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4.0 IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION TECHNOLOGIES 

This section discusses removal action approaches and technologies to mitigate the 
contamination. Section 6 combines technologies into a range of removal action alternatives.  

This EE/CA considers a removal action for the approximately 70,000 tons of waste rock and 
underlying impacted native materials on the hillsides above Joe Creek. The waste rock is 
considered to be the primary source of contamination. 

This EE/CA does not consider actions to address AMD discharges from mine adits, 
contaminated sediments in Joe Creek, or contaminated groundwater. These sources and impacts 
are also significant environmental concerns at the Site, but are beyond the scope of this EE/CA.  

The EE/CA also includes the following actions as components of removal action alternatives: 

 Reclamation of waste rock areas (if waste rock removed). 

 Adit closures to prevent future access by the public. 

The following sections discuss potential removal approaches. Table 4-1 summarizes the 
technologies considered. 

4.1 Waste Rock Removal 

The EE/CA considered two general actions for the waste rock piles:  

(1)  Removal and off-site disposal of the waste rock and,  

(2) In situ stabilization and eventual remediation of the waste rock by a combination of 
surface cover and phytoremediation.  

For purposes of this EE/CA and the associated cost estimates, URS determined that stabilization 
of the waste rock in place was not viable because of the steep slopes and the characteristics of the 
material (See Section 5.1). In situ stabilization as the only action is impractical for the following 
reasons: 

 Observations and geotechnical analysis indicate that waste rock on upper slopes is 
unstable in situ and could not be practically stabilized due to the steep slopes and high 
water flows that occur during certain times of the year. 

 Waste rock left in place would be a continuing source of erosion if not stabilized 
adequately, and even if stabilized, the material could continue to be a source of AMD as 
water flows through the residual waste rock. 

Partial stabilization of waste rock on lower slopes is considered a viable element of alternatives 
and is discussed further in Section 4.1.3.  
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4.1.1 Waste Rock Removal Methods 

Removal of the waste rock would eliminate the predominant source of acid mine drainage. Once 
removed, the waste rock would be deposited in an engineered repository located near the mine 
site or taken to an off-site disposal facility. 

Technology options considered for removing the waste rock include: 

 Excavator and dozers 

 Draglines 

 Hydraulicking 

Table 4-1 describes the technologies and analyzes the effectiveness, implementability, and 
overall applicability of the waste removal methods. 

All of the technologies that included removal of the waste rock from the mountainside would 
require consolidation, loading, and transport of the waste rock to a repository location (see 
Section 4.1.2). 

Dozers and excavators are the presumed equipment used to excavate waste rock and regrade the 
slopes. Production rates are high, and the previous EPA removal action demonstrated success in 
using this technology at the Site. However, use of excavators and dozers may not be practical on 
the steep and rocky upper slopes of the waste piles or where access is difficult. Specialized 
techniques may be required in some areas. Dozers and excavators are retained as waste rock 
removal technologies. 

Draglines are a proven technology to remove soil and rock and to regrade steep and rocky slopes. 
Production rates, however, are lower than dozers and excavators and additional construction is 
needed to set up the equipment. Draglines are retained as a waste rock removal technology. 

Hydraulicking is not considered to be implementable. The significant volume of water that 
would be required is not readily available at the Site. In addition, containing and treating that 
water to meet surface water criteria would be prohibitively difficult and expensive.  

The very steep and rocky slopes where the waste rock is deposited will require specialized 
methods to remove the waste rock. The approaches considered in this report reflect site visits and 
discussions with contractors experienced in earth-moving and logging operations on steep slopes 
at remote sites. Removal methods would likely combine draglines, excavators, and dozers. 
Examples of specialized methods include the following: 

 Winching techniques to move dozers up and down steep slopes safely. 

 Excavating and blasting benches for access, working platforms, and slope stability. 

 Dragline and cable excavators to reach difficult access areas. 

URS does not currently believe that is safe or practical to winch dozers on the very steep upper 
slopes (i.e., approximately upper third of waste rock Area 1). In such areas, the removal might 
include methods such as: 
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 Benching, excavation, and using machines to push material downslope from working 
benches. 

 Use of draglines to excavate and move waste rock down the slope. 

After the waste rock is removed, the hillsides could be left bare to naturally recover, or the 
hillsides could be reclaimed by placing cover soil and planting. Section 4.3 discusses the 
reclamation alternatives. 

