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ALTERNATIVES TECHNICAL MEMORANDUM 
FOR MINE WASTE REMOVAL 

AT THE UPPER BLACKFOOT M N N G  COMPLEX 

LEWIS AND CLARK COUNTY, MONTANA 

1.0 INTRODUCTION 

In 2002, Asarco Incorporated (Asarco) and the United States Department of Agriculture, 
Forest Service-Northern Region (USFS) entered into an Administrative Order on Consent 
(AOC) for development of an Engineering EvaluatiodCost Analysis CEEICA) at the Upper 
Blackfoot Mining Complex (UBMC). The purpose of the EE/CA is to determine and 
evaluate removal action requirements and alternatives to address historic mining-related 
impacts to the environment on National Forest System lands at the UBMC. Specifically, the 
EEKA will evaluate various removal actions alternatives for mining related impacts on 
Forest Service property along the floodplain of Mike Horse Creek, Beartrap Creek, and the 
Upper Blackfoot River 

1.1 PURPOSE AND SCOPE 

This Alternatives Technical Memorandum presents a preliminary screening of Iemoval action 
alternatives for mining-related impacts on certain National Forest System lands at the 
UBMC. Specifically, this document addresses mining-related impacts on USFS lands within 
the drainage bottoms of Lower Mike Horse Creek, the portion of Beartrap Creek between the 
Mike Horse Tailings Dam and the confluence with Anaconda Creek, and the Upper 
Blackfoot River upstream of the confluence with Pass Creek (Figure 1-1). The removal 
alternatives presented in this document (and possibly other alternatives) will be evaluated and 
screened in greater detail in the EE/CA to be prepared after fmalization of this 
memorandum. This document has been prepared in accordance with the Statement of Work 
(Hydrometrics, 2001a) and the Administrative Order on Consent (AOC) for development of 
an EEKA at the UBMC. 

This Alternatives Technical Memorandurn addresses mine waste removal actions only. 
Removal action alternatives for the Mike Horse Tailings Dam will be addressed in an 
addendum to this Alternatives Technical Memorandum. 
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1.2 SITE DESCRIPTION AND PROJECT BACKGROUND 

The Upper Blackfoot Mining Complex, also referred to as the Heddleston Mining District, is 
located approximately 15 miles east of Lincoln, Montana (Figure 1-1). The UBMC is 
characterized by heavily forested, steep mountainous terrain. Elevations range from 
approximately 5,200 feet above mean sea level (AMSL) where the Blackfoot River leaves the 
UBMC near the confluence with Pass Creek, to over 7,500 feet AMSL along the continental 
divide. Climatic conditions are typical of intermediate to high elevation regions of the 
Northern Rocky Mountains with winter temperatures less than 0°F not uncommon. 
Precipitation falls mainly as snow with accumulations of several feet typical in higher 
elevations. 

Mining activity in the UBMC began with the discovery of silver, lead, and zinc bearing ores 
in the late 1800s. Individual historic mines at the UBMC include the Mike Horse Mine, the 
Anaconda Mine, the Edith Mine, the Paymaster Mine, the Carbonate Mine, and the smaller 
Capitol and Consolation Mines. Sporadic development and production occurred at these 
various mines between 1900 and 1945 with the most significant production occurring at the 
Mike Horse Mine in the late 1930s and early 1940s. A tailings impoundment was 
constructed in Beartrap Creek drainage in 1941 for disposal of tailings from the Mike Horse 
Mine. 

Historic mining activities have resulted in significant land disturbance and impairment of 
surface water and groundwater quality at the UBMC. Numerous investigations identified 
discharge from the historic Mike Horse Mine 300-Level Adit and the Anaconda Mine Adit as 
significant sources of metals loading to the headwaters of the river (these adit discharges are 
now treated through a wetlands-based water treatment system). Other identified metals 
loading sources include accumulations of mine waste rock and tailings in drainage bottoms 
and on hillsides. In 1975, heavy precipitation and blockage of a surface water diversion ditch 
by debris caused the Mike Horse tailings impoundment to bIeach. As a result, tailings were 
washed downstream and deposited along the floodplains of Beartrap Creek and [Jpper 
Blackfoot River, thus contributing to mining-related impacts on National Forest lands. 

