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2.0 SITE CHARACTERIZATION 

2.1 Previous Investigations  

Results of various investigations starting in 1992 and continuing through the present characterize 
the Site. The SI (URS, 2009a) documents the current conditions and fills data gaps in the 
previous investigations. Investigations and results of previous work include the following: 

 Water quality sampling conducted by the USFS in 2000 and 2001 demonstrated that 
concentrations of cadmium, copper, iron, lead, and zinc in Joe Creek increased 
significantly downstream of the Blue Ledge Mine. 

 A macroinvertebrate survey conducted by Southern Oregon University (SOU) during the 
Fall of 2000 and Spring of 2001 showed substantial reductions in the stream biota of Joe 
Creek adjacent to and downstream of the mine site. Impacts were attributed to drainage 
and contaminants transport from the Blue Ledge Mine. The survey indicated that the 
impacts of the mine drainage increased during periods of high run-off. 

 A 2002 Level II macroinvertebrate study and fish survey indicated an absence of 
macroinvertebrates in Joe Creek near the mine site (Siskiyou Research Group, 2002). No 
fish were found in the lowest 2-mile portion of Joe Creek where fish would be expected. 
The aquatic habitat in Joe Creek improved substantially upstream of the mine. The 
habitat improved with distance down Elliott Creek. Fish were observed in Elliott Creek.  

 A 2002 Preliminary Assessment Screen demonstrated that the mine site is the source of 
natural resource damages to Joe Creek and Elliott Creek and that the Site meets the 
criteria for a natural resource damage assessment (Environment International Ltd, 2002). 

 A 2004 Preliminary Assessment/Site Inspections (PA/SI) prepared by Weston (2004) 
identified the presence of ferricrete and the release of metals from the site. The PA/SI 
estimated the extent of the waste rock piles and the potential for environmental impacts. 
The PA/SI was the basis of the EPA’s 2006 time-critical removal action act the site (see 
Section 2.2). 

 Water samples collected in Joe Creek, Elliott Creek, and at Seattle Bar from May 2005 
through November 2007 by SOU further documented the impacts from the mine and 
demonstrated seasonal trends in metal concentrations in water leaving the Site (Elliott, et 
al, 2007).  

 Golder visited the Site in 2007 to observe site conditions and assess removal action 
alternatives. Golder (2007) estimated removal alternatives and costs on the basis of their 
preliminary review of the Site conditions. 

2.2 Previous Actions  

In September 2006, the US EPA terraced and regraded approximately the lower 25 percent of the 
main waste rock pile (WRP-1) to redirect AMD to a channel lined with large marble (limestone) 
boulders. Figure 1-3 shows the approximate location of the EPA’s work. A settling basin was 
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constructed behind the log dam to trap sediment eroded from the waste rock piles. The goal was 
to stabilize the slope, reduce erosion, and provide passive treatment of acidic run-off. Photos 17 
through 20 (Appendix A) show the conditions following the EPA work on the lower slopes. 
Limited erosion from the regraded slopes indicates successful regrading. 

Elliott (2007) observed that the marble boulders became coated with iron precipitates in 
approximately three weeks after construction and the sedimentation basin quickly filled with 
sediment (see Appendix A, photos 19 and 20). Elliott also observed that run-off and AMD from 
higher on the slope flow in an undeveloped and unlined channel until directed into the settling 
pond by a marble berm. During periods of heavy precipitation, run-off overtops the log dam. On 
the basis on monitoring data, Elliott concluded that the remediation had minimal impact on water 
quality in Joe Creek.  

The USFS and URS visited the Site in summer of 2008 to collect environmental samples and 
assess removal action alternatives. URS made similar observations of coatings on the marble 
boulders and sediment accumulation in the sedimentation basin. Nonetheless, it appears that the 
regraded waste rock is generally stable and there are few obvious signs of substantial erosion 
from the regraded piles. The success of the regrading reflects the relatively easy working 
conditions on the lower slopes, as compared to the much steeper and more difficult working 
conditions higher on the slope. 

