (less than about 50 to 100 gpm) 
and where consistent feed water flow and chemistry are available.  The process has been used 
in multiple mine water treatment applications and is capable of achieving effluent goals for 
nitrate, nitrite, and several metals.  Below-grade substrate materials must periodically be 
excavated, disposed, and replaced.  

 
 Active Anaerobic Treatment 
 

Active anaerobic biological treatment involves contacting water with attached growth biological 
media in gravity flow vessels arranged in series.  The process is configured to exclude oxygen 
and various nutrients are added to maintain anaerobic/anoxic conditions in the vessels.  The 
process has had variable success in mine water treatment applications at removing selenium, 
most recently at the Zortman-Landusky mine in Montana.  The process is capable of meeting 
effluent goals for nitrate, nitrite, and possibly selenium and other metals.  Effective treatment 
normally requires heating of feed water to maintain acceptable biological reaction rates.  The 
process is best applied where continuous treatment of water is required and in cases where the 
feed water quality and flow do not rapidly fluctuate.  Waste sludge from the process must be 
disposed but is normally not hazardous in nature.  
 

 Ion Exchange 
 
Ion exchange involves the reversible adsorption of ions (cations and/or anions) from solution 
using synthetic ion exchange resins.  Treatment takes place in one or more pressure vessels, 
with a minimum of three vessels normally provided (one operating, one on standby, and one 
undergoing regeneration).  Ion exchange resins adsorb ions from solution to generate high 
quality effluent, with the primary application being as a polishing process for high purity water 
preparation.  Competing ions, such as sodium, chloride, and sulfate, may in some cases 
necessitate treating water to near complete desalination to achieve effluent goals.  Ion 
exchange resins are susceptible to physical attrition and chemical poisoning through the 
irreversible adsorption of certain ions.  Pretreatment by filtration is normally required to prevent 
suspended solids accumulation in resin beds.  Resins must be regenerated on-site using acid 
and/or caustic solutions, thereby generating waste brine, which must be treated and/or 
disposed.  Depending on feed water quality, waste brine could be considered a hazardous 
waste.  There is an uncertain ability for the process to consistently achieve required effluent 
quality, and there is an uncertain ability to consistently regenerate and re-use ion exchange 
resins in this application. 
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Chemical Treatment 
 

 Iron Co-precipitation 
 
Iron co-precipitation involves the addition of ferrous, ferric, and/or elemental iron to untreated 
water at a neutral or acidic pH to precipitate arsenic, selenium, and/or iron-cyanide compounds.  
Treatment takes place in one or more agitated tanks with an effluent clarifier and/or filter to 
remove suspended solids.  The process is capable of meeting effluent goal for arsenic, but 
there is an uncertain ability of this process to meet effluent goals for selenium or total cyanide 
(iron cyanide).  Selenate is not effectively removed by this process, though high levels of 
selenite removal are possible.  Iron co-precipitation has been utilized in multiple mine water 
treatment applications for arsenic and total cyanide removal.  Depending on feed water quality, 
waste solids could be considered a hazardous waste. 
 

 Reverse Osmosis 
 
Reverse osmosis involves high pressure pumping of water over a semi-permeable synthetic 
membrane, which allows water to pass through while retaining most dissolved constituents in a 
waste brine.  The process is capable of generating high quality effluent, but produces waste 
brine that must be further treated and/or disposed.  Pre-treatment often consists of pressure 
filtration, softening, water heating, antiscalant injection, acid injection, and fine cartridge 
filtration.  Depending on feed water quality, waste brine could be considered a hazardous waste.  
Reverse osmosis membranes are susceptible to fouling and must be periodically be cleaned 
using specialized cleaning solutions.  Reverse osmosis has been applied in multiple mine water 
treatment applications, most often where on-site brine disposal or evaporation is possible. The 
heap leach pad solutions at the Beal Mountain Mine are currently being treated with very 
successful results with respect to selenium (and other contaminants).  Brines are currently 
returned to the leach pad, but infiltration of precipitation, snowmelt and/or groundwater has 
effectively diluted the leach pad solutions over time, and has led to an improvement of water 
quality on the leach pad over the period of RO treatment. 
 

 Activated Alumina Adsorption  
 

The activated alumina process involves contacting untreated water with activated alumina, 
which acts to selectively adsorb arsenic, fluoride, and selenium from solution.  Treatment takes 
place in one or more pressure or gravity flow vessels, which are partially filled with activated 
alumina.  High levels of sulfate in feed water will interfere with adsorption efficiency, and the 
capacity of alumina to adsorb selenate is limited.  When exhausted, activated alumina must be 
chemically regenerated using caustic and acid solutions, which results in the generation of 
waste brine, which must be treated and/or disposed.  Depending on feed water quality, the 
waste brine could be considered a hazardous waste.  The ability to consistently regenerate and 
re-use activated alumina is unknown in this application, and there is an uncertain ability of the 
process to meet effluent goals for arsenic and selenium, though the effluent goal for fluoride 
could likely be achieved. 
 

 Activated Carbon Adsorption 
 

The activated carbon adsorption process involves contacting untreated water with activated 
carbon in one or more stages of pressure vessels or gravity flow contactors.  Activated carbon 
will adsorb WAD cyanide, total cyanide and several metals from solution, with its primary 
application being a polishing process for the removal of trace levels of constituents.  Activated 
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carbon adsorption is a potential candidate as a polishing process for low-level cyanide and/or 
metals removal from solution, but is not likely to be a suitable primary treatment process.  Spent 
carbon must be chemically and thermally regenerated on-site using caustic/acid solutions and a 
high temperature kiln, or spent carbon can be disposed off-site and new carbon purchased as 
needed. Activated Alumina and Carbon Adsorption alternatives are in Table 6-3 and the rest are 
not. 
 

 Other Methods 
 
The following methods were principally developed for treatment of the solutions on the heap 
leach pad.  They were considered for waste rock seepage treatment, but not carried forward in 
the analysis because they were designed to treat a wide range of components many with 
nitrate, ammonia and cyanide as well as numerous other trace metals and high TDS.  These 
methods include:  Evaporation and Iron co-precipitation with biological nitrification and 
denitrification. 
 
 Water Treatment Response Alternative Development  
 
Because of the inherent differences in the way individual water treatment alternatives are 
described and evaluated, they are presented in a separate table (Table 6.4).  Only a limited 
number of alternatives were developed for waste rock seepage for further consideration (Tables 
6-4 and 6-5).  Alternatives were developed to address issues identified in Section 3.2 of this 
report.  Table 6-4 lists and Table 6-5 provides a brief description of the alternatives that will be 
carried forward for detailed analysis in Section 7.0.  Water treatment options considered for the 
Beal Mountain Mine site, span the anticipated range of effectiveness, implementability, and cost 
that would be encountered for treatment.   
 
 

TABLE 6-4 
WATER TREATMENT ALTERNATIVES CONSIDERED FOR WASTE ROCK SEEPAGE

Option Treatment Process Feed Water 
Year Round 
or Seasonal 
Treatment 

Design 
Plant 

Capacity 
(gpm) 

Plant 
Type 

1 Passive In-Situ Anaerobic 
Biological Treatment 

Waste Rock 
Seepage 

Year 
Round 60 Constructed 

On-site 

2 Reverse Osmosis with Waste 
Brine Evaporation 

Waste Rock 
Seepage 

Year 
Round 60 Constructed 

On-site 

3 Iron Co-Precipitation Waste Rock 
Seepage 

Year 
Round 50 Constructed 

On-site 

4 Active Anaerobic Biological Waste Rock 
Seepage 

Year 
Round 50 Constructed 

On-site 
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6.2  ALTERNATIVES CONSIDERED BUT NOT CARRIED FORWARD 
 

Table 6-5 also lists alternatives considered but not carried forward for detailed analysis.  These 
alternatives were considered to varying degrees before a decision was made not to carry them 
forward.  The reasons why these alternatives were not considered further are described below. 
 
6.2.1 Waste Rock Dump 
 

 Move Waste Rock Dump to Off-Site Engineered Facility 
 
This alternative involves moving the waste rock dump off-site to an engineered facility.  
Implementing this technology would likely eliminate the source of selenium seeping from the 
waste rock dump toe and eliminate the need for further treatment of seepage.  A likely site for 
the relocated waste rock would be closer to the Silver Bow Creek valley on B-DNF land.  This 
alternative was discarded for several reasons, including the expected high cost, the difficulty in 
finding a site to move the approximately 5.7 million cubic yards of rock, and the disturbance and 
traffic that would require closure of National Forest System land in the German Gulch drainage.  
 

 Move Waste Rock Dump to On-Site Engineered Facility 
 
This alternative involves moving the waste rock dump to another location on-site where the 
waste rock dump could be capped and contained.  Implementing this technology would also 
likely eliminate the source of selenium seeping from the waste rock dump toe and eliminate the 
need for further treatment of seepage.  A likely site for the relocated waste rock would be along 
the Minnesota Gulch/German Gulch divide on B-DNF land.  This alternative was discarded for 
several reasons, including the expected high cost, the large disturbance that would be 
associated with a site higher and drier (i.e. a ridge top location away from seeps and springs), 
and the disturbance and traffic that would be associated with the removal and relocation.   
 

 Reactive Barrier at Toe of Waste Rock Dump 
 
This alternative involves constructing a reactive barrier at the toe of the waste rock dump.  
Material placed in the reactive barrier would cause a reaction with selenium in the waste rock 
dump seepage as seepage flowed through the barrier, removing the selenium from solution.  As 
with the two removal alternatives, it would eliminate the need for further treatment of seepage.   
 
This alternative was discarded for several reasons.  First, the effectiveness of the alternative 
depends on intercepting the seepage plume within and below the waste rock dump with the 
reactive material.  Because there are several unknowns associated with seepage flow paths 
through the toe, a considerable effort would have to be expended in a groundwater investigation 
to remove these uncertainties.  Second, constructing the alternative would be difficult.  The 
reactive barrier trench would likely be several tens of feet deep, and supporting such an 
excavation would likely require sheet piling or other method to stabilize the excavation trench.  
Third, the reactive barrier material would require replacement at some time in the future once 
the reactive capacity of the material was expended.  This expended material would have to be 
disposed off-site in a licensed facility.  The combination of these three factors added up to an 
expected prohibitive cost to implement the alternative. 
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TABLE 6-5 
RESPONSE ACTION ALTERNATIVES 

Issue Identified Alt. No. Alternative Name Mechanism Used to Address Identified Issue Alternative Elements Alt. Considered But Not 
Carried Forward 

MAIN BEAL MOUNTAIN PIT 

MB-1* Monitoring Continue evaluation of slide movement; water table levels 
Monitor slide movement using survey prisms, inclinometers and direct field 
observation; monitor water levels in dewatering wells; implement contingency plan if 
necessary                                                                                                        

MB-2A* Public Safety – Institutional 
Controls Restrict access to pit area Install fencing and signage; and institute land use restrictions in Forest Plan 

MB-2B Public Safety – Reduce high 
wall angle 

Reduce angle of high wall by blasting to eliminate potential for 
falls and landslides Blast to reduce high wall angle 

1. Instability of Leach Pad 
Dike Resulting from 
Future Movement of 
Clay/Sill Slide 

 
2.   Steep high wall and 

potential for landslides 
result in physical safety 
hazards MB-2C Public Safety – Buttress high 

wall 
Buttress high wall to improve leach pad geotechnical stability 
and for high wall  public safety Buttress high wall from inside pit if leach pad is not removed 

 

WASTE ROCK DUMP 

WR-1* Monitoring Monitor existing condition and impacts 

Monitor SPR-5, SPR-10A, and Toe Drain water quality looking for changes in pH, 
sulfate and metals concentrations that might indicate potential ARD, monitor 
seepage, surface water and groundwater quality in German Gulch     
                                            

WR-2A Partial Removal with Soil 
Cover Remove identified source of selenium 

Remove waste rock from above SPR-10A (20% of Se load in German Gulch); place 
removed waste rock in Leach Pad; pipe water around south side of dump; regrade 
and place soil cover; install upgradient lined diversions; reduce snow drifting on 
waste rock dump    
 

WR-2B Partial Removal with Complete 
Regrade and Composite Cover  

Remove identified source of selenium; regrade dump; replace 
entire cover on dump to limit infiltration 

Remove waste rock from above SPR-10A (20% of Se load in German Gulch); place 
removed waste rock in Leach Pad; pipe water around south side of dump; regrade 
entire dump to slopes no steeper than 2.5:1; recover dump with composite cover 
system; install upgradient lined diversions; reduce snow drifting on waste rock dump 
 

WR-3A* Complete Soil Cover as per 
Closure Plan Reduce infiltration above identified selenium source 

Reclaim upper portion of waste rock dump per existing closure plan; incorporate 
organics into soil cover to increase moisture holding and reduce oxygen; reduce 
snow drifting on waste rock dump; install upgradient lined diversions       
           

1. Impacts to Water Quality 
in German Gulch from 
Waste Rock Dump 
Seepage 

 
 

2. Potential for Waste Rock 
Dump to Produce Acid 
Rock Drainage 

 
 

WR-3B Complete Cover Upper Dump 
with Geomembrane Reduce infiltration above identified selenium source  

Construct composite cover on upper portion of waste rock dump to reduce 
infiltration; reduce snow drifting on waste rock dump; install upgradient lined 
diversions                                                                                             

1. Move waste rock dump off-
site to engineered facility 

 
2. Move waste rock dump to 

engineered on-site facility 
 
3. Reactive barrier at waste rock 

dump toe to treat seepage 
 
4. Install oxidation/reduction 

controls in waste rock dump 
to reduce contaminants in 
solution 

 
5. Collect seepage; pump and 

store solutions in leach pad; 
treat with pad solutions and 
LAD 

 
6. Collect seepage; treat in 

constructed wetlands on pit 
floor 

 
7. Collect seepage and land apply 

in Silver Bow Creek 
Floodplain 

8. Pump and treat Se 
contaminated ground 
water in German Gulch 

 
* Part of Preferred Alternative in 2009.
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TABLE 6-5 (continued) 
RESPONSE ACTION ALTERNATIVES 

Issue Identified Alt. No. Alternative Name Mechanism Used to Address Identified Issue Alternative Elements Alt. Considered But Not 
Carried Forward 

LEACH PAD 

LP-1* Monitoring Monitor existing condition and impacts Monitor water quality and volume in pad; monitor groundwater quality; monitor 
leach pad underdrain ponds; monitor revegetation  

 
LP-2* 

 
Repair or Replace Existing 
Cover 

 
Reduce or eliminate infiltration into leach pad 

 
Salvage soil on existing cover; remove synthetic membrane; replace with new 
geosynthetic membrane; increase slope angle on heap leach pad surface and 
eliminate swales to improve drainage; construct drainage layer on cover; recover 
with salvaged soil; revegetate                                                                                    

LP-3* Partial Removal of spent ore Move spent ore and leach solution from geotechnically unstable 
area; reduce loading above unstable area. 

 
Dewater the leach pad; move spent ore from southwest corner of Leach Pad to 
north; repair bottom liner and cover in the removal area, and cover in disposal area 
                                                                                                                 

LP-4 Complete Removal to On-Site 
Repository 

Complete removal of spent ore and containment dike; and 
placement in a new on-site repository 

 
Identify on-site repository site; dewater the leach pad; remove existing leach pad cap 
and stockpile for leach pad reclamation; move spent ore and containment dike from 
the entire leach pad and transport to on-site repository with engineered liner; 
recover pad area with composite cover of geomembrane and salvaged cap material; 
revegetate 

1. Water Collecting in Pad 
Cannot be Released to 
Environment due to Elevated 
Contaminant Concentrations   

 
2. Infiltration Through Cover 

Increasing Volume of Pad 
Solution 

 
3.  Seepage through bottom liner 

of leach pad, with discharge 
to blanket collection drain 
ponds and groundwater(?). 

 
4.  Instability of leach pad 

embankment dike. 
 

LP-5* Grout Wall Construct grout wall along north end of leach pad to prevent 
groundwater from entering  leach pad. 

 
Evaluate groundwater and leach pad liner systems.  If warranted by site conditions, 
install grout wall along north end of leach pad 
 

1. Gravity drain pad 
solution to German 
Gulch and discharge to 
groundwater using 
mixing zone  

 
2. Complete removal to 

off-site repository 
 
3. Remove leach pad dike 
 
4. Cover leach pad dike 
  
5. with impermeable liner 
 
6. Construct slurry cut-off 

wall or reactive barrier 
at toe of the dike 

LAND APPLICATION DISPOSAL (LAD) AREAS 

1. Reduce Contaminant 
Concentrations in Soil LAD-1* Monitoring Monitor existing condition and impacts Monitor soil and water quality in springs in LAD area                                          Rinse LAD areas with fresh water 

to minimize effects to soil 

 
* Part of Preferred Alternative in 2009.  Leach pad preferred alternatives to be implemented sequentially:  LP-1, LP-5, LP-2, and LP-3. 
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TABLE 6-5 (continued) 
RESPONSE ACTION ALTERNATIVES 

Issue Identified Alt. No. Alternative Name Mechanism Used to Address Identified Issue Alternative Elements Alt. Considered But Not 
Carried Forward 

GERMAN GULCH 

GG-1* Monitoring Monitor existing condition and impacts  Monitor surface water and groundwater quality in German Gulch                        

GG-2 Removal Remove potential selenium source Excavate waste rock from road fill; replace culvert/fill material                           

GG-3A Waste Rock Seepage Water 
Treatment 

Treat water to reduce  
Se contamination 

 
Evaluate variety of water treatment options to remove identified contaminants; use 
land application discharge as part of treatment process; use groundwater standards 
for treatment effluent; meet surface water standards after land application          
 

GG-3B Discharge to German Gulch 
Existing System Contaminant dilution using mixing zone and fish barrier 

 
Use existing pipeline and existing and reconstructed infiltration galleries.  Install fish 
barrier to prevent access to reach of stream that does not meet standards    
 

1. Exceedance of Water Quality 
Standards 

 
2. Potential Selenium Sources 

Identified in Road Fill 
Crossing German Gulch and 
in Leach Pad Dike (entering 
German Gulch through 
groundwater inputs) 

GG-3C* Discharge to German Gulch 
Extended System 

Capture spring flows containing selenium and treat by 
contaminant dilution using mixing zone 

 
Extend existing pipeline; add infiltration galleries for disposal of waste rock seepage 
and main Beal Pit drain. Capture SPR-3, SPR-T, and SPR-D5 and route through 
pipeline to infiltration galleries  
                            

1. Remove leach pad dike. 
 
2. Pump and treat groundwater 

in German Gulch. 
 
3. Cover leach pad dike with 

impermeable membrane. 
 
4. Install slurry cutoff wall or 

reactive barrier at toe of dike. 

ACTIONS COMMON TO ALL ALTERNATIVES DESCRIPTION 

Main Beal Pit Construct lined interceptor and diversion ditches; revegetate as required                                                                

Maintenance Shop, Process Plant, Office Building  Remove facilities; regrade and revegetate                                                                                                              

Roads Narrow roadway, revegetate fill slopes; remove temporary bridge over German Gulch and raise existing bridge; 
obliterate road across private property                                                                                                                 

1. Meet Existing Closure 
Requirements AC-1* 

Ponds Maintain all ponds in short-term; final closure depends on long-term need                                                                 

 
* Part of Preferred Alternative in 2009. 
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 Install Oxidation/Reduction Controls in Waste Rock Dump 

 
This alternative involves installing oxidation/reduction controls in the waste rock dump to slow or 
eliminate the mobility of acid and other elements in the waste.  By doing so, seepage chemistry 
could be improved to the extent that water treatment of the seepage could be eliminated or 
greatly reduced.  Oxidation/reduction controls could include a variety of chemicals that are 
injected as a slurry in the waste rock dump or otherwise placed in a way to act as a barrier to 
oxygen intrusion into the waste rock from either the surface or subsurface.  This alternative was 
discarded mainly because there are no sites where this has been implemented at other than a 
pilot scale, leaving uncertainties to effectiveness, implementability, and cost.   

 
 Collect Seepage, Pump to Leach Pad for Storage and Treatment 

 
This alternative involves collecting the waste rock seepage as was done from 2001 through 
2005, but instead of storing the seepage in a pond and treating separately, the seepage would 
be pumped into the leach pad and treated with the leach solution.  Due to the uncertainties 
associated with the current pad solution drain-down, adding up to 50 gpm to the leach pad 
raised several concerns including the following:  increasing the volume of pad solution needing 
treatment did not meet project objectives; the uncertainty associated with whether the resulting 
water chemistry of the combined solutions would be treatable; the uncertainty associated with 
potential impacts to the current reverse osmosis treatment facility if the mixed solutions were 
treated through this facility; and, the uncertainty of potential impacts to the LAD area if the 
mixed solution treated effluent were disposed by land application.  For these reasons, this 
alternative was not considered further. 

 
 Collect Seepage, Treat in Constructed Wetland on Pit Floor 

 
This alternative was initially conceived by Beal Mountain Mining as a potential treatment 
alternative for waste rock seepage.  Wetlands would be constructed on the main Beal Mountain 
pit floor and seepage piped through new and existing pipelines.  Constructed wetlands have 
been used with varying degrees of success in treating mine effluent but none have been proven 
successful in cold climates with extended periods of freezing temperatures and none have been 
demonstrated to remove selenium.  As wetland treatment would be needed year-round, and 
because effectiveness of treatment during the winter was uncertain, this alternative was not 
further considered.   
 