In 1993, Asarco and ARC0 began a reclamation program to address environmental impacts 
from historic mining activities at the UBMC. These past activities focused primarily on 
mining-related impacts on privately held lands in Asarco's ownership. The mine reclamation 
activities to be conducted under the AOC and discussed in this memorandum represent a 
continuation of this reclamation program onto National Forest lands by Asarco. All of the 
AOC-related reclamation activities are also being conducted under the MDEQ-approved 
TempoIary Standards Implementation Plan and Schedule (Asarco, 1999; Hydrometrics, 
2000) The UBMC is also a State of Montana Comprehensive Environmental Cleanup and 
Responsibility Act (CECRA) facility. Table 1-1 includes a project chronology and tentative 
schedule for completion of the AOC and Implementation Plan mine waste removal activities 
covered in this document 
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TABLE 1-1. AOC AND TEMPORARY STANDARDS IMPLEMENTATION PLAN 

PRELIMINARY SCElEDUL,E FOR MINE WASTE REMOVAL 

ACTIVITIES AT THE UMBC 

Activity 
Completion of Mine Waste Removal 
Alternatives Technical Memorandum for 
lower Mike HoIse Creek, Bearaap Creek, 
and the Upper Blackfoot Bver 
Submittal of Draft Alternatives Tech Memo 
Addendum for Mike Horse Tailings 
Impoundment 
Submittal of Draft EEKA for Bearbap 
Creek, and the Upper Blackfoot River, and 
the Mike Horse Tailings Impoundment 
Initiate Mine Waste Removal Actions 
(Lower Mike H o m  Creek) 

Related Program 

AOC 

AOC 

AOC 

AOC and Temporary 
Standards Implemen- 

Schedule 

January 2005 

Complete Mine Waste Removal Actions 

March 2005 

tation Plan 
AOC and Temporary 
Standards Implemen- 2008 
tation Plan 

October 2005 

2005 

1.3 DOC.UMENT ORGANIZATION 

This technical memorandum discusses conceptual mine waste removal action alternatives foI 
the portions of Lower Mike Horse Creek, Beartrap Creek, and the Upper Blackfoot River 
drainages included within the UBMC AOC. Conceptual removal action alternatives for Mike 
Horse Creek drainage are discussed in Section 2, Beartrap Creek in Section 3, and the Upper 
Blackfoot River in Section 4. Also included is a discussion of site conditions and results of 
data collection efforts relevant to removal action planning to each drainage. Section 5 
presents alternatives for mine waste disposal 
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2.0 LOWER MIKE HORSE DRAINAGE 

For purposes of this AOC, lower Mike Horse Creek includes that portion (approximately 900 
feet) from the Asarco/Forest Service property boundary, downstream to the confluence with 
Beartrap Creek (Figure 1-1). A number of mine waste piles are located along the bottom and 
side slopes of Lower Mike Horse Creek drainage and have been shown to impact surface 
water quality in Mike Horse Creek and downstream drainages. The upstream portion of 
Mike Horse Creek drainage has previously undergone reclamation by Asarco, with additional 
reclamation scheduled to occur in 2004. Following is a summary of relevant information 
from lower Mike Horse Creek drainage, followed by a description of preliminary removal 
action alternatives. 