2.3 2008 Data Gap Investigations 

URS (2009a) conducted additional site assessment to complete the SI in 2008. The purpose of 
the 2008 investigation was to fill data gaps from the previous investigations, assess risk 
associated with mine-affected media, and evaluate three potential disposal sites (referred to as 
“repositories”) for potential disposal of excavated waste rock. The 2008 investigations included 
the following five major elements: 

1. Collected groundwater, surface water, soil, waste rock, sediment, and fish tissue samples 
to assess mine-related impacts to upland and freshwater aquatic habitats. 

2. Conducted a macroinvertebrate survey of Joe Creek and Elliott Creek to confirm previous 
macroinvertebrate results. Appendix B provides details of the macroinvertebrate survey. 

3. Conducted screening-level human health and ecological risk evaluations to assess 
potential risk to human and ecological receptors posed by exposure to contaminated 
media. 

4. Assessed geotechnical properties of waste rock samples. 

5. Conducted preliminary and supplementary geotechnical analyses of potential repository 
sites.  

Fieldwork conducted by URS to fill data gaps to complete the SI included the following: 

 June 23 to June 28, 2008: Collected samples of waste rock, river sediment, and riparian 
soil from 32 locations. Water samples were collected from seeps, adits, the log dam, Joe 
Creek, tributaries to Joe Creek, Elliott Creek, Applegate River, and Applegate Reservoir. 
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 June 24 and 27, 2008: Conducted visual reconnaissance and geotechnical evaluation of 
waste rock areas and potential waste rock repositories.  

 June 26 to July 1, 2008: Surveyed waste rock piles and measured piles to assess waste 
rock volumes. 

 August 22, 2008: Visited site with contractor experienced in site reclamation to assess 
site conditions, removal action alternatives, and access. 

 September 9, 2008: Conducted macroinvertebrate survey. 

 November 3 to November 8, 2008: Conducted supplementary geotechnical field 
investigation and characterization of potential repository sites. 

 November 8, 2008: Collected water samples from Joe Bar water supplies. 

2.4 Summary of Site Investigations, Risk Evaluation, and Geotechnical 
Assessment 

The SI report (URS, 2009a) tabulates sampling data and presents quantitative ecological and 
human health risk evaluations. This section summarizes the findings and conclusions of the SI 
report. The findings of the SI and risk evaluation provide the basis for the removal action. 

The potential remedies for the Site include removal of waste rock and placement of the removed 
rock in a constructed repository at a local site. Other alternatives include stabilizing the waste 
rock in place or placing the excavated waste rock in an off-site landfill. The data gaps evaluation 
included preliminary geotechnical assessment of the waste rock and potential waste rock 
repository sites. Section 5 discusses removal action technologies and the geotechnical 
characteristics of the waste rock and evaluations of the potential repositories. 

2.4.1 Quantities, Areas, and Volumes 

The following site characteristics reflect observations and analysis by URS in 2008 and previous 
evaluations and sampling by others: 

 There are four primary waste rock areas (Figure 1-3). The estimated area, volume (cubic 
yards [CY]), and mass (tons [T]) of the waste rock are: 

Summary of Waste Rock Areas 

Waste Rock 
Pile ID Location 

Area  
(acres) (1) 

Volume 
(CY) Weight (T) (2) 

WRP-1 Slope north of main mine site 5.4 35,000 52,500 

WRP-2 Slope east of main mine site 1.3 5,000 7,500 

WRP-3 1,000 feet south of main mine site 0.8 4,600 6,900 

WRP-4 Across drainage north of main mine site 0.6 2,100 3,150 

 Totals 8.1 46,700 70,050 
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Areas in the above table are calculated from site survey. Weight assumes 1.5 tons per cubic yard. 

