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1.0 INTRODUCTION 

This report presents the Baseline Site-Specific Livestock Risk Assessment (SSLRA), conducted 
by the J.R. Simplot Company (Simplot), for the former Conda/Woodall Mountain Phosphate Mine 
(Conda Mine or Site).  The Conda Mine is located northeast of Soda Springs, in Caribou County, 
Idaho (Figure 1-1).  This SSLRA presents an evaluation of potential risk from chemicals of interest 
(COIs) to livestock at the Site to help determine the need for managing risks to livestock.   

Simplot voluntarily entered into an Administrative Order on Consent (AOC) with the Idaho 
Department of Environmental Quality (IDEQ), U.S. Department of Interior (DOI) Bureau of Land 
Management (BLM), and U.S. Environmental Protection Agency (USEPA), to conduct a Remedial 
Investigation (RI) and assess risk to human health and the environment, as well as perform a 
Feasibility Study (FS), collectively RI/FS (IDEQ, BLM, and USEPA 2008).  Pursuant to a July 17, 
2000 Memorandum of Understanding (MOU) concerning contamination from the phosphate 
mining operations in southeastern Idaho, IDEQ is the “Lead Agency,” with USEPA implementing 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA).  The BLM, 
DOI’s U.S. Fish and Wildlife Service (USFWS), and the Shoshone-Bannock Tribes (Tribes) have 
elected to participate as “Support Agencies.”  Hereafter, the IDEQ, USEPA, BLM, USFWS, and 
the Tribes are collectively referred to as the Agencies.   

The SSLRA is being conducted in response to direction from the Agencies, and is intended to 
supplement the Site-Specific Ecological Risk Assessment (SSERA) (Formation Environmental 
[Formation] 2015a), and Site-Specific Human Health Risk Assessment (SSHHRA) (Formation 
2015b).  The Agencies indicated that remedial actions at the Site will not be driven exclusively by 
risks posed to livestock.  Rather, the results of the SSLRA will provide the Agencies with the 
information necessary to make informed decisions on grazing activities and will be considered 
during the development of remedial alternatives to address risks to humans and wildlife.   

A Draft Final RI Report (Formation 2014) describes the Site background and sources for RI 
chemicals of potential concern (RI COPCs) that were identified by the Agencies for investigation 
at the Site.  The Draft Final RI Report also describes the nature and extent of these RI COPCs in 
various environmental media, and contaminant fate and transport at the Site.  For the SSLRA, 
the 22 metal/metalloid COPCs and 2 inorganic non-metal COPCs identified in the RI and listed in 
the Baseline Problem Formulation (BPF) (Formation 2013), are referred to as COIs. 

The SSLRA approach is based on USEPA Ecological Risk Assessment (ERA) guidance (USEPA 
1997, 1998) and is consistent with a screening-level risk assessment that allows for the 
identification of COIs that could be present at concentrations that are potentially toxic to livestock.  
The SSLRA described herein was completed in two stages: (1) development of a BPF (Formation 
2013) in conjunction with the Agencies to establish guiding assumptions and procedures, and (2) 
quantification of risks for complete and significant pathways using a tiered approach.  Livestock 
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chemicals of potential concern (LCOPCs) are identified in the screening-level assessment.  Tiers 
1 and 2 provide further assessment of the LCOPCs.  These tiers include evaluation of the 
pathways that are driving the estimated potential risk, review of the spatial distribution of LCOPC 
concentrations within the Site, qualitative consideration of background concentrations, and 
discussion of the assumptions and uncertainties associated with the Tier 1 risk characterization.  
Preliminary livestock chemicals of concern (LCOCs) are identified based on these evaluations. 
The initial LCOC list resulting from the SSLRA should be considered preliminary and will be 
finalized with input from the Agencies prior to the FS. 

1.1 Site Location 

The Conda Mine is located approximately 8 miles northeast of Soda Springs, in Caribou County, 
Idaho, on the east side of State Highway 34 (Figure 1-1). The area evaluated in the RI/FS is 
referred to as the Site and includes the mined area (Conda Mine or “Mined Area”) and the area 
adjacent to the Conda Mine that is potentially affected by transport of materials (“Non-Mined 
Area”) (Figure 1-2).  The Mined Area consists of approximately 3,033 acres owned by Simplot, 
and 1,620 acres of Federal lands managed by the BLM (“BLM lands”).  Property ownership in the 
Non-Mined Area consists of approximately 3,998 acres of Simplot lands, 4,834 acres of lands 
owned by other private parties, 1,470 acres of BLM lands, 95 acres of Federal lands managed by 
the U.S. Forest Service (USFS), and 0.5 acres of State land (Figure 1-3).1     

1.2 Mining History and Background 

As previously described, the Site includes the Mined and Non-Mined Areas (Figure 1-2). Historic 
mining activities at the Conda Mine occurred from 1906 through 1984, with mining initially 
consisting of underground operations (1906 through 1956) and transitioning into open-pit mining 
(beginning in the early 1950s).  Simplot constructed a pump station in 1984 at the Site to boost 
the pressure in a slurry pipeline that transports phosphate ore from the Smoky Canyon Mine to 
the Don Plant near Pocatello, Idaho.  The town of Conda was vacated by 1987, and the town 
structures were largely demolished.  Simplot continues to operate the pump station. 

Mining operations left residual mining materials (RMM)2 (Figure 1-2) containing naturally elevated 
selenium and other COIs.  Handling and disposal of the RMM accelerated both physical and 
chemical weathering processes, resulting in releases of selenium and other chemicals to the 
environment.  Numerous area-wide studies have identified Middle Waste Shale as the 

                                                 
1 Ownership records are current as of 2015 and are based on Caribou County Geographic Information Systems (GIS) data from 2009, 
supplemented with more current Simplot records including a 2012 land transaction with Monsanto and a 2015 transaction with the 
Jouglard and Dredge families.  In some cases, on-the-ground surveys have been used to improve ownership boundary data from 
Caribou County.  
2 Waste rock is the rock that was removed during underground mining to access ore.  Mill tailings are the solid byproduct (i.e., finely 
milled host rock material) of the beneficiation process (e.g., milling).  The tailings material is what remains after the economically 
valuable ore has already been extracted.  All these materials contain the seleniferous Waste Shale and Mudstones.  
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predominant source of selenium and other COI releases to the environment (Montgomery Watson 
1999, Bond 2000, Herring et al. 2000, Munkers 2000).  The RMM cover approximately 1,500 
acres and haul and maintenance roads extend over about 200 acres.  Most of the RMM are 
contained within Simplot property (approximately 1,330 acres) with a small portion located on 
BLM land (approximately 270 acres).   

During the later years of mining and since mining ceased, Simplot reclaimed approximately 580 
acres of the disturbed lands.  Reclamation consisted of: (1) reshaping angle-of-repose overburden 
piles; (2) placing topsoil whenever feasible or roughening the surface to improve conditions for 
plant growth; (3) seeding the area with a mix of grasses, alfalfa and clover; and (4) fertilizing the 
area with inorganic fertilizers.  In addition, Simplot regraded and constructed Dinwoody Formation 
soil covers over an area of 147 acres in the Pedro Creek Sub-Basin.  A pile was regraded to 
facilitate the construction of a Plant Selenium Uptake Field Scale Pilot Study (FSPS) under the 
RI, and another pile was re-graded as part of a Non-Time-Critical Removal Action (NTCRA).  The 
NTCRA was performed under a Settlement Agreement/Consent Order (SA/CO) (USEPA, BLM, 
and IDEQ 2012).  Both piles were seeded with shallow-rooted, low selenium accumulating grass 
species. 

1.3 Document Organization 

The SSLRA includes the following sections: 

 Description of current and future grazing (Section 2); 

 Preliminary livestock conceptual site model (LCSM) and livestock exposure scenarios 
(Section 3);  

 Risk evaluation approach: identification of LCOPCs and risk characterization methodology  
(Section 4); 

 Screening-level results (Section 5);  

 Risk characterization, identification of preliminary LCOCs, and uncertainty (Section 6);  

 Conclusions (Section 7); and  

 References (Section 8). 
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2.0 CURRENT AND FUTURE GRAZING AT THE SITE 

Livestock grazing on private and BLM-managed property is a current and anticipated future land 
use at the Site.  Seven BLM grazing allotments fall within the Site: Conda Mine, North Sulfur and 
Trail3, Trail Canyon-1, Trail Canyon-2, Woodall Mountain, Woodall Ranch, and Woodall Spring 
(Figure 2-1) (BLM 2010, 2012a, 2012b).4  Livestock grazing within these allotments is permitted 
for sheep and cattle.  Horses are also pastured and used for ranching activities in the grazing 
allotments.  The allotment number, class of livestock, season of use, and animal unit month 
(AUM),5 are reported for each allotment on Table 2-1.  Table 2-1 also presents acreage of each 
grazing allotment within the Mined Area and Non-Mined Area and approximate percentages of 
land ownership.  There are no year-round or seasonal residents or ranchers living within the Mined 
Area of the Site.   

Figure 2-2 shows the grazing allotments overlain on satellite imagery, which shows the amount 
of vegetation and mine disturbance within each allotment.  The vegetation community at Conda 
is predominantly comprised of conifer-aspen, mountain brush, and sagebrush-grass 
communities, with areas of agricultural use.  Figure 2-3 depicts the vegetation cover types at the 
Site; the vegetation map is based on data compiled by the U.S. Geological Survey (USGS) 
Northwest Regional Gap Analysis Project (NWGAP) (USGS NWGAP 2009) and RMM information 
for the Site.  The approximate percentage of vegetation types and RMM within each allotment is 
identified on Table 2-2.  The percent (%) of RMM within the grazing allotments ranges from none 
to 15.5% (Table 2-2).   

The BLM does not prescribe grazing methods for the ranchers using the allotments.  The ranchers 
are required to follow the Idaho Standards for Rangeland Health and Guidelines for Livestock 
Grazing Management (BLM 1997).  Grazing in some of the BLM allotments has been partially 
restricted by the BLM Pocatello Field Office (PFO) due to elevated selenium concentrations in 
water and plants (BLM 2012a).6   The BLM PFO Approved Resource Management Plan (ARMP) 
(BLM 2012a) specifies that closures will remain in place until selenium can be reduced to 
acceptable levels through containment or capping.  All of the allotments, except the Conda Mine 
allotment, are identified in the BLM ARMP (refer to Figure 12) as being “potentially impacted by 
selenium.”  BLM’s ultimate goal is to return the BLM-managed public land to its multi-use status.   

Detailed information for each allotment is provided in the following subsections.  

                                                 
3 Only a very small portion of the North Sulphur and Trail (BLM) grazing allotment is in the Site (47 acres) and so this allotment is not 
discussed further in this document.   
4 There is one USFS grazing allotment (North Sulphur) in the vicinity (Figure 2-1) but only a very small portion of this allotment is in 
the Site (99 acres) and so this allotment is not discussed further in this document.    
5 Grazing use by livestock is measured in terms of AUMs.  One AUM is equal to the amount of forage used to support one cow and 
one calf for one month (approximately 800 pounds of forage).   
6 Sheep grazing is restricted on approximately 1,328 total acres: 71 percent of the Woodall Mountain, 40 percent of Trail Canyon-1, 
and 13 percent of Trail Canyon-2 grazing allotments, based on calculations of acres of public land affected by selenium in each 
allotment (BLM 2010).   
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2.1 Woodall Spring Grazing Allotment 

The Woodall Spring allotment is a 1,613-acre area composed mainly of private land 
(approximately 76%) and BLM land (approximately 24%) on the northwestern flank of Woodall 
Mountain in the northern portion of the Site (Figures 1-3 and 2-1, Table 2-1).  The allotment is 
bisected by the private Monsanto Company Inc. (Monsanto) haul road, with the Woodall Springs 
wetland complex along the west side of the haul road and Woodall Mountain along the east side 
(Figures1-3 and 2-1). 

Less than about 1% of the allotment occurs on Simplot land within the Mined Area, and this 
allotment has no RMM (Tables 2-1 and 2-2).  The majority of the allotment (approximately 71%) 
is within the Non-Mined Area, and approximately 29% of the allotment occurs outside of the Site 
boundaries.  The vegetation composition of the Woodall Spring allotment includes a mixture (in 
descending abundance) of woodland/shrubland, sagebrush steppe, forest/woodland, and 
grassland/pasture (Table 2-2; Figure 2-3).  

This allotment is identified in BLM’s ARMP (Figure 12) as being “potentially impacted by 
selenium,” however, this grazing allotment was not identified in any tables in BLM (2012a) as 
having any restrictions on grazing.     

2.2 Woodall Ranch Grazing Allotment  

The Woodall Ranch allotment is a 645 acre area composed mainly of private land (approximately 
74%) and BLM land (approximately 26%) on the western side of Woodall Mountain in the northern 
portion of the Site (Figures 1-3 and 2-1, Table 2-1).  None of this allotment is within the Mined 
Area (Table 2-1), and there is no Conda-related RMM within the boundaries (Table 2-2, Figure 2-
3).  This allotment is also bisected by the private Monsanto haul road, with portions of Agrium Inc. 
operations and portions of the Woodall Springs wetland complex along the west side of the haul 
road and Woodall Mountain along the east side (Figures1-3 and 2-1). 