The effectiveness of the removal action to mitigate environmental impacts depends on adequate 
removal of the waste rock or adequate isolation of the waste rock from continued erosion and 
weathering. Use of heavy machinery could remove most of the waste rock. Greater than 99 
percent removal may be possible, but the exact quantity is difficult to estimate. Even small 
mounts of residual waste rock, however, could be a continuing source of low pH and metals in 
run-off. The design will consider several methods to remove small amounts of residual waste 
rock from the steep rocky hillsides and provide performance criteria for the removal. 
Reclamation cover soil and plantings on the lower slope may provide adequate isolation and 
buffering capacity to mitigate the residual source of metals and low pH. 

Removal of the waste rock is expected to substantially reduce the toxicity of the run-off and 
AMD from the Site, but such removal can not guarantee that all water quality standards (like 
Clean Water Act) will be met, in the short and long-term. 

4.1.2 Waste Rock Classification and Repository Elements 

The California North Coast Regional Water Quality Control Board (RWQCB) provided 
guidance concerning the classification and management requirements relating to the waste rock 
that will be placed in the site repository. Title 22 of California Code of Regulations (CCR) 
§66261.4(b)(5)(B) excludes “waste from the extraction, beneficiation, and processing of ores and 
minerals” as a hazardous waste. Although the waste rock is not a hazardous waste, Title 27 CCR 
§22480 requires classification of mining wastes to determine disposal requirements. RWQCB 
Group A, Group B, and Group C classifications indicate the potential risk of water quality 
degradation posed by the waste. 

The waste rock at the Blue Ledge site is classified as a Group B waste on the basis of chemical 
testing, although “mitigating factors” may apply. Group B (‘designated’) mining wastes consist 
of or contain hazardous wastes that qualify for a variance under Title 22 CCR, contain 
nonhazardous soluble pollutants at concentrations that exceed water quality objectives, or could 
cause degradation of waters of the State. 

Waste rock removed from the slope should be placed in a repository to isolate the material from 
the environment and minimize the potential for future erosion and generation of AMD. Title 27 
CCR §22490 specifies construction standards for mining waste disposal sites, including liners 
and leachate collection.  

Title 27 CCR §22470 allows disposal facilities for Group B mine wastes to be constructed 
without a bottom liner at sites where there are only minor amounts of underlying groundwater or 
there is no hydraulic interconnection with high quality groundwater resources. Liner exemptions 
can also be granted if it can be demonstrated that leachate will not form in or escape from the 
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disposal facility. Analysis by URS (2009b) indicated that the waste rock and site conditions may 
qualify for a Group B variance under 27 CCR §22470(c). A low permeability cover will 
minimize potential for infiltration, and drilling did not encounter perched groundwater or 
permanent water table.  

The RWQCB (2010), however, concluded that the proposed repository must comply with the 
requirements of 27 CCR §22490, including all liner and AMD (“leachate”) collection 
requirements. Consequently, the design features of the repository reflect the design RAOs, 
ARARs, the preferences of the USFS, and requirements of the RWQCB. The repository will 
have the following design features to minimize water contact with the waste rock: 

 Geotechnically stable site. 

 Constructed in a location entirely above the seasonal water table.  

 Engineered evapotranspiration (ET) cover or engineered low permeability liner and cap. 

 Limestone to chemically neutralize AMD from the fill, if any. 

The initial design analysis considered an ET cover consisting of native trees and shrubs to take 
up moisture from the cover and prevent percolation into the waste rock. Water balance analysis, 
however, indicated that an ET cover would not take up sufficient water to prevent infiltration, 
and an ET cover is, therefore, not viable. The design must include a low permeability cover.  

Golder (2007) identified two possible repository locations. URS reviewed both locations and 
identified a third location. The three locations are as follows: 

 Former site of the Blue Ledge Mine camp. 

 Ridgeline area of approximately located approximately 0.9 road miles north of the Blue 
Ledge Mine camp (“north site”). 

 Hillside area located approximately 0.8 road miles north of the Blue Ledge Mine camp 
(“south area”). 

In addition to local repository locations, other locations were considered, including the 
following: 

 Open and level areas near the Applegate Reservoir. 

 Commercial landfill. 

Table 4-1 describes the repository locations. The former Blue Ledge Mine camp site is not 
considered suitable due to its location in an active landslide area. Suitable disposal areas have not 
been identified near Applegate Reservoir, and accessibility is uncertain. The nearest commercial 
landfill (Dry Creek Landfill, White City, Oregon) is approximately 46 road miles from the Site. 
Transport to this distant location would add significant cost. The north and south repository sites 
are the most likely and the preferred alternatives (see Figure 4-1). 