 At least eight adits above the respective waste rock piles were observed and include the 
following: 

WRP-1: two formerly productive adits (1A [upper] and 1B [lower]) 
WRP-2: two formerly productive adits (one high on the slope, now caved in and 

minimally visible [2A], and one lower on the slope [2B]) and two 
exploratory adits (2C, 2D) 

WRP-3: at least one productive adit (3A) 
WRP-4: one productive adit (4A) and one exploratory adit (4B) 
 

Photos 21 through 26 in Appendix A show adits. 

 Waste rock is deposited on steep slopes that typically range from approximately 30 to 45 
degrees from horizontal, although waste rock is also present on some shallower and some 
steeper slopes. 

 URS and Golder observed a groundwater discharge of approximately 0.5 gallons per 
minute (gpm) from the lower adit in Area 1 (Adit 1B). The discharge is reportedly higher 
in the wet season. Photo 21 (Appendix A) shows discharge from Adit 1B. A discharge of 
approximately 0.4 gpm was observed by URS in June 2008 from Adit 5 (referred to as 
AD-02 in the SI). Other adits were wet during URS’ August 2008 site visit, and seasonal 
discharge is possible.  

 Golder observed a discharge seep below the log dam in the main drainage gully. The seep 
was not flowing during URS visits in June or August 2008. 

 There are four primary drainage gullies in the waste rock areas (see Figure 1-3): 

1. An erosional depression running through the center of WRP-1. 
2. A seasonal drainage to the west of WRP-1. 
3. A seasonal drainage in the lower portion of WRP-2. 
4. A seasonal drainage in the lower portion of WRP-3. 

The gullies drain to Joe Creek. There is no obvious drainageway within WRP-4. 

 Environment International (2002) reported surface water flows as high as 1 cubic foot per 
second (cfs) in the main drainage gully in Area 1.  

 Waste rock materials have been eroded and transported through the drainage gullies to 
the streambed of Joe Creek. Erosion and transport of waste rock materials, along with 
AMD, are the primary source of the adverse impacts to Joe Creek. 

2.4.2 Ecological Risk Evaluation 

The ecological risk evaluations presented in the SI Report (URS, 2009a) included sampling of 
environmental media (soil, sediment, surface water, and groundwater) and fish tissue. The 
ecological risk evaluations concluded that mine-related metals pose unacceptable ecological risk 
in surface water, sediments, and riparian soils near the mine. A reader of this EE/CA should refer 
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to the SI report for detailed discussion of sampling methods, detected concentrations, and risk 
calculations.  

Potential risks to ecological receptors are higher near the mine and generally decrease with 
distance. An ecological risk was indicated if detected concentrations were higher than typical 
background levels and exceeded applicable ecological screening level values. Results of the risk 
evaluation are summarized as follows: 

 Metals concentrations in the discharge from adits 1B and 5 (samples AD-01 and AD-02, 
respectively) were high for arsenic, cadmium, and zinc. Adit 1B also contained very high 
concentrations of copper, iron and lead. A sample collected from the log dam seep also 
exhibited high concentrations of cadmium, copper, iron, lead and zinc. Copper and 
cadmium concentrations in Joe Creek surface water below the Site indicate an 
unacceptable ecological risk. 

 Copper, zinc, and cadmium in sediments of Joe Creek pose significant ecological risk. 
Copper in riparian soil along Joe Creek poses significant ecological risk. Cadmium, zinc, 
and lead pose low ecological risk in riparian soil along Joe Creek. 

 Copper concentrations in Elliott Creek are lower than in Joe Creek, but quantitative 
evaluation indicates that copper concentrations in the surface water of Elliott Creek 
exceed the minimum threshold for unacceptable ecological risk. Copper concentrations in 
Elliott Creek sediment and riparian soil exceed the lowest screening values and 
background concentrations. 