 Collect Seepage and LAD in Silver Bow Creek Drainage 
 
This alternative involves piping waste rock dump seepage to agricultural or range land in the 
Silver Bow Creek drainage.  Land application would be used to dispose of the water, perhaps in 
combination with a source of clean, diluting water.  Either National Forest System or private land 
could be used, although no attempt was made to identify suitable land.  This alternative was not 
further considered primarily for administrative reasons.  Because Silver Bow Creek is a 
CERCLA site where cleanup of mine tailings is being undertaken by MDEQ, introducing a new 
source of potential contamination was not perceived as acceptable.  In addition, there is much 
uncertainty associated with meeting both ARARs and forging acceptable contractual 
relationships under federal policy guidelines.  There was also considerable public opposition to 
an alternative that proposed to shift mine contamination from one drainage to another, thereby 
risking contamination of two drainages.   Finally, Montana FWP was opposed to any alternative 
that proposed to reduce flow in German Gulch particularly during low flow periods of the year.   
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 Pump and Treat Selenium Contaminated Groundwater in German Gulch  
 
This alternative would address elevated selenium concentration and loading in the road fill 
reach by pumping groundwater and treating using one of the water treatment options. This 
alternative was not considered further because waste rock from the roadfill was determined to 
contribute very little selenium loading to German Gulch and there would be a high capital and 
operations and maintenance costs.   
 
6.2.2 Leach Pad 
 

 Gravity Drain Pad to Discharge to Groundwater Mixing Zone in German Gulch 
 
This alternative involves using a mixing zone to dispose of pad solutions in German Gulch.  Due 
to the current chemistry of the pad solution, the uncertainty of future pad solution chemistry, and 
the uncertainty of meeting ARARs, this alternative was not considered further.   
 

 Move Spent Ore and Containment Dike Materials to Off-Site Engineered Facility 
 
This alternative involves moving the spent ore on the leach pad and the  leach pad containment 
dike to an off-site to an engineered, geotextile lined and covered facility.  In a properly designed 
facility, Implementing this technology would likely eliminate the accumulation of excess water on 
the leach pad and proper siting of the facility should minimize or eliminate the risk of 
geotechnical stability of the foundation materials.  A likely site for the relocated waste rock 
would be closer to the Silver Bow Creek valley on B-DNF land.  This alternative was discarded 
for several reasons, including the expected high cost, the difficulty in finding a site to move the 
approximately 18 million tons (9 million cubic yards) of rock to, and the disturbance and traffic 
that would require closure of National Forest System land in the German Gulch drainage. 
Alternative sites in the Opportunity Pond area would likely not be suitable because of liability 
issues associated with mine wastes of mixed ownership.  
 

 Remove Leach Pad Containment Dike  
 
The leach pad dike is considered a potential source of selenium since it was constructed with 
waste rock from the main Beal Mountain pit.  This alternative would remove the dike by 
removing the spent ore and reconfiguring the leach pad.  This alternative was not considered 
further because of cost and other technical difficulties associated with finding a location to 
permanently dispose of the dike material and spent ore that would require relocation.   
 

 Cover Leach Pad Dike with Impermeable Geomembrane Cap   
 
Because the leach pad dike is considered a potential source of selenium, this alternative would 
cover the dike with an impermeable geomembrane to reduce or eliminate water flowing through 
the exposed material.  This alternative was discarded for several reasons including the difficulty 
of placing geomembrane on the steep slopes of the dike (50% over most of the dike, steepening 
to 65% in places), the uncertainty in the amount of selenium reduction that could be achieved, 
and the expected high cost.   
 

 Construct a Slurry Cutoff Wall or Reactive Barrier at the Toe of the Dike 
 
This alternative involves constructing a slurry cutoff wall or reactive barrier at the toe of the dike.  
Such an approach would attempt to cutoff or treat groundwater impacted by water percolating 
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through the dike.  This alternative was discarded because the steep slopes below the dike and 
above the pit would make construction difficult and hazardous, and the shallow depth to bedrock 
and generally deep depth to groundwater do not lend themselves to such an approach.  This 
alternative would likely be very expensive and the amount of selenium reduction that would 
result from implementing such an alternative is uncertain. 
 
6.2.3  Water Treatment Alternatives Considered but Not Carried Forward 
 
Primary criteria used to remove water treatment processes from further consideration include 
their uncertain ability to meet effluent goals and/or uncertain ability to operate in this application.  
Water treatment options not carried forward include the following: evaporation, ion exchange, 
reverse osmosis, activated alumina adsorption, and activated carbon adsorption.   
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7.0 DETAILED ANALYSIS OF ALTERNATIVES 
 
This section presents a detailed analysis of alternatives listed in Table 6-5.  Section 7.1 briefly 
describes the criteria used to evaluate the alternatives, followed by a description of reclamation 
actions common to all alternatives.  Section 7.3 presents the detailed analysis of alternatives.   
 
7.1 EVALUATION CRITERIA 
 
The following three criteria are used to evaluate removal action alternatives for the Beal 
Mountain Mine: 
 

1. Effectiveness 

2. Implementability 

3. Cost 
 

According to EPA guidance for non-time-critical removal actions (EPA, 1993), the effectiveness 
of an alternative should be evaluated by the following criteria, which are divided into three 
groups based on relative importance:  Threshold Criteria, Primary Balancing Criteria and 
Modifying Criteria.   
 
Threshold criteria are concerned with overall protection of human health and the environment 
and compliance with ARARs.  Primary Balancing Criteria involve the evaluation of long-term 
effectiveness and permanence; reduction of toxicity, mobility, or volume through treatment; 
short-term effectiveness; implementability; and cost,.  Modifying Criteria are concerned with 
State and community acceptance.  The ability of each alternative to meet removal action 
objectives (RAOs) is also considered when evaluating these criteria. 
 
Implementability addresses the technical and administrative feasibility of implementing an 
alternative and the availability of various services and materials required during its 
implementation.  Technical feasibility considerations include the applicability of the alternative to 
the waste source, availability of the required equipment and expertise to implement the 
alternative, and overall reliability of the alternative.  Implementability also considers the 
appropriateness of combinations of alternatives based on site-specific conditions.  
Administrative feasibility evaluates logistical and scheduling constraints. 
 
Evaluation of alternative costs consists of developing conservative cost estimates based on the 
description of work items developed for each alternative.  In general cost analyses developed 
for EECAs are expected to be in the range of +50% to -30% of the anticipated costs.  It is also 
recognized that sometimes these costs do not necessarily represent the cost that may be 
incurred during construction of the alternative, because many design details are preliminary at 
this stage.  However, a similar set of assumptions is used for all the alternatives so that the 
relative differences in cost between alternatives are represented.  Some unit costs were 
developed by analyzing data available from nationally published cost estimating guides.  Where 
possible, cost data incorporate actual operating costs, and unit costs that have been realized 
during similar mine waste removal projects.  Monitoring requirements were based on the Beal 
Mountain Mine site’s current monitoring plan and costs.   
 



7-2 Detailed Analysis of Alternatives Section 7  

Final Beal Mountain Mine EECA  

Total estimated cost for each alternative including the actions common to all alternatives are 
given in Tables 7-1 through 7-7.  Supporting unit cost summary spreadsheets that identify line 
item costs required to implement each alternative are presented in Appendix B.  In addition, a 
considerable amount of site-specific information, estimates of cost, and the condition of on-site 
equipment and facilities were obtained from BMMI records, reports and interviews (Appendix 
C).    
 
For water treatment options, costs were calculated for capital expenditures (construction cost), 
annual operations and maintenance (O&M), and a net present value calculation for operation of 
water treatment over a 20-year period.  Net present value adjustments were made using a 6% 
interest rate.  Water treatment cost spreadsheets are presented in Appendix D. 
 
Post-removal site control (PRSC) costs are included in the annual cost estimate for an 
alternative if annual O&M is required.  Otherwise, PRSC costs are reflected in the annual 
monitoring cost calculated for an alternative.   
 
7.2 ACTIONS COMMON TO ALL ALTERNATIVES 
 
Listed in Table 6-5 are several remaining reclamation actions common to all alternatives.  
These actions include activities necessary to complete reclamation and closure according to the 
most recent closure plan filed with the state.  Actions common to all alternatives include 
monitoring, constructing the main Beal Mountain pit high-wall diversions, addressing erosion 
and revegetation problems in the South Beal pit, reclamation of facilities with buildings, road 
reclamation, and pond closure. 
 
7.21 Annual Site-Wide Monitoring  
 
This action involves conducting routine annual site-wide monitoring as per the 2009 Sampling 
and Analysis Plan (SAP) and includes: surface and groundwater monitoring, and geotechnical 
monitoring for movement on the clay-sill and west-wall slides.  This monitoring is performed 
annually as part of the site-wide operation and maintenance plan at the Beal Mountain Mine site  
and is presented as a cost common to all alternatives on a site-wide basis.  Individual 
components of this plan might be replaced by alternative specific monitoring requirements upon 
selection of alternatives to be implemented.   
 
7.2.2 Main Beal Mountain Pit High-wall Diversion Ditches 

 
This action involves the construction of lined and armored diversion ditches along the main haul 
road above the pit to divert water away from the high-wall.  The ditch would extend from above 
the upper west wall slide across the upper waste rock dump to a discharge point at the south 
side of the waste rock dump.  The proposed ditch would be 10 to 20 feet wide with low gradient 
side slopes that would be finish graded and compacted.  The ditch would be lined with a 
geosynthetic liner and all final slopes would be covered with soil and revegetated.  In sections 
where the longitudinal gradient is steep a woven coconut erosion mat would be installed along 
the flow line of the channel. 
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7.2.3 Maintenance Shop, Processing Plant and Office Buildings  
 
A simplified discussion and cost estimate for reclamation of the maintenance shop, processing 
plant, and office buildings was completed in 2003 by BMMI.  Two sets of costs were generated; 
one set assuming the reclamation plan in the original plan of operations would be followed.  A 
second set of costs was generated assuming a significant reduction in reclamation 
requirements.  Reclamation at these sites calls for removing the structures, ripping compacted 
areas, regrading, topsoil placement, and revegetation.  
 
In 2008, the Montana DEQ removed all of the Administrative Office building, the Maintenance 
Shop and the west half of the processing plant and sold them at auction along with a number of 
other miscellaneous items (large propane tank, irrigation pipe, various tanks, electrical panels, 
well completion materials, etc.).  The east side of the processing plant was left in place to 
accommodate the RO treatment plant until water treatment on-site is completed.  If an 
alternative site is developed for the RO water treatment plant, the remaining part of the 
processing plant and office buildings will be removed and the site reclaimed.  Concrete footings 
for all facilities still need to be removed from the site or broken up and buried.  Re-contouring, 
top-soiling and revegetation will also ultimately need to be completed at each of these sites.   
  
7.2.4 Roads and Road Maintenance 
 
In 2003, BMMI prepared estimates for reclaiming roads.  Two estimates were provided: one that 
followed the existing, approved closure plan and one that looked at reduced costs.  During the 
last few years of closure activity by BMMI, a considerable amount of secondary road-work 
reclamation was accomplished.  Remaining work should be restricted to narrowing road widths 
to 18 feet by ripping, topsoiling, and revegetating road surfaces and reclaiming erosional 
problems on cut and fill slopes.    
 
Main access roads as described in section 2.1 above will need to be maintained on an annual 
basis.  Maintenance is expected to include routine seasonal grading and annual culvert 
maintenance. Reconstruction of alternate access routes to the site may be necessary in the 
future if existing access routes are not available for use by the project. 
 
7.2.5 Ponds 
 
The Beal Mountain Mine site has six ponds (Figure 3) and a one or two geomembrane lined 
storm water collection ponds.  The ponds include: 1) north under-drain catchment pond (BCD-
A); 2) south under-drain catchment pond (BCD); 3) freshwater/LAD pond; 4) barren/process 
pond; 5) detoxification pond (located on the leach pad); and 6) Minnesota pond.  A brief 
discussion of each follows: 

 
 North Blanket Collection Drain Pond 

 
The north blanket collection drain pond (BCD-A, Figure 12) is located just west of the 
maintenance shop area pad, and collects and stores water from the north portion of the heap 
leach pad under-drain collection system, and a French drain collection system that drains the 
maintenance shop area and the area immediately east of the shop along the northern flank of 
the heap leach pad. Historically water from this pond was collected and discharged via a LAD 
system. Since 2005 this pond, once it reaches capacity, overflows to a ditch that takes water 
down-gradient to the northwest where it infiltrates. Current (2009) water quality contains 
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elevated metals (copper and selenium), sulfate, conductivity, nitrite and nitrates and cyanide 
species. Under current site management requirements, maintaining this pond will be necessary. 
 

 South Blanket Collection Drain Pond 
 
The south blanket collection drain pond (BCD, Figure 12) is located at the toe of the south 
leach pad containment dike, and collects and stores water from the under-drain system draining 
the main (southern) portion of the heap leach pad, and also a buried drainage collection system 
in the barren pond / process plant area.  Almost all of the water entering this pond originates in 
the vicinity of the barren pond, with the leach pad under-drain seldom flowing any water.  
Current (2009) water quality contains elevated selenium, sulfate, conductivity, and cyanide. 
Historically water from this pond was pumped and collected in the freshwater/LAD storage pond 
and discharged via a LAD system. Since 2005 this pond, once the pond reaches capacity, 
overflows to a ditch that takes water down-gradient to the southeast where it infiltrates. Under 
current site management requirements, maintaining this pond will be necessary. 
 

 Fresh Water/LAD Storage Pond 
 

The fresh water/LAD storage pond is located on the bench on the flank of Beal’s Hill, above the 
process plant (Figure 3), and was historically used to store captured and/or treated water until it 
could be land applied.  Currently this pond is used for storage of treated water from the RO 
water treatment system prior to discharge to an LAD area.  Under current site management 
requirements, maintaining this pond will be necessary.  Estimated costs for reclaiming this pond 
are included with the cost estimate for the process plant area.   
 

 Barren/Process Pond 
 

The barren/process pond is located to the southwest of and adjacent to the process plant  
(Figure 3), and was originally used for the storage of barren CN solution process waters.  From 
2001-2005  this pond was used for storage of excess biomass (now present as sludge) during 
bio-treatment of the leach pad solution.  The sludge in this pond was sampled and is not 
hazardous. This pond was pumped and is currently used in conjunction with the RO water 
treatment system.  This pond has historically leaked water through its bottom liner, and this 
water is currently collected in a pipe and discharged to the south blanket collection drain pond 
(BCD).  It is recommended that this flow of water be routed to a different discharge point and 
separated from the blanket collection drain in order to provide the opportunity to sample flow 
and water quality from these two sources independent of one another.   Ultimately this pond 
should be removed and the area reclaimed, but in the short term this pond may be needed to 
store treated water from the RO treatment system. Estimated costs for reclaiming this pond are 
included with the cost estimate for the process plant area. 
 

 Detoxification Pond 
 
The detoxification pond is located on the southwest corner and on top of the reclaimed heap 
leach pad.  The pond was originally constructed to assist in detoxifying leach pad solutions and 
for cyanide destruction.  The geomembrane cover on the heap leach pad does not extend under 
the detoxification pond, and therefore, the damaged liner within the pond likely allows direct 
infiltration of precipitation and snowmelt into the leach pad containment basin.  Currently the 
pond contains about three feet of biomass from the bio-treatment process.  This pond is lined 
with 40-mil polyvinyl chloride (PVC) and the liner had been damaged and torn in the past along 
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the upper edges of the pond.  The pond liner was deliberately perforated in 2008, in case an 
alternative location was needed to infiltrate reject water from the RO plant should sump 3A 
become plugged.   Removal and reclamation of this pond are recommended once it is no longer 
needed as a back-up for infiltration of RO water.  
 

 Minnesota Pond 
 
This Minnesota pond is located on the ridge just northwest of the waste rock dump and just 
southwest of the topsoil stockpile.  This pond was constructed to store process makeup water 
during dry years and has not been used since 1992.  It is believed that snowmelt and shallow 
seeps recharge this pond, as the water level remains relatively constant. It is recommended that 
the fence around this pond be removed and that the gradient of its side slopes be reduced so 
that the pond may be safely used for watering of livestock and/or wildlife in the future.  This 
pond may be reclaimed by the DEQ during its reclamation of the upper portion of the waste rock 
dump under a DNRC grant during the summer of 2010.    
 

 Storm Water Ponds 
 
One or two lined storm water collection ponds along German Gulch would have fencing and liners 
removed, and storm water collection basins reshaped using native materials for long-term storm water 
control. 
 
7.2.6 Cost to Implement Actions Common To All Alternatives 
 
The cost to implement the reclamation actions common to all alternatives is summarized in 
Table 7-1.  Detailed 2009 cost estimates are presented in Appendix C, and these estimates 
have been revised downward in Table 7-2 based on the actual costs already spent for the 
removal of the Administrative Office Building, the Maintenance Building and a portion of the 
Processing Plant that sold at auction as described above in section 7.2.2.  An informal estimate 
of the actual removal cost for the buildings was obtained from the purchaser and removal 
contractor.   
 
 

TABLE 7-1 
COST SUMMARY FOR ACTIONS COMMON TO ALL ALTERNATIVES 

Facility Description Cost 

Main Beal Pit Diversions Surface water diversion ditches $   60,000 

Maintenance Shop, Process Plant, 
Office Building and Ponds 

Remove facilities and ponds, re-grade and 
revegetate $ 270,625 

Roads Final Reclamation Haul and access roads $ 200,250 

Storm Water Ponds 
Remove fencing and liner for two ponds located 
along German Gulch and reshape storm water 
collection basins from native materials.  

 
$24,000 

Total $  554,875 
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TABLE 7-2 
COST SUMMARY FOR RECLAMATION OF BUILDING AREAS 

Facility Cost 

Processing Plant $150,361 
Maintenance Shop area $ 21,644 
Administrative Office $   4,870 
Other $ 93,750 

Total $270,625 

 
For the facilities with buildings - tasks and costs associated with the original approved closure 
plan are carried forward for this evaluation, with exception of the processing plant site.  These 
costs have been modified by the building removal costs  and are summarized in Table 7-2.  At 
the processing plant site, rather than backfilling the site for reclamation at a cost of about 
$383,400, it is proposed to reclaim the site in a swale-like topographic feature by drilling and 
blasting adjacent bedrock.  The site would then be regraded prior to top-soiling and revegetation 
($150,361).  Finally a cost of $93,750 was included for the removal and reclamation of “other 
facilities” including, water systems, utility systems, utility corridors, miscellaneous building 
foundations, under-drain catchment ponds, fences, and light vehicle access roads.  A portion of 
this facility area could be included in a new repository site, should relocation of the heap leach 
pad and embankment be selected as the preferred alternative.   
 
The estimated cost for reclamation of roads using this scenario is $137,500.  The cost to reclaim 
the access road by removing large areas of fill along stream crossing in sections of the road and 
then ripping the remaining roadbed is $62,750.  The combined cost for roads is $200,250 
(Table 7-1).   
 
For ponds, the cost for those ponds that are recommended for closure is included in the line 
item for the maintenance shop, process plant, and office building.    
 
7.3 MAIN BEAL MOUNTAIN PIT ALTERNATIVES 
 
The two principal issues of concern at the main Beal Mountain pit are geotechnical instability of 
the pit high-wall and risks to public safety resulting from the high-wall.  Failure or continued 
movement of the clay/sill slide in the high-wall of this pit could be propagated upward into 
foundation materials of the overlying southern containment dike of the leach pad, posing a 
potential risk to the structural integrity of the overlying south dike.  The risk associated with 
geotechnical instability of the containment dike is that a failure could breach the lower pad liner, 
releasing pad solution and spent ore to the environment.  A second issue of concern related to 
the main Beal Pit is the risk to public safety posed by falling from the pit high-wall or injury 
resulting from rock falling from the high-wall. 
 
Alternatives examined to address these issues include monitoring, institutional and engineering 
controls to protect public safety and an engineering control involving partial backfilling of the pit 
to provide a buttress for the slide areas in order to minimize the risk of failure of the containment 
dike.  These alternatives are briefly described below.  The detailed analysis for the alternatives 
is presented in Table 7-3.   
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7.3.1 Alternative MB-1 - Monitoring 
 
The objective of this monitoring alternative is to determine if movement on the clay/sill slide is 
occurring, how large the movement is, and whether movement affects the leach pad 
containment dike.  Movement on the clay/sill slide is monitored using thirteen (13) survey 
prisms, three (3) inclinometer wells, and direct field observations of fissures, slumps, or other 
secondary evidence of slope failure.  Water levels in five dewatering and observation wells at 
the southwestern  end of the containment dike are also monitored to track changes in water 
table elevations in unconsolidated and bedrock foundation materials.  The detection of 
seasonally high groundwater levels in the monitoring wells is used as a trigger for 
implementation of an existing annual operations and maintenance plan that activates the 
pumping of select groundwater wells in the southwest corner of the leach pad dike area to 
dewater the geologic structures.  Pumping of these wells relieves hydrostatic pressure on low 
angle faults in bedrock that create the geotechnical instability associated with the containment 
dike. Annual operation of dewatering wells will need to be part of any ongoing operations and 
maintenance plan until alternatives are implemented that minimize the risk of geotechnical 
instability in the containment dike on the southwestern corner of the leach pad. 
 
7.3.2 Alternative MB-2A – Public Safety (Institutional Controls)  
 
Alternative MB-2A would install fencing and signage around the main Beal Mountain pit to 
prevent human access to the high wall area and the pit itself.    These measures would reduce 
physical threats to public safety resulting from landslides or rock falls, and accidental falls from 
the pit rim by restricting public access to the high wall area. Geotechnical stability of the leach 
pad embankment would not be improved thus the potential would remain for failures to release 
spent ore and leach pad solutions to down-gradient areas.    
  