Geotechnical assessment conducted in November 2008 indicates that both the north and south 
areas are viable locations (see Section 5.1.3). On the basis of the estimated waste rock volumes, 
the usable acreage of the potential repository areas, and the design concepts, a repository in the 
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north area would be approximately 2 acres, and the south area would be approximately 4 acres. 
URS prefers the south area due to access and space advantages. 

Construction of the repository on the private land of the mining area is considered to be an “on-
site action” for the purpose of implementing the removal action. The NCP section 300.400(e) (1) 
and EPA (1992) define "on site" as “the areal extent of contamination and all suitable areas in 
very close proximity to the contamination necessary for implementation of the response action.” 

The final design will develop design elements and monitoring program and performance criteria. 
Figure 4-2 is a conceptual section of a repository at the south repository site. 

This report assumes that either the north or south repository areas are suitable as repository 
locations. Additional assessment was conducted in November 2008 to further assess suitability 
of repository sites and obtain data to design the repository. Preliminary assessments indicate that 
both sites are likely to be suitable repository locations, Section 5.1.3 discusses the assessments. 

4.1.3 In Situ Stabilization and Treatment of Waste Rock 

If feasible, there may be advantages to stabilizing and treating a portion the waste rock in place 
at the Site. In situ stabilization would involve a combination of moving waste rock from upper 
slopes, terracing and stabilization of the waste rock piles on the lower slopes, amendment 
additions, engineered phytoremediation plantings, and passive treatment of AMD and run-off.  

The combination of surface water controls, a vegetated ET cover, and graded benches in the 
waste rock piles might minimize the contact between waste rock and surface water and might 
minimize erosion and transport of waste rock and contaminants to the sediments of Joe Creek. 
Phytoremediation may provide opportunity to cost effectively treat acidic waste rock in place or 
in consolidated piles on lower slopes (Bini, 2005).  

Several potential conditions might adversely impact the effectiveness and implementability of in 
situ stabilization and treatment approaches. Considerations include the following: 

 The waste rock in its current condition supports very little plant growth. A combination 
of excessive drainage (low water availability), high acidity, and metals toxicity affect 
plant growth.  

 Additional research and testing would be necessary to assess tolerant plant species for the 
conditions at the Site. 

 Site observations indicate that the waste rock is inherently unstable and significant slope 
failures appear possible. It may be difficult to sufficiently stabilize waste rock in place. 

 Infiltration of surface water through the remaining waste rock and leaching of acidity and 
metals are still possible or likely. AMD production may continue to impact groundwater 
and surface water quality. Golder (2007) reasonably assumed that the chemistry of 
surface water and seeps would continue to have a low pH and high dissolved metals. 

 Passive treatment of surface water and groundwater would likely be necessary. Such 
systems would add to cost and increase maintenance requirements. 



SECTIONFOUR Identification and Analysis of Removal Action Technologies 

 O:\25696770 Blue Ledge Mine\4000 Deliverables\EE-CA Revised\EECA Revised Final 4-26-10.doc 4-6 

 In situ stabilization could be used in combination with removal. The effectiveness of in 
situ stabilization depends on an ability to stabilize the waste rock piles, which is 
uncertain.  

4.2 AMD and Run-off Control and Treatment 

AMD and run-off treatment are possible elements of all potential alternatives, although the 
design might vary depending on the particular alternative. Examples of circumstances that may 
require some form of treatment include the following: 

 If waste rock remains, precipitation and snow melt could infiltrate into the waste rock and 
produce AMD. If a reclamation cover is placed, reclamation plantings would be expected 
to reduce infiltration and AMD production, although some infiltration and associated 
leaching would likely still occur. 

 If waste rock is removed and the slopes are not covered, incident precipitation would 
likely produce high-velocity run-off. Residual waste rock and associated acidity and 
metals would be transported down slope. The downstream extent and duration of adverse 
impacts would depend on the effectiveness of the waste rock removal method and how 
much residual rock remained in place. 

 Substantial removal of waste rock and placement of a reclamation cover would likely 
result in substantial reductions in AMD production and contaminated run-off.  

Examples of AMD and run-off collection and treatment alternatives include the following: 

 Sedimentation basins 

 Interceptor drains 

 Open limestone trenches and ponds 

 Limestone drains or upflow limestone ponds 

 Bioswales and constructed wetlands 

 Soil cover and revegetation 

 Periodic chemical addition  

The above methods are generally passive in that they do not include mechanical systems, 
aeration, or continuous chemical additions. Active treatment methods were not considered due to 
the high maintenance requirements and high operation costs that are anticipated at this remote 
site. Table 4-1 reviews the AMD treatment and run-off control technologies. 