The majority of the allotment (approximately 77%) is outside of the Site boundaries, only 
approximately 23% occurs within the Non-Mined Area.  The vegetation composition (in 
descending order) includes woodland/shrubland, sagebrush steppe, forest/woodland, and 
grassland/pasture (Table 2-2, Figure 2-3).  Portions of the allotment include land used as part of 
Agrium’s Conda Phosphate Operations facility.   

This allotment is identified in BLM’s ARMP (Figure 12) as being “potentially impacted by 
selenium;” however, this grazing allotment was not identified in any tables in BLM (2012a) as 
having any restrictions on grazing.   
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2.3 Woodall Mountain Grazing Allotment 

The Woodall Mountain allotment is the largest grazing allotment at the Site (6,890 acres), 
extending from the northern to the southern boundary of the Site and encompassing the majority 
of Woodall Mountain.  The allotment is composed mainly of Simplot-owned private land 
(approximately 62%), BLM land (approximately 25%), and other privately- and county-held land 
(approximately 13%) (Figures 1-3 and 2-1, Table 2-1).  Just under half of the allotment 
(approximately 41%) is within the Mined Area (Table 2-1).  The remainder of the allotment is within 
the Non-Mined Area of the Site, and a small portion of the allotment (approximately 7%) extends 
outside of the Site boundary.  Simplot recently purchased the Jouglard Ranch, which is located 
within the grazing allotment immediately east of the Conda Mine.  About 15% of the allotment 
contains areas with RMM (Table 2-2, Figure 2-3).  The vegetation composition for the Woodall 
Mountain allotment includes a mixture (in descending abundance) of forest/woodland, sagebrush 
steppe, grassland/pasture, and woodland/shrubland (Table 2-2, Figure 2-3).   

A large portion of this allotment (1,180 acres of public land; approximately 71% of the allotment) 
is indefinitely closed to sheep grazing due to elevated levels of selenium in water and plants (BLM 
2012a).   

One operating seasonal ranch is located within the southeastern portion of the Woodall Mountain 
Grazing Allotment (on private land in the Non-Mined Area portion of the allotment).  The ranch is 
located on private land in the Non-Mined Area, and operates from late May/early June through 
late October.  The rancher operates in other states for the remainder of the year.  The seasonal 
rancher was interviewed to obtain basic information about their grazing operations in the 
allotment.  The rancher conveyed that they graze sheep and cattle, and they also use horses on 
the ranch.  The livestock graze on private land as well as BLM and USFS allotments.  Permission 
to graze on these allotments is obtained through application.  Horses are used during the 
movement of sheep and cattle and therefore graze on the Site.  Seasonal grazing operations by 
the rancher include approximately 1,000 ewes and lambs grazing on about 50 acres per day.  The 
rancher noted that grass is the preferred vegetation for the grazing livestock; however published 
literature indicates that cattle and sheep do not have the same grazing patterns with sheep 
preferentially grazing forbs over grasses.  Springs, ponds, and creeks serve as the water sources 
for the livestock.  Salt licks are made available to the livestock to provide dietary mineral 
supplement.  The rancher explained that selenium is no longer included in the mineral 
supplement.  The livestock are raised for meat (cattle and sheep) and wool (sheep).  The sheared 
wool is sent directly to a brokerage in Salt Lake City and is distributed to Russia or Eastern Bloc 
countries.  The animals are sent to Colorado for slaughtering and the meat is then distributed 
throughout the western and eastern United States.  

Livestock associated with ranches on private land to the east of the allotment can currently access 
the grazing allotment. 



Remedial Investigation/Feasibility Study 
Site-Specific Livestock Risk Assessment Report  
Conda/Woodall Mountain Mine FINAL June 2016 

 
 

 
S:\Jobs\0442-001-900-Simplot-Conda\RIFS_RiskAssessRpts\Livestock\FinalRpt\Text\FnlCondaSSLRA_TextRev.docx 

 7

2.4 Conda Mine Grazing Allotment 

The Conda Mine allotment is a 437 acre area composed mainly of BLM land (approximately 93%) 
in the central portion of the Site (Figures 1-3 and 2-1, Table 2-1).  The majority of the allotment is 
within the Mined Area (approximately 90%), and approximately 10% is within the Non-Mined Area 
(Table 2-1).  Only a small portion (approximately 2.5%) of the allotment contains mining-related 
disturbances consisting of material borrow areas (Table 2-2, Figure 2-3).  The vegetation 
composition for the Conda Mine allotment includes a mixture (in descending abundance) of 
sagebrush steppe, forest/woodland, grassland/pasture, and woodland/shrubland (Table 2-2, 
Figure 2-3).   

This allotment is identified in BLM’s ARMP (Figure 12) as being “potentially impacted by 
selenium,” and information in BLM (2010) indicated that this allotment was not currently permitted 
or leased.  However, this grazing allotment was not identified in any tables in BLM (2012a) as 
having any restrictions on grazing.  

2.5 Trail Canyon-1 Grazing Allotment 

The Trail Canyon-1 allotment is an 832 acre area in the southern part of the Site composed of 
BLM land (approximately 36%), Simplot-owned private land (approximately 33%), and other 
private land (approximately 30%) (Figures 1-3 and 2-1, Table 2-1).  Approximately half of the 
allotment is within the Mined Area (approximately 52%) and the other half is within the Non-Mined 
Area (approximately 42%), with a small portion outside of the Site boundary (approximately 5%) 
(Table 2-1).  Approximately 11.5% of the allotment includes areas with RMM (Table 2-2, Figure 
2-3).  The vegetation composition of the Trail Canyon-1 allotment includes a mixture (in 
descending abundance) of sagebrush steppe, forest/woodland, woodland/shrubland, and 
grassland/pasture (Table 2-2, Figure 2-3).   

About half of this allotment (123 acres of public land; 40% of the allotment) is indefinitely closed 
to sheep grazing due to elevated levels of selenium in water and plants (BLM 2012a).   

2.6 Trail Canyon-2 Grazing Allotment 

The Trail Canyon-2 allotment is an 832 acre area in the southwestern corner of the Site composed 
approximately of 80% private land and 20% BLM of land (Figures 1-3 and 2-1, Table 2-1).  Most 
of the allotment (approximately 99%) is outside the Site boundaries.  The allotment does not have 
any acres within the Mined Area (Table 2-1), nor within RMM areas (Figures 2-1 and 2-3, Tables 
2-1 and 2-2).  The vegetation composition for Trail Canyon-2 includes a mixture (in descending 
abundance) of grassland/pasture, sagebrush steppe, woodland/shrubland, and forest/woodland 
(Table 2-2, Figure 2-3). 
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A small portion of this allotment (25 acres of public land; 13% of the allotment) is indefinitely 
closed to sheep grazing due to elevated levels of selenium in water and plants (BLM 2012a).   

2.7 Grazing on Lands Adjacent to Allotments 

Grazing also occurs on private lands adjacent and to the east of the Woodall Mountain Allotment 
(Figure 2-1).  There is not currently any grazing within the Townsite Area of the Site (Figure 1-2), 
or areas within the Site boundaries and west of the Trail Canyon-1 Allotment.   

2.8 Selenium-Related Livestock Mortality and Morbidity 

Several historical incidents of livestock mortalities have occurred at the Conda Mine and other 
mines in the region.7  Although most incidents are thought to be related to selenium toxicity, other 
factors such as livestock management (e.g., nutrition, stress, etc.) and environmental conditions 
(e.g., presence of poisonous plants) can also play a significant role in large livestock kills.   

As summarized in Kuck (2003), elevated selenium concentrations in forage above optimal 
nutritional levels can result in acute or chronic toxicity (i.e., selenosis).  Aiello (2002) provides a 
reference of 30 ppm selenium for “blind staggers associated with the consumption of seleniferous 
forage with moderate levels of selenium.”  Additionally, the report states that “alkali disease is 
associated with prolonged consumption of low level (5-40 ppm) seleniferous forage” (Aiello 2002).  
Acute selenium poisoning is caused by the short-term consumption of forage that is very high in 
selenium.  Historically, selenium poisoning is most often associated with livestock that: (1) are 
confined to pastures with high selenium soils (often compounded by overgrazing), or (2) forage 
on plant species that absorb selenium in greater concentrations than exists in soils (i.e., selenium-
accumulating species).  Symptoms of acute selenosis are severe, characterized by abnormal 
posture, unsteady gait, diarrhea, abdominal pain, frothy nasal discharge, prostration, and death, 
which can occur within hours.  Two types of chronic selenium poisoning (alkali disease and blind 
staggers) can also occur.  Alkali disease is characterized by a general lack of vitality, hair loss, 
hoof soreness, deformation and shedding, and stiffness and lameness associated with prolonged 
consumption of low-level seleniferous forage.  Blind staggers can occur with the consumption of 
seleniferous forage with moderate levels of selenium over a period of days or weeks.  Symptoms 
include stages of impaired vision, wandering, weak front legs, paralysis of throat and tongue, and 
respiratory failure (USFS 2003). 

 

                                                 
7 Three incidents of sheep mortality at Conda (approximately 240 sheep in July of 1985, 180 in July 1997, and 55-100 in June 1998) 
resulted into three studies being performed onsite to evaluate sheep deaths due to exposure to selenium.   
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3.0 PRELIMINARY LIVESTOCK CONCEPTUAL MODEL AND EXPOSURE SCENARIOS 

The LCSM is presented in Figure 3-1 and identifies the exposure pathways that include the 
following elements: 

 Contaminant sources; 

 Mechanisms of COI releases from these source areas; 

 Exposure routes; and 

 Current and future livestock receptors. 

Only exposure pathways with all four primary elements present at the Site were evaluated in the 
SSLRA, consistent with EPA guidance (USEPA 1997).  Each of these four primary elements is 
discussed in the following sections. 

This section summarizes findings of the ongoing RI with respect to COI sources, transport 
pathways, and potential exposure routes at the Conda Mine.  Additional detail is provided in the 
Draft Final RI Report (Formation 2014). 

3.1 Sources of COIs and Mechanisms of Release 

Mudstone and Waste Shale present in the Meade Peak Member of the Phosphoria Formation 
(ore body) are naturally enriched in selenium and other COI (Table 3-1).  The excavated Mudstone 
and Waste Shale units, were placed in overburden piles within overburden disposal areas (ODAs) 
and waste rock piles; together with Dinwoody Formation, Rex Chert Member, and Wells 
Formation rock.  Tailings, being the finely milled non-economically valuable host rock material 
generated during the beneficiation process, also contain the aforementioned materials.  When 
the Mudstone and Waste Shale are exposed to air and water, chemical weathering (primarily 
oxidation) of the metal-sulfide minerals occurs, and selenium and other COIs associated with the 
minerals can be released and transported into the environment.   

The overburden piles have the greatest amounts of Mudstone and Waste Shale materials, have 
the largest aerial extent, and have the greatest concentrations of selenium and other COIs.  The 
material properties of the overburden piles allow for percolation of precipitation through the 
weathered Mudstone and Waste Shale, therefore releasing the greatest mass of COIs directly 
into groundwater and surface water.  Tailings, which have the same COIs as the overburden, are 
limited in extent and are lower in selenium concentrations compared to the overburden piles.  And, 
the fine-grained particle size of the tailings reduces exposure to the weathering effects of air and 
water and thus lower amounts of COIs are released into groundwater and surface water.  Waste 
rock piles generated during the underground mining operations are smaller in extent and are 
lowest in selenium and COI content.  As stated in the RI report, the concentrations of the primary 
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COPCs in the overburden piles have the greatest selenium concentrations.  Chromium and zinc 
concentrations in the overburden piles, tailings, and waste rock piles are of similar orders of 
magnitude.  The tailings have greater concentrations of cadmium and vanadium relative to the 
overburden and waste rock piles.   

Plant uptake of COIs is not considered a physical transport pathway from ODAs.  However, this 
process does represent a potential exposure pathway to receptors.  Soils may receive COIs 
transported via surface water, ODA seeps, or shallow groundwater flow and then act as a 
secondary source, primarily via plant uptake from soil.  Certain plant species (hyperaccumulators) 
have the ability to accumulate selenium at concentrations higher than observed in the surrounding 
soil/overburden.  Outside of the ODAs, plant uptake of selenium remains low relative to the uptake 
on the ODAs, because the soil selenium concentrations are lower. 

The potential exposure media at the Site pertaining to livestock include: 

 Soil (including RMM) and the associated derived air particulates; 

 Sediment found in surface waters; 

 Vegetation; 

 Surface water including streams, ponds, seeps and springs, including any groundwater 
influence; and 

 Groundwater pumped to hypothetical future stock tanks (currently there are no stock tanks 
at the Site that use wells as their primary water source).  

