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5.0 SITE CHARACTERISTICS AND DATA GAPS 

Before and during the feasibility study, URS conducted several assessments to develop 
information to assess the feasibility of removal alternatives and design the removal action. This 
section discusses the assessments. The removal action alternatives discussed in Section 6 are 
considered in light of the feasibility assessments. 

5.1 Geotechnical Characteristics  

5.1.1 Geotechnical Characteristics of Waste Rock Piles 

Waste rock areas were characterized by the following methods: 
 

 Visual observations of site characteristics.  

 Measured waste rock thickness at discrete locations throughout the slopes. 

 Identified approximate location of rock outcrops. 

 Estimated areal extent of waste rock from survey data, field measurements and visual 
observations. 

 Visually classified the waste rock materials in general accordance with ASTM D2487. 

Waste rock piles extend down slope from the productive adits. Following are general 
characteristics of the waste rock piles and surrounding areas: 

 Elevations at the Site range from about 4,000 to 5,200 feet mean sea level (msl). Mine 
adits are located at approximately 4,800 feet msl. 

 Ungraded slopes at the mine site range from about 1.5 horizontal(H):1 vertical(V) to 
1H:1V. Slopes tend to be steepest above elevation 4,450 feet msl. Local rock outcrops 
within the slopes at the Site are near vertical. 

 Waste rock thickness is highly variable. In general, 3 to 6 feet of waste rock overlies 
intact bedrock. WRP-1 is estimated to be up to 8 feet thick near its base. Locally, 
drainage gullies and channels have eroded through the waste rock piles to bedrock 
(Appendix A, photos 27 and 28). 

 In general, the waste rock is silty gravel with sand. Grain size ranges from silty sand to 
sandy gravel with silt (Appendix A, Photo 29). Field observations and laboratory testing 
indicate the following properties: 
 Friction angle ranging from 36 to 42 degrees (based on the orientation of natural 

slopes present at the mine site). 
 In situ moisture content of 5 to 8 percent. 
 Silt content of up to 20 percent. 
 A maximum dry density of about 115 pounds per cubic foot at an optimum moisture 

content of 12.5 percent, as measured by the standard proctor test (ASTM D698). 
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 Tension cracks at the top of WRP-1, evidence and reports of washouts, and channels 
within waste rock eroded to underlying bedrock rock are evidence of erosion, instability, 
and potential massive slope failure under current site conditions. 

 Seepage from the waste rock piles was not observed during summer work periods, but 
seasonal infiltration and seepage is likely. 

 Access to WRP-1 is provided by construction roads that reach the base of the pile and the 
center of the pile at approximate elevation 4,450 feet MSL. These roads are accessed by 
Forest Service Road 1060. There is no developed access above 4,450 feet MSL at the 
Site, nor is there any access to WRP-2, WRP-3, or WRP-4. 

 The EPA regraded lower portion of WRP-1 in 2006. These modifications included the 
following: 
 Regrading slopes to approximately 2H:1V between elevation 4,280 and 4,150 feet 

msl. 
 Construction of a riprap-lined channel through the regraded area to control surface 

water flow. 
 Construction of a settling pond at the base of the regraded area with a series of step-

pool basins constructed below the settling pond to treat surface and groundwater 
flowing through this drainage. Both the pond and the channel were lined with marble. 

URS visited the Site in August 2008 with a contractor experienced with earthwork on steep 
slopes at remote sites. Site observations and work complete by EPA in 2006 demonstrate the 
feasibility of excavating and reworking the waste rock on the lower slopes. URS and the 
contractor do not believe that is safe or practical to winch dozers on the very steep upper slopes 
(i.e., approximately upper third of WPR-1). Other techniques, such as blasting and benching, 
would be needed to create work platforms to access the steepest areas. Dragline excavation may 
also be considered as a removal technology.  

5.1.2 Geotechnical Assessment of Repository Sites 

The SI data gaps evaluation included several tasks to assess the geotechnical properties of the 
waste rock and potential waste rock repository sites. The Preliminary Geotechnical Report 
(Appendix C) documents the geotechnical investigations. Geotechnical assessments completed in 
June 2008 included the following: 

 Visual reconnaissance and characterization of the mine site and repository areas.  

 Characterization and development a thickness profile of the existing waste rock material 
at the mine site. 

 Excavation of nine test pits.  

 Collection of soil samples from test pits and waste rock piles for laboratory 
characterization. 