Land use restrictions have also be implemented as part of the Beaverhead-Deerlodge National 
Forest Travel Plan to restrict public access to the Beal Mountain Mine site.  The area 
surrounding the mine site and a portion of the mine access road is under an Administrative 
Closure, is closed to public access year-around and access is restricted to Forest Service 
approved use only.    
 
7.3.3 Alternative MB-2B – Public Safety (Reduce High Wall Angle) 
 
Alternative MB-2B would use blast hole drilling and explosives to reduce the angle of the high 
wall, by shooting down the rock masses forming the cuts, with the debris filling the benches 
along the existing high-wall (Figure 29).  Subsequent re-grading would likely be required.  This 
alternative would reduce physical threats to public safety resulting from landslides or rock falls, 
and accidental falls from the pit rim.  Geotechnical stability of the leach pad would not be 
improved as reduction of the high wall slope angle by blasting would not generate enough 
material to construct a buttress, thus the potential would remain for failures to release spent ore 
and leach pad solutions to down-gradient areas.    
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TABLE 7-3 
DETAILED ANALYSIS OF ALTERNATIVES - MAIN BEAL MOUNTAIN PIT 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost per Year 

MB-1 Monitoring 

Monitor slide movement using 
survey and inclinometers; monitor 
water levels in dewatering wells; 
implement contingency plan if 
necessary 

Protective if contingency 
plan implemented using 
action criteria.  Does not 
reduce the potential 
impact of highwall failure 
or prevent movement of 
the clay/sill slide; provides 
early warning and means 
of measuring amount of 
movement. 

Will meet ARARs only 
if slide remains stable.  
Should meet Metal 
Mine Reclamation Act 
(MMRA) and NRCS 
criteria if contingency 
plan implemented.   

Effective with regularly scheduled 
monitoring and maintenance 
program.  Meets project 
objectives of detecting 
movement on the slide.  
Magnitude of risk small if 
contingency plan implemented.  
Residual risk will remain if slides 
remain active.   

Protective of workers and 
National Forest users if 
contingency plan 
implemented.  Removal 
objectives met in short 
period of time if slide 
remains stable. 

None.  Does not directly 
reduce the risk of 
containment dike failure 
or release of pad solution. 
 

Implementable with 
existing labor, equipment, 
and infrastructure.  
 

$65,016 

MB-2A 
Public Safety – 
Institutional 
Controls 

Install fencing, signage and institute 
land use restrictions 

Protective against physical 
safety hazards (falling or 
rock fall) associated with 
pit high wall.   

Will not meet ARARs 
including MMRA and 
NRCS guidelines for 
stability.   
 
Will meet RAO for 
protecting human 
safety by eliminating 
hazards associated with 
high wall and pit access. 

Effective with regularly scheduled 
monitoring and maintenance 
program to maintain integrity of 
fencing and signage.  

Protective of workers and 
National Forest users. 

None.   
 

Installation of fencing, 
signage and instituting land 
use restrictions are 
technically and 
administratively feasible.  
Equipment and 
experienced field and 
construction personnel 
are available and would 
permit implementation 
and successful execution 
of this alternative. 

 
$31,984 

MB-2B 
Public Safety – 
Reduce high wall 
angle 

Drill and blast to reduce high wall 
angle  

Protective against 
minimizing physical 
hazards (falling or rock 
fall) associated with pit 
high wall.   
 
May undermine structural 
foundation of containment 
dike for leach pad. 

Will not meet ARARs 
including MMRA and 
NRCS guidelines for 
stability.   
 
Will meet RAO for 
protecting human 
safety by eliminating 
hazards associated with 
high wall. 

Geotechnical stability safety 
risks will remain if slides 
remain active. 
  
Because of risk of 
undermining the structural 
foundation of containment dike 
for leach pad. This alternative 
is effective only if the leach 
pad were removed prior to 
implementing the alternative.  

Implementation of 
alternative may require 
workers to work under 
relatively dangerous 
conditions, alternative may 
require implementation of 
costly safeguards (rock-
bolted and screed faces).  
Protective of National 
Forest users.   

None.   
 

Blasting to reduce the high 
wall angle is technically 
and administratively 
feasible, but will require 
implementation of an 
effective safety plan. 
Equipment and 
experienced field and 
construction personnel 
are available and would 
permit implementation 
and successful execution 
of this alternative.   

 
$8,037,652 
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TABLE 7-3 
DETAILED ANALYSIS OF ALTERNATIVES - MAIN BEAL MOUNTAIN PIT 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost per Year 

MB-2C 

Public Safety – 
and Geotechnical 
Stability of leach 
Pad dike by 
Buttressing the 
high wall 

Buttress high wall from inside pit if 
leach pad is not removed 

Protective against physical 
safety hazards associated 
with pit high wall.  
Buttressing high wall will 
improve geotechnical 
stability of leach pad dike.  

Will meet ARARs 
including MMRA and 
NRCS guidelines for 
stability only if slide 
remains stable.   

Effective with regularly scheduled 
monitoring and maintenance 
program to assess effectiveness 
of buttress for preventing 
instability.  Safety risks will 
remain if slides remain active.   

Protective of workers and 
National Forest users if 
contingency plan 
implemented.  Removal 
objectives met in short 
period of time if slide 
remains stable. 

None.  Does reduce the 
risk of release of pad 
solution. 
 

Buttressing the high wall 
would require a substantial 
source of suitably clean or 
covered backfill material 
and would be expensive to 
implement.   
 
Equipment and 
experienced field and 
construction personnel 
are available and would 
permit implementation 
and successful execution 
of this alternative. 

 
$8,942,978 
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Furthermore, it appears as if drill hole blasting would need to be done from the top of the pit 
high-wall (rather than on individual benches because of poor rock quality) and would bring down 
only a minimal amount of material that would not be sufficient to construct a buttress for clay-sill 
slide within the pit. In addition, in order to get the required slope angle on the pit, it would likely 
be necessary to begin the new cut slope far enough back from the lip of the high-wall to risk 
stability of containment dike foundation materials (half the distance to the haul road).  Therefore, 
it appears this alternative might be effective, only if the leach pad were removed prior to 
implementing the alternative.  Removal of the leach pad would eliminate need for stabilizing the 
clay-sill slide, therefore this alternative would be reduced to minimizing risks to public safety 
only.   
 
7.3.4 Alternative MB-2C – Public Safety (Buttress High Wall) 
 
Alternative MB-2C would stabilize the slide area affecting the leach pad containment dike by 
constructing a rock buttress inside the pit (Figure 30).  This buttress would need to extend from 
the pit floor, up well above the top of the high-wall in order to support the slide masses.  
Geotechnical stability of the leach pad would be marginally increased thus reducing the 
potential for failures to breach the pad releasing spent ore and leach pad solutions to down-
gradient areas.   The buttress slope would also provide an area within the pit that minimized risk 
to public safety from landslides, rock falls and falling from the pit rim.   
 
7.4 WASTE ROCK DUMP ALTERNATIVES 
 
Waste rock in the 48-acre waste rock dump was largely generated from mining of the main Beal 
Mountain pit with lesser amounts coming from the South Beal pit.  The total amount of waste in 
the waste rock dump is about 11,900,000 tons (5,670,000 cubic yards).   
 
There are two primary issues identified for the waste rock dump:  a considerable portion of the 
waste rock (35% to 65%) mined from the main Beal Mountain pit presents a long-term risk of 
acid generation; and, selenium is currently being generated from SPR-5 a waste rock toe seep, 
and a spring buried under the upper part of the dump (SPR-10A), and from the toe drain 
collection system.  Selenium loading from these three sources accounts for 72% of the total Se 
load at surface water station SW-3A. 
 
Selenium levels in waste rock seepage are high enough that the seepage cannot be discharged 
directly to surface or groundwater without treatment (0.033 to 0.123 mg/L as measured in SPR-
5 and SPR-10A in 2008).  In addition to selenium, seepage from the waste rock dump also 
contains elevated sulfate and nitrates.  Waste rock seepage was historically collected in a toe 
drain collection system and pumped to the fresh water pond near the processing plant for reuse 
or treatment.  Synoptic sampling by Jepson (2002) indicates that the flow from spring SPR-10A 
contributes 19.9% of the total waste rock dump load of selenium, SPR-5 about 8.2%, and the 
toe drain almost 71.8% of the total selenium load from waste rock seepage.  Waste rock 
seepage is currently collected in a buried pipe and discharged into five existing infiltration 
galleries in the alluvium adjacent to German Gulch under a system designed in association with 
a pre-existing MPDES permit (see alternative GG-3B, below).   
 
Five alternatives for the waste rock dump are evaluated in this section and in Table 7-4.  These 
alternatives include monitoring; removing waste from contact with waters from spring SPR-10A; 
and various regrading and capping configurations of the waste rock dump.  Seepage water 
treatment is discussed in Section 7.9.   





Final Beal Mountain Mine EECA – USDA Forest Service, Northern Region 7-13  

Tetra Tech  March 2010 

TABLE 7-4  
DETAILED ANALYSIS OF ALTERNATIVES – WASTE ROCK DUMP 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

WR-1 Monitoring 

Monitor waste rock seepage and water 
quality in upper German Gulch.  
Monitor SPR-5, SPR-10A and toe drain 
water quality, monitor surface water 
STA-4, and groundwater SBB-87-01 
and SBB-87-02.  Review water quality 
data with respect to potential ARD 
risk.  Monitor revegetation on lower 
portion of the dump. 

Not Protective.  Does not 
reduce risks.  Does not 
reduce contaminant load or 
alter impacts to water 
quality. 

Does not meet water 
quality ARARs in German 
Gulch.   

Not effective in reducing 
contaminant sources or release of 
contaminants.   

Does not protect users or 
environmental receptors.  
Project objectives not met. 

None 
 

Monitoring is 
implementable, 
administratively feasible 
and reliable. 

$21,294 

WR-2A Partial Removal 
with Soil Cover 

Remove waste rock (434,000 cubic 
yards) from above SPR-10A (20% of 
selenium load in German Gulch); place 
removed waste rock in Leach Pad; pipe 
SPR-10A water around south side of 
dump; cover upper dump area with 
soil cover; construct diversion ditches; 
reduce snow drifting on waste rock 
dump, regrade and cover wastes 
moved to the leach pad. 

Only somewhat protective.  
Removes 20% of the known 
sources of selenium loading 
from the toe drain flow.  
Only partially meets 
objective of achieving surface 
water quality standards in 
German Gulch.  Revegetated 
soil cover limits infiltration 
to some degree. 

Does not meet surface 
water ARARs in seepage 
or German Gulch.  
Would reduce selenium 
from SPR-10A.  
Component of seepage 
could meet surface water 
quality standards and be 
discharged to German 
Gulch or introduced to 
toe drain as a diluting 
stream of water for 
possible discharge to 
mixing zone.   

Only somewhat effective.  Removes 
known source of selenium from 
seepage.  Does not address 
remaining 80% of selenium load in 
seepage.  Removes waste rock 
from contact with groundwater.  
May reduce groundwater flow 
through wastes by redirecting flow.  
Soil cover and revegetation would 
reduce infiltration, surface runoff 
and sediment transport from waste 
rock dump.  Does not require 
long-term O&M. 

Protective of workers and 
National Forest users.  
Significant increase of traffic 
in construction zones.  May 
require more than one 
season to construct.  
Removal objectives met in 
short period of time with 
rapid reduction in selenium 
from toe drain.   

Reduces mobility of selenium 
from waste rock by eliminating 
contact of a portion of the 
waste rock with groundwater.  
Moves some wastes to leach 
pad.  Slightly reduces mobility 
with cover system.  Does not 
reduce toxicity or volume of 
waste rock. 

Alternative is 
implementable and 
administratively feasible.  
Equipment and manpower 
required to do work are 
available from nearby 
locations and techniques 
used are standard 
earthmoving construction 
practices.   

$4,190,989 

WR-2B 

Partial Removal 
with Complete 
Regrading and 
Composite Cover 

Remove waste rock (560,000 cubic 
yards) from above SPR-10A (20% of 
selenium load in German Gulch); place 
removed waste rock in leach pad; pipe 
SPR-10A water around south side of 
dump; regrade entire dump to slopes 
no steeper than 2.5:1; cover entire 
dump with composite cover system; 
reduce snow drifting on waste rock 
dump; install upgradient lined 
diversions; regrade and place 
composite cover on wastes moved to 
leach pad. 

Somewhat protective.  
Removes 20% of the known 
sources of selenium loading 
from the toe drain flow.  
Only partially meets 
objective of achieving surface 
water quality standards in 
German Gulch.  Revegetated 
soil cover limits infiltration 
to some degree.  May 
reduce the potential for 
ARD generation as a result 
of new cover.  Should 
reduce seepage volume.   

May not meet surface 
water ARARs in seepage 
or German Gulch.  
Would reduce selenium 
from SPR-10A.   
 
Component of seepage 
could meet surface water 
quality standards and be 
discharged to German 
Gulch or introduced to 
toe drain as a diluting 
stream of water for 
possible discharge to 
mixing zone.   

Effective.  Removes known source 
of selenium from seepage.  Could 
significantly reduce groundwater 
flow through wastes by reshaping 
the dump to flatter grades and 
constructing an impermeable cover 
that will greatly reduce infiltration 
to waste rock dump.  Will also 
greatly reduce potential ARD risk.  
Uncertainty remains on total 
amount of reduction in selenium 
loading that could be achieved.   
 
Increases waste rock slope stability. 
Does not require long-term O&M. 

Protective of workers and 
forest users.  Significant 
increase of traffic in 
construction zones.  
Considerable disturbance of 
existing reclaimed areas and 
new areas.  Requires borrow 
sources.  Will likely require 
more than one season to 
construct.  Removal 
objectives met quickly with 
reduction in selenium in toe 
drain component and 
groundwater.  Composite 
cover rapidly reduces 
infiltration although changes 
in loading may require 
several years as waste rock 
dewaters. 

Would greatly reduce mobility 
of selenium by reducing 
contact with groundwater, 
Composite cover would 
minimize infiltration and 
reduce metal mobility and 
sulfide oxidation; cover and 
regrading would minimize 
runoff and sediment transport 
from waste rock dump surface. 

Alternative is 
implementable and 
administratively feasible.  
Equipment and manpower 
required to do work are 
available from nearby 
locations and techniques 
used are standard 
earthmoving construction 
practices.  Experienced 
liner crews may need to 
be brought in from some 
distance away but are also 
readily available. 

$14,373,728 
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TABLE 7-4  
DETAILED ANALYSIS OF ALTERNATIVES – WASTE ROCK DUMP 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

WR-3A 

Complete Soil 
Cover on Upper 
Dump as per 
Closure Plan  

Reclaim upper portion of waste rock 
dump per existing approved closure 
plan; incorporate organics into soil 
cover to increase moisture holding 
and reduce oxygen; reduce snow 
drifting on waste rock dump; install 
upgradient lined diversions 

Somewhat protective.  
Revegetated soil cover and 
diversion ditches help 
reduce infiltration to some 
degree.  Does not directly 
address sources of 
selenium in SPR-10A.   

Seepage will not meet 
surface or groundwater 
standards for discharge 
without treatment. 

Somewhat effective.  Would 
reduce infiltration into the waste 
rock dump to some degree.  
Uncertainty remains on total 
amount of reduction in selenium 
loading that could be achieved.  
Does not require long-term 
O&M. 
   

Protective of workers and 
National Forest users.  
Significant increase in 
traffic in construction area.  
Should not take more than 
one season to construct.  
Does not involve new 
disturbances.  Most 
physical effects would not 
be fully recognized until 
revegetation was fully 
established in several 
years.   

None.  Minor reduction in 
selenium transported by 
infiltration through the 
wastes, 

Alternative is 
implementable and 
administratively feasible.  
Equipment and 
manpower required to 
do work are available 
from nearby locations 
and techniques used are 
standard earthmoving 
construction practices. 

$416,958 
 

WR-3B 

Complete Cover 
on Upper Dump 
with Composite 
Cover 

Construct composite cover on 
upper 16.8 acres of waste rock 
dump to reduce infiltration; 
revegetate surface; install upgradient 
lined diversions; reduce snow 
drifting on waste rock dump;  

Somewhat protective.  
Capping the upper dump 
with a composite cover 
should significantly reduce 
infiltration to the wastes in 
this area.  Would help to 
minimize infiltration and 
reduce seepage somewhat; 
somewhat reduces ARD 
and metal mobility risk.  
Does not directly address 
sources of selenium in 
SPR-10A. 

Seepage may not meet 
surface or groundwater 
standards for discharge 
without treatment. 

Somewhat effective.  Partial 
composite cover would reduce 
infiltration to waste rock dump, 
minimizing metal release and 
potential ARD risk; covering and 
revegetating surface would 
decrease sediment transport 
from waste rock dump.  
Uncertainty remains on total 
amount of reduction in selenium 
loading that could be achieved.  
Does not require long-term 
O&M. 

Protective of workers and 
National Forest users.  
Significant increase in 
traffic in construction area.  
Should not take more than 
one season to construct.  
Does not involve new 
disturbances.  Significant 
short-term decrease in 
infiltration which helps to 
minimize metal mobility 
and risk of ARD 
formation. 

None.  Some reduction in 
selenium transported by 
infiltration through the 
wastes, 

Alternative is 
implementable and 
administratively feasible.  
Equipment and 
manpower required to 
do work are available 
from nearby locations 
and techniques used are 
standard earthmoving 
construction practices.  
Experience liner crews 
may need to be brought 
in from some distance 
away but are also readily 
available. 

$3,267,276 
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7.4.1 Alternative WR-1 - Monitoring 
 
Monitoring involves monitoring waste rock seepage and the potential impacts to surface water in 
German Gulch and groundwater down-gradient of the waste rock dump.  Surface water 
monitoring would be completed at STA-4 and STA-3.  Groundwater monitoring would include 
springs SPR-5, SPR-10A and toe drain collection system as direct measures of seepage 
components. Sampling of monitoring wells SBB-87-01, SBB-87-02 and WRMW-1 as measures 
of impacts to shallow colluvial and bedrock aquifers, respectively, down-gradient of the waste 
rock dump could be collected; particularly since sampling in recent years (as recently as 2005) 
showed significant impacts to groundwater, and groundwater sampling was discontinued in 
2006.  Long-term monitoring would identify precursors of ARD development including decreases 
in pH and alkalinity, and increase in sulfate and metals (e.g., aluminum, copper, iron, and zinc).  
 
7.4.2 Alternative WR-2A - Partial Removal with Soil Cover 
 
Alternative WR-2A would remove 434,000 cubic yards of material from the upper portion of the 
waste rock dump to expose the pre-mining soil surface and spring SPR-10A.  Following removal 
of the material, the water from spring SPR-10A would be isolated from contact with the waste by 
placing the flow in a piped French drain system with a geocomposite cover, and rerouting the 
flow around the south side of the dump in a buried pipe where it could either be released directly 
to German Gulch or returned to the toe drain collection system as a diluting stream of flow 
(pending evaluation of water quality flowing reclamation). Excavated waste would be place on 
the leach pad, regraded, and capped with a soil cover or alternatively placed in another 
acceptable repository location.  The remaining upper portion of the waste rock dump would be 
regraded and the soil cover replaced and revegetated.  Up-gradient lined and armored diversion 
ditches would be installed around the head of the waste rock dump and efforts would be made 
to reduce snow drifting onto the upper waste rock dump surface either by final grading or by 
construction of snow berms or fences.   
 
7.4.3 Alternative WR-2B - Partial Removal with Complete Regrading and 

Composite Cover 
 
This alternative would remove 560,000 cubic yards of material from the upper portion of the 
waste rock dump to expose the pre-mining soil surface and spring SPR-10A.  Following removal 
of the material, the water from spring SPR-10A would be isolated from contact with the waste by 
placing the flow in a piped French drain system with a geocomposite cover, and rerouting the 
flow around the south side of the dump in a buried pipe where it could either be released directly 
to German Gulch or returned to the toe drain collection system as a diluting stream of flow 
(pending evaluation of water quality flowing reclamation).  Excavated waste would be placed in 
a containment area/repository either on the leach pad or at another acceptable repository  
location), regraded, and capped with a soil cover. Excavated waste rock, if testing indicates it is 
not a source of selenium or other contaminants may be stockpiled for on-going reclamation 
later. The entire remaining waste rock dump would be stripped of the existing soil cover, 
regraded to slopes no steeper than 2.5H:1V, and a composite soil/geomembrane cover 
constructed over the entire waste rock dump.  Up-gradient lined and armored diversion ditches 
would be installed around the head of the waste rock dump and efforts would be made to 
reduce snow drifting onto the upper waste rock dump surface either by final grading or by 
construction of snow berms or fences.   
 



7-16 Detailed Analysis of Alternatives Section 7  

Final Beal Mountain Mine EECA  

7.4.4 Alternative WR-3A – Construct Soil Cover as per Closure Plan 
 
Alternative WR-3A would finish the reclamation of the upper third (16.8 acres) of the waste rock 
dump by regrading the wastes and completing the soil cover and revegetating the surface as 
per the existing approved closure plan.  Soil cover material for this upper third of the waste rock 
dump is currently stockpiled just to the north of the upper portion of the dump. It is not known if 
this volume of soil is adequate to complete the cover; if it is not, old soil borrow areas will need 
to be re-opened or new soil borrow areas established.  No investigations have been conducted 
to evaluate additional sources of soil borrow material.  Organic material would be incorporated 
into the soil to increase its moisture holding capacity and reduce oxygen levels in water that 
infiltrates the mine wastes. Up-gradient lined and armored diversion ditches would be installed 
around the head of the waste rock dump and efforts would be made to reduce snow drifting onto 
the upper waste rock dump surface either by final grading or by construction of snow berms or 
fences.    
 