3.2 Receptors  

As indicated above, sheep, cattle, and horses potentially graze on vegetation at the Site and in 
nearby areas.  These livestock classes may differ in ways that affect their sensitivity to COIs, but 
all classes of livestock were evaluated as a single receptor type because the available screening 
criteria (Section 4.4) are applicable generally to livestock but based on the most sensitive species.  
The screening evaluation is a general assessment of levels of concern to livestock from 
concentrations of COIs in drinking water and forage.  Additional information regarding livestock 
types (i.e., differences in physiology, diet, and sensitivity to COIs) is discussed in the uncertainty 
analysis in Section 6.4.3.   

3.3 Exposure Pathways 

Potential exposure pathways at the Site were categorized as: (1) potentially complete and 
significant contributors to exposure; (2) potentially complete, but likely insignificant to overall 
exposure; or (3) incomplete exposure pathway.  Only potentially complete pathways likely to be 
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significant contributors to exposure were evaluated quantitatively in the SSLRA.  Potentially 
complete, but insignificant, pathways are discussed in the uncertainty analysis (Section 6.4.2). 

The complete and significant exposure pathways included in the screening-level analysis for 
livestock are (Figure 3-1): 

 Incidental ingestion of soil (including RMM) through foraging or grooming; 

 Dietary uptake via ingestion of vegetation;8 

 Ingestion of surface water as drinking water; and 

 Ingestion of groundwater from hypothetical future stock tanks as drinking water (future 
exposure scenario only). 

Incidental ingestion of soil is a complete pathway that was not independently assessed in the 
SSLRA due to a lack of livestock-specific toxicity information for soil ingestion, and overall larger 
relative exposure to forage/feed compared to incidental soil ingestion.  Refer to Section 6.4.2 for 
more discussion of this uncertainty.   

Under current baseline conditions at the Site, there is no direct contact with groundwater that 
does not “daylight” naturally as surface water in creeks, ponds, or springs.  The surface water 
exposure assessment addresses exposure to such waters.  Future domestic livestock could 
theoretically be exposed to groundwater if livestock watering tanks were installed and if new wells 
were installed in affected areas and used to fill the stock tanks.  Currently, there are no stock 
tanks at the Site that use wells as their primary water source.  Therefore this is a hypothetical 
future scenario only.  Consumption of groundwater in hypothetical stock tanks is assumed to be 
a complete and potentially significant exposure pathway for future livestock only.   

Exposure pathways that are potentially complete, but are likely insignificant compared to the 
primary exposure routes for assessing total exposure of livestock receptors, are (Figure 3-1): 

 Inhalation of soil/RMM-derived particulates; 

 Incidental ingestion of sediments through feeding, foraging, grooming; or drinking (from 
surface water sources with suspended sediments), and 

 Direct (e.g., dermal) contact with soil (including RMM), sediments, and surface water. 

USEPA (2005) has recommended that these pathways can generally be considered insignificant 
compared to ingestion and, therefore, do not need to be quantified in most risk assessments.  
This SSLRA includes a discussion of this uncertainty.   

                                                 
8 Although the consumption of aquatic plants was assumed to be insignificant compared to terrestrial forage vegetation, this 
assessment includes results from all vegetation types (i.e., grasses, browse, forbs, and aquatic vegetation), so as to be as inclusive 
of potentially different diets by livestock classes. 
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4.0 RISK EVALUATION APPROACH 

This section provides a summary of the risk assessment methodology used in the SSLRA to 
identify LCOPCs and preliminary Site-specific LCOCs.  The various components, including 
general tiered approach, screening level analysis, toxicity values, exposure units, medium-
specific evaluation, calculation of hazard quotients, evaluation of background, and uncertainty are 
discussed.  Information used to develop Toxicity Reference Values (TRVs) is listed in Appendix 
A.  A compilation of the data used in the SSLRA is provided in electronic format as Appendix B.  
Site-wide screening tables are provided in Appendix C. 

4.1 Risk Assessment Data Set 

The soil, vegetation, surface water, and groundwater data evaluated for use in the SSLRA are 
described below, and include the same as used for the Ecological and Human Health Risk 
Assessments9.  Although exposure to soil is considered a complete/significant incidental-
ingestion exposure pathway (Figure 3-1), soil data are not presented, because of the lack of 
available livestock-specific soil-ingestion TRVs.   

4.1.1 Data Quality Evaluation 

The data quality evaluation process included evaluating the sample collection, handling, analysis, 
as well as quality assurance/quality control (QA/QC) procedures.  In addition, previous data 
quality evaluations performed by other investigators or data users were evaluated when available.  
The data evaluation process was performed consistent with the methods prescribed in the Risk 
Assessment Guidance for Superfund (RAGS) (Part A) (USEPA 1989) and Guidance for Data 
Useability in Risk Assessment (Part A) (USEPA 1992).  Only data that were determined to be of 
appropriate quality were used in the risk evaluation.  Data usability was also evaluated based on 
the quality of the data, the source of the data, whether the data was authored, generated, 
distributed, or reviewed by the Agencies, and the intended use of the data.  In general, laboratory 
data and field measurements not collected under documented standard protocols by a 
government agency, consulting firm, or university research group were used qualitatively, where 
appropriate.  

Only data that have been validated with verifiable validation protocol, originated under 
documented standard protocols by a government agency, consulting firm, or university research 
group were identified as of appropriate quality for risk assessment exposure calculations.10  These 

                                                 
9 Terrestrial insect, small mammal tissue, benthic macroinvertebrate/periphyton, and fish data are not applicable to the SSLRA and 
so are not presented in this report.   
10 Quality control (QC) samples such as duplicates were not included, but rather were evaluated as part of the QA/QC evaluation to 
confirm accuracy and precision in the analytical methods.  Validated data qualified as “J” flag (estimated below the method detection 
limit but positively identified) are included while rejected data noted with an “R” flag were not included per USEPA guidance (USEPA 
1989 and 1992). 
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data provide appropriate chemical, exposure, spatial and temporal representativeness for this risk 
assessment, and are included in Appendix B.   

4.1.2 Data by Media 

Data that were identified in the data-quality-evaluation process as of appropriate quality for the 
SSLRA were segregated by media.  Figures 4-1 through 4-3 show the vegetation, surface water, 
and groundwater (hypothetical future water tank supply) locations from which associated data 
was used in this SSLRA.   

Vegetation – Terrestrial and aquatic vegetation data are both included in the risk assessment 
because livestock receptors may potentially be exposed to COIs in these plants.  Terrestrial 
vegetation samples were rinsed prior to analysis and aquatic vegetation samples were not rinsed 
prior to analysis.  Figures 4-1 (including 4-1a through 4-1c) presents vegetation sampling 
locations. 

Surface Water – The surface water dataset includes samples collected from the largely 
ephemeral drainages, ponds, seeps and springs at the Site (Figure 4-2).  As shown on Figure 4-
2, sample NL4P is taken from the pit lake.  

Groundwater for Future Hypothetical Water Tank Supply – The future hypothetical tank water 
supply was based on the potential domestic water supply as defined in the SSHHRA (Formation 
2015b).  This hypothetical future tank water supply dataset includes samples collected from all 
groundwater wells (except the two Meade Peak Formation wells because the Meade Peak 
Formation is an aquitard with low permeability and does not readily transmit water), all springs, 
and surface water of the French Drain and Hoorah Hollow pond (sustained by discharging 
groundwater).  Data from the seasonal seeps, Pit Lake (NL4P-1), and seasonal surface water 
ponds are not included.  Figure 4-3 presents the locations included in the tank water supply 
evaluation. 

4.2 Summary of Risk Evaluation Approach 

A tiered process was used to identify LCOPCs and then preliminary LCOCs from the full list of 
COIs in livestock dietary media (i.e., vegetation and drinking water [surface water and 
groundwater]) for current and future baseline conditions at the Site.   

LCOPCs in vegetation, surface water, and groundwater were first identified through a screening-
level analysis.  Estimating risk to livestock from LCOPCs was accomplished in successive tiers 
using decreasing conservatism and uncertainty, and increasing representativeness.  Risks to 
livestock were assessed in Tier 1 by estimating exposure to LCOPCs Site-wide and in exposure 
units (EUs) based on grazing allotments.  Tier 2 included evaluation of the pathways that are 
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driving the estimated potential risk, review of the spatial distribution of LCOPC concentrations 
within the Site and EUs, qualitative consideration of background concentrations, and discussion 
of the assumptions and uncertainties associated with the Tier 1 risk characterization.  The tiered 
process is outlined here: 

 Screening-level analysis 

o Maximum concentrations in dietary media Site-wide were compared to chronic 
TRVs to identify LCOPCs.  

o LCOPCs are the focus of more intensive analysis. 
 

 Tier 1 analysis 

o Exposure point concentrations (EPCs), considered a conservative estimate of the 
average chemical concentration in an environmental medium (USEPA 2002a), 
were calculated for LCOPCs based on the 95 percent upper confidence limit 
(95UCL) on the arithmetic mean in dietary media for Site-wide exposures and for 
EUs.  EPCs were compared to chronic TRVs. 

o Data on concentrations of LCOPCs from individual locations were compared to 
acute TRVs.   

o LCOPC concentrations from individual locations were also compared to chronic 
TRVs for reference purposes only.  Exceedance of a chronic TRV at a location 
does not indicate unacceptable risk from that chemical.  These comparisons assist 
in identifying areas of potential concern where additional risk analysis may be 
warranted. 
 

 Tier 2 analysis 

o The spatial distribution of LCOPC concentrations for each EU was evaluated.  
Vegetation composition of each EU was assessed for feasibility of livestock 
grazing.  EUs of greatest concern were identified, where applicable. 

Acute TRVs for vegetation, surface water, and groundwater based on a single event or short-term 
exposure (e.g., hours, days) to a chemical, and chronic TRVs corresponding to long-term 
exposure (e.g., weeks, months) are discussed further in Section 4.4.  Potential additional 
exposure from incidental ingestion of soil is discussed in the uncertainty analysis (Section 6.4.2).   

EPCs are discussed further in Section 4.5.  Different approaches were used to calculate EPCs 
for drinking water and vegetation.  Allotments currently restricted from grazing or without current 
grazing were included in the assessment.  For the risk evaluation, EPCs were the same for current 
and future baseline conditions.   
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4.3 Screening-Level Analysis Methodology 

The identification of LCOPCs from COIs at the Site was completed using a screening-level 
exposure evaluation consistent with Step 2 of the USEPA process (USEPA 1997).  Maximum 
concentrations of COIs detected in dietary media (i.e., surface water, groundwater, and 
vegetation) Site-wide were compared to risk-based chronic TRVs.  The TRVs are presented and 
discussed further in Section 4.4.  If the maximum concentration in dietary media exceeded the 
TRV, then the COI was identified as an LCOPC and carried forward into the more detailed 
exposure and risk assessment.  COIs for which no toxicity information (i.e., TRVs) are readily 
available were identified as LCOPCs of uncertain risk and were carried forward and discussed in 
the uncertainty section of the SSLRA.   

Identification of a COI as an LCOPC does not indicate unacceptable risk from that chemical.  
However, it indicates that additional risk analysis is necessary to determine if risk is unacceptable. 

4.4 Chronic and Acute Risk-Based TRVs 

Currently, there are no regulatory requirements that have been established by the State of Idaho 
for protective levels of contaminants in forage and drinking water for livestock.  Risk-based TRVs 
for assessment of risk to livestock consuming forage or drinking water were researched and 
selected from various international, national, and state government agencies, as well as university 
agricultural extensions, veterinary manuals, research organizations, and scientific journals.  
These sources are listed in Appendix A.1. 

A range of concentration-based TRVs for forage and drinking water from these sources is 
presented in Tables 4-1 through 4-4.  TRVs for selenium in forage and drinking water are 
presented in Tables 4-1 and 4-2, respectively.  TRVs for other COIs in forage and drinking water 
are presented in Tables 4-3 and 4-4.   

TRVs for both acute and chronic exposures were included for selenium, since the potential acute 
toxicity from selenium exposures is a particular concern in this region as a result of several 
historical livestock mortality incidents related to possible selenium toxicity.  The TRVs identified 
for the other COIs are most representative of chronic exposures; refer to Section 6.4.3 for further 
discussion.  In general, concentrations of COIs associated with chronic toxicity from dietary media 
are lower than for acute toxicity exposure concerns, and so this approach is suitable for identifying 
LCOPCs and areas of potential concern at the Site.  Further, there is more comprehensive 
information regarding chronic exposures for livestock than there is for acute exposures.   

The tables for selenium provide notes regarding the basis of the TRVs (e.g., livestock species), 
where available, and the tables for other COIs also identify if there are different values for sheep, 
cattle, and horses.  TRVs were selected for inclusion in the tables based on scientific derivation 
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of the values, reliability of the sources, whether or not the guidelines were presented as 
concentrations in dietary media (i.e., not dose-based information), and professional judgment. 