Additional geotechnical investigation was performed between November 3 and November 8, 
2008. The additional investigation included drilling five borings, more detailed visual 
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reconnaissance, additional laboratory testing, and analysis of slope stability. Details of the 
supplemental investigation will be incorporated into the design.  

5.1.2.1 North Repository Site 

The north repository site is a former USFS logging landing. The site is approximately 2 acres on 
a relatively flat ridge crest (Appendix A, Photos 30 and 31). The ridge crest is clear of brush and 
trees and is covered in aggregate surfacing with some grass. Down the southwest slope of the 
landing, the slopes are covered with open second-growth forest and light brush (Appendix A, 
Photo 32). The ridge slopes moderately to the south (3H:1V to 5H:1V). Slopes below the Site to 
the north and west are steep.  

The ridge is leveled and covered with approximately 6 inches of gravel and 1 to 4 feet of 
compacted fill characteristic of weathered schist. Below the fill, weathered schist (dense to very 
dense silty sand with gravel) extends to a depth of at least 14 feet below ground surface (bgs), 
the maximum depth investigated during the preliminary geotechnical investigation. Groundwater 
was not encountered and is not expected in this area at these depths. 

Slope stability was inferred from site observations and reconnaissance test pits and drilling and 
from preliminary slope-stability analyses. Reconnaissance inspection and reviews of aerial 
photos and topographic maps showed no signs of instability. Subsurface soils are predominantly 
weathered schist soils that still maintain remnant rock fabric, indicating the soil has weathered in 
place from bedrock.  

The results of the stability analyses indicate static factor of safety of 1.8 for a constructed 
repository at the north site, which is greater than a typical minimum static factor of safety of 1.3 
for new fills. Site reconnaissance and pre-design explorations and analysis indicate that the Site 
is sufficiently stable for the proposed repository. 

The supplemental geotechnical investigation conducted in November 2008 (Appendix D; also 
see Section 5.2.2) confirmed residual schist soil from the ground surface to 41.5 feet bgs, the 
limits of the depths explored. The schist consists of dense to very dense, light brown silty sand 
with gravel. The schist maintained remnant foliation at depths of 5 feet and greater. Standard 
Penetration Test refusal (greater than 50 blows for 6 inches) was encountered at depths between 
10 and 30 feet bgs. Topographic maps provided by the USFS were field confirmed; slopes varied 
from about 3.5H:1V to 5H:1V south of the ridge line. The moderate slopes and very dense 
subsurface profile at this site confirm its suitability as a potential repository site.  

5.1.2.2 South Repository Site 

The south repository is a former private logging landing. The site is approximately 4 acres on a 
relatively flat bench (Appendix A, photo 33). Slopes below the Site generally range from 2H:1V 
to 2.5H:1V. Immediately west of the Site (below the access road), slopes are locally as steep as 
1.4H:1V. Slopes steepen upwards to the east. The former landing is partially covered in brush 
and young trees. The area is suspected to be a part of a large, but very old landslide.  

Soils at the south site consist of 6 inches to 2 feet of regraded organic-rich sand and gravel 
underlain by at least 13 feet of colluvium (medium dense silty sand with gravel) with weathered 
schist rock fragments as large as 3 feet. Supplemental investigation in November 2008 indicated 
these soils extended to depths of 20 to 60 feet bgs. The soil matrix did not have remnant rock 
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fabric. Soils are interpreted to be landslide debris or colluvium deposited on a displaced rock 
mass. Groundwater was not encountered, but site observations suggest that shallow soils could 
become seasonally saturated. 

Slope stability was inferred from site observations and reconnaissance test pits and drilling and 
from preliminary slope-stability analyses. Site investigation and review of aerial photos and 
topographic maps indicates that the bench feature may be a part of a large landslide complex that 
extends upslope and potentially as far down slope as Joe Creek, approximately 700 vertical feet 
below. However, reconnaissance inspection of the area around the proposed site showed no signs 
of recent instability such as cracks, scarps, displaced or hummocky ground, settlement, or 
rotated/pistol-butted trees. Trees in close proximity to the Site are estimated to be more than 300 
years old and show no signs of historical earth movement.  

The results of the stability analyses indicate static factor of safety of 1.3 for a constructed 
repository at the north site, which is at the low end of acceptable factors of safety for fills of this 
type. Preliminary analysis indicated that the proposed repository would not have a significant 
affect on the stability of the larger ancient slide feature. Accordingly, the Site is interpreted to be 
sufficiently stable for the proposed repository. 