7.4.5 Alternative WR-3B – Construct Composite Soil / Geomembrane Over Upper 
Dump   
 
Alternative WR-3B would finish the reclamation of the upper third (16.8 acres) of the waste rock 
dump by regrading and constructing a composite (geomembrane and soil) cover and re-
vegetating the surface.  Soil cover material for this upper third of the waste rock dump is 
currently stockpiled just to the north of the upper portion of the dump. It is not known if this 
volume of soil is adequate to complete the cover; if it is not, old soil borrow areas will need to be 
re-opened or new soil borrow areas established.  No investigations have been conducted to 
evaluate additional sources of soil borrow material.  Organic material would be incorporated into 
the soil to increase its moisture holding capacity and reduce oxygen levels in water that 
infiltrates the mine wastes. Up-gradient lined and armored diversion ditches would be installed 
around the head of the waste rock dump and efforts would be made to reduce snow drifting onto 
the upper waste rock dump surface either by final grading or by construction of snow berms or 
fences.   
 
7.5 LEACH PAD ALTERNATIVES 
 
The leach pad facility continues to accumulate additional solution on the pad (Figure 20).  Data 
gathered since 2005 indicate that an unknown portion of the accumulation of water on the pad is 
likely the result of water leaking through or around the edge of the cover. Another major source 
of water may be the infiltration of groundwater, presumably along the north edge of the pad 
during seasonally high groundwater periods, and during periods of extended LAD application to 
the north and northeast of the leach pad.  It is likely that groundwater entering the pad over the 
liner is restricted to the north side of the leach pad.  This is because along other portions of the 
containment dike, groundwater is at a significantly lower elevations than the upper edge of the 
leach pad liner.  In fact, it is quite possible during high water levels on the pad that water may 
actually discharge over lower elevation portions of the leach pad liner into the containment dike 
and into the groundwater system.  This may account for anomalous occurrences of cyanide and 
selenium in monitoring wells, seeps and springs and blanket collection drain ponds adjacent to 
and down-gradient of the leach pad.   Historically the discharge from the pad in 1999 took place 
along the southern containment dike uphill of pond BCD (Figure 12), however this low spot was 
repaired in 2000 and the elevation of the top of the liner is unknown around much of the 
containment dike perimeter.  Finally, additional water accumulates on the pad as a result of 
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drain-down of water  from saturated or unsaturated spent ore beneath the cover, but above any 
given water level on the pad.  Once the heap is closed to the extent it can be from other inflows, 
then residual drain down of the heap material will begin.  Excess water continues to accumulate 
on the pad at the rate of about 28 to 34 million gallons per year (Table 3-10).  As of October 
2009 the total volume of pad solution was about 65.5 million gallons.  This volume is 
substantially above the critical threshold of acceptable accumulation in the pad (recommended 
27.5 million gallons) to ensure additional problems are not manifested in the stability of the 
leach pad dike.  The quality of the leach pad solution is poor, and it is not suitable for direct 
discharge to either surface water or groundwater without treatment.  In 2008, a RO system was 
constructed at the site and  seasonally treated water from the pad during 2008 – 2009.   
 
Water is accumulating in the pad as a result of leakage through or around the edge of the cover 
and drain-down of solution stored in the spent ore, and possible groundwater inflows onto the 
pad, most likely along the north side.  However, the relative amounts of water accumulating on 
the pad from each of the three sources discussed above is unknown; but a function of 
precipitation, snowmelt, high groundwater levels and LAD discharges to the surface along the 
north side of the pad.  The length of time required to dewater the pad to safe levels (or lower) of 
water storage on the pad has been estimated under various scenarios (Section 3.2.6).  
However, because of the described uncertainty, it is not known how many times the leach pad 
solution may need to be treated or how frequently treatment may be needed, under the 
conditions resulting from implementation of the various alternatives described below.    For at 
least two of the alternatives (partial and total removal) the pad will essentially require complete 
dewatering before the alternatives can be implemented.   
 
Five alternatives for the leach pad are considered in detail in this section.  These alternatives 
include monitoring,  replacing all or part of the existing cover, partial removal of spent ore from 
the pad, complete removal of the spent ore and the containment dike components of the heap 
leach pad to a new on-site repository, and construction of a grout curtain along the northern 
edge of the heap leach pad.   The detailed analysis of these alternatives is presented in Table 
7-5.  If multiple alternatives are selected for the preferred alternative then the alternatives 
selected should be implemented sequentially and in a specific order (see preferred Alternative 
section (Section 8.7.6).  
 
Treatment of the pad solution, presumably by the RO Treatment system, would be required 
under all alternatives in order to keep water on the pad from overtopping the containment dike 
and to prevent unacceptable levels of loading (maximum recommended water volume 27.5 
million gallons) on the geotechnically unstable southwest corner of the leach pad containment 
dike. 
 
7.5.1 Alternative LP-1 - Monitoring 
 
Alternative LP-1 involves monitoring water level and water quality in the two (2) leach pad 
sumps (#1 and #3a); and flow and water quality in the leach pad blanket collection drain ponds 
BCD and BCD-A; water quality in select springs SPR-2, SPR-3, SPR-19, SPR-18, SPR-D2, 
SPR-D4, and SPR-D  8 in the LAD area; and groundwater water levels in SBB-87-06, SBB-87-
07, SBB-88-25, SBB-88-26, and SBB-94-31 would be monitored for water levels only. 
Monitoring may also include monitoring vegetation on the reclaimed leach pad for density, 
distribution, diversity and cover. 
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7.5.2 Alternative LP-2 - Repair or Replace Existing Cover 
 
Alternative LP-2 would repair or replace the cover on the leach pad.  The extent of damage to 
the cover, and actual amount of water coming through or around the edge of the cover is not 
known, but it is known to be some significant component of the total amount of water 
accumulating on the leach pad.  Help modeling suggests that leaks through a replaced cover 
would be about 3.0 gpm (1.6 million gallons per year) assuming other sources of water 
accumulation on the pad could be eliminated and once drain-down has been largely completed 
in the spent ore, (which could take a very long time perhaps as much as 20 to 30 years).  
Repairing or replacing the existing cover would require either a total or partial removal of the 
cover soil, removal of all or a portion of the geomembrane cover, replacing the geomembrane 
cover, construction of a drainage layer or use of a geonet material, replacing the cover soil, and 
revegetating the site.  During this work, the slope angle of the leach pad would be increased 
and swales eliminated in order to direct meteoric water off the cover.  Additional material may 
need to be incorporated beneath the cover if either of the waste rock alternatives involving 
partial removal (WR-2A or WR-2B) are selected or if leach pad alternative LP-3 calling for 
unloading of the southwestern corner of the pad is selected.  Costs presented in Table 7-5 and 
in Appendix B include the total cost for cover reconstruction.  There would likely be some 
opportunity during design of this alternative to determine if potential leaks in the cover are 
relegated to a certain portion of the cap rather than the entire cover, which could considerably 
reduce the cost.    If alternative LP-5 (grout curtain or wall) is selected as part of the preferred 
alternative, the cover along the north side of the containment dike could be keyed into the grout 
wall (curtain).  If alternative LP-5 (grout wall / grout curtain) is selected it may be prudent to 
implement the grout curtain alternative (LP-5) and continue monitoring the accumulation of 
water on the leach pad prior to repairing or replacing the cover. Monitoring would help 
determine if the grout curtain has eliminated the problem or to what extent the remaining 
accumulation on the pad could be attributable to leaking through or around the edge of the 
cover and/or drain-down of spent ore, before replacing the cover.   
 
7.5.3 Alternative LP-3 – Partial Removal   
 
This alternative involves moving a portion of spent ore on the southwestern-most portion of the 
leach pad to the north.  Moving this material also requires moving the area where pad solution 
accumulates to the north and northeast and out of the area of influence of the geotechnical 
instability associated with the clay/sill slide.  To accomplish this, pad solution level would need 
to be lowered to a height below the impact of the construction, requiring that essentially all of 
the pad solution be drained. Pad solution would need to be treated and residual sludge material 
(if any) disposed of.  Based on calculations presented earlier in this report this could take from 
as little as two years to as many as 9 years based on the dewatering and treatment scenario 
implemented.  About 125 lineal feet (measured northward at right angles to the edge of the 
liner) (Figure 31) or 360,000 cubic yards (Figure 32) of spent ore would then be excavated and 
moved to the north for temporary storage.  Fill would be borrowed on-site, or alternatively waste 
rock moved to the leach pad under Alternatives WR-2A or WR-2B, and hauled to the leach pad 
for construction of the containment dike addition.  Once this material is moved, the lower 
composite liner would need to be replaced in the area that was excavated.  Some of the 
stockpiled spent ore could then be used to backfill the excavation created above the new liner.  
The upper composite cover system would be re-constructed over the newly placed fill area and 
tied into the existing or a new cover.  If possible the upper cover would also be joined with the 
bottom liner to prevent leakage of pad solution.  Remaining spent ore would be regraded in 
place on top of the heap leach cover, and a new composite cover placed over the top of the 
spent ore.    
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TABLE 7-5  
DETAILED ANALYSIS OF ALTERNATIVES – LEACH PAD 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

LP-1 Monitoring 

Monitor water quality and water 
levels in pad; monitor groundwater 
quality; monitor leach pad 
underdrain ponds; monitor 
revegetation 

Not protective.  Does not 
reduce accumulation of 
contaminants.  Does not 
reduce risks. 

Monitors for 
compliance with water 
quality ARARs.   
Monitors revegetation 
success on the leach 
pad. 

Not effective.  Does not address 
accumulation of pad solution or 
treatment and disposal of 
solution.   

Does not meet project 
objectives.   

None.  Does not reduce 
impacts to surface water 
or groundwater. 
 

Monitoring is 
Implementable and 
administratively feasible, 
and reliable,  

$39,963 
 

LP-2 Repair or Replace 
Existing Cover 

Salvage soil on existing cover; 
remove synthetic membrane; 
increase slope angle on upper 
portion of heap leach pad surface 
and eliminate swales to improve 
drainage (may use waste rock from 
upper 1/3 of waste rock dump [WR-
2A or WR-2B) or spent ore [LP-3)); 
replace old cover with new with 
new geosynthetic membrane and 
attempt to tie new cover to existing 
liner; construct drainage layer or 
place geonet on cover; recover with 
salvaged soil; revegetate 
 
If this alternative is combined with 
Grout Curtain Alternative, LP-5, 
then key cover into grout 
curtain/wall. 
 

Protective.  Minimizes 
infiltration into leach pad; 
reduces the rate of 
accumulation of solution in 
the pad.  Minimizes excess 
solution on the pad that 
needs treatment  

Meets surface water 
and groundwater 
ARARs.  Meets 
revegetation goals. 

Somewhat effective if water 
leaking through the cover is a 
significant source of water 
accumulating on the leach pad.  
Does not address groundwater 
sources of water to the leach 
pad.   A new pad cover would 
minimize infiltration into the 
leach pad.  It may be a partial 
long-term solution to the 
accumulation of excess solution 
on the pad and minimizes need 
to treat and discharge excess pad 
solution.  Consistent with project 
objective of minimizing solutions 
needing water treatment.  Does 
not require long-term O&M. 

Protective of workers and 
National Forest users.  
Requires considerable 
disturbance of reclaimed 
areas and substantial 
amount of construction 
traffic.  May require 
several construction 
seasons to complete.  
Meets project objectives in 
relatively short period of 
time once the new cover 
is in place. 

Reduces the amount of 
solution accumulating on 
the pad and therefore 
reduces the amount that 
needs to be treated and 
discharged or the 
frequency of treatments. 

Alternative is 
implementable and 
administratively feasible.  
Equipment and manpower 
are available from nearby 
locations and techniques 
used are standard 
earthmoving construction 
practices.  Experience 
liner crews may need to 
be brought in from some 
distance away but are also 
readily available.   

$12,762,734 
(total replacement) 
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TABLE 7-5  
DETAILED ANALYSIS OF ALTERNATIVES – LEACH PAD 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

LP-3 Partial Removal 
of  Spent Ore  

Salvage soil on existing cover; Move 
spent ore from southwest corner of 
Leach Pad to the north; expand 
containment dike to fill excavated 
void with clean fill, or waste rock 
from alternatives WR-2A or WR-2B, 
or spent ore from removal area; 
repair or replace bottom liners and 
cover on removal area and place 
new cover on disposal area; replace 
cover soils and revegetate;  
 
This alternative requires complete 
removal of solution from the pad.   

Very Protective.  Should 
eliminate geotechnical 
instability risks and risks 
from release of pad 
solution to surface or 
groundwater by failure of 
the containment dike. 

Yes.  Will meet MMRA 
and NRCS stability 
criteria.  FOS for the 
containment dike of 
about 1.72. 

Effective.  Represents a 
permanent long-term solution 
to geotechnical instability 
issues.  Alternative is adequate 
and reliable.  Residual risk will be 
greatly reduced by removing 
spent ore from above the slide 
area by reducing the load.  
 
Residual risk of a release of heap 
leach pad leachate will be greatly 
reduced or eliminated by moving 
the material and pad solution 
away from the area likely to be 
impacted by containment dike 
failure.   
 
Regrading and revegetation will 
reduce erosion and minimize 
infiltration through the cover soil.  
Long-term maintenance not 
required once revegetation of 
removal area is achieved.   

Would require major 
mobilization of 
earthmoving equipment 
and additional 
construction traffic.  
Would require upgrading 
reclaimed haul roads to 
allow two-way traffic and 
reopening of borrow 
areas.   
 
Considerable disturbance 
of reclaimed areas 
required.  May require 
more than one 
construction season. 

None 

Removal is implementable 
but may be technically 
difficult to sequence water 
removal from the pad with 
spent ore excavation.  It is 
administratively feasible, 
and reliable, although it 
will require more than one 
construction season.  
Materials, equipment, and 
experienced work crews 
are readily available.  
Experienced liner crews 
may need to be brought in 
from some distance away 
but are also readily 
available. 

$7,132,911 
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TABLE 7-5  
DETAILED ANALYSIS OF ALTERNATIVES – LEACH PAD 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

LP-4 

Complete 
Removal to an 
On-site 
Repository 

Salvage cover soil from leach pad; 
Move spent ore and waste rock used 
to  construct containment dike from 
Leach Pad to on-site geotextile  lined 
and covered repository; replace 
cover soils, re-grade, and revegetate; 
monitor and maintenance of 
vegetation required until successfully 
established; requires complete 
removal of solution from the pad.  
 
Suitable on-site repository sites have 
not been identified to date.    

Very Protective.  Spent 
ore would de-watered and 
isolated from meteoric 
water and run-on thereby 
reducing the potential for 
environmental impacts 
from acidic and/or 
metal/cyanide laden 
seepage.  Removal of the 
leach pad would eliminate 
the potential for additional 
impacts caused by pad 
failure due to geotechnical 
instabilities. 

Yes.  Meets RAOs to 
the maximum extent 
for this source area.  In 
particular, this 
alternative would 
minimize operations 
and maintenance 
requirements by 
eliminating the need to 
treat leach pad solution 
into the future. 
 
Would reduce the risk 
of  loading of cyanide 
and metals from leach 
pad solutions and 
containment dike 
seepage to surface 
water and groundwater 
helping to achieve 
ARAR based response 
goals for surface water 
and groundwater 
quality. 
 
Eliminates the potential 
for geotechnical failure 
of the facility and 
would therefore 
comply with the 
MMRA and NRCS 
guidance for slope 
stability.   
 
 

Effective.  Represents a long-
term solution to geotechnical 
instability issues.  Alternative is 
adequate and reliable.  Residual 
risk will be greatly reduced by 
removing spent ore from above 
the slide area by reducing the 
load.  
 
Residual risk of a release of heap 
leach pad leachate will be greatly 
reduced by treating the pad 
solution or eliminated by moving 
the material away from the area 
likely to be impacted by 
containment dike failure.   
 
New repository should be 
effective in removing spent ore 
from direct contact with 
groundwater.  
 
Regrading and revegetation will 
reduce erosion and minimize 
infiltration through the cover soil.  
Long-term maintenance not 
required once revegetation of 
removal area is achieved.   

Would require major 
mobilization of 
earthmoving equipment 
and additional 
construction traffic.  
Would require upgrading 
reclaimed haul roads to 
allow two-way traffic and 
reopening of borrow 
areas.   
 
Considerable disturbance 
of reclaimed areas 
required.  Would require 
more than one 
construction season. 

There will be a 
considerable reduction in 
the potential mobility of 
cyanide, metals, and 
potential acidity as a result 
of isolating wastes in an 
on-site repository where 
meteoric water and run-
on cannot infiltrate and 
flush the wastes and 
groundwater can not 
penetrate the repository.  
No reduction in the 
volume of toxicity of the 
wastes would occur. 
 

Removal is implementable, 
administratively feasible, 
and reliable, although it 
would require more than 
one construction season.  
Materials, equipment, and 
experienced work crews 
are readily available.  
Experienced liner crews 
may need to be brought in 
from some distance away 
but are also readily 
available. 

$201,311,444 
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TABLE 7-5  
DETAILED ANALYSIS OF ALTERNATIVES – LEACH PAD 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

LP-5 

Construct Grout 
wall or curtain  
along north edge 
of heap leach pad 

Drill series of 4 borings along the 
north edge of leach pad to 
evaluation hydrogeologic 
groundwater conditions.  Excavate 
liner in a number of places along the 
north edge of the leach pad to 
evaluate its condition and explore 
the liner / cover join area to 
determine hydrologic relationships.  
Construct grout wall/ curtain along 
as much as 1500 lineal feet of the 
north side of the leach pad  if site 
investigation determines 
groundwater is entering the leach 
pad from its northern edge. 

Would be protective only 
if groundwater is found to 
be entering northern 
portion of leach pad.  
 
Would reduce instability 
risks and risks from 
release of pad solution to 
surface or groundwater by 
reducing the amount of 
water that accumulates on 
the leach pad. 

Meets surface water 
and groundwater 
ARARs assuming 
groundwater is a major 
source of water 
accumulation in leach 
pad.  

Effective, adequate, and reliable if 
it is found that groundwater 
enter is a significant source of 
excess water on the leach pad.   
 
Is not effective for water leaking 
through the cover.  
 
Risk of a release of heap leach 
pad leachate will be greatly 
reduced or eliminated by 
stemming the flow of 
groundwater into the leach pad.   
 
Long-term maintenance not 
required.   

Would require 
mobilization of 
drilling/grouting equipment 
and additional 
construction traffic.   
 
 

None 

Constructing a grout 
curtain is implementable, 
administratively feasible, 
and reliable.  Materials, 
equipment, and 
experienced work crews 
are available but may need 
to be brought in from 
some distance away. 

$4,257,806 
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7.5.4 Alternative LP-4 – Complete Removal to On-Site Repository(s) 
 
Alternative LP-4 involves identifying a site for and constructing an on-site repository with an 
engineered composite geomembrane cover and liner system. Repository sites have not been 
studied for this version of the draft EE/CA nor have cover soil borrow areas been identified.  For 
purposes of the cost analysis it was assumed that the heap leach pad could be moved to a site 
immediately adjacent to the north and east of the existing site and further up on the flank of 
Beal’s Hill. Another (presently unknown) site could be identified within 7 miles of the current 
project site (multiple repository sites may be required).  In order to implement this alternative, all 
leach pad fluid would be pumped, treated, and disposed of.  Based on calculations presented 
earlier in this report this could take from as little as two years to as many as 9 years depending 
on the dewatering and treatment scenario implemented. The existing leach pad soil cover would 
be removed and stockpiled for subsequent leach pad reclamation.  All spent ore from the entire 
leach pad (14,800,000 tons, 7 million cu yds), as well as main Beal Pit waste rock used to 
construct the leach pad containment dike (3 million tons, 1.4 million cu yds), would be removed 
and transported to a lined on-site repository(s).  The lined repository(s) would be covered with a 
composite cover comprised of a geomembrane and salvaged soil cap and revegetated.  
Additional borrow soil material would be required because the containment dike material would 
be included beneath the cover in the new repository(s).  The leach pad site would then be 
regraded and covered with salvaged cap material and revegetated. 
 
7.5.5 Alternative LP-5 – Grout Wall / Curtain, North Edge of Leach Pad 
 
This alternative proposes to conduct an ongoing evaluation of a likely source of water 
accumulation on the leach pad along the north edge of the containment dike.  This evaluation is 
proposed to take place during the period required to dewater the pad to a level such that other 
alternatives (i.e., partial removal, LP-3; or total removal to an on-site repository, LP-4) could be 
implemented (a minimum of two years).  In this area along the north edge of the leach pad, 
groundwater levels from two existing monitoring wells adjacent to the leach pad indicate that 
seasonally, during high groundwater periods, and later in the year during periods of high LAD 
application rates along the north edge of the pad, that the groundwater adjacent to the leach 
pad attains elevations greater than that of the top lip of the bottom leach pad liner.  During both 
of these periods of time water levels on the pad rise significantly.  As a result of these 
observation it seems likely that these two mechanisms could be responsible for a very 
significant source of groundwater introduction to the pad.  Leaks along the north edge of the 
leach pad and rate of water accumulation on the leach pad were diminished by reconstructing 
the drainage ditch along the north side of the pad in 2005-2006, observations that further 
support a source of groundwater to the leach pad along its northern edge.    
 