A single chronic TRV value for each COI was selected from the range of values presented on the 
tables to be used in the screening-level and tiered evaluations; these TRV values are shown in 
bold/underlined font on the tables.  An acute TRV was also selected for selenium.  Values were 
selected because they are generally the lowest, and therefore the most conservative, among 
applicable values identified from the literature and would minimize the chance of underestimating 
risk, especially for LCOPC selection steps.  However, the final risk characterization includes 
consideration of a range of TRVs that represent different aspects of exposure and toxicity, and 
provide risk managers with additional context on which to base decisions (USEPA 1998). 

In most cases, the TRVs represent the maximum levels of contaminants in forage or drinking 
water that are considered safe, using a conservative set of assumptions.  It is assumed that 
concentrations below these levels represent acceptable exposure for livestock.  Concentrations 
above these levels do not necessarily imply unacceptable exposure or risk of adverse effects, but 
warrant additional evaluation.  In addition, it should be noted that the form of chemical that is 
consumed, duration and frequency of consumption, health of the animal, and additional dietary 
elements consumed are all factors that can affect whether exposure to these chemicals is toxic 
to the animal or not and are discussed in the uncertainty analysis (Section 6.4.3). 

4.5 Identification of Livestock Preliminary Chemicals of Concern (LCOCs) – Tiered 
Approach 

The screening-level process outlined in Section 4.2 identified LCOPCs at the Site using maximum 
concentrations of COIs Site-wide.  These LCOPCs were further evaluated in Tiers 1 and 2 of the 
exposure estimation process to identify preliminary Site LCOCs based on both acute and chronic 
exposure scenarios.  In Tier 1, EPCs for LCOPCs were calculated for dietary media (i.e., 
vegetation, surface water, and groundwater) Site-wide and for each of the EUs (Appendices D 
and E).  The EPCs were compared to the acute or chronic risk-based TRVs presented in Tables 
4-1 through 4-4.  If the EPC for dietary media exceeded the TRV, then the LCOPC was further 
evaluated in Tier 2.  Tier 2 provides a more detailed and representative analysis including the 
spatial distribution of the chemical and media exceedances for each EU (Appendix F) in order to 
identify preliminary Site LCOCs.     

4.5.1 Exposure Units 

EUs based on grazing allotments are listed on Table 4-5 and shown on Figure 4-4.  Sampling 
locations of dietary media within each EU are shown on Figures 4-5 through 4-10.  This 
assessment includes allotments and areas that currently do not have or allow grazing (Table 2-
1).  There are six EUs: Woodall Spring Grazing Allotment EU, Woodall Ranch Grazing Allotment 
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EU, Woodall Mountain Grazing Allotment EU, Townsite Area EU, Conda Mine Grazing Allotment 
EU, and Trail Canyon-1 Grazing Allotment EU.   

The EUs are generally based on grazing allotments at the Site, with some adjustments to: 

 Incorporate potential exposure to adjacent lands not within grazing allotment boundaries, 
but used during grazing (e.g., Woodall Mountain). 

 Account for EUs where there is currently no grazing (e.g., Townsite Area).   

There are no sampling locations for dietary media in the Trail Canyon-2 Grazing Allotment 
because there is no RMM in the vicinity.  Therefore, there is not an EU based on that allotment 
nor further risk evaluation.  EUs were evaluated separately to facilitate risk management 
discussions.  The risk evaluation was the same for current and future baseline conditions.   

4.5.2 Calculation of Exposure Point Concentrations (EPCs) 

Consistent with USEPA guidance, EPCs were calculated as the 95UCL in each EU (USEPA 
2002a) for the chronic exposure scenario.  The USEPA ProUCL computer program (USEPA 
2013) was used to calculate the 95UCLs for COIs.  The latest ProUCL package (version 5.0) 
includes computation methods (e.g., Kaplan-Meier) that can be used for datasets with non-detect 
values.  In accordance with ProUCL guidance, each dataset was first tested using the ProUCL 
software to determine the data distribution, and the appropriate 95UCL estimation method was 
chosen based on the recommendations provided by ProUCL.  For datasets with fewer than four 
detected values, or if the calculated value exceeded the maximum detected concentration (MDC), 
then the MDC was presented.  Small sample sizes exist for the grazing allotment exposure units 
where the total area with mine-related materials is relatively small.  The sample size information 
for each grazing allotment exposure unit, by exposure media, is presented in Appendix D.  In the 
case of non-detected COIs, the maximum detection limit was presented.  Appendix E presents 
output information from ProUCL 95UCL calculations.  For the acute exposure scenario, EPCs 
were defined on a point-by-point basis.   

4.5.3 Vegetation Evaluation 

For the Tier 1 chronic exposure scenario, vegetation EPCs were calculated as the 95UCL for 
each LCOPC both Site-wide (Appendix D.1) and for each EU (Appendix D.5) using unweighted 
data (i.e., considering all data points equally regardless of the relative area that they represent) 
(Figures 4-1 through 4-10).  EPCs were then compared to chronic (and acute selenium) TRVs. 

Tier 1 exposure estimates are based on RI data that were collected to characterize potentially 
contaminated areas of the Site (i.e., RMM areas and immediately downgradient areas).  Less 
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data generally exists for LCOPCs in soils or vegetation for portions of the allotments outside of 
RMM areas.  Therefore, Tier 1 exposure estimates represent scenarios in which livestock are 
grazing only on or around the RMM in the allotments.  Livestock are generally moved frequently 
within the grazing allotments to prevent overgrazing.   

In the Tier 1 acute exposure scenario, vegetation EPCs were defined on a point-by-point basis 
for each LCOPC for each EU (i.e., each point is an EPC).  EPCs were compared to chronic TRVs 
for all chemicals, and the acute TRV for selenium.  Exposure estimates based on individual points 
in Tier 1 were intended to be the most conservative because they assumed that receptors were 
continuously exposed to LCOPC concentrations at one point, even though livestock more 
realistically graze throughout the EU.   

LCOPCs that exceeded vegetation TRVs in Tier 1 were assessed further in Tier 2.  In the Tier 2 
assessment, the spatial distribution of the chemical contaminants that exceeded Tier 1 TRVs was 
evaluated for each EU.  In addition, vegetation composition on each allotment was evaluated to 
better understand where land suitable for livestock grazing is located. 

4.5.4 Surface Water Evaluation 

For the Tier 1 chronic exposure scenario, surface water EPCs were calculated as the 95UCL for 
each LCOPC Site-wide (Appendix D.2) and for each EU (Appendix D.6) using unweighted data 
(Figure 4-5).  EPCs were then compared to chronic TRVs.  Exposure estimates based on 
unweighted data in Tier 1 may be conservative because they assumed that receptors are exposed 
to LCOPC concentrations at all sampling points equally, even when the proportion of an area 
represented by drinking water sources with the highest LCOPC concentrations could be relatively 
small.  Based on the availability of data in each area, 95UCL EPCs for surface water were 
calculated as described in Section 4.5.2 above. 

In the Tier 1 acute exposure scenario, surface water EPCs were defined on a point-by-point basis 
for each LCOPC for each EU (i.e., each point is an EPC).  EPCs were compared to chronic TRVs 
and the selenium acute TRV.  Exposure estimates based on individual points in Tier 1 may be 
conservative because they assumed that receptors are continuously exposed to LCOPC 
concentrations at one point, even though livestock more realistically drink water from surface 
water bodies throughout the EUs.  The length of time that livestock remain proximal to a particular 
water body can vary depending on forage conditions, grazing management schedules, weather, 
livestock species used, and preferences by the rancher.  Additionally, many of the streams on the 
mine are intermittent which may limit frequency and use for drinking water by livestock. 

LCOPCs that exceeded surface water TRVs in Tier 1 were assessed further in Tier 2.  In the Tier 
2 assessment, the spatial distribution of the chemical contaminants that exceeded Tier 1 TRVs 
was evaluated for each EU. 
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4.5.5 Tank Water Supply Evaluation 

Livestock may be exposed to contaminants in groundwater if the groundwater is pumped to the 
surface and used to fill stock tanks.  Currently, no such stock tanks exist at the Site.  Consumption 
of groundwater from stock tanks was assumed to be a complete and potentially significant 
exposure pathway for future livestock only. 

Tier 1 acute and chronic exposures were evaluated on a point-by-point basis for each LCOPC for 
each EU (Figure 4-6).  The maximum values in groundwater for each LCOPC Site-wide and for 
each EU are presented in Appendices D.3 and D.7, respectively.  It was assumed that 
groundwater from any of the potential domestic water supply locations as defined in the SSHHRA 
(Formation 2015b) could be developed for future livestock watering.  This hypothetical future tank 
water supply dataset includes samples collected from all groundwater wells (except 2), all springs, 
and surface water of the French Drain and Hoorah Hollow pond, as described in Section 4.1.2.  
This assumption may be conservative as only a subset of the locations might be practicable for 
livestock watering use.  The EPC was based on the MDC (or maximum detection limit, if there 
were no detected values) from the selected locations.  EPCs were then compared to appropriate 
TRVs.  This exposure estimate approach may be conservative  because it assumed that livestock 
would be continuously exposed to LCOPCs at one point, whereas livestock would more 
realistically drink from several different locations throughout the EUs. 

LCOPCs that exceeded groundwater TRVs in Tier 1 were assessed further in Tier 2.  In the Tier 
2 assessment, the spatial distribution of the LCOPCs that exceeded Tier 1 TRVs was evaluated 
for each EU. 

4.6 Risk Characterization Methodology 

According to USEPA guidance (USEPA 1997), risk characterization comprises two components 
– Risk Estimation and Risk Description.  For exposure-based ERAs, risk estimation is primarily 
the comparison of exposure estimates to effects levels (i.e., TRVs).  The risk description then 
includes quantitative and qualitative discussion of the results and uncertainty, and implications for 
conclusions about risks to the receptors. 

The risk characterization in the SSLRA incorporated the exposure and effects data from all 
LCOPCs in all EUs of the Site from the tiered evaluations, as well as the information discussed in 
the uncertainty analysis.  The goal of the risk characterization was to provide a set of defensible 
conclusions defining the probability of risks to livestock from exposure to LCOPCs. 
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4.6.1 Calculation and Interpretation of Hazard Quotients (HQs) 

A hazard quotient (HQ) approach was used in the SSLRA to compare medium-specific EPCs with 
various TRVs (USEPA 1997).  The HQ is the ratio between the estimated exposure and the TRVs: 

HQ = exposure estimate / TRV 

In the effects assessment, HQs were calculated for each LCOPC in each EU for each tier of the 
analysis, based on the comparisons to TRVs outlined in Section 4.3.  HQs for both chronic and 
acute TRVs provide context for risk managers for future decision making. 

An HQ below 1 indicates that no adverse effects are expected (i.e., de minimus risk), those COIs 
are not considered Site preliminary LCOCs, and no further risk analysis is necessary to support 
Site risk management decisions.  HQs that exceed 1 do not necessarily correspond to 
unacceptable risk, but indicate the need for further risk evaluation to support risk management 
decisions. 

4.6.2 Evaluation of Background 

Similar to the SSHHRA and SSERA, background considerations may be incorporated into the 
assessment and investigation of sites, per USEPA guidance (USEPA 2002b and 2002c).  
However, the guidance indicates that background data should not be considered in identification 
of LCOPCs, but rather should be considered in risk characterization.  Site-specific background 
concentrations were presented in the Draft Final RI (Formation 2014), and the available values 
for vegetation and surface water at the Site are listed on Table 4-6.  The table identifies the range 
of background values for each media, and also lists the chronic TRVs from Tables 4-1 through 4-
4 for comparison.  The highest vegetation background concentrations for barium and manganese, 
and the highest surface water background concentrations for iron and manganese are greater 
than their respective TRVs.  The background concentrations for other analytes are less than the 
TRVs.  The background concentrations were used to provide context for risk characterization.   

4.6.3 Additional Lines-of-Evidence and Uncertainty Discussion 

The risk characterization discussion will summarize LCOCs identified for each EU based on 
chronic and acute exposure considerations and the resultant HQs for both current and future 
baseline exposure conditions.  Results from additional lines-of-evidence are considered in 
conjunction with the HQ results as appropriate.  Additional lines-of-evidence that can be used to 
evaluate risks will include: calculation of incremental risk based on background data; evaluation 
of high-risk areas as actual suitable grazing locations, particularly in terms of preferential 
vegetation, terrain, distance to water, and other considerations; risk from different types of 
vegetation (e.g., browse, forbs [including selenium hyperaccumulators], grass); livestock type; 
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and consideration of possible antagonistic and synergistic effects as a result of cumulative effects 
from multiple toxicants and exposure pathways.  The risk description includes a discussion of the 
main uncertainties in each element of the risk analysis process.   
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5.0 SCREENING-LEVEL RESULTS 

This section outlines and summarizes the identification of LCOPCs from the 24 COIs evaluated 
in this SSLRA.  COIs evaluated in this SSLRA are presented in Table 3-1.  LCOPCs are defined 
as those COIs present at maximum Site-wide concentrations that exceeded medium-specific 
livestock screening-level TRVs and were, therefore, carried forward into the more detailed risk 
assessment.  Uncertain LCOPCs are identified as those COIs lacking screening levels (or data), 
and are qualitatively evaluated.  Exceedance of the TRVs does not necessarily mean that the 
chemicals are contaminants that have been released from the Site, or that they represent 
unacceptable risk to livestock.  Rather, LCOPCs are the chemicals for which more risk 
assessment is necessary in order to make informed risk management decisions.   