Additional reconnaissance and field investigation conducted in November 2008 (also see Section 
5.2.2) included review of topographic maps and aerial photos and drilling three geotechnical 
borings. Borings encountered 20 to 60 feet colluvial soils consisting of medium dense silty sand 
with gravel, underlain by extremely to completely weathered dark gray schist. The colluvium 
probably formed by mass wasting from the steep slopes above depositing on large schist blocks 
that were displaced from their original locations.  

The November 2008 investigations generally confirmed the observations and conclusions of the 
preliminary investigations (Appendix D). The south site may be a part of a large, but very old, 
landslide complex that extends both up and down slope. Reconnaissance traverses identified no 
fresh signs of displacement in the form of ground cracks, depressions or wet areas. Further, 
mature trees (estimated to be up to 300 years old) showed no signs of displacement over time 
(“pistol-butting”). Initial slope stability analyses indicate that the proposed fill will not 
significantly affect the stability of this historic landslide. Accordingly, the November 2008 
investigation confirms that the Site is sufficiently stable for a proposed waste rock repository.  

5.1.2.3 Summary of Repository Suitability 

Both the north and south sites appear to be feasible as repository sites for the waste rock. There 
are advantages and disadvantages to either site. These considerations are summarized below. 

North Repository Site  

 The north site is smaller than the south site. 

 The north site may require more foundation preparation than the south site before waste 
fill placement. 

 Soils beneath the Site are more consistent and potentially less permeable than the south 
site.  

 Native material excavated from the Site may readily be used as cover fill. 
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 The site is geotechnically stable. 

South Repository Site  

 The south site is larger than the north site. 

 The site will require little preparation before construction other than clearing and 
grubbing. 

 Soils beneath the Site are anticipated to be heterogeneous. 

 Native material excavated from the Site will require processing before use as cover fill. 

 The south site appears to less geotechnically stable that the north site. However, analyses 
to date indicate the proposed repository will not significantly affect the site stability, and 
the Site is expected to be an acceptable disposal location. 

5.1.3 Characteristics of the Blue Ledge Mine Camp Site 

The USFS has identified the area of the former mine camp site as a potential borrow area for site 
restoration and repository area cap materials. The site is characterized as follows: 

 The site is covered in young trees and dense brush.  

 Slopes range from 3H:1V to 4H:1V. Local topography is irregular. 

 The area is approximately 3.5 acres. 

 Elevations range from about 4,020 to 4,160 feet msl, sloping downward to the southwest 
to Joe Creek.  

 The USFS reports that the area is a landslide deposit (Jones, 2009). URS agrees with that 
observation on the basis of reviews of aerial photographs and topographic maps that 
indicate potential landslide geomorphology upslope and west of the Site. 

After additional consultation with the USFS, use of the Blue Ledge Mine camp site for borrow 
material was eliminated from consideration. 

5.2 Data Gaps and Additional Assessment 

URS conducted additional assessments and reconnaissance in 2009 and 2010 to fill data gaps and 
provided information to design the removal action. The primary purpose of the additional 
assessment was to refine the waste rock volume estimates and provide additional geotechnical 
data on the north and south repository sites. 

5.2.1 Additional Survey 

OBEC Consulting Engineers of Medford, Oregon completed a detailed survey (5-foot elevation 
resolution) on the two largest waste rock piles (WRP-1 and WRP-2) at the mine site in June 
2008. The survey is shown on Figure 3-1 of the Preliminary Geotechnical Report (Appendix C). 
URS used the survey to estimate areas and volumes of the primary waste rock piles and to 
estimate repository capacity requirements. URS estimated volumes of WRP-3 and WRP-4 by 
walking the piles and taking physical measurements to calculate volumes. 
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URS contracted Terrapoint USA, Inc. in 2009 to conduct an aircraft-deployed Light Detection 
and Ranging (LiDAR) survey of the Site. LiDAR improved the topographic survey resolution to 
delineate the waste rock piles, road alignments, and other site features. LiDAR data and maps 
were incorporated into the design. 

Ground-based survey was used to delineate the limits of the waste rock piles, potential north and 
south repository areas, and potential new road alignments for work area access.  