This alternative specifically proposes to drill a series of monitor well borings through shallow 
colluvial materials (maximum about 20 feet) adjacent to the leach pad and about 30 feet into the 
underlying bedrock (a total of about 50 feet deep).  A minimum of four wells are proposed to be 
distributed over a linear distance of about 1,200 feet along the suspect north edge of the leach 
pad. Continuous water level monitoring recorders would be placed on each of the wells and 
monitored throughout the year.  In addition, this alternative proposes to excavate several test 
pits along the margin of the leach pad to directly observe hydrologic relations along the top of 
the leach pad liner, and to observe construction relations between the liner and cover 
geomembrane materials. 
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If this area is determined to be seasonally active for introduction of groundwater onto the leach 
pad then, under this alternative, a grout curtain or wall would be constructed over a distance of 
as much as 1,500 feet along the north edge of the containment dike to prevent groundwater 
from over-topping the liner and entering the leach pad.  This grout curtain should be effective in 
deflecting groundwater to less confined portions of the groundwater system and forcing their 
discharge to adjacent seeps and springs.  It would likely be desirable to drill weep holes behind 
the grout curtain to relieve upward groundwater pressure behind the grout curtain.   
 
If this groundwater source were determined to be a major source of water on the pad, 
successful implementation of the grout wall /curtain alternative (LP-5) would allow monitoring of 
leach pad solution levels (LP-1) to determine how much water was coming from this source vs. 
leaks through or around the edge of the cover.  If in fact water levels on the pad could be 
reasonably controlled by implementation of these two alternatives (LP-2 Leach Pad Cover 
Replacement and LP-5 Grout Wall or Curtain along the North Edge of the leach pad), it could 
well eliminate the need for implementation of the partial removal alternative (LP-3).  In addition, 
rates and periods of pad solution treatment could be greatly reduced or eliminated by this 
alternative. 
 
7.6 LAD SPRING AREA ALTERNATIVES  
 
Approximately 26 areas or “cells” encompassing about 31 acres were used during bio-treatment 
operations beginning in early July 2001. The cells were used through November 2003 to 
dispose of treated leach pad solution and then shut down until June 2004 when these same 
areas were used to dispose of water collected from the waste rock dump toe.  Bio-treated 
solutions were again applied to the LAD in May through October of 2005 in a program managed 
by independent contractors to the US Forest Service.  The biological treatment system was not 
used after 2005.  Land application of 37.4 million gallons of treated water from the new RO 
treatment system was applied during the summers of 2008-2009 and land application is 
expected to continue seasonally during operation of the RO treatment system through at least 
2010.   
 
Groundwater and surface water data indicate that land application, prior to 2008, is likely at 
least in part  responsible for increases in total cyanide, TDS, total nitrogen, and total selenium in 
seeps, springs, and surface water in Beefstraight and Minnesota creeks.  Arsenic, copper, and 
other metals are not currently present in elevated concentrations in these streams. 
 
The only issue identified for the LAD areas at the Beal Mountain Mine site is accumulation of 
salts and metal/metalloids, particularly selenium, in LAD area soils, and potential impact to 
vegetation, wildlife, and surface water and groundwater resources. This is no longer an issue 
with the use of the RO water treatment plant.  Monitoring of springs in the LAD areas has been 
proposed to address this issue. Detailed analysis of this alternative is presented in Table 7-6. 
 
7.6.1 Alternative LAD-1 - Monitoring 
 
Alternative LAD-1 would provide for monitoring of sites associated with the LAD areas.  
Monitoring sites would include springs SPR-2, SPR-3, SPR-19, SPR-18, SPR-D2, SPR-D4, and 
SPR-D8; and, surface water sites DNMINN, BS-D, STA-3A, STA-2, and STA-1.    Water quality 
samples from these groundwater wells could be collected as measures of impacts to shallow 
colluvial and bedrock aquifers, in the vicinity of the LAD areas; however, groundwater quality 
sampling of these wells was discontinued in 2006.   Sampling frequency would follow the 
current monitoring plan that was revised and implemented in 2008 modified to include 
groundwater monitoring of water levels only, (Tetra Tech 2009). 
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TABLE 7-6 
DETAILED ANALYSIS OF ALTERNATIVES – LAND APPLICATION DISPOSAL AREAS 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

LAD-1 Monitoring 

Monitor soil and vegetation in LAD 
cells and water quality in springs in 
LAD area.  Monitors impacts to 
vegetation that have resulted from 
land application. 

Meets reclamation 
monitoring goals.  Does 
not reduce contaminant 
load in soils.   

Currently meets soil 
and vegetation 
guidelines for metals, 
selenium, and cyanide 
concentrations.  
Monitors for 
compliance with water 
quality ARARS at down 
gradient sites.  
Monitors impacts to 
vegetation and soils. 

Effective because existing data do 
not indicate a problem with soil 
or vegetation in the LAD.  
Residual risks remain in soil, 
however. 

Protective of workers and 
National Forest users.  
Monitoring objectives met 
in short period of time. 

None.  Does not reduce 
impacts to surface or 
groundwater. 
 

Monitoring is 
Implementable and 
administratively feasible, 
and reliable.   

$43,310 
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Soils and vegetation monitoring will be conducted on LAD areas and down-gradient areas to 
measure impacts of LAD solution application.  
 
7.7 GERMAN GULCH ALTERNATIVES 
 
Water quality in German Gulch is likely impacted by seepage from several of the mine facilities 
including the main Beal Pit drain, the waste rock dump, the leach pad dike, LAD disposal of 
captured and treated water, and perhaps to a small degree from road fill that crosses German 
Gulch near the mouth of the main Beal Mountain pit.  Issues identified with some of these 
facilities have been addressed by previously described alternatives.  To address the issues of 
selenium loading to German Gulch, five alternatives are evaluated including monitoring, removal 
of the contaminated road fill, and capture and treatment of spring water discharging along the 
creek below the leach pad dike. In addition, two alternatives are considered that involve 
collection of the waste rock, main Beal Pit drain and other identified Se-enriched seepage 
sources into a buried pipe collection system that discharges to groundwater infiltration galleries 
along German Gulch.   The detailed analysis of these alternatives is presented in Table 7-7. 
 
7.7.1 Alternative GG-1 - Monitoring 
 
Alternative GG-1 involves monitoring sites along German Gulch.  Monitoring sites would include 
groundwater seeps and springs that discharge northeast of the Mail Beal pit (SPR-2, SPR-3, 
Road Fill spring, and SPR-T),   the Main Beal Pit drain, the waste rock dump (SPR-10A, SPR-5 
and the toe drain), and surface water sites STA-4, STA-3A, STA-2, and STA-1.  Groundwater 
well monitoring for water quality was discontinued in 2006 and no groundwater wells are 
currently scheduled for sampling. Sampling frequency would follow the current site-wide 
monitoring plan modified in 2009 (Tetra Tech 2009).    
 
7.7.2 Alternative GG-2 - Removal of Road Fill 
 
Alternative GG-2 would remove sulfidic wastes present in the road fill surrounding the culvert 
crossing of German Gulch and reconstruct the road with clean fill material.  Culverts would be 
replaced and waste would be hauled to the waste rock dump.  As the wastes would be placed 
on the waste rock dump, there are no reclamation or revegetation costs associated with 
relocation of the road fill. 
 
7.7.3 Alternative GG-3A – Waste Rock Seepage Water Treatment 
 
Cumulative flow from the waste rock dump seepage (spring SPR-10A, Spring SPR-5, and the 
waste rock toe drain) ranges from eight gpm at low flow to about 250 gpm during high flow.  
Average annual flow is about 70 gpm.  During high flow conditions.  Not all of the flow can be 
directed down the old MPDES pipeline system to existing infiltration galleries because of 
reduced flow in the pipe, to a maximum volume of about 200 gpm, due to sediment 
accumulation in the pipeline.  For the evaluation of water treatment, we have assumed a 
maximum flow of about 50 gpm can be captured.  A value of 50 gpm was also used for year-
round historical pumping rates from the waste rock dump toe drain collection system to storage 
in the process water pond at the plant site, prior to treatment and discharge.   
 
One of the requirements of the treatment methods proposed for waste rock seepage is to 
restrict the flow of water from the collection system to the treatment system, to gravity flow.  
Some of the treatment systems proposed require discharge of treated solutions to a LAD 
system for final treatment.   
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TABLE 7-7  
DETAILED ANALYSIS OF ALTERNATIVES – GERMAN GULCH 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

GG-1 Monitoring 
Monitor surface water and 
groundwater quality in German 
Gulch 

Not Protective.  Does not 
reduce risks.  Does not 
reduce contaminant load 
or alter impacts to water 
quality. 

ARARs are currently 
not met in German 
Gulch. 

Not effective.  Does not reduce 
contaminant concentrations.  
Residual risks remain.   

Not effective. 

None.  Does not reduce 
impacts to surface or 
groundwater. 
 

Monitoring is 
Implementable and 
administratively feasible, 
and reliable. 

$30,870 

GG-2 Removal 

Excavate waste rock from road fill; 
haul waste to waste rock dump; 
replace culverts; replace fill; 
revegetate 

Only somewhat protective 
as road fill is though to be 
only minor source of 
selenium to German 
Gulch.  Removes residual 
risk from this source. 

Uncertain whether 
surface water and 
groundwater ARARs 
would be met. 

Slightly effective as road fill 
believed to be only minor source 
of selenium to German Gulch.  
Would permanently remove 
material from direct contact with 
surface water.  No residual risks 
would remain as road fill would 
be placed in the waste rock 
dump and capped.  Does not 
require long-term O&M. 

May not be effective in 
protecting of the 
environment in the short 
term due to increased 
turbidity and sediment 
transport associated with 
construction in the active 
stream channel.  
Protective of workers and 
may be protective of 
forest users.  Could be 
constructed in one season.  
Would disrupt travel to 
the site during 
construction.   

May reduce some 
selenium and probably 
sulfate loading to German 
Gulch by removing road 
fill from contact with 
surface water. 

Road fill removal is 
implementable and 
administratively feasible, 
Experienced road 
construction personnel 
are available locally and 
work can be accomplished 
using standard road 
construction practices.   

$153,983 

GG-3A 
Waste Rock 
Seepage Water 
Treatment 

Evaluate variety of water treatment 
options to remove identified seepage 
contaminants; use land application 
discharge as part of treatment 
process; use groundwater standards 
for treatment effluent; meet surface 
water standards after land 
application. 
 
All systems treating waste rock 
seepage require upgrade of supply 
system, upgrading LAD discharge 
system, and construction and 
operation of a water treatment 
option. 

Protective.  Gravity feed, 
treating, and discharging 
treated water to a LAD 
system or old MPDES 
system is protective as it 
removes a potential 
stream of selenium 
contaminated waste rock 
seepage from direct 
discharge to German 
Gulch or discharge 
without treatment to the 
LAD system.   

Some treatment 
alternatives meet water 
quality ARARs.  
Treated waste rock 
seepage would provide 
better quality water 
and some treatment 
alternatives would 
meet groundwater 
quality standards at the 
point of discharge to 
the LAD or MPDES 
system with the 
objective of meeting 
surface water 
standards after land 
application.   

Effective to Very Effective.  All 
treatments improve seepage 
water quality.  Refurbished 
pumping system would capture 
all seepage, even at high flow, 
which is not possible with the 
existing system.  Could provide 
option for treatment and 
discharge of more acidic and 
metal laden waters associated 
with potential ARD risk from 
waste rock.  Used in past to 
reduce selenium in seepage; no 
selenium exceedences measured 
in surface water.  Requires long-
term O&M. 

Protective of workers and 
forest users.  Requires one 
to several years to 
implement.  Requires 
significant construction 
effort.  Significant short-
term reduction in 
selenium concentrations in 
waste rock seepage. 

Reduction of selenium 
from waste rock seepage 
by treatment.  Further 
reduction in the mobility 
of selenium by attenuation 
in soils and vegetation of 
LAD or dilution in 
infiltration galleries 
associated with old 
MPDES system area.   

Alternative is 
implementable and 
administratively feasible.  
Equipment and manpower 
required to do work are 
available from nearby 
locations and techniques 
used are standard water 
handling and construction 
practices.   

Construction 
Cost 

$183,078 
 

Water 
Treatment 
Construction 
 $540,000 to 
$1,680,000 

Operating Costs 
  $76,000 to 
$1,440,000 
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TABLE 7-7  
DETAILED ANALYSIS OF ALTERNATIVES – GERMAN GULCH 

EVALUATION CRITERIA 

Alt. No. Alternative 
Name Alternative Elements Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability Cost 

GG-3B 
Discharge to 
German Gulch 
Existing System 

Divert waste rock toe drain seepage 
to existing MPDES pipeline; mix with 
main Beal pit drain water; discharge 
to infiltration galleries; replace three 
of five existing infiltration galleries; 
install fish barrier to prevent access 
to reach of stream that does not 
meet standards.  

Somewhat protective.  
Allows discharge of waste 
rock seepage to 
groundwater via 
infiltration gallery along 
German Gulch 
downstream to just below 
STA-2.  May not be 
acceptable in mixing zones 
as permitted by MDEQ. 

Must mix seepage with 
main Beal pit drain 
water to meet 
groundwater standards 
at discharge to 
infiltration galleries; 
would meet both acute 
and chronic aquatic life 
standards at STA-1A 
compliance point.  
Existing water quality 
at STA-3A, STA-3, and 
STA-2 would routinely 
exceed chronic and 
may occasionally 
exceed acute standards 
for selenium.  Water 
disposal will require 
compliance with 
substantive portions of 
MDPES permit. 

Somewhat effective.  Eliminates 
pumping, storing, and treating 
waste rock seepage.   
Would not meet MDEQ 
requirements for mixing zone if 
acute aquatic life standards are 
exceeded in German Gulch at 
Stations STA-3A, STA-3, or STA-
2, which would likely occur at 
least occasionally and may occur 
routinely.  Is capable of diluting 
by groundwater mixing at the 
compliance point higher selenium 
concentrations from the waste 
rock seepage that might develop 
in the future.  Could treat by 
dilution metals that might form at 
the onset of ARD from the waste 
rock dump.  Requires long-term 
O&M. 

Protective of workers and 
National Forest users.  
Could be constructed in 
one season with some 
disruption of traffic along 
German Gulch.   

There is no reduction in 
the load of selenium from 
the waste rock seepage.  
However, the toxicity of 
the seepage with respect 
to aquatic life standards is 
reduced by dilution in the 
groundwater-mixing zone.  
Would eliminate negative 
impacts of current practice 
of discharging to 
groundwater via a LAD 
system. 

Alternative is 
implementable, but may be 
administratively untenable 
as acute aquatic life 
standards for selenium 
may be exceeded in the 
proposed mixing zone.  
Equipment and manpower 
required to do work are 
available from nearby 
locations and techniques 
used are standard 
earthmoving construction 
practices.   

Construction 
Costs 

$214,648 
 

Annual 
O&M Cost 

$64,218 
 

GG-3C 
Discharge to 
German Gulch 
Extended System 

Divert waste rock toe drain seepage 
to existing MPDES pipeline; mix with 
main Beal pit drain water, SPR-3, 
SPR-T, and SPR-D5; extend existing 
pipeline 12,000 feet to discharge to 
groundwater in a new infiltration 
gallery at confluence of Beefstraight 
Creek and German Gulch; define 
compliance point at STA-1A. 

Protective.  Allows 
discharge of waste rock 
seepage to groundwater 
via infiltration gallery near 
confluence of German 
Gulch and Beefstraight 
Creek meeting surface 
water aquatic standards 
for selenium.   

Must mix seepage with 
main Beal pit drain 
water to meet 
groundwater standards 
at discharge to 
infiltration gallery.  
Would meet both 
acute and chronic 
aquatic life standards at 
STA-1A.  Existing 
water quality at STA-
3A and STA-3 would 
continue to exceed 
chronic but not acute 
standards for selenium, 
which is acceptable in a 
mixing zone.  Water 
disposal will require 
compliance with 
substantive portions of 
MDPES permit. 

Very effective.  Eliminates 
pumping, storing, and treating 
waste rock seepage.   
Would meet water quality 
standards at compliance point 
STA-1A or STA-1 using mixing 
zone that meets MDEQ 
requirements.  Is capable of 
diluting by mixing higher selenium 
concentration from the waste 
rock seepage in the future.  
Could be effective in dilution of 
other metals that might result 
from formation of ARD from the 
waste rock dump.  Requires long-
term O&M. 

Protective of workers and 
National Forest users.  
Could be constructed in 
one season with some 
disruption of traffic along 
German Gulch.   

There is no reduction in 
the load of selenium from 
the waste rock seepage.  
However, the toxicity of 
the seepage with respect 
to aquatic life standards is 
reduced by dilution in the 
groundwater mixing zone.  
Would eliminate negative 
impacts that result from 
current practice of 
discharging to 
groundwater via LAD 
system. 

Alternative is 
implementable and 
administratively feasible.  
Equipment and manpower 
required to do work are 
available from nearby 
locations and techniques 
used are standard 
earthmoving construction 
practices.   

Construction 
Costs 

$679,243 
 

Annual 
O&M Cost 

$64,218 
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Two treatment options are evaluated for this alternative that treats seepage with water from the 
leach pad (Alternative WT-1 - Passive In-Situ Anaerobic Biological and Alternative WT-2 - 
Reverse Osmosis with Waste Brine Evaporation).  Two other treatment options evaluate 
treating waste rock seepage separately (Alternative WT-3 - Iron Co-Precipitation and Alternative 
WT-4 - Active Anaerobic Biological).     
 
For the detailed analysis of Alternative GG-3A, treatment and LAD portions of the alternative are 
evaluated in Table 7-8.  The water treatment portion of this alternative is evaluated in detail in 
Section 7.9.    
 
7.7.4 Alternative GG-3B - Discharge to German Gulch Existing System 
 
Alternative GG-3B involves collection of waste rock seepage from the toe drain collection 
system and routing this water by a new pipeline to the existing old MPDES system pipeline.  
The up-gradient end of this system is in German Gulch near the main Beal Mountain pit.  From 
this point, waste rock seepage would be diluted with flow from the main Beal Mountain pit drain.  
The flows from three other contaminated down-gradient springs SPR-3, SPR-T, and SPR-D5 
could be combined with the flow in the MPDES system pipeline. Removal of the contribution of 
loading from these springs would only reduce selenium loading to German Gulch by about 2.5% 
in the reach between STA-4 and STA-3A.  From this point the collected stream from each of 
these contaminated sources  would flow down the MPDES pipeline to existing or reconstructed 
infiltration galleries along German Gulch.   
 
This existing MPDES pipeline system was constructed in 1995 and was operated almost 
continuously from 1996 through 2000 during the later years of operation, and again following 
biological water treatment activities in 2002 and 2003.  During the biological water treatment 
period, waste rock seepage was pumped to the water treatment plant for treatment with the pad 
solutions, with the effluent discharged to LAD systems.  The old MPDES pipeline system has 
continued to be used from 2003 to the present and includes combined flows from the waste rock 
and Main Beal Pit drainage collection systems.  The pipeline consists of a buried six-inch HDPE 
pipeline extending from the mouth of the main Beal Mountain pit down German Gulch a 
distance of about 12,200 feet.  Branching off the pipeline at five locations along this length are 
drain fields that discharge water into the coarse alluvium and placer spoils adjacent to German 
Gulch.  Although the system was designed to accommodate flows of greater than 600 gpm, the 
maximum flow the system will currently accept is less than 300 gpm due to the accumulation of 
sediment in the system.  Alternative GG-3B would reconstruct/repair this system to increase the 
flow capacity to a minimum of 400 gpm.  To this end, three of the five existing drain fields would 
be replaced with new drain fields that would be constructed using the same general design and 
materials as the original drain fields.  All five pressure-reducing valves and flow meters would be 
replaced.  As the system would operate by gravity, no power is required. 
 
Low flow waste rock seepage must be diluted with water exiting the main Beal Mountain pit in 
order to meet groundwater standards prior to discharge into the infiltration galleries.  
Compliance with surface water standards after mixing of this water with groundwater and 
surface water would continue to be measured at surface water stations in German Gulch.  
Under this scenario, a compliance point would be chosen at either STA-1A or STA-1.  The 
location of the lowermost infiltration gallery just below STA-2 would probably result in no change 
to surface water quality at STA-3, where routine exceedances of the chronic aquatic life 
standard for selenium in surface water occur.  STA-3A and STA-2 would also routinely exceed 
chronic aquatic life standard for selenium and would probably, at times, exceed the acute 
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standard. A fish barrier could be installed to prevent access to the reach of stream that does not 
meet water quality standards for aquatic life, however, using a fish barrier as a solution to Se 
water quality issues over this short reach of the stream is not recommended by the US Fish and 
Wildlife Service.  
  
Once the confluence of Beefstraight Creek and German Gulch is reached in a downstream 
direction (just above STA-1A), there is adequate dilution in surface water to result in no 
exceedances of the aquatic standards in the lower portion of German Gulch.  Dilution factors in 
German Gulch at this confluence are about 30 to 1 at high flow and as much as 200 to 1 at low 
flow.    
 
7.7.5 Alternative GG-3C - Discharge to German Gulch Extended System 
 
Alternative GG-3C would collect waste rock seepage from the toe drain collection system and 
route it by a new pipeline to the existing MPDES system pipeline described above (GG-3B).  
From there the waste rock seepage would be diluted with flow from the main Beal Mountain pit.  
The flows from three other contaminated down-gradient springs SPR-3, SPR-T, and SPR-D5 
could be combined with the flow in the MPDES system pipeline. Removal of the contribution of 
loading from these springs would only reduce selenium loading to German Gulch by about 2.5% 
in the reach between STA-4 and STA-3A. From this point the collected stream from each of 
these contaminated sources  would flow down the MPDES pipeline to existing or reconstructed 
infiltration galleries along German Gulch.  Alternative GG-3C would reconstruct/repair this 
existing system to increase the flow capacity to a minimum of 400 gpm.  To this end, three of 
the five existing drain fields would be replaced with new drain fields that would be constructed 
using the same general design and materials as the original drain fields.  All five pressure-
reducing valves and flow meters would be replaced.  As the system would operate by gravity no 
power is required.  
 