 Ecological risks in the Applegate River and Applegate Reservoir media (i.e., water, 
sediment, and riparian soil) are relatively low. Metals concentrations were low in fish 
tissue and do not appear to indicate an unacceptable ecological risk. 

The risk assessment (URS, 2009a) provides details of chemical concentrations and risk-based 
standards. Data used in the risk evaluation represent low flow conditions. Dissolved metals 
concentrations and mass flux may be substantially different during spring run-off conditions. 

In summary, the quantitative ecological risk evaluation and stream surveys reflect obvious visual 
impacts: Joe Creek is severely impacted, with virtually no visual signs of aquatic life observed 
during site visits by URS and others.  

Elliott Creek is impacted, but less so than Joe Creek. Applegate River and Applegate Reservoir 
are not visibly impacted and the calculated ecological risk was low. Residents of Joe Bar pointed 
out to our sampling team that mineral staining indicative of adverse impacts from the mine has 
been common in Joe Creek for years. They have observed in the last couple of years that the 
staining has been manifesting farther down Elliott Creek. These observations may indicate 
potential accumulations of impacts farther downstream over time. 

2.4.3 Macroinvertebrate Survey  

Macroinvertebrate surveys conducted in streams near the mine site are an important part of the 
biological sampling and ecological risk evaluation. The number, distribution, and species of 
aquatic macroinvertebrates are important indicators of stream health. Previous surveys were 
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completed in the Fall of 2000 and Spring of 2001. URS completed a macroinvertebrate survey in 
September 2008. 

Fieldwork for the 2008 survey was conducted in early September. The survey results were not 
available to include in the SI report (URS, 2009a). The macroinvertebrate survey is summarized 
below. Appendix B provides details of the survey sampling methods and results. 

The survey consisted of collecting macroinvertebrates from four locations in the following areas: 

 Elliott Creek downstream from the confluence with Joe Creek. 
 Elliott Creek upstream from the confluence with Joe Creek. 
 Joe Creek downstream of mine run-off contribution. 
 Joe Creek upstream of mine run-off contribution. 

 
The sampling locations were designed to allow assessment of benthic community composition in 
response to water quality parameters, including the presence of metals in run-off from waste rock 
piles associated with the Site.  

The results of the survey indicate that macroinvertebrate communities in Joe Creek downstream 
of the waste rock piles are significantly degraded, as compared to the upstream control sample. 
Differences in community are largely between species that are susceptible to metals toxicity and 
water temperature. Because water temperature was similar between sites, the results indicate that 
metals contamination from the mine site is adversely impacting the macroinvertebrate 
community in Joe Creek. 

Macroinvertebrate communities in Elliott Creek varied slightly between samples collected 
downstream of the confluence with Joe Creek and the control located upstream. The aquatic 
macroinvertebrate survey gave no clear indication that assemblages were responding to the 
presence of metals. While this does not rule out an influence from metals, metrics were not 
sensitive enough to make such a correlation.  

The aquatic macroinvertebrate survey clearly indicates that discharges from the mine (i.e., 
sediment erosion, surface water discharge, and/or groundwater discharge) are impacting aquatic 
biota assemblages in Joe Creek. Species composition, total numbers of a species, trophic 
distribution, and diversity of species all show an adverse response to water quality impairment. 
Impacts to Elliott Creek are uncertain. Variations within Elliott Creek aquatic macroinvertebrate 
assemblages were not statistically significant; as such, analytical models were unable to discern 
whether aquatic macroinvertebrate assemblages were responding to water quality contributed by 
Joe Creek. The SI provides additional discussion of the health of nearby surface water bodies. 

2.4.4 Human Health Risk Evaluation 

Potentially complete exposure pathways for humans include consumption of fish, direct contact 
with sediments and riparian soils, and ingestion of groundwater. Direct contact with surface 
water was assumed to be an insignificant pathway for humans.  