5.2.2 Supplemental Geotechnical Investigation and Stability Analysis of Repository Sites 

Preliminary analysis indicated that the proposed repository sites were geotechnically stable 
(Section 5.1.3, Appendix C). Additional geotechnical information was needed to affirm stability 
and design repositories. 

URS performed additional geotechnical investigation between November 3 and November 8, 
2008. The additional investigation included drilling five borings at the two repository sites, a 
more detailed visual reconnaissance of the potential repository sites, and laboratory testing of 
soil samples collected during the investigation. Field and laboratory data were used to develop 
and execute a stability model of the repository sites. Appendix D provides details of the 
supplemental investigation and the slope stability analysis. 

The local geomorphology strongly suggests previous (ancient) landslide activity in the area of 
the south repository site and on both sides of the north repository site ridgeline. However, there 
are no obvious indications of recent, large-scale landslide activity (see Section 5.1.3.2).  

Stability analyses were performed for both repository sites considering the most critical slope 
section. Two geometries were considered at each location: the existing slope geometry (as 
measured by topographic maps) and that of an assumed repository fill geometry. Fifteen feet of 
waste rock/cover fill was considered for the final fill conditions for each repository. Stability 
analyses were performed for each geometry for static and seismic loading conditions.  

Stability analyses were performed using the limit equilibrium method based on the Morgenstern-
Price method of slices using the commercial software SLOPE/W (2006). Using this 
methodology, the factor of safety (FOS) for a given geometry is calculated as the ratio of 
resisting forces to driving forces on a particular trial failure surface.  

Typical minimum static factors of safety for new fills range from 1.3 to 1.5, depending on the 
nature of the fill material and potential failure hazard it poses. These factors of safety indicate 
that the failure hazard of the proposed repository structures is relatively low. In our judgment, 
acceptable factors of safety for this type of earth structure are 1.1 and 1.3 for seismic and static 
loading conditions, respectively. Accordingly, the results of slope-stability assessment performed 
on the repository sites indicate that both the north and south sites are adequately stable for a 
proposed waste fill repository. If final design criteria are established that differ from those 
assumed, slope stability should be reevaluated. 

5.2.3 Additional Waste Rock Areas  

During a June 2009 Site visit, URS and the USFS identified areas of possible waste rock that 
required additional investigation. One area was a densely forested area below the log dam south 
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of Joe Creek and east of the ephemeral drainage that extends from the bottom of WRP-1. 
Another area was a rocky and sparsely forested ridge on the western edge of WRP-1. Due to well 
established trees, these areas were not previously identified as areas of waste rock. Investigations 
consisted of excavating test pits using a backhoe and hand tools.  

Excavations in September 2010 identified relatively thin deposits of waste rock in the forested 
area below the log dam. Waste rock was apparently distributed beyond the ephemeral drainage 
by high run-off flows. The delineated limits of waste rock in WRP-1 were expanded to reflect 
the investigation and the final volume estimate includes the area. 

Excavations indicated a relatively thin (less than 2 feet thick) layer of waste rock on top of the 
rocky ridge on the western edge of WRP-1. Native colluvial soils underlay the waste rock. 
Minimal waste rock was intermixed (estimated less than 50 percent by volume) with the 
colluvium in the upper 1-foot (perpendicular) of the very steep slopes west of the ephemeral 
drainage. Updated waste rock volumes reflect the investigation. 

5.2.4 Test Pits  

Previous volume estimates assumed waste rock depths based on estimated topography and depth 
distribution. The true depth of the waste rock had not been investigated. Excavations with hand 
tools and an excavator confirmed that waste rock overlies one of three broad categories of 
materials: hard bedrock, scree/talus, or soil. Several excavations in each of the four waste rock 
areas identified the depths to rock or underlying native materials. Updated waste rock volumes 
reflect the investigation.  

Where waste rock overlay soil, scree, or colluvium, analytical testing indicated that metals 
concentrations and acid generation potential approach background concentrations at a typical 
depth of approximately 1-foot into the underlying native material. On that basis, the design 
assumes that overexcavation of the waste rock by approximately 1-foot, would attain adequate 
removal. 

5.2.5 Test Removals 

Given the difficult and rough terrain, some minor amounts of waste rock will remain after a 
practicable and acceptable removal. The degree to which removal is possible is uncertain. URS 
conducted test removals to identify feasibility of removals and to differentiate between waste 
rock and underlying or surrounding soils. The observations provided information to develop 
performance criteria for the removal design and specifications. 