For the Site-wide dataset, MDCs exceeded TRVs for 11 COIs in vegetation, 8 COIs in surface 
water, and 12 COIs in groundwater (hypothetical future tank water supply) (Table 5-1, Appendix 
C).  COIs were only screened out of the SSLRA and eliminated from further evaluation if the MDC 
in all three media (vegetation, surface water, and groundwater) did not exceed the TRVs.  Three 
COIs were screened out of the SSLRA: arsenic, cobalt, and mercury.  The following COIs did not 
have TRVs for surface water, groundwater, or vegetation:  antimony, silver, and thallium.  
Beryllium and uranium did not have TRVs for vegetation.  Uncertainties associated with uranium 
are discussed in Section 6.4.3.  MDCs for beryllium and uranium did not exceed TRVs for surface 
water or groundwater.  Although there were no data for nitrate concentrations in vegetation, MDCs 
for nitrate did not exceed TRVs (Table 4-3) for surface water or groundwater.  These six chemicals 
were evaluated qualitatively as uncertain LCOPCs. 

5.1 Livestock Chemicals of Potential Concern  

In all media, a total of 15 COIs were identified as LCOPCs Site-wide:  aluminum, barium, boron, 
cadmium, chromium, copper, iron, lead, manganese, molybdenum, nickel, selenium, vanadium, 
zinc, and fluoride.  LCOPCs were quantitatively evaluated in the SSLRA.  Six COIs (antimony, 
silver, thallium, beryllium, uranium, and nitrate) did not have one or more TRVs (or were lacking 
data) and so these uncertain LCOPCs are qualitatively evaluated in this SSLRA.    
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6.0 RISK CHARACTERIZATION AND UNCERTAINTY 

As discussed in Section 4.6, the risk characterization combined results of the exposure estimates 
(Section 4.5) with the chronic and acute TRVs (Section 4.4) to assess the relative risk and 
potential for adverse effects from LCOPCs throughout the Site and for each EU.   

6.1 Tier 1 Assessment 

Risk estimates for the Tier 1 95UCL EPC11 chronic risk evaluation and point-by-point EPC acute 
selenium risk evaluation are presented in the following sections.  Chronic risk estimates (i.e., 
HQs) based on 95UCL EPCs compared to chronic TRVs are presented for both Site-wide and 
EU evaluations.  Acute risk estimates for selenium based on point-by-point EPCs compared to 
the acute selenium TRVs are also presented for each media.  An overall risk evaluation summary 
for each EU is presented in Tables 6-1 through 6-3, with details in Appendices D and E.  Appendix 
D presents EPCs and HQs for each media; Appendix E provides ProUCL outputs for 95UCL 
calculations.  Appendix D also presents comparisons to Site-specific background levels (Table 4-
6).  Uncertain LCOPCs are discussed further in Section 6.4.3.   

6.1.1 Vegetation HQs 

There were 11 vegetation LCOPCs identified in the screening evaluation that were further 
evaluated in the Tier 1 assessment: aluminum, barium, boron, cadmium, copper, iron, 
manganese, molybdenum, selenium, vanadium, and zinc.   

Site-Wide Chronic Exposure HQs - Site-wide chemical-specific chronic-exposure HQs were 
calculated and are summarized in Table 6-1, and Appendices D.1 and D.4.  Iron, manganese, 
molybdenum and selenium were the only chemicals with an HQ for vegetation greater than 1 
based on comparisons to chronic TRVs (Table 6-1, Appendices D.1 and D.4).  The Site-wide HQs 
for these LCOPCs ranged from 1.4 to 18.  The other LCOPCs did not have Site-wide EPCs 
exceeding the chronic TRVs for vegetation (i.e., HQ less than 1). 

EU-Wide Chronic-Exposure HQs - Chemical-specific chronic-exposure HQs were also 
calculated for each EU and are summarized in Table 6-2, and Appendices D.5 and D.8.  Selenium, 
iron, manganese, molybdenum, and barium were the only chemicals with HQs greater than 1.  
The EUs with one more of these chemicals with HQs exceeding 1 include Woodall Spring Grazing 
Allotment EU, Woodall Mountain Grazing Allotment EU, Townsite Area EU, Conda Mine Grazing 
Allotment EU, and Trail Canyon-1 Grazing Allotment EU (Table 6-2).  Selenium HQs exceeded 1 
in 4 of the above-mentioned EUs, iron and manganese in the Woodall Mountain Grazing Allotment 
EU, molybdenum in Woodall Mountain Grazing Allotment, and Townsite Area EUs, and barium in 
                                                 
11 The Tier 1 evaluation is based on 95UCL EPCs for vegetation and surface water.  For groundwater, the Tier 1 EPCs are maximum 
concentrations at individual hypothetical future tank water supply locations.   
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the Woodall Spring Grazing Allotment EU.  The Site-wide HQs for these LCOPCs ranged from 
1.1 to 22.  The other LCOPCs did not have EU-wide EPCs exceeding the chronic TRVs for 
vegetation (i.e., HQs were less than 1).   

Point-by-Point Acute-Exposure Selenium HQs - Selenium concentrations in vegetation 
exceeded the acute TRV (50 milligram per kilogram [mg/kg]) in 4 of the 6 EUs (Appendix D.5), 
with concentrations ranging from 50.3 to 7,180 mg/kg.  Samples at 43 locations (out of 171 
locations) exceeded the acute TRV.  The locations are described further by EU in Section 6.2. 

6.1.2 Surface Water HQs 

There were eight surface water LCOPCs identified in the screening evaluation that were further 
evaluated in the Tier 1 assessment: aluminum, barium, chromium, iron, manganese, selenium, 
vanadium, and fluoride (Table 5-1).   

Site-Wide Chronic Exposure HQs - Site-wide chemical-specific chronic exposure HQs were 
calculated and are summarized in Table 6-1 and Appendices D.2 and D.4.  Selenium, manganese 
and iron were the only chemicals with an HQ greater than 1 for surface water based on 
comparisons to the chronic TRVs (Table 6-1, Appendices D.2 and D.4).  The Site-wide HQs for 
these LCOPCs ranged from 1.5 to 15.  The other LCOPCs did not have Site-wide EPCs exceeding 
the chronic TRVs for vegetation (i.e., HQs were less than 1). 

EU-Wide Chronic Exposure HQs - Chemical-specific chronic-exposure HQs were also 
calculated for each EU (Table 6-2, Appendices D.6 and D.8).  Selenium, manganese, and iron 
were the only chemicals with HQs greater than 1.  The EUs with one or more of these chemicals 
with HQs exceeding 1 include Woodall Mountain Grazing Allotment EU, Townsite Area EU, and 
Trail Canyon-1 Grazing Allotment EU (Table 6-2).  Manganese HQs exceeded 1 in all 3 of the 
above-mentioned EUs, selenium HQs exceeded 1 in the Woodall Mountain Grazing Allotment 
and Townsite Area EUs, and iron HQs exceeded 1 in the Woodall Mountain Grazing Allotment 
and Trail Canyon-1 Grazing Allotment EUs.  The Site-wide HQs for these LCOPCs ranged from 
1.1 to 19.  The other LCOPCs did not have EU-wide EPCs exceeding the chronic TRVs for 
vegetation (i.e., HQ less than 1).  

Point-by-Point Acute-Exposure Selenium HQs - Selenium concentrations in surface water 
exceeded the acute TRV (0.314 milligrams per liter [mg/L]) in 2 of the 6 EUs (Appendix D.6), with 
concentrations ranging from 0.32 to 9.8 mg/L.  Results at 40 out of 124 locations exceeded the 
acute TRV.  The locations are described further by EU in Section 6.2. 
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6.1.3 Hypothetical Future Tank Water Supply HQs 

There were 12 tank water supply LCOPCs identified in the screening evaluation that were further 
evaluated in the Tier 1 assessment: aluminum, barium, cadmium, chromium, copper, iron, lead, 
manganese, nickel, selenium, vanadium, and fluoride (Table 5-1).  For hypothetical future tank 
water supply, EPCs are based on maximum concentrations and not on 95UCL calculations.   

Site-Wide Chronic-Exposures HQs - Site-wide chemical-specific chronic-exposure HQs were 
calculated and are summarized in Table 6-1 and Appendices D.3 and D.4.  All 12 chemicals 
(aluminum, barium, cadmium, chromium, copper, iron, lead, manganese, nickel, selenium, 
vanadium, and fluoride) had an HQ for tank water supply greater than 1 based on comparisons 
to chronic TRVs (Table 6-2, Appendices D.3 and D.4).  The Site-wide HQs for these LCOPCs 
ranged from 1.1 to 308.   

EU-Wide Chronic-Exposure HQs - Chemical-specific chronic-exposure HQs were also 
calculated for each EU and are summarized in Table 6-2 and Appendices D.7 and D.8.  The EUs 
with one or more of these chemicals with HQs exceeding 1 include Woodall Spring Grazing 
Allotment EU, Woodall Ranch Grazing Allotment EU, Woodall Mountain Grazing Allotment EU, 
Townsite Area EU, and Trail Canyon-1 Grazing Allotment EU (Table 6-2).  The Conda Mine 
Grazing Allotment EU was the only EU where the HQ for tank water supply did not exceed 1 for 
any chemical.   

Cadmium, chromium, copper, and nickel HQs exceeded 1 only in the Townsite Area EU, and the 
HQs for these 4 LCOPCs were all less than 2 (Table 6-2, Appendices D.7 and D.8).  HQs for 
these LCOPCs were less than 1 for all other EUs.  The lead HQ exceeded 1 in the Woodall 
Mountain Grazing Allotment (HQ=2.1) and Trail Canyon-1 Grazing Allotment (HQ=1.1) EUs.  
Selenium, vanadium, and fluoride HQs exceeded 1 in the Woodall Mountain Grazing Allotment 
and Townsite EUs.  The Site-wide HQs ranged from 23 to 308 for selenium, 6.1 to 10 for 
vanadium, and 1.1 to 1.2 for fluoride.  The aluminum HQ exceeded 1 in the Woodall Mountain 
Grazing Allotment, Townsite Area, and Trail Canyon-1 Grazing Allotment EUs, with Site-wide 
HQs that ranged from 1.8 to 52.  Barium and iron HQs exceeded 1 in four grazing allotments: 
Woodall Spring Grazing Allotment, Woodall Mountain Grazing Allotment, Townsite Area, and Trail 
Canyon-1 Grazing Allotment EUs.  The Site-wide HQs ranged from 1.1 to 16 for barium and 1.1 
to 139 for iron.  The manganese HQ exceeded 1 in all 6 of the grazing allotments, ranging from 
16 to 120.  The highest HQs for all chemicals except vanadium and fluoride were in the Woodall 
Mountain Grazing Allotment EU.  These exceedances will be described further on an EU basis in 
Section 6.2.  

Point-by-Point Acute-Exposure Selenium HQs - Selenium concentrations in hypothetical 
future tank water supply exceeded the acute TRV (0.314 mg/L) in 2 of the 6 EUs (Appendix D.7), 
with concentrations ranging from 0.33 to 15.4 mg/L.  Results at 13 out of 74 locations exceeded 
the acute TRV.  The locations are described further by EU in Section 6.2.  
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6.2 Tier 2 Assessment 

In the Tier 2 assessment, LCOPCs in vegetation, surface water, and groundwater were 
investigated further for each EU.  Where relevant, Site-specific background concentrations and 
Idaho groundwater/drinking water quality criteria (IDEQ 2004)12 are discussed.  Figures showing 
maximum concentrations of LCOPCs compared to applicable TRVs are in Appendix F.  
Exceedance of a chronic TRV at a location does not indicate unacceptable risk from that 
chemical.  Location specific comparisons are provided only to help identify areas of the site that 
contribute most to HQs.   

LCOPCs for which risk exceeded threshold levels were identified as the preliminary LCOCs for 
the SSLRA.   The initial LCOC list resulting from the SSLRA should be considered preliminary 
and will be finalized with input from the Agencies prior to the FS.    

6.2.1 Woodall Spring Grazing Allotment EU 

The Woodall Spring Grazing Allotment EU has no Conda-mining-related ground disturbances 
(Figure 4-5).  As indicated by evaluation of the LCOPC concentrations in the dietary-media 
samples from this EU, described below, risk to livestock from grazing in the Woodall Spring 
Grazing Allotment EU is within acceptable levels for both chronic and acute exposures.  