Only arsenic exceeded human health screening criteria for the complete exposure pathways. 
Human health criteria protective of recreational fishers from the carcinogenic effects of arsenic 



SECTIONTWO Site Characterization 

 O:\25696770 Blue Ledge Mine\4000 Deliverables\EE-CA Revised\EECA Revised Final 4-26-10.doc 2-7 

was exceeded in all fish tissue samples. Concentrations in the samples ranged from 21to 39 times 
the criteria.  

The data and observations indicate that arsenic in surface water could be naturally occurring, or 
the arsenic in Elliott Creek could originate from mining activity other than at the Blue Ledge 
Mine. The sampling completed for the SI is not adequate to identify the sources of arsenic in the 
surface water in the area. 

Residents of Joe Bar use groundwater from four wells and one groundwater seep for drinking 
water. URS collected groundwater samples from two wells and seep on November 8, 2008. 
Section 2.4.5 of this document summarizes the groundwater sampling. The data were used to 
update the human health risk assessment (URS, 2009a).  

2.4.5 Residential Water Supply Sampling 

The community of Joe Bar is located just downstream of the confluence of Joe Creek and Elliott 
Creek. Joe Bar consists of four houses and associated outbuildings. Interviews with one resident 
indicate that there are six full- or part-time residents.  

High metals concentrations detected in seeps and surface water may be indicative of metals in 
groundwater. Groundwater was not a specific target of the SI. The risk assessment assumed that 
groundwater was not a complete human health exposure pathway because the initial 
understanding was that groundwater was not used. Recent communications indicate that 
residents of Joe Bar use groundwater, but not surface water (i.e., Elliott Creek), for drinking 
water. Elliott Creek water is used for watering gardens and as drinking water for domestic 
animals. The USFS requested sampling of groundwater from domestic water supply sources. The 
SI describes the sampling and results. 

Residents of Joe Bar obtain drinking water from four wells and a spring. One well is reportedly 
inoperable. One operable well (Ziem residence) is located approximately 200 feet north of Elliott 
Creek, and the other operable well (Nielson residence) is approximately 100 feet south of Elliott 
Creek. The Ziem well is approximately 60 feet deep. The depth of the Nielson well is not known. 
The construction of the wells is not known. The Ruetiger and Lara residences obtain 
groundwater for drinking from a spring located north of Forest Service Road 1050. Accordingly, 
the spring source is on the opposite site of Elliott Creek from the Site.  

URS collected domestic water samples from two wells and a spring on November 8, 2008. 
Groundwater samples were analyzed in the field or sent to the laboratory for analysis of the 
following parameters: 
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Field Analysis 
 pH 
 Conductivity 
 Turbidity 
 Salinity 
 Dissolved Oxygen 
 TDS 
 ORP 

Laboratory Analysis 
 Alkalinity 
 Acidity 
 Hardness 
 Metals 
 TSS 
 Sulfate 

 

The resident reports that water from the Ziem well is clear and odorless, but has “milky taste” 
and has “a lot of calcium.” Users of the other sources were not available to provide descriptions. 
Field monitoring parameters indicate water of suitable drinking water quality. 

No parameters exceeded either the Federal or California regulatory Maximum Contaminant 
Levels (MCLs). Dissolved arsenic concentrations ranged from 0.22 micrograms per liter (µg/L) 
to 6.24 µg/L. These detections exceed the conservative EPA Regional Screening Level (RSL) for 
arsenic in tapwater of 0.045 µg/L. The available data do not indicate the source of the arsenic. 
The arsenic may not be related to arsenic detected in surface water in Elliott Creek, but rather 
may be the result of naturally high levels of arsenic in local soils.  

2.5 Sources of Acid Mine Drainage and Conceptual Hydrogeologic Model  

Metal-sulfide ore deposits contained the target metals, primarily copper, zinc, gold and silver that 
were mined at the Site. High-grade ore was shipped from the Site. Low-grade ore and waste rock 
were discarded on the hillsides below the adits.  