The MPDES pipeline would then be extended some 12,000 feet from just below STA-2 to a 
terrace above the creek level near the confluence of Beefstraight Creek and German Gulch 
(above STA-1A) where a new large infiltration gallery would be constructed.  The infiltration 
gallery would be built in two halves, with each half being capable of handling the entire 
discharge at any point in time.  The flow could be switched between halves of the drain field as 
necessary.  The system would operate by gravity, with no power requirements. 
 
Low flow waste rock seepage must be diluted with water exiting the main Beal Mountain pit in 
order to meet groundwater standards prior to discharge into the new infiltration gallery.  
Compliance with surface water standards after mixing of this water with groundwater and 
surface water would continue to be measured at surface water stations in German Gulch.  
Under this scenario, a compliance point would be chosen at either STA-1A or STA-1.  This 
design may result a change to surface water quality at STA-3 and STA-3A by removal of the Se 
from springs SPR-3, SPR-T, and SPR-D5 (2.5% of total load); however, routine exceedances  
of the chronic aquatic life standard for selenium in surface water may continue to occur at these 
stations.  On rare occasions, there would be exceedances of the chronic aquatic life standard 
for selenium at station STA-2.  Once the confluence of Beefstraight Creek and German Gulch is 
reached in a downstream direction (just above STA-1A), there is adequate dilution in the 
groundwater to result in no exceedances of the aquatic standards in the lower portion of 
German Gulch.  Dilution factors in German Gulch at this confluence are about 30 to 1 at high 
flow and as much as 200 to 1 at low flow.  These high dilution values allow an increase in the 
concentration of selenium from the waste rock seepage and still maintain surface water quality 
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standards below the confluence.  These same relationships might provide a mechanism for 
dilution of metals that may be produced in the future if ARD is formed in the waste rock 
seepage. 
 
7.8 WATER TREATMENT OPTIONS 
 
Four water treatment processes were identified in Section 6.1.6 for potential implementation at 
the Beal Mountain Mine site to treat waste rock seepage.  These treatment processes could be 
configured in a variety of ways to treat water on a year-round or seasonal basis.  For year-round 
treatment, plant design hydraulic capacity would normally be specified to allow for intermittent 
shutdown and maintenance of plant equipment.  However, for simplicity, the design treatment 
plant hydraulic capacities for year-round treatment have been directly adopted from the average 
annual flow rate without escalation.  A detailed review of the site water balance and seasonal 
flow variations would be required to establish the basis by which average, maximum and 
minimum treatment plant hydraulic capacities would be defined; this level of work is beyond the 
scope of this evaluation.  For seasonal treatment, the design treatment plant hydraulic capacity 
was selected by assuming treatment would take place for four months each year (Table 7-8). 
 

TABLE 7-8 
WATER TREATMENT PLANT DESIGN FLOW RATES 

 Average Annual 
Flow Rate (gpm) 

Year Round Treatment 
Design Flow Rate (gpm) 

Seasonal Treatment 
Design Flow Rate (1)(gpm)

Waste Rock Seepage 50 50 150 
 

Note: (1)Water treatment design flow rate assuming operation for four months each year in gallons per minute (gpm) 
  
 
The water treatment options evaluated for treatment of waste rock seepage are summarized in 
Table 6-5.  This table is presented again as Table 7-9.  The objective in considering these four 
treatment options was to span the expected range of process effectiveness, implementability, 
complexity, and cost according to those treatment processes identified as candidates for 
implementation at the site.  These four treatment options are not a comprehensive selection of 
all applicable options, but are a sampling of potentially suitable options.  Only on-site 
construction of new treatment facilities were considered.  Table 7-9 is organized according to 
the indicated feed water source, and design plant capacity.  With each of these options, it was 
assumed that all equipment and ancillaries would be newly purchased without the use of any 
existing site facilities.  
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TABLE 7-9 
WATER TREATMENT ALTERNATIVES CONSIDERED FOR  WASTE ROCK SEEPAGE 

Option Treatment Process Feed Water Year Round or 
Seasonal Treatment

Design Plant 
Capacity (gpm) 

Plant 
Type 

1 Passive In-Situ Anaerobic 
Biological Treatment 

Waste Rock 
Seepage Year Round 60 Constructed

On-site 

2 Reverse Osmosis with Waste 
Brine Evaporation 

Waste Rock 
Seepage Year Round 60 Constructed

On-site 

3 Iron Co-Precipitation Waste Rock 
Seepage Year Round 50 Constructed

On-site 

4 Active Anaerobic Biological Waste Rock 
Seepage Year Round 50 Constructed

On-site 

 
 
The detailed analysis of water treatment options is presented in Table 7-10.  The detailed 
analysis only considers the water treatment portion of the alternative.  Other aspects of the 
alternative (i.e. facilities required for surge storage of feed water and/or treated effluent, and 
LAD of treated effluent) are included with the water treatment alternatives presented for 
Alternative GG-3A, Waste Rock Seepage Water Treatment.   
 
The three tiered cost presented in the last column of Table 7-10 represent Construction Costs, 
Annual O & M Costs, and Net Present Value from top to bottom respectively.  A detailed cost 
analysis for water treatment options is presented in Appendix D.  For total cost, the water 
treatment option cost should be added to the applicable waste rock (WR-4A) or leach pad (LP-
2) alternative cost.  Costs associated with sample analysis and system performance reporting 
are not included in the operating cost estimates for the water treatment options.   
 
7.8.1 Alternative WT-1 - Passive In-Situ Anaerobic Biological Treatment (Pad And 

Waste Rock Seepage) 
 
Alternative WT-2 involves treatment of leach pad solution and waste rock seepage at a 
combined year-round rate of 60 gpm for the removal of ammonia, arsenic, nitrate, nitrite, and 
selenium in a new treatment system constructed on-site.  Labor costs were estimated assuming 
24 hours per month for sample collection and facility inspection.  The treatment process 
consists of the following: 

 Treatment of pad solution in a lined anaerobic subsurface cell containing a mixture of 
rock, composted manure, and/or straw.  Pad solution would flow up through the 
biological cell where anaerobic conditions would affect the removals of ammonia, 
arsenic, total cyanide, fluoride, nitrate, nitrite, selenium, and/or strontium.  Injection of 
nutrients into feed water is not anticipated to be necessary. 

 Treated water would be collected at the top of the biological cell in a series of below-
grade perforated collection pipes and then distributed into a subsurface perforated-pipe 
drain field where it would subsequently discharge into the underlying groundwater 
system. 
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TABLE 7-10 
DETAILED ANALYSIS OF ALTERNATIVES – WATER TREATMENT OPTIONS 

EVALUATION CRITERIA 

Alt. 
No.  Treatment Process Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability 

Cost:* 
Construction 
Annual O&M 

NPV 

WT-1 

Process: Passive In-Situ Anaerobic Biological  
Feed Water: Pad Solution and Waste Rock Seepage 
Treatment Period: Year Round 
Treatment Rate: 60 gpm 
Construction:       Constructed On Site 

Somewhat effective.  
Would not meet all 
ARARs, but would yield 
varying reductions in the 
levels of several 
constituents. 

Would meet several of 
the ARARs, but not all, 
with respect to 
groundwater discharge 
standards.  Compliance 
with ammonia, nitrate, 
and nitrite ARARs 
expected; partial 
removal of selenium, 
total cyanide, and 
arsenic expected.  The 
concentrations of most 
constituents in leach 
pad solution would be 
reduced through 
significant dilution with 
waste rock seepage. 

Biological substrate would 
require periodic removal and 
replacement, with off-site 
disposal of spent substrate.  
Treatment effectiveness not 
expected to vary significantly 
over short periods of time.  
Relatively cold temperatures of 
waste rock seepage during winter 
operation may seasonally reduce 
treatment effectiveness. 

Following a several week 
start-up period, effective 
treatment should be 
established. 

The concentrations of 
several constituents would 
be reduced, but not all 
ARARs would be 
consistently met.  
Discharge of treated 
solution through land 
application may provide 
for additional 
concentration reductions 
through soils uptake 
and/or blending with 
groundwater. 

Should be used to treat 
water on a continuous 
basis rather than 
seasonally.  Could utilize 
existing lined ponds and 
other site equipment to 
reduce construction costs.  
Would require year round 
pumping of pad solution 
and waste rock seepage to 
the treatment system.  
Seasonal variations in 
waste rock seepage flow 
would require the use of a 
surge pond.  Would 
require about one year of 
treatability testing before 
design and construction 
were initiated. 

$  700,000 
$   90,000 
$1,600,000 

WT-2 

Process: Reverse Osmosis with Waste Brine 
 Evaporation           
Feed Water: Pad Solution and Waste Rock Seepage 
Treatment Period: Year Round 
Treatment Rate: 60 gpm 
Construction:       Constructed On Site 

Protective of surrounding 
site water resources.  
Contaminants would be 
transferred off-site in 
concentrated waste brine 
for stabilization and 
disposal.  Poses a hazard 
with respect to 
transporting large 
quantities of concentrated 
waste brine off site. 

Would likely meet all 
ARARs with respect to 
effluent discharge. 

Effective in the long term in 
regard to protecting surrounding 
site waters.  Long-term liability 
exists for off-site waste brine 
disposal. 

Effective in the short term 
in regard to protecting 
surrounding site waters.  
Short-term liability exists 
for off-site waste brine 
disposal. 

Contaminants would be 
transferred off-site in 
concentrated waste brine 
for stabilization and 
disposal.  Reduction in 
toxicity and mobility 
would depend on the 
effectiveness of the off site 
stabilization and disposal 
process. 

Could be implemented 
with skilled operations 
staff.  Seasonal variations 
in waste rock seepage flow 
would require the use of a 
surge pond.  Treatability 
testing would be required. 

$ 1,680,000 
$ 1,480,000 
$17,600,000 
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TABLE 7-10 
DETAILED ANALYSIS OF ALTERNATIVES – WATER TREATMENT OPTIONS 

EVALUATION CRITERIA 

Alt. 
No.  Treatment Process Overall  

Protectiveness 
Compliance 
with ARARs 

Long-Term 
Effectiveness 

Short-Term 
Effectiveness 

Reduction in Toxicity 
or Mobility through 

Treatment 
Implementability 

Cost:* 
Construction 
Annual O&M 

NPV 

WT-3 

Process: Iron Co-Precipitation 
Feed Water: Waste Rock Seepage 
Treatment Period: Year Round 
Treatment Rate: 50 gpm 
Construction:       Constructed On Site 

Waste rock seepage is not 
currently highly impacted; 
treatment would probably 
only marginally improve its 
quality. 

May yield partial 
reduction of selenium 
level, but may not meet 
the ARAR for 
selenium. 

Would be equally effective in 
both the long-term and short-
term. 

Would be equally effective 
in both the long-term and 
short-term. 

Waste rock seepage is not 
currently highly impacted; 
treatment would 
marginally improve its 
quality.  Discharge of 
treated solution through 
land application may 
provide for additional 
concentration reductions 
through soils uptake 
and/or blending with 
groundwater. 

Could be implemented 
with skilled operations 
staff.  Seasonal variations 
in waste rock seepage flow 
would require the use of a 
surge pond.  Treatability 
testing would be required. 

$   540,000 
$   282,000 
$ 3,600,000 

WT-4 

Process: Active Anaerobic Biological 
Feed Water: Waste Rock Seepage 
Treatment Period: Year Round 
Treatment Rate: 50 gpm 
Construction:       Constructed On Site 

Waste rock seepage is not 
currently highly impacted; 
treatment to meet the 
ARAR for selenium would 
marginally improve its 
quality. 

Could potentially meet 
ARAR for selenium 
with properly designed 
and operated system. 

Would be equally effective in 
both the long-term and short-
term. 

Would be equally effective 
in both the long-term and 
short-term. 

Waste rock seepage is not 
currently highly impacted; 
treatment would 
marginally improve its 
quality. 

Seasonal variations in 
waste rock seepage flow 
would require the use of a 
surge pond.  Should be 
used to treat water on a 
continuous basis rather 
than seasonally.  
Treatability testing would 
be required. 

$ 1,000,000 
$   276,000 
$ 3,900,000 

 
Note:  *  The three tiered cost presented in this column of Table 7-10 represent Construction Costs, Annual O & M Costs, and Net Present Value, from top to bottom, respectively.  
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Media in the biological cell would require replacement at approximately 5 to 10 year intervals.  
Cost estimates were developed assuming complete media and drain field replacement every 10 
years with off-site disposal of the spend media as a non-hazardous material in a municipal 
landfill. 
 
There is an uncertain ability of this process to consistently or intermittently achieve effluent 
goals for one or more of the constituents of concern, and long-term treatability testing would be 
required to characterize the process in terms of required organic substrate materials, required 
reaction times, sludge generation, and achievable effluent quality. 
 
7.8.2 Alternative WT-2 - Reverse Osmosis with Waste Brine Evaporation (Waste 

Rock Seepage -Onsite) 
 
Alternative WT-2 would treat waste rock seepage at a combined year-round rate of 60 gpm for 
the removal of nitrate, nitrite, and selenium, in a new treatment plant constructed on-site.  This 
alternative would include the following major operations: 
 

 Softening of leach pad solution in a lime-soda ash precipitation system to remove 
calcium and magnesium hardness.  Waste sludge from this system would be filtered to 
yield a moist solids cake for off-site disposal as a non-hazardous waste in a municipal 
landfill. 

 
 Pressure sand filtration and cartridge filtration of softened water to remove suspended 

solids to a low level. 

 Reverse osmosis treatment to affect an overall water recovery of approximately 80%.  
The actual achievable water recovery would be a function of the softened water 
chemistry, though 80% was assumed for this evaluation. 

 Waste brine exiting the reverse osmosis system would be further concentrated in a 
mechanical vapor recompression (MVR) type of evaporator installed at the site. 

 Concentrated waste brine exiting the mechanical vapor recompression evaporator would 
be disposed off-site as described in Section 7.9.6. 

 Treatability test work would be required to verify the applicability and feasibility of this 
process for application at Beal Mountain. 

 
It is assumed that one full-time operator would attend the treatment plant on a day shift for 12 
hours per day, with one supervisor or maintenance person on-site for 8 hours per day five days 
per week (during the four months per year operating period).  Estimated construction and 
operating costs for this option are shown in Table 7-10. 
 
7.8.3 Alternative WT-3 - Iron Co-Precipitation (Waste Rock Seepage) 
 
Alternative WT-3 would treat waste rock seepage at a year-round rate of 50 gpm for the removal 
of selenium in a new treatment plant constructed on-site.  This alternative would include the 
following major unit operations: 

 Injection of a soluble iron salt, such as ferrous sulfate, into waste rock seepage in an 
agitated tank.  Sulfuric acid would also be injected into this tank to maintain the solution 
pH at less than about 6.0. 
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 Flocculation of the treated solution in a second agitated tank, with polymeric flocculent 
added to assist with solids settling and thickening in the clarifier. 

 Clarification of treated solution to remove suspended solids. 

 Filtration of clarifier underflow sludge to yield a moist solids cake for off-site disposal as 
a non-hazardous waste in a municipal landfill. 

 Pressure sand filtration of clarifier overflow solution to remove residual suspended solids 
to a low level. 

 Neutralization of filtered solution to pH 7.0 to 8.0 with sodium hydroxide solution in an 
agitated tank. 

 
There is an uncertain ability of this process to consistently or intermittently achieve effluent 
goals for selenium, and treatability testing would be required to characterize the process in 
terms of reagent requirements, required reaction times, sludge generation, and achievable 
effluent quality.  If selenium in waste rock seepage is primarily in the oxidized form selenate, its 
removal in this process would be limited and it is unlikely that the process would meet the 
discharge goal for selenium. 
 
It is assumed that one full-time operator would attend the treatment plant on a day shift for 12 
hours per day, with one supervisor or maintenance person on-site for eight hours per day five 
days per week.  Estimated construction and operating costs for this option are shown in Table 
7-10. 
 
7.8.4 Alternative WT-4 - Active Anaerobic Biological (Waste Rock Seepage) 
 
Alternative WT-4 would treat waste rock seepage at a year-round rate of 50 gpm for the removal 
of selenium in a new treatment plant constructed on-site.  The selected treatment process for 
this option is active anaerobic biological, which would include the following major unit 
operations: 
 

 Treatment of waste rock seepage in a series of three anaerobic biological upflow 
reactors with an attached biogrowth configuration.  The treatment plant would be similar 
in design to that utilized at the Zortman-Landusky Mine in Montana as designed by 
Applied Biosciences of Salt Lake City, Utah. 

 Heating of feed water from about 8°C to 15°C to maintain acceptably rapid biological 
reaction rates in the reactors. 

 Addition of biological nutrients into feed water, including phosphoric acid and an organic 
carbon source. 

 Clarification of treated water to remove suspended solids and waste biosolids. 

 Pressure sand filtration of clarifier overflow solution to remove residual suspended solids 
to a low level. 

 Filtration of clarifier underflow sludge to yield a moist solids cake for off-site disposal as 
a non-hazardous waste in a municipal landfill. 

 There is an uncertain ability of this process to consistently or intermittently achieve 
effluent goals for selenium, and treatability testing would be required to characterize the 
process in terms of reagent requirements, biological reaction rates, required water 
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temperature, sludge generation and achievable effluent quality.  This process has been 
demonstrated in pilot and full-scale facilities to remove selenium in both the selenate and 
selenite forms, though test work would be required to verify its applicability and 
effectiveness for this site.   

 
It is assumed that one full-time operator would attend the treatment plant on a day shift for 12 
hours per day, with one supervisor or maintenance person on-site for eight hours per day five 
days per week.  Estimated construction and operating costs for this option are shown in Table 
7-10. 
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8.0  COMPARATIVE ANALYSIS OF ALTERNATIVES 
 
This section compares the alternatives evaluated in detail in Section 7.0.  The comparative 
analysis is performed separately for each mine facility.  A preferred alternative is selected for 
each facility at the end of the section.  
 
8.1 MAIN BEAL MOUNTAIN PIT  
 
Monitoring (Alternative MB-1) is not protective of the environment in itself, in that it can only 
detect slide movements that threaten leach pad stability.  Monitoring is considered essential at 
this point in time, however, the effectiveness of monitoring is dependent on the successful 
implementation of the existing annual operations and maintenance plan for interim dewatering 
of the clay-sill slide and pad solution removal should they be required.   
 
Alternatives MB-2A, MB-2B, and MB-2C (Public Safety) would be effective in the long-term with 
respect to minimizing risks to public safety.  MB-2A would prevent human entry to areas of the 
pit that are subject to landslides and fall hazards using fences and signage, while MB-2B would 
decrease the potential for landslides to occur and would eliminate fall hazards by reduction of 
the high-wall angle by drill-hole blasting techniques.  It appears that drill hole blasting would 
need to occur from the top of the pit high-wall (rather than on individual benches) and would 
bring down only a minimal amount of material that would be insufficient to construct a buttress 
for the clay-sill slide within the pit.  In addition, in order to get the required angle on the pit, it 
would likely be necessary begin the new cut slope far enough back from the lip of the high-wall 
to risk stability of the containment dike foundation.  Therefore, it appears that this alternative 
might be effective, without risk to the leach pad facility, only if the leach pad was removed prior 
to implementing the alternative.   
 
Buttressing the main Beal Mountain pit high-wall (MB-2C) would decrease the potential for 
landslides to occur and would eliminate fall hazards locally in the area of the buttress.  This 
alternative would be effective in stabilizing the clay-sill slide and the leach pad foundation only if 
the buttress extended high enough and were thick enough on the hill to support the existing 
buttress adjacent to the clay-sill slide.  Such a buttress would require large volumes of material.  
This alternative is also prohibitively expensive.   
 
Monitoring and public safety alternatives are implementable with standard construction 
equipment, materials, and earth moving techniques.    The total cost for monitoring (MB-1) is 
estimated at about $65,016. Whereas, the public safety alternative using fencing and signage 
(MB-2A) is estimated to cost $31,984.  Alternatives related to both public safety and 
geotechnical stability are estimated to cost  $8,037,653 for MB-2B (reduction of angle on the 
high-wall) and $8,942,978 for MB-2C (buttressing the clay-sill slide area from within the pit).    
Long-term maintenance costs for either alternative are minimal, however it will be necessary to 
implement the annual operations and maintenance plan in response to a leach pad stability 
issues or pad dewatering.   
 
8.2 WASTE ROCK DUMP 
 
Monitoring (Alternative WR-1) will not meet ARARs and is not protective of the environment.  
Selenium concentrations and loading to German Gulch may diminish naturally over time but not 
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likely enough to make this alternative effective in the long-term.  Monitoring also does not 
address the future potential for ARD generation from the waste rock. 
 
8.2.1 Cover or Capping Alternatives 
 
In addition to monitoring, four alternatives were considered for the waste rock dump facility.  
These alternatives (WR-2A, WR-2B, WR-3A, and WR-3B) are variations on reclamation 
scenarios that approach the problem of waste rock seepage from a source control point of view.   
 
Two alternatives consider removing various amounts of waste material from above spring SPR-
10A and diverting the flow in order to minimize contact of groundwater with waste rock.  These 
two alternatives (WR-2A and WR-2B) differ in the amount of material removed from above the 
spring, the scope of reworking the existing dump, and the cover design.  Both alternatives would 
be effective in isolating groundwater from spring SPR-10A from contact with waste rock and 
could reduce the selenium load from waste rock seepage by as much as 20%.  However, 
neither alternative will completely reduce the selenium load since there are uncertainties 
involved with seepage beneath the waste rock dump.   
 