4.3 Reclamation Cover 

In the context of this EE/CA, reclamation cover refers to placement of clean fill and establishing 
vegetation over areas where waste rock has been removed. Certain elements of this action would 
be similar to those for in situ stabilization and treatment (Section 4.1.3). The objectives of the 
reclamation cover include the following: 



SECTIONFOUR Identification and Analysis of Removal Action Technologies 

 O:\25696770 Blue Ledge Mine\4000 Deliverables\EE-CA Revised\EECA Revised Final 4-26-10.doc 4-7 

 Cover residual waste rock that was impractical to remove. 

 Minimize erosion of residual waste rock. 

 Minimize infiltration of water through residual waste rock. 

 Improve aesthetics of removal areas. 

 Improve habitat value of removal areas. 

Elements of the reclamation cover alternatives could include a combination of the following: 

 Placement, terracing, and compaction of cover materials. 

 Installation of run-off controls. 

 Addition of soil amendment, fertilizers, neutralizing additives, and native plants to 
stabilize metals and promote vegetation growth. 

 Passive treatment of AMD and run-off. 

Figure 4-3 is a conceptual sketch of reclamation and stabilization elements of waste rock 
reclamation areas. Figure 4-4 is a typical section showing concepts of reclamation fill, terracing, 
and reclamation plantings. The amount of imported reclamation fill would depend on the 
quantity and quality of underlying native soil. Substantial rock outcrops and the very steep upper 
portions of WRP-1, WRP-2, and WRP-4 would not be amenable to reclamation planting. 
Different techniques including placement of large rock and logs and/or construction of 
engineered retention structures may be used to stabilize reclamation areas. 

The USFS and URS had previously identified soils in the landslide feature near the former Blue 
Ledge Mine camp as a possible source of reclamation cover. Additional testing would be needed 
to assess the suitability of the source. Uncertain geotechnical characteristics of the silty clay soils 
and the uncertain quantity of large boulders in the area would need to be determined. Also, the 
antecedent moisture content of the soil is not known and may impact usability of the material. 
Another possible reclamation fill is native schist soils, such as excavated from the repository 
locations or obtained from another as-yet unidentified borrow site. After additional consultation 
with the USFS, use of the Blue Ledge Mine camp site for borrow material was eliminated from 
consideration. 

A “technology” that may be considered by the USFS is no revegetation of the former waste rock 
areas; that is there would be no placement of cover fill and no replanting of the waste rock areas. 
The USFS’ primary goal is to eliminate the source of impacts to Joe Creek and public lands. 
Reclamation of the mine site itself is not a specific objective of the USFS, except as needed to 
remove the source of impacts on public lands. Nonetheless, a removal action will not remove 
100 percent of the waste rock. Residual waste rock will be a continuing source of erosion and 
leaching of metals, but the magnitude of the impact is difficult to estimate. Installation of a 
reclamation cover is a presumed element of the alternatives in this report. One optional approach 
could be to conduct the waste rock removal and then monitor for a period of time to collect data 
to determine definitively whether reclamation is a necessary component of the final removal 
action. However, this stepwise approach is not assumed in this report. 
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Even though a reclamation cover is assumed in combination with removal, residual waste rock is 
likely to remain and could be a continuing source of acidity and metals in AMD. Technologies to 
collect and treat AMD and run-off may still be necessary (see Section 4.2). URS assumes that 
reclamation cover would be placed and planted if the waste rock removal is the selected 
technology.  

4.4 Adit Closure 

The USFS concludes that closure of adits is necessary. Closure of Site adits would accomplish 
the following:  

 Reduce hazards to humans and/or animals and minimize exposure to chemical and 
physical hazards. 

 Maintain or improve access and/or habitat for wildlife. 

 Protect cultural resources. 

 Reduce or prevent contamination of surface water and groundwater 

Many different types of wildlife, including bats, snakes and owls, use abandoned mines for either 
permanent or temporary habitat. The USFS has expressed preference for a closure that 
accommodates wildlife. 

There are approximately eight adits that would require closure. Table 4-1 summarizes 
alternatives for closure of mine adits. 