2.1 SITE CHARACTERISTICS AND DATA COLLECTION 

Lower Milce Horse Creek is a steep, highly incised channel impacted by historic mining 
activities. Mine waste materials (waste rock and tailings) cover a significant portion of the 
drainage hottom and sides. The mine waste occurs as both discrete mine waste piles, and as 
more dispersed deposits spread along the drainage bottom. Results of extensive surface 
water and mine waste sampling completed by Asarco indicate that these mine waste materials 
are acidic, contain elevated concentrations of metals, and act as a source of metals loading to 
L.ower Mike Horse Creek. Following is a summary of recent site characterization activities 
for L,ower Mike Horse drainage. 

L,ower Mike Horse Drainage 

2.1.1 Sampling Locations, Methodology, and Analytical Parameters 

Asarco completed soil and mine waste characterization activities in Lower Mike Horse Creek 
drainage in 2000 and 2001 (Hydrometrics, 2001b and 2002). Eight general mine waste areas 
(LMH-1 through LMH-8) were delineated by Asarco in 2000 through detailed mapping and 
sampling (Figure 2-1). The 2000 sampling included collection and testing of nine mine waste 
samples from the 0 to 18-inch depth interval to assess the shallow mine waste characteristics. 
Additional sampling was conducted in 2001 utilizing a backhoe for sampling of the deeper 
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mine waste and underlying native soils. A total of 11 backhoe test pits were excavated and 
12 mine waste samples collected from depths up to nine feet (Figure 2-1). Eleven samples 
were also collected of the native soils/clean fill underlying the mine waste piles in 2001. The 
purpose of the 2000 and 2001 mine waste sampling was to provide information necessary for 
assessment of removal action alternatives in Lower Mike Horse Creek drainage. 

Mine waste samples were submitted to Energy Laboratories in Billings, Montana for 
determination of total metals concentrations (aluminum, arsenic, cadmium, copper, iron, lead, 
manganese and zinc), along with pH, electrical conductivity, moisture content, acid-base 
accounting, S M P  lime requirement, and sulfur fractionation. IJnderlying native soil samples 
were tested for total metals concentrations only. Mine waste sampling locations for Lower 
Mike Horse Creek drainage are shown on Figure 2-1. 

2.1.2 Summary of Sampling Results 

The 2000 and 2001 mine waste and soil sampling results are summarized in Table 2-1. 
Overall, metals concentrations are moderate to high for mineralized areas, with iron and lead 
occurring at the greatest concentrations (Table 2-1). Metals concentrations invariably were 
greater in the deeper 2001 mine waste samples as compared to the shallower 2000 samples. 
Many of the samples of underlying native soil/fill materials also contained elevated metals 
concentrations and, in few cases (mainly at L,MH-5), exceed concentrations in the overlying 
mine waste. The sampling results also showed the lower Mike Horse drainage mine waste to 
be potentially acid generating, with a maximum acid base potential of -341 tons 
CaCO3/1000 tons, and mine waste pH values ranging from 2.2 to 6.8. 

In summary, information obtained from the 2000 and 2001 characterization activities 
suggests that 10,000 to 15,000 cubic yards of mine waste is present within and adjacent to the 
lower Mike Horse Creek channel. The mine waste sampling results show all of the sampled 
mine waste to be potentially acid generating. Total concentrations of most metals in the mine 
waste and underlying native soils (especially lead and zinc) are moderate to high. This 
information was used in development of the following removal action alternatives. 

2.2 LOWER MIKE HORSE DRAINAGE PRELIMINARY REMOVAL ACTION 

ALTERNATIVES 

Three alternatives are proposed for L,ower Mike Horse Creek for detailed evaluation in the 
Mine Waste Removal EE/CA, including: 

0 No action; 
o 

o 

Remove Mine Waste from Below High Water Mark and Regrade, Stabilize and Cover 
Remaining Mine Waste In-Place; and 
Remove Mine Waste and Place in On-Site Repository. 
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TABLE 2-1. SUMMARY OF LOWER hEKE HORSE CREEK DRAINAGE MINE 

WASTE AND SOIL SAMPLING RESULTS 

Each of these alternatives is described below 

Alternative 1: No Action 
As implied by the name, the No-Action alternative would entail no removal, stabilization or 
capping of mine waste. Although this alternative is not considered a viable altemative for 
Lower Mike Horse Creek, No-Action will be carried forward in the EEKA development 
process to provide a basis for evaluation of other alternatives. 