Both cover designs (WR-2A and WR-2B) limit infiltration into the waste rock dump to some 
extent.  Alternative WR-2B will be more effective than WR-2A in that it will have a much greater 
impact on seepage flow volume, since the entire waste rock dump will be regraded to a flatter 
slope angle and covered with an impermeable composite (geomembrane/soil) cap.  Alternative 
WR-2B composite cover design would be much more effective in reducing infiltration (perhaps 
by as much as a factor of 10).   
 
Overall, waste rock seepage would likely continue to exceed surface water and groundwater 
standards (particularly under alternative WR-2A) and would still require treatment prior to 
discharge.  While substantial quantities of excavated wastes from both of these alternatives will 
be isolated in a capped area on the leach pad or in another acceptable repository, the majority 
of waste rock will remain in place.   
 
With respect to short-term effectiveness, both alternatives may require more than one year to 
construct and will require substantial increases in traffic and surface disturbance, rehabilitation 
of haul roads, and reopening of borrow areas.   
 
Two other alternatives would reclaim the upper third of the waste rock dump in place, which 
although planned in mine closure, was never completed.  These alternatives, WR-3A and WR-
3B, would attempt to limit infiltration from this upper third and flatter portion of the dump into 
waste rock.  Alternative WR-3A uses a soil cover to this end, while Alternative WR-3B uses a 
composite cover.  As with the WR-2 alternatives discussed above, both Alternatives WR-3A and 
WR-3B would be somewhat effective in limiting infiltration into the waste rock dump, although 
the composite cover design used in Alternative WR-3B will be much more effective in reducing 
infiltration and seepage, even though it only covers the upper third of the waste rock dump.   
 
With respect to short-term effectiveness, Alternative WR-3B may require more than one year to 
construct, whereas it should be possible to complete Alternative WR-3A in one construction 
season.  Both of these alternatives would require substantial increases in traffic, although most 
of the disturbance and construction activities would be concentrated on the upper portion of the 
waste rock dump and not on public roads.  Surface disturbance for both of these alternatives 
are about equal and somewhat less than the WR-2 alternatives, particularly alternative WR-2B.   
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The four cover alternatives (WR-2A, WR-2B, WR-3A, and WR-3B) have several things in 
common including: all meet the ARAR for NRCS Slope Stability criteria, although slope 
regrading under Alternative WR-2B provides for greater slope stability than the other 
alternatives due to the gentler slope angle that would be constructed; each of the alternatives 
have revegetated surfaces to minimize erosion and maximize evapotranspiration in the covers; 
each alternative will use up-gradient diversion ditches to control run-on, and berms or snow-
fencing to control snow-drifting; and long-term maintenance requirements for each alternative 
would be low once vegetation was established.   
 
None of the four alternatives will likely meet surface water ARARs in German Gulch and each 
are only somewhat protective of the environment in that seepage quality will improve an 
incremental amount and seepage quantity should decrease an incremental amount.  None of 
the alternatives would likely reduce seepage concentrations to a degree that would permit 
discharge of the seepage without prior treatment.  Alternative WR-2B is clearly the most 
protective of the four and is the most effective in the long-term in that it isolates water from 
spring SPR-10A from contact with waste rock, and reduces the contact of infiltrating water with 
waste rock.  Alternative WR-3A is probably the least effective of the four alternatives.  This 
alternative is, however, the most effective short-term alternative as it is protective of workers 
and forest users and has the least short-term impacts associated with construction.   
 
The cost for the monitoring alternative WR-1 is estimated to be $21,294. The costs of the 
remaining waste rock alternatives vary considerably and almost directly with protectiveness of 
the environment and long-term effectiveness.  Estimated costs for these four alternatives are 
summarized in Table 8-1.   
 

TABLE 8-1 
COST SUMMARY FOR COVER OR CAPPING ALTERNATIVES 

WASTE ROCK DUMP FACILITY 

Alternative Estimated Cost 

WR-2A – Partial Removal with Soil Cover $4,190,438 
WR-2B – Partial Removal with Complete Regrading and Composite 
Cover $14,373,728 

WR-3A – Construct Soil Cover on Upper Dump as per Closure Plan $416,958 
WR-3B – Construct Cover on Upper Dump with Composite Cover $3,267,276 

 
 
8.3 LEACH PAD 
 
Five alternatives for the leach pad are compared in this section.  These alternatives include 
monitoring,  replacing all or a portion of the existing cover, partial removal of spent ore from the 
pad, complete removal of the spent ore and the containment dike components of the heap leach 
pad to a new on-site repository, and construction of a grout curtain along the northern edge of 
the heap leach pad. 
 
Monitoring (Alternative LP-1) will not meet ARARs and is not protective of the environment.  
Anytime water levels in the pad rise to exceed the maximum recommended volume of 27.5 
million gallons, water treatment will be required to reduce volumes.  Water quality on the pad is 
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poor enough that treatment will be necessary before the pad solution can be discharged from 
the facility.   
 
Alternative LP-2 (replacing all or a portion of the leach pad cover) and LP-5 (placing a grout wall 
along the northern edge of the leach pad) address two distinct and likely areas of input of 
excess solution that is accumulating on the leach pad.  As such, both of these alternatives are 
effective and protective of the environment, and may be most protective and effective if both 
alternatives are implemented together.   
 
Alternatives LP-3 and LP-4 reduce or eliminate the potential for geotechnical instability by 
moving spent ore to more stable locations, and as such both are effective and protective of the 
environment.  Alternative LP-3 would reposition spent ore from the unstable area at the 
southwest portion of the leach pad to the northern portion of the pad.  Alternative LP-4 involves 
the construction of an on-site repository to store spent ore currently held by the leach pad and 
the contaminated mine waste used to construct the containment dike thus eliminating loading 
above the unstable area beneath the pad. Alternative LP-3 may be technologically difficult to 
implement because of the need to remove most of the water from the pad prior to the selective 
removal of a portion of the spent ore.  However, LP-4 will also require complete removal of 
water from the leach pad prior to moving the spent ore and containment dike material to a new 
location.   Removal of all of the pad solution will likely require evaporative treatment and sludge 
disposal of the wastes following RO treatment.   
 
LP-2 and LP-5 each eliminate what is interpreted to be a large but different portion of the water 
seasonally accumulating on the leach pad and are expected to meet ARARs to varying degrees.  
Each of these alternatives would require considerable surface disturbance, large volumes of 
construction traffic, and all action alternatives would require more than one construction season 
to implement. Alternative LP-4 may be most effective in that it completely removes spent ore 
and contaminated wastes to a proposed (but undefined) new on-site repository; as such it 
should be completely effective, is likely to meet all ARARS and will eliminate the risk from 
geotechnical instabilities beneath the existing pad.  Alternative LP-4 is also extremely expensive 
to implement.    
 
The cost of monitoring the leach pad is about $39,963.  The cost to implement Alternative LP-2 
(replace existing cover) is about $12,762,734, which is a one-time construction cost for the total 
replacement of the cover that requires only minor long-term monitoring.  If a repair of the 
existing cover was determined feasible, this cost could be much lower.  Alternative LP-3 (partial 
removal of spent ore) would cost about $7,132,911, while LP-4 (removal to an off-site 
repository) would cost about $201,311,444.  Finally, LP-5 the grout wall alternative is estimated 
to cost $4,257,806. 
 
8.4 LAD AREAS 
 
It is not clear from inadequate existing soil and vegetation data (collected in 2001/2002) that 
vegetation has been significantly impacted by more recent use of the LAD areas, and detailed 
soil data is not available in a form that could be used to document impacts to soil.   
 
Monitoring, Alternative LAD-1, may meet ARARs, if only limited future use of the LAD is 
anticipated and as soluble contaminants vs. adsorbed material retained in soils in the LAD 
areas diminish in concentration by natural or selective applied rinsing processes.  Rinsing of the 
LAD areas has been done each year since 2009 with LAD application of RO treated water to old 
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LAD areas.  As there are no identified issues with soils or plants at the LAD, monitoring may be 
an effective and long-term solution.  The cost of this alternative is about $44,310.   
 
8.5 GERMAN GULCH 
 
As with some of the other monitoring alternatives, Alternative GG-1 will not attain ARARs and is 
not protective of the environment.  Selenium concentrations and loading to German Gulch may 
diminish naturally over time without actively addressing sources of selenium, but the extent and 
degree of changes in selenium loading or concentration cannot be predicted, so the long-term 
effectiveness of this alternative is considered poor.   
 
Alternative GG-2 addresses one potential source of selenium in German Gulch by removing the 
road fill at the haul road/culvert crossing of the gulch near the main Beal Mountain pit.  Removal 
of this material would be somewhat protective of the environment and somewhat effective in the 
long-term, although the road fill material is not necessarily considered a significant source of 
selenium.  Removal represents a permanent solution to this problem with only minor short-term 
impacts from construction in the active stream channel over a very short period of time.   
 
Alternative GG-3A (Seepage Water Treatment) evaluates four treatment options and 
implements a treatment to remove contaminants from waste rock seepage prior to discharging 
into a newly constructed  LAD area.  This alternative would be protective of the environment and 
would result in a greater reduction of selenium loading compared to GG-2, as waste rock 
seepage contributes more selenium to German Gulch compared to waste rock used as road fill 
(almost 72% of the total load as measured at SW-3A). 
 
The four active water treatment options proposed for possible use with Alternative GG-3A 
require that the seepage be gravity fed to the treatment system.  Three of the four treatment 
options require that a new  LAD system be constructed to dispose of treated water.  Water 
treatment options are compared in Section 8.6.  
 
Alternatives GG-3B and GG-3C both propose to discharge waste rock seepage into 
groundwater infiltration galleries constructed in alluvial materials adjacent to German Gulch 
using a groundwater mixing zone, as defined by MDEQ regulations, to meet water quality 
standards.  Both systems require upgrades to include collection boxes for springs SPR-5 and 
SPR-10A in the toe drain area and a new pipeline connecting the toe drain seepage collection 
system with the old MPDES pipeline.  Operational upgrades to the old MPDES system pipeline 
include pipe cleaning and replacement of pressure relief valves.  Both alternatives could capture 
contaminated spring seepage from natural springs SPR-3, SPR T, and SPR-D5, but these 
springs  account for only 2.5% of total Se-loading to German Gulch.   Both alternatives include 
diluting the waste rock seepage with water from the main Beal Mountain pit drain to meet 
groundwater standards prior to discharge to infiltration galleries along German Gulch and have 
compliance points defined as surface water stations STA-1 or -1A.  These two alternatives differ 
in the location of the infiltration galleries along German Gulch.  Alternative GG-3B would 
discharge to existing and reconstructed infiltration galleries in upper German Gulch with the 
furthest downstream infiltration gallery being just below STA-2.  Alternative GG-3C would 
extend the existing MPDES pipeline an additional 12,000 feet downstream to the confluence of 
Beefstraight Creek and German Gulch where it would discharge to two new infiltration galleries.  
As such the implementation of Alternative GG-3C would involve considerably more surface 
disturbance to the area.   
 
Both Alternatives GG-3B and GG-3C are effective in meeting water quality ARARs with respect 
to groundwater standards at the point of discharge and surface water standards at a compliance 
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point chosen at STA-1 or -1A.  Under both alternatives, exceedances of the chronic aquatic 
standards for selenium at stations STA-3 and STA-3A may continue to occur, as neither 
alternative addresses all existing sources of selenium in the upper portion of German Gulch.  
However, implementing Alternative GG-3B may cause the chronic aquatic life standard for 
selenium to be exceeded at station STA-2 because existing infiltration galleries above STA-2 
would be used to discharge in this reach of German Gulch.  Alternative GG-3C would not impact 
aquatic standards at this location because infiltration of waste rock seepage would occur in 
groundwater in the German Gulch floodplain at the confluence of Beefstraight Creek.  MDEQ 
regulations with respect to mixing zones require that acute aquatic life standards not be 
exceeded in surface waters near the mixing zone.   
 
Both Alternatives GG-3B and GG-3C will require some level of long-term operations and 
maintenance, although operation of the system will be passive for the most part.  Both 
alternatives will require long-term monitoring to ensure water quality ARARs are met.  In terms 
of short-term effectiveness, surface disturbances are much greater for Alternative GG-3C, as 
will be disruptions to users of the German Gulch drainage.  Both alternatives should be able to 
be constructed within one season, however.  Concerns expressed by the Montana Department 
of Fish, Wildlife and Parks regarding dewatering of upstream reaches of German Gulch are 
largely unwarranted as the contribution of flow to German Gulch from the spring collections 
system is minimal when compared with in-stream flow even during low flow periods. 
 
The cost of monitoring the German Gulch is about $30,870.  The cost to implement removal of 
road fill (GG-2) is estimated to be about $153,983.  The cost to implement Alternatives GG-3B 
(discharge to existing system) and GG-3C (discharge to extended system) is about $214,648 
and $679,243, respectively.  Annual O&M costs are the same for both Alternatives, about 
$19,383.   
 
Implementation of Alternative GG3A (waste rock seepage treatment) would be about $47,686 
for peripheral construction costs associated with the treatment alternative and somewhere in the 
range of $540,000 to $1,680,000 for construction of the actual treatment facility and in the range 
of $76,000 to $1,440,000 for annual operating and maintenance costs.  
 
8.6 WATER TREATMENT 
 
Four water treatment processes were identified in Section 6.1.6 for potential implementation at 
the Beal Mountain Mine site to treat waste rock seepage.  These treatment processes could be 
configured in a variety of ways to treat water on a year-round or seasonal basis.  For simplicity, 
the design treatment plant hydraulic capacities for year-round treatment have been directly 
adopted from the average annual flow rate without escalation.  A detailed review of the site 
water balance and seasonal flow variations would be required to establish the basis by which 
average, maximum, and minimum treatment plant hydraulic capacities would be defined; this 
level of work is beyond the scope of this evaluation.  For seasonal treatment, the design 
treatment plant hydraulic capacity was selected by assuming treatment would take place for four 
months each year.  Only one constituent of concern (selenium) requiring removal to meet 
effluent discharge goals has been identified for waste rock seepage. The effectiveness of 
selenium  removal through biological or chemical treatment to consistently meet the effluent 
discharge goal of 0.05 mg/L (Tables 6-2 and 6-3) will be difficult.  Treatability testing would be 
required to determine the extent of selenium removal possible using chemical or biological 
treatment processes.   
 
Two treatment options are evaluated for this alternative that treats waste rock seepage 
(Alternative WT-3 - Iron Co-Precipitation and Alternative WT-4 - Active Anaerobic Biological).   A 
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detailed cost analysis for water treatment options is presented in Appendix D.  For total cost, 
the water treatment option cost should be added to GG-3A alternative cost.  Costs associated 
with sample analysis and system performance reporting are not included in the operating cost 
estimates for the water treatment options.  Alternative GG-3A reports a range of costs based on 
these two treatment options in Table 7-7. 
  
8.7 PREFERRED ALTERNATIVE 
 
Based on the detailed and comparative analysis of the alternatives described above, a preferred 
alternative for each mine facility was selected.  The preferred alternative and justification for 
selecting the alternative for each mine facility is presented below.   
 
8.7.1 Main Beal Mountain  
 
The preferred alternative for the main Beal Mountain pit is a combination of monitoring 
(Alternative MB-1) and an alternative that makes a provision for public safety (Alternative MB-
2A, fencing, signage and land use restrictions).  Monitoring will be both protective and effective 
when implemented in conjunction with the annual operation and maintenance plan calling for 
dewatering of groundwater in the slide areas and leach pad water treatment on a seasonal 
basis.  Monitoring is capable of identifying either high ground water levels in bedrock or 
movement of the clay/sill and west-wall slide areas.  Monitoring  would also be protective if 
significant amounts of water (>27.5 million gallons, the current condition) accumulates on the 
pad and water treatment and dewatering plans are implemented. Fencing and signage of the pit 
high-wall to prevent public access will help minimize the potential for injury due to falls or 
landslides.   
 
Other public safety alternatives involving blasting to reduce the high wall slope angle (MB-2B) 
and buttressing the slide area from the interior of the pit (MB-2C) were not selected.   These 
alternatives are either too dangerous to implement with respect to worker safety and leach pad 
containment dike foundation stability (MB-2B), or cost prohibitive and do not provide superior 
protection for public safety compared to MB-2A.  Additionally, buttressing the slide area to 
increase geotechnical stability would be unnecessary following implementation of the preferred 
alternative for the heap leach pad and is extremely costly.     
 
8.7.2 Waste Rock Dump 
 
Alternative WR-2B will remove 560,000 cubic yards of material from the upper portion of the 
waste rock dump to expose spring SPR-10A. This removal would include waste material from 
the Beal Shear Zone, which is thought to contribute a large portion of selenium found in Spring 
10A. Following removal of the material, the water from spring SPR-10A would be isolated from 
contact with the waste by placing the flow in a French drain system with a geocomposite cover. 
The flow would be rerouted to flow around the south side of the dump  where it could either be 
released directly to German Gulch or returned to the toe drain collection system as a diluting 
stream of flow (pending evaluation of water quality flowing reclamation). The composite 
soil/geomembrane cover should significantly reduce infiltration into the remaining portion of the 
waste rock dump and improve water quality in the toe drain trench. Excavated waste would be 
moved to a nearby acceptable repository or placed on the heap leach pad and reclaimed with a 
soil cover.. The waste rock dump will be regraded to slopes no steeper than 2.5H:1V, and a 
composite soil/geomembrane cover constructed over the top portion of the waste rock dump.  
Up-gradient lined and armored diversion ditches would be installed around the head of the 
waste rock dump and efforts would be made to reduce snow drifting onto the upper waste rock 



8-8 Comparative Analysis of Alternatives Section 8  

Final Beal Mountain Mine EECA  

dump surface either by final grading or by construction of snow berms or fences. Continued 
monitoring of SPR-5, SPR-10A, and the waste rock toe drain water quality would identify 
whether selenium concentrations from seepage decreased over time and if the potential for 
generation of acid mine drainage or other geochemical changes were occurring in the waste 
pile. Regrading and covering the entire waste rock dump with a composite cover would likely be 
the most effective alternative reviewed, but is costly and could be implemented in the future 
should alternative WR-2B not be as effective as anticipated.  Finally, alternative WR-3A is the 
least effective of the alternatives considered.    At the time of release of this final EE/CA the 
Forest Service is working cooperatively with the Montana DEQ completing a design to 
implement waste rock closure alternative WR-3A during the summer of 2010 as an interim 
action with funding from a Montana Department of Natural Resources and Conservation 
(DNRC) grant. 
 
8.7.3 Leach Pad 
 
Any corrective action addressing leach pad issues will need to begin with continuing RO 
treatment of leach pad solutions.  This is essential to prevent water accumulation on the pad 
from topping the liner system and discharging to the environment (as may have already 
occurred occasionally along the north edge of the pad and perhaps elsewhere) and also to 
minimize the risk of a geotechnical failure of the containment dike from the weight of water 
loading to the clay-sill fault geotechnical instability. Monitoring (LP-1) will be essential during this 
dewatering period. 
 
Therefore, the preferred alternative for the leach pad is a combination of LP-1 (monitoring), LP-2 
(repair or replacement of the leach pad cover), LP-5 (grout curtain), and possibly LP-3 (partial 
removal). Implementation of this alternative should proceed in phases that will first address 
potential, but likely, groundwater input to the pad along the northern edge of the leach pad with 
a grout curtain (LP-5).  Assuming there are still significant amounts of water entering the leach 
pad following completion of the grout curtain  the existing leach pad cover would be replaced or 
repaired (LP-2) by installing a new geosynthetic membrane and revegetated soil cover to 
reduce or eliminate infiltration to the leach pad. This would be followed by a period of monitoring 
(LP-1) to determine the effectiveness of these two action alternatives with respect to the rate of 
accumulation of water on the pad.  A temporary cover may be desirable over the southwest 
corner of the pad during this monitoring phase. The need for further long-term water treatment 
and the frequency of treatment could only be assessed after this period of monitoring, however, 
it is likely that the rate of accumulation of water on the pad would be substantially reduced and 
may even be essentially eliminated.  If after taking both of these actions and continuing to treat 
water, water continues to accumulate on the pad at a rate that periodically risks compromising 
the geotechnical stability of the containment dike, then moving spent ore from the unstable 
southwest corner of the pad to the northern portion of the pad (LP-3) would be considered.  
Long-term treatment of water at unknown frequency intervals presumably by RO treatment may 
still need to be undertaken as a future action after implementation of all of these alternatives.    
 
This combination of alternatives is very protective of the environment and very effective in the 
long-term because it will significantly reduce the volume of water collecting in the pad as well as 
relocate spent ore away from the geotechnically unstable portion of the pad.  It is, however, 
reasonably expensive, and although the need for long-term water treatment might be 
eliminated, it may still be required periodically for an indefinite period of time.   Alternative LP-4, 
(Total Removal to an On-site Repository) is likely the most effective and certain alternative for 
eliminating risks associated with the leach pad, but has a very high price and maximum short-
term impacts.   
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8.7.4 LAD Area 
 
The preferred alternative for the LAD areas is LAD-1, Monitoring.  In addition to this alternative, 
land application of treated solutions containing relatively high concentrations of cyanide and 
selenium should be discontinued as the LAD areas are becoming less effective in both the 
quantity of water that can percolate through the soil and the degree of treatment.  This is evident 
by the fact that down-gradient springs historically contained the highest elevated concentrations 
of both selenium and cyanide during the periods when land application occurred.  There is also 
some concern that sodium present in the treated leach pad solution may have a long-term 
negative impact on soil in the LAD areas if these areas continue to be used.  Concentrations of 
cyanide and selenium have been naturally decreasing in recent years, since LAD applications of 
highly contaminated waters have ceased, in seeps and springs located down-gradient of the 
LAD treatment areas.  Recent and on-going discharge of much cleaner solutions resulting from 
RO treatment in areas of historical LAD solution application, are considered a positive approach 
in that it would encourage additional and faster leaching and rinsing of the remaining CN and Se 
components attenuated in soils. 
 