4.5 Remediation Not Included 

This EE/CA focuses on removal of the waste rock, which is believed to be a significant source of 
the contamination in Joe Creek. This EE/CA does not consider other significant environmental 
concerns at the site. Additional study and possible remediation may include the following: 

 Adit discharge collection and treatment; 

 Waste rock sediments in Joe Creek and downstream reaches; and 

 Groundwater. 

4.5.1 Adit Discharge Collection and Treatment 

URS and others have observed water discharge from the lower adit in Area 1 (Adit 1B) and Adit 
5 (AD-02). The observed discharge rates have been approximately 0.5 gpm, but seasonal 
discharge rates are probably higher. Golder assumed a seasonal high discharge rate of 10 gpm. 
The adit discharge from Adit 1B has both a low pH and high metals concentrations while the 
discharge from Adit 5 has a near neutral pH and contains significant metals concentrations 
(URS, 2009a). Discharge from the mine adits may be a continuing source of environmental 
contamination even after the waste rock is removed. 

Additional study is warranted to assess the environmental impacts and options to treat adit 
discharges at the Blue Ledge Site. Additional study should include the following: 
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 Conceptual hydrogeologic model of AMD and metals-laden groundwater production and 
measured seasonal adit discharge flow rates. 

 Environmental impact of the discharges. 

 Treatment goals of adit discharge remediation. 

 Design objective and remedial alternatives for adit discharge treatment. 

There are several potential methods to control and treat discharge of acidic and metals-laden 
groundwater from the mine adits, including the following: 

 Groundwater source control. 

 Water detention and active treatment. 

 Water detention and passive treatment. 

This EE/CA does not consider the scope or account for costs of additional testing or treatment of 
AMD and metals-laden discharge from the mine adits. 

4.5.2 Waste Rock Sediments in Joe and Elliott Creeks 

Waste rock has been transported from the Site to the sediments of Joe and Elliott Creeks. URS 
conducted additional sediment sampling as part of the SI. Sediment samples exceeded ecological 
screening criteria for arsenic and copper in Joe Creek, Elliott Creek, Applegate River and 
Applegate Reservoir. Joe Creek sediment samples downstream of the Site to the confluence of 
with Elliott Creek additionally exceeded ecological criteria for cadmium and zinc. The SI report 
and risk evaluation provide details of the impacts to sediments (URS, 2009a). The risk evaluation 
conducted by URS indicates that the sediments in Joe Creek pose elevated ecological risk due to 
elevated concentrations of metals (Section 2.4.2). 

Additional study is warranted to assess the environmental impacts and options to treat sediments 
in Joe Creek. Additional study should include the following: 

 Nature and distribution of waste rock sediments.  

 Potential impact of removal action on sediment distribution. 

 Acid generating potential and metals leaching potential of sediments. 

 Impact of waste rock sediments on stream health.  

URS and others have considered several different technologies to address the sediments in Joe 
Creek. Technologies that were considered include the following: 

 Dredging the creek bed.  

 Installing a cap over impacted sediments. 

 Applying periodic doses of crushed limestone to the creek bed. 

 Monitoring only to determine improvement following waste rock removal. 
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This EE/CA does not consider the scope or account for costs of additional testing or treatment of 
impacted sediments in Joe Creek. 

4.5.3 Groundwater 

Groundwater may be impacted by seepage from flooded mine workings or by infiltration of 
surface water through the waste rock and into groundwater. Sampling by USFS and reported by 
Environment International (2002) detected elevated concentrations of metals in seeps, indicating 
that groundwater has been affected. Sampling by Environment International at seep location 
JCS2 showed metal concentrations substantially higher than both drinking water standards and 
acute and chronic aquatic life criteria. URS sampled groundwater from two domestic wells in 
November 2008. Seep samples collected by URS exceeded one or more water quality criteria for 
cadmium, copper, and zinc. Although a formal spring and seep survey has not been conducted, 
URS and others have sampled several seeps. The results indicate variable impacts to water 
quality.  

Additional study is warranted to assess the nature and extent of groundwater impacts by AMD at 
the Blue Ledge Site. Additional study should include the following: 

 Conceptual hydrogeologic model of AMD production and measured seasonal AMD flow 
rates. 

 Environmental impact of AMD. 

 Treatment goals of groundwater remediation. 

 Design objective and remedial alternatives for groundwater treatment. 

There are several potential methods to control and treat discharge of acidic and metals-laden 
groundwater from the mine adits, including the following: 

 Interceptor Drains; 

 Pumping wells; and  

 Permeable reactive barrier (PRB). 

This EE/CA does not consider the scope or account for costs of additional testing or treatment of 
groundwater. 

 