Vegetation - There are 2 vegetation samples from 1 location in this EU (Figure 4-5 and Appendix 
F.3-1) – NT8-02, which is a location in an undisturbed area sampled north of the Conda Mine.  
The maximum concentration of selenium in vegetation from this location was 0.1 mg/kg which is 
far below the chronic and acute TRVs.  The only LCOPC that exceeded vegetation TRVs is barium 
(Table 6-2, Appendix D.8).  Barium concentrations for the 2 samples are 97.6 and 110 mg/kg 
(which is an HQ of 1.1 compared to the chronic TRV of 100 mg/kg) (Appendix F.3-1).  Site-specific 
background barium concentrations for vegetation range from 102 to 136 mg/kg, which are both 
higher than the TRV (Table 4-6, Appendix D.5; Appendix F.3-1).  The concentrations of barium in 
vegetation in this EU appear to be within background levels.  

Surface Water - There are 7 surface water sampling locations in the Woodall Spring Grazing 
Allotment EU, with up to 58 water samples (Figure 4-5, Appendix D.6).  No LCOPCs exceeded 
chronic or acute surface water TRVs in this EU (Table 6-2, Appendix D.6).   

Groundwater (Hypothetical Future Tank Water Supply) - For hypothetical future tank water 
supply, EPCs are based on maximum concentrations from groundwater sampling locations and 
not on 95UCL calculations.  There are 10 such locations in the Woodall Spring Grazing Allotment 

                                                 
12 For analytes lacking a target level in IDEQ (2004), the residential tap water screening level from the USEPA Mid-Atlantic Regional 
Screening Levels (RSLs) (USEPA 2015) is provided.  
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EU (Figure 4-5).  The EPC of the following LCOPCs exceeded TRVs: barium, iron, manganese 
(Table 6-2; Appendix D-8).  There were no exceedances of acute or chronic selenium TRVs.   

Barium concentrations in groundwater ranged from non-detect to 0.47 mg/L in this EU (Appendix 
D.7).  There was only 1 sample from 1 location (MW-5A) that exceeded the chronic barium TRV 
of 0.2 mg/L (Appendix F.3-2).   The concentration of 0.47 mg/L at this well exceeds the barium 
TRV, resulting into a HQ of 2.4 (Appendix D.7).  All other samples from the EU were below 0.2 
mg/L.  In addition, these concentrations are all below the target level of 2 mg/L for barium (Idaho 
2004).   

Iron concentrations in groundwater ranged from non-detect to 3.42 mg/L in this EU (Appendix 
D.7).  There were only 2 samples from 1 location (MW-5A; 2.2 and 3.42 mg/L) that exceeded the 
chronic iron TRV of 2 mg/L (Appendix F.7-3).  All other samples from the EU were below 2 mg/L.  
The maximum concentration of 3.4 mg/L at this well is below the alternative chronic iron TRV of 
10 mg/L (Table 4-4), and just above the target level of 3.13 mg/L (Idaho 2004).      

Manganese concentrations in groundwater samples ranged from non-detect to 0.11 mg/L 
(Appendix D.7).  Results from 2 locations (MW-4W and MW-5A) exceeded the chronic 
manganese TRV of 0.05 mg/L (Appendix F.9-3).  All other results from the EU were below 0.05 
mg/L.  The maximum concentration of 0.11 mg/L in this EU is below an alternative chronic 
manganese TRV of 10 mg/L (Table 4-4).  In addition, all manganese concentrations are below 
the target level of 0.25 mg/L (Idaho 2004).     

6.2.2 Woodall Ranch Grazing Allotment EU 

The Woodall Ranch Grazing Allotment EU has no Conda-mining-related ground disturbances 
(Figure 4-6).  There are no vegetation or surface water samples from this EU.  As indicated by 
evaluation of the LCOPC concentrations in groundwater from this EU, described below, risk to 
livestock from grazing in the Woodall Ranch Grazing Allotment EU is within acceptable levels for 
both chronic and acute exposures.   

Groundwater (Hypothetical Future Tank Water Supply) - GW-21-MW is the only hypothetical 
future tank water supply location in the Woodall Ranch Grazing Allotment EU (Figure 4-6).  There 
were no exceedances of acute or chronic selenium TRVs.  Manganese was the only LCOPC in 
this EU that exceeded its TRV (Table 6-2, Appendix D-8, Appendix F.9-3).  One of the 4 sample 
results (0.079 mg/L, Appendix D.7) exceeded the chronic manganese TRV of 0.05 mg/L, with an 
HQ of 1.6.  This result is less than an alternative chronic TRV (10 mg/L) for manganese (Table 4-
4).  In addition, all manganese concentrations are below the target level of 0.25 mg/L (Idaho 
2004).   
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6.2.3 Woodall Mountain Grazing Allotment EU 

The Woodall Mountain Grazing Allotment EU is the largest EU at the Site (Figure 4-7), at 
approximately 6,890 acres.  Mining-related disturbances cover approximately 10 percent of the 
entire EU (Table 4-5).  There are exceedances of TRVs for aluminum, barium, iron, lead, 
manganese, molybdenum, selenium, vanadium, and fluoride in dietary media in this EU (Table 6-
2).  Most of the dietary-media samples used to calculate the EU EPC come from location in areas 
with RMM (Figure 4-7).  It is expected that an EU EPC based on samples with less bias towards 
conditions in areas with RMM (i.e., distributed more evenly throughout the entire EU) would be 
lower.  In addition, most of the groundwater exceedances of TRVs are in the alluvial groundwater 
in close proximity to the areas with RMM.  The alluvial along the transition from the hillsides into 
the valley may not produce sufficient water for livestock watering throughout the length of a typical 
ranching season.   

Vegetation - There are 128 vegetation sampling locations in this EU, with 72 of them within RMM 
areas (Figure 4-7).  The LCOPCs that exceeded vegetation TRVs based on EU EPCs are iron, 
manganese, molybdenum and selenium (Table 6-2; Appendix D.8).    

Selenium concentrations range from 0.03 to 7,180 mg/kg in this EU (Appendix D.5). The EU EPC 
is 107.5 mg/kg, which exceeds the chronic and acute selenium TRV of 5 mg/kg and 50 mg/kg, 
respectively.  The acute selenium TRV is exceeded by 74 vegetation samples from 30 locations 
in the EU (Appendix F.1-1).  These locations with vegetation concentrations greater than 50 mg/kg 
are primarily in RMM areas within the EU: Woodall Panel, FSPS area (vegetation test plots on 
exposed overburden material), Ibex Panel, North Trail Panel, West Limb Panel, and Pit Lake.  
Many of the samples include material from selenium-accumulating plant species.  Two of the 
samples are from unwashed aquatic vegetation from the Pit Lake.   

Molybdenum concentrations in vegetation range from 0.12 to 108 mg/kg in this EU (Appendix 
D.5).  The EU EPC is 7.3 mg/kg, which exceeds the chronic molybdenum TRV of 5 mg/kg with 
an HQ of 1.5 (Table 6-2, Appendix D.5).  Thirty-one samples have a concentration greater than 
the molybdenum TRV of 5 mg/kg.  The location with the maximum concentration of 108 mg/kg is 
from a sample of unwashed spikerush from the Pit Lake (NL4P-1); the next highest concentration 
is 22.1 mg/kg.   Locations with concentrations exceeding the chronic TRV are presented on 
Appendix F.10-1.  

Manganese concentrations in vegetation samples from 61 locations in this EU range from 11 to 
16,200 mg/kg.  The EU EPC is 1,239 mg/kg, which exceeds the chronic manganese TRV of 400 
mg/kg (Table 6-3, Appendix D.5).  This EPC is below the alternative chronic manganese TRV of 
2000 mg/kg (Table 4-3).  Locations with concentrations exceeding the chronic TRV, alternative 
chronic TRVs, and the Site-specific background concentrations are presented on Appendix F.9-
1.  Three samples have a concentration greater than the manganese TRV of 400 mg/kg and 
below the Site-specific background vegetation manganese concentration (503 mg/kg); 7 samples 
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have concentrations greater than 503 mg/kg.  These samples contain unwashed aquatic 
vegetation material from 4 locations (CGC-0, SLC-0, SLC-1, SLC-2) that are distant from RMM 
and are more representative of native vegetation/sediment conditions.     

Iron concentrations in vegetation range from 23.1 to 8,850 mg/kg.  The EU EPC is 850.2 mg/kg, 
which exceeds the chronic iron TRV of 500 mg/kg (Table 4-5, Appendix D.5).  Locations with 
concentrations exceeding the chronic TRV are presented on Appendix F.7-1.  Thirteen samples 
have a concentration greater than the iron TRV of 500 mg/kg.  These samples contain aquatic 
vegetation material from 8 locations (unwashed samples from HHP-1, CGC-0, PC-1, PC-2, SLC-
0, SLC-1, SLC-2; and washed sample from PC-5) that are distant from RMM and are more 
representative of native vegetation/sediment conditions.  

Surface Water - There are 102 surface water sampling locations in the Woodall Mountain Grazing 
Allotment EU (Figure 4-7).  The only LCOPCs that exceed surface water chronic TRVs based on 
EU EPCs are iron, manganese, and selenium (Table 6-2, Appendix D.8).  The surface water 
concentrations of selenium in this EU also exceeded the acute TRV (Appendix D.8).   

Selenium concentrations in surface water ranged from non-detect to 9.83 mg/L in this EU 
(Appendix D.6).  The EU EPC is 0.94 mg/L, which exceeds the chronic selenium TRV of 0.05 
mg/L (which is also the same concentration as the target level) with an HQ of 18.8.  Results at 52 
locations exceeded the chronic selenium TRV, with a maximum HQ of 197 (Appendix F.1-2).  
Results at 35 locations exceeded the acute selenium TRV of 0.314 mg/L (Appendix F.1-2).  
Additionally, the EU EPC of 0.94 mg/L exceeds the acute selenium TRV of 0.314 mg/L.  All other 
samples from the EU were below 0.05 mg/L.  

Iron concentrations in surface water ranged from non-detect to 39.1 mg/L (Appendix D.6).  The 
EU EPC is 3.9 mg/L, which exceeds the chronic iron TRV of 2 mg/L, with an HQ of 2.  This EU 
EPC is also just above the target level for iron of 3.13 mg/L (Idaho 2004) and the highest Site-
specific background concentration of 3.3 mg/L (Table 4-6, Appendix F.7-2).  Results at 15 
locations throughout the EU exceeded the chronic iron TRV of 2 mg/L, and 15 samples from 12 
locations that exceed the background concentration (Appendix F.7-2).  Results from 7 locations 
(sedimentation basins and Pit Lake location) also exceeded the alternative chronic iron TRV of 
10 mg/L.  All other samples from the EU were below 2 mg/L.   

Manganese concentrations in surface water ranged from non-detect to 2.1 mg/L (Appendix D.6).  
The EU EPC is 0.24 mg/L, which exceeds the chronic manganese TRV of 0.05 mg/L (with an HQ 
of 4.8), but is below the target level for manganese of 0.25 mg/L (Idaho 2004) and also below the 
Site-specific background concentration of 0.37 mg/L (Table 4-6, Appendix F.9-2).  Results from 
27 locations exceeded the chronic manganese TRV of 0.05 mg/L (Appendix F.9-2).  All other 
samples from the EU were below 0.05 mg/L.  Results from 6 locations exceeded the background 
concentration (Appendix F.9-2).  All of these results are less than an alternative chronic TRV (10 
mg/L) for manganese (Table 4-4).   
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Groundwater (Hypothetical Future Tank Water Supply) - For hypothetical future tank water 
supply, EPCs are based on maximum concentrations and not on 95UCL calculations.  There are 
29 locations in the Woodall Mountain Grazing Allotment EU (Figure 4-7).  The concentrations of 
the following LCOPCs exceeded TRVs: aluminum, barium, iron, lead, manganese, selenium, 
vanadium, and fluoride (Table 6-2, Appendix D.8). 

Selenium concentrations in groundwater ranged from non-detect to 15.4 mg/L in this EU 
(Appendix D.7).  Results from 12 locations exceeded the chronic selenium TRV of 0.05 mg/L, with 
a maximum HQ of 308 (Appendix F.1-3).  Results from 9 locations exceeded the acute selenium 
TRV of 0.314 mg/L, with a maximum HQ of 49 (Appendix F.1-3).  All other samples from the EU 
were below 0.05 mg/L.   

Aluminum concentrations in this EU ranged from non-detect to 258 mg/L (Appendix D.7).  Results 
from 9 locations exceeded the chronic aluminum TRV of 5 mg/L (Appendix F.2-1).  For reference, 
the secondary drinking water standard for aluminum is 0.2 mg/L (USEPA 2016).  All other samples 
from the EU were below 5 mg/L.  There were 8 samples from 8 locations that exceeded the 
alternative chronic aluminum TRV of 10 mg/L (Table 4-4).   

Barium concentrations in this EU ranged from non-detect to 3.2 mg/L (Appendix D.7).  Results at 
7 locations exceeded the chronic barium TRV of 0.2 mg/L (Appendix F.3-2).   All other samples 
from the EU were below 0.2 mg/L.  The target level for barium is 2 mg/L (Idaho 2004) and this 
level was exceeded at just 1 location GW-28-MA (3.2 mg/L).  That was the only sample that 
exceeded 2 mg/L; all 4 of the other samples from that location were less than 0.4 mg/L.   