There are several potential sources of AMD and mechanisms of transport. The predominant 
sources of AMD at the Site include the following: 

 Mine workings. Hundhausen (1947) estimated approximately 8,240 linear feet of 
workings and reported good natural ventilation. Formation of acidity and leaching of 
dissolved metals are likely in the abandoned workings. AMD could discharge through 
adits or directly to groundwater. 

 Percolation of water through the waste rock. Waste rock and massive pyrite were 
discarded on the slopes below the adits. Weathering of the pyrite and waste rock 
produces sulfuric acid and dissolved metals. The relatively fine-grained waste rock 
promotes the production of AMD, as compared to waste rock consisting of larger rocks. 

 Erosion and transport of waste rock. Erosion and mass wasting transport waste rock 
materials lower on the slopes or in drainageways (e.g., Joe Creek). Subsequent 
weathering produces sulfuric acid and dissolved metals. 

Figure 2-1 depicts AMD sources and process. The relative contribution of these sources to the 
degraded conditions in Joe Creek is uncertain. Elements of the hydrogeologic model consist of 
the following: 
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 The reported average annual precipitation in the vicinity of the mine is 138 inches of 
snow and 33 inches of rain (Hundhausen, 1947). The USFS (1995), however, estimates 
that rainfall at the Site is likely to be over 40 inches per year due to its location and 
elevation. Over 86 percent of the annual run-off at the mine occurs from December 
through June (USFS, 1995). 

 Overland flow of run-off transport acidity and dissolved metals. Rain-on-snow events and 
heavy summer rains can result in intense erosion and mass wasting. Mass wasting and 
erosion mobilize and expose eroded waste rock and underlying waste rock which then 
oxidizes to release acid and metals. 

 Some of the incident precipitation and run-off infiltrates into the porous waste rock to 
become groundwater. Dissolution of waste rock creates acid and dissolved metals. Flow 
of groundwater through the waste rock transports acid and metals. 

 Groundwater discharges from seasonal seeps (Appendix A, Photo 15). One observed seep 
discharges directly into the channel that diverts flow from the lower adit to the settling 
pond and over the log dam ultimately discharging into Joe Creek. Wet areas on lower 
slopes indicate seeps that discharge directly into Joe Creek. 

 Groundwater above the mine may infiltrate into the mine workings and then discharge 
from adits as AMD or permeate deeper into the groundwater system. The fate of deep 
groundwater through fracture flow is complex.  

Consideration of the hydrogeologic conceptual model and mechanisms of contaminant fate and 
transport influence the approach to removal actions. The relative contribution of the transport 
mechanisms is uncertain. Following are general observations regarding the conceptual model and 
transport processes: 

 High intensity rainfall, rain-on-snow events, and spring run-off cause significant erosion 
and transport of the waste rock. Waste rock sediments deposited in Joe Creek 
subsequently release acidity and metals directly into surface water.  

 High mass loading and transport of sediments impact Joe Creek and probably Elliott 
Creek, as well as potentially the Applegate River and Applegate Reservoir. 

 Overland flow on the waste rock transports dissolved metals and acidity. Elliott (2007) 
noted that metals concentrations are high in “first flush” run-off when fall rains transport 
dissolved metals that accumulate over the summer. 

 Rainwater and snow melt that infiltrate the waste rock seep slowly through the waste 
rock, causing release of acidity and dissolution of metals.1 This mechanism probably 
causes high concentrations in shallow groundwater but probably relatively low flux of 
acidity and contamination to deeper groundwater and eventually to surface water. 

 AMD that discharges from some adits has a low pH and high metals concentrations. The 
observed flows are relatively low, but higher flows are likely in the winter. Additional 

                                                 
1 Note high copper and zinc concentrations in seeps and adits reported in the SI report (URS, 2009a) 
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investigation is warranted to assess the environmental impact of AMD discharged from 
the adits.