8.7.5 German Gulch 
 
The preferred alternative for German Gulch is Alternative GG-1 (monitoring) and Alternative 
GG-3B (discharge to German Gulch using the existing pipeline system).  Other up-gradient 
sources of selenium are likely entering this reach via groundwater inputs.  Capturing flow from 
the waste rock dump, the main Beal Pit drain, SPR-3, SPR-T, and SPR-D5 and discharging to 
the existing infiltration gallery would allow water quality in German Gulch to meet standards at a  
compliance point and also to meet acute standards for selenium along all reaches of the creek. 
Chronic aquatic standards for selenium may or may not be met at stations SW-3 and SW-3A.    
 
Alternative GG-3B will discharge to existing and reconstructed infiltration galleries and pipelines 
in Upper German Gulch, with the furthest downstream infiltration gallery being located just 
below STA-2. Under this alternative, exceedances of the chronic aquatic life standards for 
selenium may continue to occur. Because fish already inhabit the Upper sections of the Creek, 
temporary exceedances of the chronic selenium standard do not appear to be impeding habitat 
use and movement. Proposed mitigation alternatives at other on-site facilities and natural 
attenuation, may, overtime reduce selenium inputs to the upper German Gulch. Alternative GG-
3B results in significantly less surface disturbance to the area. 
 
8.7.6 Preferred Alternative for Waste Rock Seepage Water Treatment 
 
At this time, however, no water treatment alternative is selected as part of the water treatment 
for waste rock seepage or German Gulch surface water quality alternatives.  Given the high 
capital, operating, and maintenance costs associated with active treatment systems for the 
waste rock seepage stream, water treatment option WT-1, Passive In-Situ Anaerobic Biological 
Treatment, may be the preferred treatment method if waste rock seepage requires treatment 
(Alternative GG-3A).  Treatability testing would be required to determine if the combination of 
Passive In-Situ Anaerobic Treatment combined with final treatment in a LAD system would meet 
water quality objectives.  
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8.7.7 Preferred Alternative, Common Actions  and Site-Wide Annual O & M Costs 
 
Table 8-2 presents the total cost of implementing the preferred alternative, by alternative.  Costs 
shown in Table 8-2 for monitoring alternatives (i.e., MB-1, WR-1) were calculated separately for 
each individual alternative.  Two of the preferred alternatives also have annual O & M costs 
associated with their implementation.  Alternative MB-2A –Public Safety Institutional Controls 
(fencing and signage) have annual O & M costs of $6,510, and Alternative GG-3B – Discharge 
to Existing System  have annual O & M costs of $19,383.  These O & M costs have been 
extended to a three-year period for each of these alternatives in Table 8-2.  
 
Table 8-2 also presents cost to implement actions that are considered common to all 
alternatives.  These common actions are: Main Beal pit high-wall surface water diversions, the 
removal of facilities (buildings and foundations), final road reclamation, facility pond removal, 
and select storm water collection pond removal. 
 
Table 8-2 also presents Annual Site-Wide O & M Costs that includes: monitoring (such as water 
quality and geotechnical), road maintenance, leach pad water treatment, operation of de-
watering wells, and annual cost for Forest Service management of the site.  These activities 
need to be conducted and the costs incurred each year, even if no alternatives are selected for 
implementation. In addition, O & M cost estimates are included for a period of three years for  
Alternative MB-2A (Fencing and Signage) and Alternative GG-3B (Discharge to Existing 
System).  These costs would only be incurred if the alternative were selected for implementation 
as a response alternative.   
 
Finally, the cost to conduct additional site characterization or more detailed engineering design 
work prior to implementation and construction of response alternatives is not included in these 
costs. 
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TABLE 8-2 
PREFERRED ALTERNATIVE, COMMON ACTION AND  

ANNUAL SITE-WIDE MAINTENANCE COSTS 

Facility or Area Preferred 
Alternative 

Alternative 
Cost O & M Costs  

MB-1    Monitoring $65,016  
MB-2A- Fencing and Signage 

 
$31,984 

 
$19,530  

3 Years O & MMain Beal Mountain Pit 

Main Beal Pit Total $97,000 $19,530

WR-1 Monitoring $21,294  
WR-2B Partial Removal with 

Complete Regrading 
and Composite Cover 

$14,373,728  
Waste Rock Dump 

Waste Rock Total $14,395,022  $0

LP-1 Monitoring $39,963 

LP-5 Grout Curtain North 
Edge of Leach Pad 

$4,257,806 
 

LP-2      Replace Existing Cover  $12,762,734 
LP-3  Partial Removal of 

Spent Ore  $7,132,911 

 
 
 
 

Leach Pad  
(implement alternatives 
sequentially LP-1, LP-5, LP-2, 
and LP-3 if required). 

Leach Pad Total $24,193,414 $0 

LAD Area LAD-1 Monitoring $44,310 $0

GG-1 Monitoring $30,870  
GG-3B Existing System  
                

$214,648 
 

$ 58,149
3 years O & MGerman Gulch 

German Gulch Total $245,518 $58,149

Total Preferred Alternative Cost $38,975,264 $77,679

Main Beal Pit Surface Diversions $60,000 
Remove Facilities & Ponds $270,625 
Road (final reclamation) $200,250 

Actions Common to All 
Alternatives 

Storm Water Collection Ponds $24,000 

 

Total  Actions Common to All Alternatives $554,875 $0

Annual Site-Wide Monitoring  $100,000
Main Access Road Maintenance  $20,000
Leach Pad Water Treatment  $300,000
Operating De-watering Wells  $15,000

 
Annual Site-Wide O &M 

Forest Service Personnel  $100,000

Total Annual Site Wide O & M Costs  $535,000

Grand Totals $39,530,139 $612,679
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Table F-1.   Responses to Public Comments on Beal Mountain Mine Draft Final EECA. 

Commenter Comment Response 

 
 
 
 

General 

The following responses to comments were prepared from 
comments received on “Revision 4” of this document The” Draft 
Final” and “Public Review” version released in July of 2009. 
 
Previously received comments from the Agency and Technical 
Working Group review of  “Revision 3” of this document released 
in May of 2009 were used to revise and prepare ”Revision 4”. 

 

 
Bruce Farling 
Exec. Director 
Montana Trout 

Unlimited 
 

TU-1 

Thank you for your efforts in crafting what we hope will be a 
permanent solution to the Beal Mountain Mine.  We contracted 
with Jim Kuipers, P.E. to review the latest EE/CA, and along with 
some specific suggestions, he feels that the latest version of the 
EE/CA is much improved.  We think that, with these minor 
changes, the EE/CA is ready as the basis for the next step: writing 
an Action Memo. 

Thank you, your comments are appreciated.  We will respond to your 
consultants review comments. Once that EECA has undergone final revision, 
based on public and agency comments, we envision one or more action 
memorandums to be issued that identify specific response actions to be 
implemented at the Beal Mountain Mine site. 

The following 
numbered (i.e., K-1) 

comments were 
submitted by 
Kuipers and 

Associates, Inc. on 
behalf of the Clark 

Fork Coalitional and 
Trout Unlimited. 

 
K-1 

 

In the reviewer’s professional technical opinion, the Beal EECA 
represented by this latest revision (Revision 4) is a substantial 
improvement over previous drafts, and to the extent that facts are 
presently known, completely addresses the potential 
environmental and safety issues at the mine site.   

Thank you, your comments are appreciated. 

 
 
 
 

K-2 

The reviewer is concerned that the EECA estimates costs may run 
as high as $100 million or more depending on additional mitigation 
and/or performance required.  
 

In general cost analyses developed for EECAs are expected to be in the 
range of +50% to -30% of the actual anticipated costs.  It is also recognized 
that sometimes these estimated costs do not necessarily represent the cost 
that may be incurred during construction of the alternative, because many 
design details are preliminary at this stage of development.  However, a 
similar set of assumptions is used for all the alternatives so that the relative 
differences in cost between alternatives are represented and therefore 
alternatives can be compared.  The Forest Service believes that the cost 
estimates presented in the EECA are within these guidelines.  
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Table F-1.   Responses to Public Comments on Beal Mountain Mine Draft Final EECA. 

Commenter Comment Response 

 
 
 

 
 
 

K-3 

Given the reality of no apparent funding source for ongoing 
operations, much less significant capital expenditures, it is critical 
that the Forest Service first and foremost identify those critical 
activities which must be conducted to protect the environment 
and public safety, and secure funding to implement those 
activities as required.   

A streamlined risk evaluation process was used to assess threats to human 
health, and the environment, and risks to the public’s physical  safety  
associated with exposure to mining wastes, discharges and various physical 
characteristics of the Beal Mountain Mine site.  Risks are evaluated using 
site-specific chemical concentration data, applicable exposure scenarios, 
and pertinent standards, guidelines, or other criteria.  Once relative risks are 
identified potential remedies to human health and environmental risks (i.e., 
Alternatives)  were evaluated and compared with one another based on 
their long- and short-term  effectiveness, implementability and costs.   
Potential funding sources  to implement alternatives are currently being 
sought and investigated by the Forest Service.  This funding will be directed 
to implementation of the alternatives that address the greatest human health 
and environmental risks on a priority basis.   

 
 
 
 
 
 
 

K-4 

It is strongly recommended that the Forest Service maintain the 
leach pad in an empty or near empty condition going forward and 
additional evaluation, such as a Failure Modes Effects Analysis 
(FMEA) should be conducted to identify and address this and 
other potential critical activities.    
 

The Forest Service currently operates a Reverse Osmosis treatment system 
seasonally at the Beal Mountain Site and also seasonally dewaters bedrock 
units in the vicinity of the identified west wall and clay-sill slide areas.  
However, with the large inflow of water onto the leach pad (28 to 35 million 
gallons per year) it is not feasible to dewater the leach pad to an empty or 
near empty conditions with the existing water treatment system.  The Forest 
Service is taking an approach that combines a  clear and concise 
description of that annual dewatering/water treatment program required 
(revised in the final draft EECA) with identification and implementation of 
alternatives that significantly reduce inflow onto the leach pad.  It is 
recognized that funding annual dewatering/water treatment as part of its 
annual budget is required regardless of whether any alternatives are 
implemented or not at the project site.  A Failure Modes Effects Analysis 
(FMEA) is outside of the scope of the EECA process and at the present time 
a evaluation of risk at the site using a FMEA is not anticipated by the Forest 
Service.  

 
 
 

K-5 

Second, the Forest Service should recognize and involve the 
various significant stakeholders in the watershed as a whole 
including the Montana Dept. of Fish, Wildlife and Parks,  
Montana Natural Resource Damage Program, Montana DEQ, 
and various public interest groups such as the Clark Fork 
Coalition and Montana Trout Unlimited. 

The Forest Service has involved the various stakeholders, and in particular 
the members of the Technical Working Group, in all phases of the Beal 
Mountain Mine Closure Project.  This has included numerous Public and 
Technical Working Group meetings, as well as the opportunity to have input 
into and review the various technical documents produced throughout the 
closure evaluation process.  The Forest Service has also added a section to 
the Introduction of the final EECA that formally acknowledges the activity, 
support and contribution various agencies and members of the Technical 
Working Group throughout the process.   
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K-6 

Third, ongoing monitoring and evaluation is necessary to identify 
additional future threats such as acid mine drainage as the waste 
rock pile and leach pad geochemistry evolves, and to identify 
potential means to decrease remediation costs or otherwise 
make such activities more effective.   
 

The Forest Service has prepared and implemented a Sampling and Analysis 
Plan (Tetra Tech 2009) for monitoring changes in surface and groundwater 
quality, waste rock seepage, leach pad geochemistry, geotechnical stability 
of various natural and mine related features affecting the leach pad 
containment dike and the pit high-wall, and risks to public safety.  In addition 
the Forest Service continues technical evaluations at the site, particularly in 
regard to the accumulation of excess water on and the construction 
methods used on the leach pad.   

 
 
 
 
 

K-7 

The Beal EECA does not in detail address existing or interim 
measures to be conducted until the proposed remediation 
measures are implemented.  It is our strongest recommendation 
that the leach pad internal pond be maintained at minimum 
volume (e.g. emptied each fall before shutting down for winter) 
as an interim measure until additional mitigation of potential risks 
from geotechnical stability in the pit have been performed. 
 

The Forest Service has revised the Final EECA to include a  clear and 
concise tabulation of required annual activities and the cost to execute 
them.  These activities are  deemed essential interim actions that will be 
carried out until response actions are implemented at the site.  These 
activities are called out explicitly on Tables E-1 and 8-2 in the revised Final 
EECA document and include:   dewatering of the west wall and clay-sill 
slides, water treatment and disposal of leach pad solutions, site-wide 
monitoring of surface and groundwater quality, and maintenance of access 
roads.   However, as stated above with the large inflow of water onto the 
leach pad (28 to 35 million gallons per year) it not feasible to dewater the 
leach pad to an empty or near empty condition with the existing water 
treatment plant (see also details of response to comment K-4 above).  

 
 
 
 

K-8 

While the reviewer supports the identification of monitoring and 
signage as the primary remedial measures, this is dependent on 
two factors.  First, the condition of the leach pad must be 
maintained so as to minimize the additional threat of instability 
caused by the weight of fluid impounded within the pad.  The 
second factor is that the geotechnical instability must be 
aggressively monitored and a contingency plan developed to 
deal with any changes in stability that might result in threats to 
public safety or downstream resources.   

Comment refers to the Beal Mountain Pit high-wall stability, see response to 
K-4 and K7 above above. 
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Commenter Comment Response 
 
 
 

K-9 The reviewer takes specific issue with the Beal EECA statement 
that “Monitoring will be both protective and effective if the 
contingency plan for dewatering and/or leach pad water 
treatment are implemented once (underline added) monitoring 
indicates either extremely high seasonal groundwater levels or 
significant movement of the clay/sill slide.”   

The comment refers to Beal Mountain Pit high-wall and leach pad dike 
stability.  The text has been revised in the Executive summary and in 
section 8.7.1 to say:   
 
“Monitoring will be both protective and effective when implemented in 
conjunction with the annual operation and maintenance plan calling for 
dewatering of groundwater in the slide areas and leach pad water treatment 
on a seasonal basis.  Monitoring is capable of identifying either high ground 
water levels in bedrock or movement of the clay/sill and west-wall slide 
areas.  Monitoring  would also be protective if significant amounts of water 
(>27.5 million gallons, the current condition) accumulates on the pad and 
water treatment and dewatering plans are implemented.”    

 
 

K-10 

It is recommended that the Beal EECA be amended to consider 
an additional alternative that would maintain and operate the 
dewatering system for the pit high wall, while at the same time 
allowing for on-going monitoring beyond the initial period inferred 
by the Beal EECA.   

The text and tables ES-1 and 8-2 have been modified to more clearly 
identify dewatering of the west-wall and clay-sill slide areas as part of an 
annual maintenance program that will be implemented seasonally 
regardless of whether any alternate response actions are implemented or 
not.  A site-wide monitoring plan is also included as part of that annual 
maintenance program.  

 
 
 
 
 
 
 

K-11 

The reviewer supports the identified alternatives, monitoring and 
removal, cover with composite geo-membrane/soil cover.  
However, the reviewer believes the Forest Service should 
reconsider the use of geocomposite covers given the experience 
which has been shown at other sites (e.g. such covers have 
failed at most RCRA sites over 20 years old) and decisions 
made concerning such covers at sites such as the Zortman and 
Landusky mines where it was determined that use of such 
covers would likely result in a requirement for their replacement 
every 20-100 years, with no manufacturer willing to give a 
guarantee beyond 10 years.  Before making a final decision on 
the composite cover additional consideration should be given to 
the reduced cost and potential benefits of an effective water 
balance (e.g. store and release) cover. 
 

The comment refers to reclamation of the waste rock dump.  It is likely that 
Alternative 3A - Complete Soil Cover on Upper Dump as Per Closure Plan, 
will be implemented as an interim measure by the Montana DEQ under an 
DNRC grant.  However, Alternative WR-2B Partial Removal with Complete 
Regrading and Composite Cover remains the Forest Services preferred 
alternative.  Although the Forest Service agrees with the commenter’s 
conclusion that geocomposite covers have been shown to be ineffective, 
failed or deemed inappropriate at select sites or under specific 
circumstances, overall, geocomposite liners and covers have been used 
effectively and successfully at most modern landfill sites, and as an 
applications for closures of various mine facilities at numerous US and 
international mine sites.  Furthermore, the Forest Service believes that 
many of the sites where geocomposites have failed, or have been 
ineffective results principally from faulty construction design or inappropriate 
installation.  It is likely that the problems with the geocomposite cover on the 
Beal leach pad also results from these issues.     
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Commenter Comment Response 

 
 
 
 

K-12 

Under present circumstances, where selenium is the primary 
contaminant of concern (COC), consideration should be given to 
making waste rock dump remediation a secondary priority to that 
of addressing more critical issues such as the main pit and leach 
pad.   

The comment refers to waste rock seepage. The Forest Service sees the 
leach pad as the facility with the most severe problems and greatest potential 
risk to the environment.  As such the Forest Services considers the leach pad 
a priority facility for response action implementation.    The Waste rock dump 
closure is being addressed by the interim implementations of Alternative 3-A 
as discussed above (comment response K-11), however, Alternative 2-B 
remains the Forest Service preferred alternative for the waste rock cover.  
Waste rock seepage is currently collected, combined with the main Beal pit 
drain and discharged to infiltration galleries along German Gulch using the 
historically operated MPDES piping system. 

 
 
 
 
 
 

K-13 

As previously stated, actions must be undertaken which will 
ensure that leach pad solution levels are maintained at a 
minimum rather than past approaches which resulted in actual or 
near overtopping of the dike in recent history.  The contingency 
plan should address what to do in the event these pro-active 
efforts fail to adequately prevent catastrophic impacts.   
 

As stated above the Forest Service intends to operate both the slide area 
dewatering well and the RO water treatment systems seasonally as part of its 
annual maintenance plan.  In addition, the Forest Service does have a 
contingency plan to eliminate or greatly reduce  the potential impacts that 
result from the risk of overtopping of the leach pad containment dike.  This 
plan has not been formalized into a written document.     However, the pumps 
and an existing and maintained piping system currently used for water 
treatment is capable of off-loading water from the leach pad to the lined  fresh 
water and barren ponds near the water treatment plant.  These ponds typically 
have only small volumes of water stored in them awaiting discharge to LAD 
systems.  Total storage capacity of the two ponds is about 9 million gallons, or 
about 8.5% of the total leach pad storage capacity. 

 
 
 
 

K-14 

The reviewer agrees with the prioritization of alternatives (e.g. 
grout curtain, followed by repair or replacement of leach pad 
cover, followed by partial removal) except that the reviewer is 
skeptical that additional repairs or replacement of the leach pad 
cover will prove to be significantly beneficial.   

The Forest Service is currently conducting a leach pad cover and liner 
investigation that includes trenching and excavation, combined with 
groundwater monitoring wells capable of determining if groundwater, or 
precipitation on the cover is getting into the leach pad.  The Forest Service 
believes that given the amount of water getting onto the leach pad (28 to 35 
million gallons per year) that the problem with the cover is likely a construction 
design or installation problem rather than a failure of the cover materials or the 
conceptual design.   

K-15 

The reviewer agrees with the recommendation in the Beal EECA 
that land application of treated solutions containing relatively 
high concentrations of cyanide and selenium should be 
discontinued. 

Elevated  concentration levels of selenium and CN (among other 
constituents) have not been applied to the LAD areas since the biological 
treatment of waters at the project site was discontinued in 2005.  The 
biological treatment system was operated in 2001, 2003 and again in 2005 
to dewater and treat the leach pad solutions.  Since 2006 either pilot scale 
or full scale Reverse Osmosis (RO) water treatment has been used to 
dewater and treat the leach pad solution.  The RO treated water is 
discharged to groundwater through an LAD system, there have been no 
violations of the groundwater standards.  
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Commenter Comment Response 

 
 
 

K-16 

This is an example of a specific area where the Forest Service 
should recognize and involve the various significant stakeholders 
in the watershed as a whole including the Montana Dept. of Fish, 
Wildlife and Parks,  Montana Natural Resource Damage 
Program, Montana DEQ, and various public interest groups such 
as the Clark Fork Coalition and Montana Trout Unlimited. 

See response to comment K-5, above. 

 
 
 
 

K-17 

The preferred alternative costs do not recognize or include the 
current cost of operating and administering the mine together 
with the ongoing conduct of various studies.  In addition many of 
the actions and related costs recommended by this reviewer 
such as additional monitoring and evaluations are not included in 
the Beal EECA.   

The Forest Service has revised the Final EECA to include a  clear and 
concise tabulation of required annual activities and the cost to execute 
them.  These activities are  deemed essential interim actions that will carried 
out until response actions are implemented at the site, and probably for a 
number of years during and perhaps following the removal action work .  
These activities are called out explicitly on Tables E-1 and 8-2 in the revised 
Final EECA document and include:   dewatering of the west wall and clay-
sill slides, water treatment of leach pad solutions, site-wide monitoring of 
surface and groundwater quality, maintenance of access roads and Forest 
Service Management costs.   Ongoing studies at Beal also continue to be 
funded by the Forest Service. 

 
 

K-18 

The presentation of monitoring costs with Table E-1 is not 
consistent with common practice which would recognize them as 
annual costs similar to operation and maintenance (O&M) costs, 
and in fact monitoring is often times included in long-term O&M 
cost estimates for mine site remediation.   

See response to comment K-18, immediately above. 
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