Iron concentrations in this EU ranged from non-detect to 278 mg/L (Appendix D.7).  Results at 13 
locations exceeded the chronic iron TRV of 2 mg/L (Appendix F.7-3); 7 of those samples were 
also greater than the alternative chronic iron TRV of 10 mg/L (Table 4-4).  All other samples from 
the EU were below 2 mg/L.  For reference, the target level for iron is 3.13 mg/L (Idaho 2004).  
Results at 10 locations exceeded that level.   

Lead concentrations ranged from non-detect to 0.212 mg/L (Appendix D.7).  For reference, the 
target level for lead is 0.015 mg/L.  There was only 1 sample from 1 location (GW-28-MA; 0.21 
mg/L) that exceeded the chronic lead TRV of 0.1 mg/L, with an HQ of 2.1 (Appendix F.8-1).  All 4 
of the other samples from that well were below 0.004 mg/L.  All other samples from the EU were 
below 0.1 mg/L.   

Manganese concentrations in this EU ranged from non-detect to 5.98 mg/L (Appendix D.7).  
Results at 18 locations exceeded the chronic manganese TRV of 0.05 mg/L (Appendix F.9-2).  All 
other samples from the EU were below 0.05 mg/L.  For reference, the target level for manganese 
is 0.25 mg/L (Idaho 2004).  Results at 15 locations exceeded that level.  All of the results are less 
than an alternative chronic TRV (10 mg/L) for manganese (Table 4-4, Appendix F.9-2).   
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Vanadium concentrations in this EU ranged from non-detect to 0.61 mg/L (Appendix D.7).  For 
reference, the target level for vanadium is 0.053 mg/L (Michigan DEQ 2015).  There were 2 
samples from 2 locations (GW-28-MA and GW-41-MA) that exceeded the chronic vanadium TRV 
of 0.1 mg/L, with a maximum HQ of 6.1 (Appendix F.12-1).  The other 8 samples from those wells 
were all below 0.03 mg/L.  All other samples from the EU were below 0.1 mg/L.  The sample 
concentrations of 0.4 and 0.6 mg/L are both below an alternative chronic vanadium TRV of 1 mg/L 
(Table 4-4).       

Fluoride concentrations ranged from non-detect to 2.28 mg/L (Appendix D.7).  There were 4 
samples from 3 locations (GW-24-MA, GW-25-MA, and GW-41-MA) that exceeded the chronic 
fluoride TRV of 2 mg/L, with a maximum HQ of 1.1 (Appendix F.13-1).  There are 22 other samples 
from those wells that are below 2 mg/L.  All other samples from the EU were below 2 mg/L.  All 
fluoride concentrations are below the promulgated MCL of 4 mg/L. 

6.2.4 Townsite Area EU 

The Townsite Area EU is in the former Townsite area of the Mine and does not include lands 
associated with BLM-defined grazing allotments (Figure 4-8).  This area is entirely on Simplot 
property and is not used for grazing.  Nonetheless, the area is being evaluated for potential risks 
to livestock.  There are exceedances of TRVs for aluminum, barium, cadmium, chromium, copper, 
iron, manganese, molybdenum, nickel, selenium, vanadium, and fluoride in dietary media in this 
EU (Table 6-2).   

Vegetation - There are 27 vegetation sampling locations in this EU (Figure 4-8).  The only 
LCOPCs that exceed vegetation TRVs based on EU EPCs are selenium and molybdenum (Table 
6-2, Appendix D.8).   

Selenium concentrations in vegetation range from 0.19 to 632 mg/kg in this EU (Appendix D.5).  
The EU EPC is 52.3 mg/kg, which exceeds the chronic selenium TRV of 5 mg/kg.  The acute 
selenium TRV (50 mg/kg) is exceeded by 16 vegetation samples from locations throughout the 
EU, including those on the Old Tailings Pond, West Limb Panel, and Middle Limb Panel (Appendix 
F.1-1).  Of these 16 samples, 10 of the samples include material from known selenium-
accumulating species (Aster spp., Medicago sativa).     

Molybdenum concentrations in this EU range from non-detect to 64.9 mg/kg.  Samples from 10 
of the locations have a concentration greater than the molybdenum TRV of 5 mg/kg; these 
locations are throughout the EU (Appendix F.10-1).   

Surface Water - There are 10 surface water sampling locations in the Townsite Area EU (Figure 
4-8).  The only LCOPCs that exceed surface water chronic TRVs based on EU EPCs are 
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manganese and selenium (Table 6-2; Appendix D.8).  The surface water concentrations of 
selenium in this EU also exceeded the acute TRV (Appendix D.8).   

Selenium concentrations in surface water ranged from non-detect to 0.87 mg/L (Appendix D.6).  
The EU EPC is 0.3 mg/L, which exceeds the chronic selenium TRV of 0.05 mg/L.  Results at 7 
locations exceeded the chronic selenium TRV of 0.05 mg/L, with a maximum HQ of 5.8 (Appendix 
F.1-2).  Results at 5 locations exceeded the acute selenium TRV of 0.314 mg/L (Appendix F.1-
2).  All other samples from the EU were below 0.05 mg/L.   

Manganese concentrations ranged from non-detect to 0.65 mg/L (Appendix D.6).  The EU EPC 
is 0.35 mg/L, which exceeds the chronic manganese TRV of 0.05 mg/L, with an HQ of 7.  There 
were 10 samples from 3 locations (FD-1, SWP-4, TP-2) that exceeded the chronic manganese 
TRV of 0.05 mg/L (Appendix F.9-2).  All other samples from the EU were below 0.05 mg/L.  The 
target level for manganese is 0.25 mg/L (Idaho 2004), and the Site-specific background 
concentration is 0.37 mg/L.  Samples from 2 locations (FD-1 and SWP-4) exceeded the 
background concentration (Appendix F.9-2).  All of the results are well below an alternative 
chronic TRV (10 mg/L) for manganese (Table 4-4).   

Groundwater (Hypothetical Future Tank Water Supply) - For hypothetical future tank water 
supply, EPCs are based on maximum concentrations and not on 95UCL calculations.  There are 
20 locations in the Townsite Area EU (Figure 4-8).  The concentrations of the following LCOPCs 
exceeded TRVs: aluminum, barium, cadmium, chromium, copper, iron, manganese, nickel, 
selenium, vanadium, and fluoride (Table 6-2, Appendix D.8).   

Selenium concentrations in this EU ranged from non-detect to 1.15 mg/L (Appendix D.7).  Results 
from 8 locations exceeded the chronic selenium TRV of 0.05 mg/L, with a maximum HQ of 23 
(Appendix F.1-3).  Results from 4 locations (FD-1, GW-18-MA, GW-37-MD, and GW-50-MS) 
exceeded the acute selenium TRV of 0.314 mg/L, with a maximum HQ of 3.7 (Appendix F.1-3).  
All other samples from the EU were below 0.05 mg/L.   

Aluminum concentrations in 75 water samples in this EU ranged from non-detect to 146 mg/L 
(Appendix D.7).  There were 14 samples from 9 locations that exceeded the chronic aluminum 
TRV of 5 mg/L (Appendix F.2-1).  All other samples from the EU were below 5 mg/L.  For 
reference, the secondary drinking water standard for aluminum is 0.2 mg/L (USEPA 2016).     

Barium concentrations ranged from 0.004 to 0.96 mg/L (Appendix D.7).  Results at 10 locations 
exceeded the chronic barium TRV of 0.2 mg/L (Appendix F.3-2).  All other samples from the EU 
were below 0.2 mg/L. The target level for barium is 2 mg/L (Idaho 2004), and all results were well 
below that concentration.     

Cadmium concentrations ranged from non-detect to 0.07 mg/L (Appendix D.7).  For reference, 
the target level for cadmium is 0.005 mg/L (Idaho 2004).  There were only 2 samples from 1 
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location (GW-18-MA; 0.056 and 0.07 mg/L) that exceeded the chronic cadmium TRV of 0.05 
mg/L, with a maximum HQ of 1.5 (Appendix F.4-1).  All other samples from the EU were below 
0.05 mg/L.  The concentration of 0.07 mg/L at this well is below alternative chronic cadmium TRVs 
ranging up to 5 mg/L (Table 4-4).   

Chromium concentrations in this EU ranged from non-detect to 1.9 mg/L (Appendix D.7).  For 
reference, the target level for Total Chromium is 0.1 mg/L (Idaho 2004).  There were only 2 
samples from 1 location (GW-18-MA; 1.28 and 1.9 mg/L) that exceeded the chronic chromium 
TRV of 1 mg/L, with a maximum HQ of 1.9 (Appendix F.5-1).  All other samples from the EU were 
below 1 mg/L.   

Copper concentrations ranged from non-detect to 0.54 mg/L (Appendix D.7).  There was just 1 
sample from 1 location (GW-18-MA; 0.54 mg/L) that exceeded the chronic cadmium TRV of 0.5 
mg/L, with an HQ of 1.1 (Appendix F.6-1).  All other samples from the EU were below 0.5 mg/L.  
The concentration of 0.54 mg/L at this well is below alternative chronic copper TRVs ranging up 
to 5 mg/L (Table 4-4).  All copper concentrations are below the target level of 1.3 mg/L (Idaho 
2004).  

Nickel concentrations ranged from non-detect to 1.37 mg/L (Appendix D.7).  There were 2 
samples from 1 location (GW-18-MA; 1.25 and 1.37 mg/L) that exceeded the chronic nickel TRV 
of 1 mg/L, with a maximum HQ of 1.4 (Appendix F.11-1).  These are also the only samples that 
exceeded the target level of 0.209 mg/L (Idaho 2004).  All other samples from the EU were below 
0.209 mg/L.  

Iron concentrations ranged from non-detect to 167 mg/L (Appendix D.7).  Results at 13 locations 
exceeded the chronic iron TRV of 2 mg/L, with a maximum HQ of 84 (Appendix F.7-3).  Results 
from 9 of the locations were also above the alternative chronic iron TRV of 10 mg/L (Table 4-4).  
Results from 12 locations exceeded the target level of 3.13 mg/L (Idaho 2004).  All other samples 
from the EU were below 2 mg/L.   

Manganese concentrations ranged from non-detect to 3.6 mg/L (Appendix D.7).  For reference, 
the target level for manganese is 0.25 mg/L (Idaho 2004).  Results at 14 locations exceeded the 
chronic manganese TRV of 0.05 mg/L, with a maximum HQ of 72 (Appendix F.9-3).  All other 
samples from the EU were below 0.05 mg/L.  All of the results are less than an alternative chronic 
TRV (10 mg/L) for manganese (Table 4-4). 

Vanadium concentrations ranged from non-detect to 1.04 mg/L (Appendix D.7).  For reference, 
the target level for vanadium is 0.053 mg/L (Michigan DEQ 2015).  Results at 2 locations (GW-
17-MA and GW-18-MA) exceeded the chronic vanadium TRV of 0.1 mg/L, with a maximum HQ 
of 10 (Appendix F.12-1).  All other samples from the Townsite Area EU were below 0.1 mg/L.  The 
maximum concentration of 1.04 mg/L is just above an alternative chronic vanadium TRV of 1 mg/L 
(Table 4-4).  
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Fluoride concentrations ranged from non-detect to 2.3 mg/L (Appendix D.7).  There was just 1 
sample from 1 well (GW-53-MS) that exceeded the chronic fluoride TRV of 2 mg/L, with an HQ of 
1.2 (Appendix F.13-1).  All other samples from the EU were below 2 mg/L.  All fluoride 
concentrations are below the promulgated level of 4 mg/L. 

6.2.5 Conda Mine Grazing Allotment EU 

The Conda Mine Grazing Allotment EU includes two separate areas (Figure 4-9).  The only 
surface disturbances in this EU are the Grace Panel and disturbances associated with Rex Chert 
and Dinwoody Formation material borrow areas, which are both low in seleniferous content.  As 
indicated by the LCOPC concentrations in the dietary-media samples from this EU, described 
below, risk to livestock from grazing in this EU is within acceptable levels for both chronic and 
acute exposures from water consumption.  For vegetation, grazing risk to livestock in this EU 
exceeds chronic and acute levels for selenium on the Grace Panel, especially for selenium-
accumulating vegetation.     

Vegetation - There are 10 vegetation sampling locations in this EU (Figure 4-9).  The only LCOPC 
that exceeds vegetation TRVs based on EU EPCs is selenium (Table 6-2, Appendix D.8).  
Selenium concentrations range from 0.03 to 170 mg/kg (Appendix D.5).  The EU EPC is 37 mg/kg, 
which exceeds the chronic selenium TRV of 5 mg/kg.  The 12 samples that exceed 5 mg/kg are 
all from the Grace Panel (Appendix F.1-1) and 5 of those samples include material from known 
selenium-accumulating species (Aster spp., Grindelia spp.).  All other vegetation samples in the 
EU are less than 5 mg/kg.  So, the EU EPC is biased by samples from RMM, which is only 2.4 
percent of the entire EU.  The acute selenium TRV (50 mg/kg) is exceeded by 2 vegetation 
samples from the Grace Panel (Appendix F.1-1).   