Alternative 2: Remove Mine Waste from Below High Water Mark and Regrade, 
Stabilize and Cover Remaining Mine Waste In-Place 
This altemative would include removal of mine waste from the drainage bottom (below the 
typical high water mark), and in-place reclamation of mine waste within the &ainage walls 
and surrounding areas. The objective of this action would be to eliminate direct contact of 
mine waste with surface water and shallow groundwater, and to minimize contact (and 
associated erosion and metals leaching) from the mine waste above the high water mark. 

Foliowing diversion of the Mike Horse Creek flow though a pipe of other appropriate 
diversion, mine waste would be removed from the drainage bottom down to native 
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sedimentkoils or to clean fill. The excavated mine waste would be placed in either an 
engineered on-site repository, or would be incorporated into the adjacent mine waste to be 
reclaimed in-place. Clean fill would be placed in over-excavated areas to maintain a 
consistent longitudinal profile to the creek channel, and to allow the creek to be restored to a 
properly functioning condition. 

The surrounding mine waste would be regraded to stabilize slopes and to simulate a more 
natural topography. The upper one-foot or more of mine waste would be amended with acid- 
neutralizing material such as lime, and then covered with clean soil to serve as a cap and to 
support vegetation. The area would then he seeded to stimulate vegetative establishment, 
with willows and shrubs planted along the drainage bottom. Limited engineered controls, 
such as riprap, would likely be required to prevent future undercutting and sloughing of the 
reclaimed drainage walls. 

Alternative 3: Complete Removal of Mine Waste and Placement in an On-Site 
Repository 
This alternative would include complete removal of mine waste from the Lower Mike Horse 
Drainage creek bed, drainage walls, and immediately surrounding area. This includes 
specific areas of mine waste shown in Figure 2-1, as well as other material identified during 
excavation. Because the Lower Mike Horse mine waste may merge with the Mike Horse 
tailings dam fill material (which is comprised in part of tailings), a preliminary boundary has 
been established to separate the Lower Mike Horse removal area from the area which may be 
addressed under the separate tailings dam EE/CA. The preliminary boundary between the 
two removal areas is shown in Figure 2-1. 

Soil removal would extend to one foot below the mine waste/ underlying native soil or clean 
fill interface. Confirmation soil sampling would then occur to determine key properties 
(metals concentrations, pH) of the remaining soils to determine if additional removal is 
necessary. Clean fill would be placed in overexcavated areas to maintain the site grade and 
the creek bed elevation as necessary. The creek channel would be restored to a properly 
functioning stream, and the tailings dam access road would be maintained in a condition 
similar to its current condition following the removal action. 

The excavated mine waste would be placed in an engineered on-site repository. For purposes 
of this discussion, the term on-site repository is defined as a repository located within the 
UBMC drainage area, or upstream of the natural marsh system in Section 20 (Fi,we 1-1). 
This could include the existing Paymaster Repository, or a new repository location identified 
through the repository siting investigation being performed by the USFS. The repository 
design would include complete or partial mine waste amendment with a lime-based product, 
and lining and/or capping (Section 5). 
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3.0 BEARTRAP CREEK DRAINAGE 

The portion of Beartrap Creek included in the mine waste removal action extends from the 
toe of the Mike Horse Tailings Dam downstream to the confluence with Anaconda Creek 
(Figure 1-1). Land ownership is primarily public (USFS), with a sinall portion of the 
drainage bottom (the Flosse and Louise patented mine claims) in private ownership (Figure 
1-1). This portion of Beartrap Creek has been significantly impacted by past mining 
activities, including the 1975 breach of the Mike Horse Tailings Dam. As a result of the dam 
breach, mine tailings stored behind the dam were washed downstream and deposited along 
the floodplain of Beartrap Creek and the upper Blackfoot River. Following is a summary of 
recent site characterization and data collection activities relevant to removal action planning. 

3.1 SITE CHARACTERISTICS AND DATA COLLECTION 

The Beartrap Creek drainage bottom between the tailings dam and Anaconda Creek consists 
of a relatively wide, flat floodplain with limited vegetative cover. The drainage bottom 
varies in width from about 60 feet to over 200 feet through most of this reach, but widens to 
approximately 300 feet upstream of the confluence with Anaconda Creek. Steep, heavily 
forested hillsides border both sides of the drainage bottom, clearly demarcating the drainage 
bottom area included in the AOC program. Geomorphic features include the active Beartrap 
Creek channel (approximately ten feet wide), a recent alluvial terrace three to four feet higher 
in elevation than the active channel, and remnants of an older higher terrace bench along the 
margins of the drainage bottom. This older bench is forested as opposed to the 
pr,edominately rocky, barren nature of the lower terrace bench. The majority of the drainage 
bottom, particularly in the upper half of the drainage, is comprised of the recent alluvial 
terrace. 

Beartrap Creek Drainage Bottom 
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TEST PIT PIT DEPTH DEPTH TO BOTTOM 
(inches) OF LNTERMMED 

TAILINGS 

Test Pit locations shown on Figure 3-1 

DEPTH TO 
GROUNDWATER 

(inches) 
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The Flosse and Louise mine waste dump is a discrete mine waste pile associated with the 
former Flosse and Louise Mine. The dump is comprised of mine waste rock (as opposed to 
tailings) extracted from a mine tunnel driven into the Beartrap Creek drainage wall. The 
waste rock dump consists of two separate lobes which together measure approximately 100 
feet long by 50 feet wide. The mine dump location and configuration is shown on Figure 3-1 
The dump is located, at least in part, on the privately owned Flosse and Louise patented mine 
claims. 

3.1.1 Sampling Locations, Methodology, and Analytical Parameters 

Asarco conducted extensive soil and mine waste sampling in Beartrap Creek drainage in 
2000 and 2001 (Hydrornetrics, 2001b and 2002). The 2000 sampling activities focused on 
characterization of shallow mine waste and included: 

* Five composite samples (comprised of 5 subsamples each) of the intermixed 
tailings/alluvium on the recent alluvial terrace. Sample locations spanned the area 
from the tailings dam to Anaconda Cr'eek, with samples collected from the 0 to 18- 
inch depth interval. The sampling sites are shown as BTC-1, BTC-2, BTC-3, BTC-4, 
BTC-5 on Figure 3-1; 
One composite sample (consisting of 5 subsamples) from the older, forested terrace 
bench (BTC-6); and 
Mine waste samples from the two discrete lobes of the Flosse and Louise mine waste 
dump (I%-1 and FL,-2, Figure 3-1). 

* 

More extensive mine waste mapping and sampling was conducted in 2001 utilizing backhoe 
test pits to access the deeper mine waste. Test pits were excavated and composite samples 
collected from four of these areas (BTC-CTI, BTC-CT2, BTC-CT4 and BTC-CT6) to 
determine the depth and chemical characteristics of the concentrated tailings. 

The intermixed tailings/native sediments (dispersed tailings) were also characterized in 2001 
through excavation of 11 backhoe test pits and associated sampling. The majority of test pits 
(BTC-TP-1, TP-2, TP-3, TP-4, TP-6, TP-7, TP-8, and TP-9, Figure 3-1) were excavated in 
the coarse alluvium of the recent alluvial terrace, which covers the majority of the drainage 
bottom. Test pits TP-5, TP-10, and TP-11 were excavated in remnants of the older forested 
terrace bench that borders much of the drainage bottom. A total of 8 intermixed tailings 
samples and 4 underlying native sediment samples were collected in 2001. 

It is important to note that the intermixed tailings and native sediment samples were 
comprised of the sandy matrix fraction of the alluvium only, with the coarse gravel and larger 
clasts excluded from the samples. Since the larger clasts are composed of local bedrock 
lithologies ( is" ,  argillite, quartz monzonite, diorite) as opposed to mine waste, the intermixed 
tailings and sediment samples are enriched in mine waste as compared to the actual in-place 
alluvium. As a result, the sample analytical results overestimate actual metals concentrations 
within the Beartrap Creek alluvium by approximately two-fold (based on an estimated 50% 
coarse fra,gnent content for the alluvium).. 
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All mine waste samples were tested for total metals concentrations (arsenic, cadmium, 
copper, iron, lead, manganese and zinc), along with pH, electrical conductivity, moisture 
content, acid-base accounting, S M P  lime requirement, and sulfur fractionation. 

3.1.2 Summary of Beartrap Creek Sampling Results 

Mine Waste Characteristics 
The Beartrap Creek sampling results show that the concentrated tailings are more acidic and 
have a greater acid-generating potential than the dispersed tailings. The average acid-base 
potential for the concentrated tailings was -306 TCaC03/1000T compared with a dispersed 
tailings average of -133 TCaC.O3/1000T (Table 3-2).. Similarly, the average pH of the 
concentrated tailings was 2.2 while the average pH of the dispersed tailings was 6.4. 

Metals concentrations in the Beartrap Creek mine waste were generally moderate to high for 
mineralized areas, with iron concentrations the greatest and cadmium concentrations the 
lowest (Table 3-2). In some cases (cadmium, lead and zinc), metals concentrations were 
higher in the dispersed tailings samples as compared to those in the concentrated tailings, an 
unexpected result given that the concentrated tailings appear to contain a higher percentage of 
pyritic tailings than the dispersed tailings. A possible explanation for this trend is that the 
concentrated tailings, which occur in relatively thin deposits on the ground surface, have 
undergone oxidation and leaching of metals to a greater degree than the deeper dispersed 
tailings. The greater proportion of non-sulfate sulfur in the dispersed tailings samples as 
compared to the concentrated tailings samples supports this conclusion, as more of the sulfur 
in the dispersed tailings would remain in the unoxidized sulfide fomi. As expected, metals 
concentrations in underlying native sediments were consistently lower than concentrations in 
the overlying dispersed tailings (Table 3-2). 

Mine Waste Leach Testing 
In addition to the total metals and acid-base accounting analyses, “roll jar” leach tests were 
conducted in 2001 to determine the relative metals leachability, and thus potential metals 
loading capacity to Beatrap Creek, of the various mine waste types in Beatrap Creek 
drainage. A total of 12 roll jar leach tests were conducted in 2001, with four tests conducted 
on the concentrated tailings, shallow intermixed tailings (0 to 4”), and deeper intennixed 
tailings each. The roll jar testing procedure included: 

m 

a 

0 

I) 

Air drying a sample of mine waste for 12 hours; 
Sieving the sample through a 2 mm screen; 
Mixing the sample with deionized water at a 1:20 solid liquid ratio; 
Shaking the mixture for five minutes, then letting stand for 24 hours; and 
Measuring pH and metals concentrations in a filtered aliquot of the decant water 
(Hydrometrics, 2002). 
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concentmted tailings area. Final restoration might also include development of riparian 
wetlands to enhance habitat and help improve downstream water quality. 
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5.0 MINE WASTE DISPOSAL AND REPOSITORY OPTIONS 

Reclamation activities in lower Mike Horse Creek, Beartrap Creek, and the Upper Blackfoot 
River drainages most likely will include some level of mine waste/soil excavation and 
disposal in an engineered repository. For purposes of this alternatives evaluation, repository 
siting options are confined to on-site locations (within the Upper Blackfoot watershed 
upstream of the confluence with Pass Creek, Figure 1-1) as opposed to mole distant off-site 
locations. Potential repository locations include the existing Paymaster Repository, or a new 
on-site location determined through the ongoing TJSFS repository siting investigation. 
Regardless of the Iepository location, a number of alternatives for mine waste disposal will 
be evaluated in the EE/CA. Alternatives for mine waste preparation and repository 
construction are outlined below 

5.1 WASTE PREPARATIONIRANDLING 

As an alternative to excavation and direct hauling of mine waste to an on-site repository, the 
merits of screening the mine waste to remove larger rock fragments will be evaluated in the 
EE/CA. As discussed in the preceding sections, the UBMC floodplain mine waste typically 
contains a significant proportion of native rock (coarse gravel to cobble-size) intermixed with 
the finer grained (sand to fine gravel-size) mine waste. This is especially true in Beartrap 
Creek drainage where the intermixed tailings/native alluvium contain 50% or more coarse 
rock fragments. These coarse fragments are composed of various non-mineralized bedrock 
lithologies including argillite, diorite and quartz monzonite. Screening these “clean” clasts 
from the mine waste would not only reduce the volume of material to be hauled and placed in 
a repository, but would also reduce the volume of clean backfill required for site closure and 
reduce repository capacity (and size) requirements. Disadvantages of screening include the 
additional cost associated with operating a screening plant and increased materials handling. 
Therefore, the advantages and disadvantages of screening the mine waste prior to hauling to 
the repository will be evaluated in the EE/CA. 

5.2 REPOSITORY CLOSURE ALTERNATIVES 

Ai least two options for repository closure will be evaluated in the EE/CA, including full 
amendment of mine waste with acid neutralizing products, and partial or no amendment with 
an engineered cap and/or liner. These alternatives (and possibly others) will be evaluated 
based on their relative short-term and long-term effectiveness, implementability, costs, and 
other relevant evaluation criteria. Following is a brief description of the alternatives. 

- Alternative: Full Mine Waste Amendment 
This alternative includes full amendment of all mine waste with lime products prior to 
placement in the repository to neutralize mine waste acidity and reduce the potential for 
metals leaching. This approach is consistent with the Montana Department of Environmental 
Quality-approved Paymaster Repository design. Potential amendment materials include lime 
kiln dust, cement kiln dust, agricultural lime, or other acid neutralizing materials. 
Amendment rates would be based on acid-based accounting (ABA) testing of the mine waste. 
The repository closure design under this alternative would include a soil cover over the 
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amended mine waste to serve as growth medium, seeding the area with a native seed mix, 
and stom water controls such as run-on diversion ditches Advantaged of full amendment 
include reduced Iepository capping and long-term monitoring requirements (since the mine 
waste would essentially be inert). Disadvantages include the increased cost of amending the 
mine waste. 

Alternative 2: Partial or No Amendment with Engineered Cap and/or Liner 
Under this alternative, no amendment or Limited amendment (i.e., upper one foot of 
repository fdl) of mine waste would OCCUI'. Instead, the repository design would include a 
more engineered cap and/or liner comprised of earthen and/or synthetic materials. Instead of 
serving primarily as a growth medium as in Altemative 1, under this alternative the cap 
would be designed to minimize infiltration to the mine waste and prevent associated metals 
leaching. Capping options include a relatively thick soil cap designed to support vegetation 
and store water (an evapotranspiration cap), a synthetic cap comprised ofplastics (k, PVC 
or HDPE), or a composite cap comprised of synthetics and earthen materials. Advantages of 
this alternative include reduced infiltration to the mine waste, and reduced mine waste 
amendment costs. Disadvantages include a higher level of complexity in the repository 
desigri and construction, all or most of the mine waste would not be amended, and the 
possible need for. long term monitoring. 

Each of these repository options (and possibly others) will be evaluated in detail during 
development of the mine waste removal EE/CA. 
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