Surface Water - The only 2 surface water sampling locations in the Conda Mine Grazing 
Allotment EU are HH-1 and HH-OP1 (Figure 4-9).  The surface water concentrations of LCOPCs 
at those locations did not exceed any applicable TRVs (Table 6-2, Appendix D.8).  There were no 
exceedances of acute or chronic selenium TRVs.   

Groundwater (Hypothetical Future Tank Water Supply) - HH-1 is the only hypothetical future 
tank water supply location in the Conda Mine Grazing Allotment EU (Figure 4-9).  The 
concentrations of LCOPCs from this location did not exceed any applicable TRVs (Table 6-2, 
Appendix D.8).  There were no exceedances of acute or chronic selenium TRVs.   

6.2.6 Trail Canyon-1 Grazing Allotment EU 

The Trail Canyon-1 Grazing Allotment EU is the BLM grazing allotment of the same name in the 
southwestern part of the Site (Figure 4-10).  Mining-related disturbances cover approximately 12 
percent of the entire EU (Table 4-5).  As indicated by the LCOPC concentrations in the dietary 
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media from this EU, as described below, there are exceedances of TRVs for aluminum, barium, 
iron, lead, manganese, and selenium (Table 6-2).  For vegetation, grazing risk to livestock in this 
EU exceeds chronic and acute levels for selenium, especially for selenium-accumulating 
vegetation.  There are exceedances of chronic (and acute selenium) TRVs in water, as 
documented on Table 6-2.  The LCOPCs of most concern in this EU are selenium and iron.   

Most of the dietary-media samples used to calculate the EU EPC come from locations in areas 
with RMM (Figure 4-10).  It is expected that an EU EPC based on samples with less bias towards 
conditions in areas with RMM (i.e., distributed more evenly throughout the entire EU) would be 
lower.   

Vegetation - There are 6 vegetation sampling locations in this EU (Figure 4-10) – all are on or 
directly adjacent to the West Limb Panel.  The only LCOPC that exceeds vegetation TRVs based 
on EU EPCs is selenium (Table 6-2, Appendix D.8).  Selenium concentrations in vegetation range 
from 0.07 to 129 mg/kg (Appendix D.5).  The EU EPC is 61.8 mg/kg, which exceeds the chronic 
selenium TRV of 5 mg/kg.  The acute selenium TRV (50 mg/kg) is exceeded by vegetation 
samples from 3 locations on the West Limb Panel – ST4-03, ST4-04, and ST4-06 (Appendix F.1-
1).  Of the 25 samples in the EU that exceed 5 mg/kg, 21 of the samples include material from 
known selenium-accumulating species (Aster spp., Medicago sativa, Astragalus spp., Grindelia 
spp.).  All other vegetation samples in the EU are less than 5 mg/kg.   

Surface Water - There are 3 surface water sampling locations in the Trail Canyon-1 Grazing 
Allotment EU: SWP-2, SWP-3, and SWS-2 (Figure 4-10).  The only LCOPCs that exceed surface 
water TRVs based on EU EPCs are iron and manganese (Table 6-2, Appendix D.8).  The surface 
water concentrations of selenium in this EU did not exceed chronic or acute TRVs (Table 6-2, 
Appendix D.8).   

The HQ for iron in surface water is 1.1.  Only 1 result (2.9 mg/L at SWS-2) exceeded the chronic 
TRV of 2 mg/L.  The results are within the range of drinking water TRVs for iron (0.4 to 10 mg/L; 
Table 4-4) and also the Site-specific background concentrations of iron in surface water (1.4 to 
3.3 mg/L; Table 4-6, Appendix F.7-2).  None of the results exceed the target level of 3.13 mg/L 
(Idaho 2004).  

The HQ for manganese in surface water is 4.4.  Surface water results for manganese ranged from 
0.0097 to 0.338 mg/L (Appendix D.6).  All but 1 result exceeded the chronic TRV of 0.05 mg/L.  
However, these results are all less than an alternative chronic TRV (10 mg/L) for manganese 
(Table 4-4), and also less than the Site-specific background concentration of 0.37 mg/L (Table 4-
6).  Six of the 8 sample results are below the target level of 0.25 mg/L (Idaho 2004).  

Groundwater (Hypothetical Future Tank Water Supply) - For hypothetical future tank water 
supply, EPCs are based on maximum concentrations and not on 95UCL calculations.  There are 
6 tank water supply locations in the Trail Canyon-1 Grazing Allotment EU (Figure 4-10).  The 
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concentrations of the following LCOPCs exceeded TRVs: aluminum, barium, iron, lead, 
manganese (Table 6-2, Appendix D.8).  There were no exceedances of acute or chronic selenium 
TRVs. 

Aluminum concentrations in this EU ranged from non-detect to 9.04 mg/L (Appendix D.7).  There 
was only 1 sample from 1 location (GW-34-MA; 9.04 mg/L) that exceeded the chronic aluminum 
TRV of 5 mg/L (Appendix F.2-1).  All other samples from the EU were below 5 mg/L.    The 
concentration of 9.04 mg/L at this well is below the alternative chronic aluminum TRV of 10 mg/L 
(Table 4-4).   

Barium concentrations ranged from 0.04 to 0.24 mg/L (Appendix D.7).  There was only 1 sample 
from 1 location (SWS-2) that exceeded the chronic barium TRV of 0.2 mg/L (Appendix F.3-2).   All 
other samples from the EU were below 0.2 mg/L.  The concentration of 0.24 mg/L at this spring 
only minimally exceeds the barium TRV, with an HQ of 1.2 (Appendix D.7).  All results are well 
below the target level for barium of 2 mg/L (Idaho 2004). 

Iron concentrations ranged from non-detect to 18.4 mg/L (Appendix D.7).  There were 7 samples 
from 5 locations that exceeded the chronic iron TRV of 2 mg/L (Appendix F.7-3); 4 of those 
samples were less than the alternative chronic iron TRV of 10 mg/L (Table 4-4).  All other samples 
from the EU were below 2 mg/L. The target level for iron is 3.13 mg/L (Idaho 2004), and this was 
exceeded in 6 samples. 

Lead concentrations ranged from non-detect to 0.11 mg/L (Appendix D.7).  For reference, the 
target level for lead is 0.015 mg/L (Idaho 2004).  There was only 1 sample from 1 location (GW-
LRSN-2-DD; 0.11 mg/L) that exceeded the chronic lead TRV of 0.1 mg/L (Appendix F.8-1).  The 
other two samples from this well were below 0.03 mg/L and all other samples from the EU were 
below 0.1 mg/L.   

Manganese concentrations ranged from non-detect to 0.98 mg/L (Appendix D.7).  The target level 
for manganese is 0.25 mg/L (Idaho 2004) and 5 samples from 3 locations exceeded that level.  
There were 12 samples from 5 locations that exceeded the chronic manganese TRV of 0.05 mg/L 
(Appendix F.9-3).  All other samples from the EU were below 0.05 mg/L.  All results are less than 
an alternative chronic TRV (10 mg/L) for manganese (Table 4-4).    

6.3 Preliminary Livestock Chemicals of Concern (LCOC) and Risk Characterization  

The following subsections present a discussion of the potential risks to livestock from LCOPCs 
that have been identified through the tiered risk assessment process.  The risk characterization 
provides information to support risk management decisions. 
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6.3.1 Preliminary LCOCs 

Of the LCOPCs listed in Table 6-3, eight are considered preliminary LCOCs and include: 
aluminum, chromium, iron, manganese, molybdenum, nickel, selenium, and vanadium.  The 
selection of preliminary LCOCs are based on the analysis in the Tier 1 and Tier 2 evaluations, as 
well as consideration of the magnitude of TRV exceedances, spatial and temporal distribution of 
exceedances, as well as exceedance of Site-specific background concentrations, surface water 
criteria, and alternative chronic values.   

Although the EPCs for barium, cadmium, copper, lead, and fluoride exceeded TRVs in one or 
more EUs, additional Tier 2 evaluations considering the factors listed above, indicate that actual 
risks associated with these are of lower potential.  Risks to livestock from beryllium, boron, 
uranium, and zinc (Table 6-3) are considered of lower consequence because their Site-wide and 
EU EPCs did not exceed TRVs.  Risks associated with antimony, silver, and thallium are uncertain 
because they were lacking TRVs for all media.   

6.3.2 Risk Characterization 

Data collected for the RI were used to estimate EPCs.  Since the RI was focused on characterizing 
suspected contaminant sources in areas with RMM, and potential transport pathways, sampling 
was biased toward the most potentially affected parts of the Site.  As a result, the EPCs may be 
biased toward overestimating exposure and risk.  Since RMM is a small percentage most of the 
allotments, actual exposure of grazing livestock may be lower than estimated for this risk 
assessment.  For example, mining-related disturbances in the Conda Mine Grazing Allotment EU 
cover approximately 2.4 percent of the entire EU (Table 4-5).   

Potentially unacceptable risk to livestock from LCOCs in groundwater could occur only if the wells 
or springs with affected groundwater were developed for livestock watering tanks or 
impoundments.  Alluvial wells close to the RMM along the transition from the hillsides typically 
contain water only seasonally and may not produce sufficient water to be a reliable source for 
livestock watering throughout the length of a typical ranching season.   

The figures presented in Appendix F show the concentrations of LCOPCs for all of the dietary 
media throughout the Site compared to chronic TRVs.  Exposure estimates based on individual 
points are not representative chronic exposure, and point-by-point comparisons to chronic TRVs 
are intended only to provide information on parts of the EUs that contribute most to insight about 
areas of potential concern to livestock.   

Data comparisons for individual sampling locations are also useful for evaluating risk of acute 
toxicity from selenium. Events of acute livestock toxicity have been observed at Conda in the past.  
Appendix F figures also show those locations where selenium concentrations exceed the acute 
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exposure TRV.  For other LCOCs, there is an overall lack of applicable acute toxicity studies for 
grazing livestock (NRC 2005), but the comparisons to chronic TRVs can be used to identify the 
locations with the greatest potential for adverse effects. 

Overall, unacceptable chronic and acute risks from LCOCs in surface water/groundwater are 
primarily associated with the RMM in the Woodall Mountain Grazing Allotment EU, Townsite Area 
EU, and Trail Canyon-1 Grazing Allotment EU.  Locations with unacceptable chronic and acute 
risks from selenium in vegetation are also primarily in RMM areas of the Woodall Mountain 
Grazing Allotment EU, Townsite Area EU, Conda Mine Grazing Allotment EU, and Trail Canyon-
1 Grazing Allotment EU (including exposed overburden and the Pit Lake), and many of the 
samples include material from selenium-accumulating plant species.  Potentially unacceptable 
risk was identified for manganese and iron in unwashed aquatic vegetation samples from 
locations that are not directly adjacent to RMM in the Woodall Mountain Grazing Allotment EU.  
These locations are distant from RMM and are likely more representative of native 
vegetation/sediment conditions.     

Risk to livestock from grazing in the Woodall Spring and Woodall Ranch Grazing Allotment EUs 
is estimated to be within acceptable levels for both chronic and acute exposures (Section 6.2.1 
and Section 6.2.2). 

6.4 Uncertainty Analysis 

Uncertainty analysis is a standard component of risk assessment (USEPA 1989).  USEPA 
recognizes that quantitative evaluation of risks to receptors from environmental impacts is 
frequently limited by uncertainty (lack of knowledge) regarding analytical data, exposure, toxicity, 
and risk factors.  Although risk assessment follows a formal scientific approach, the methods used 
and assumptions made in assessing potential livestock risks are subject to a degree of 
uncertainty.  Making assumptions, or estimates, based on available data or incorporating 
professional judgment is an inherent part of the quantitative risk assessment process. 

Depending on the data source, uncertainties may increase or decrease the estimated risks.  
However, in conformance with USEPA guidance (USEPA 1989), exposure factors and EPC 
calculation methods were selected to reduce or minimize the chances of underestimating 
exposure and risk.  It is important to the risk management decision-making process that the 
sources of uncertainty are identified. 

6.4.1 Data Quality 

As described in Section 4.1.1, only data that were determined to be of appropriate quality were 
used in this risk evaluation.  Conda RI data collection activities were performed in accordance 
with Agency-approved sampling and analysis plans (SAPs) and SAP addenda, planning 
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documents, and associated quality assurance project plans.  Data from other sources that were 
verifiably collected following detailed procedures, analyzed by appropriate analytical methods, 
and validated according to standard protocols were also used.  Hundreds of samples of abiotic 
media (e.g., soil, groundwater, surface water), and biotic media (e.g., vegetation) were collected 
across the Site.  Data were evaluated for usability in risk assessments using USEPA methods 
(USEPA 2004).  Only validated data with a data usability level of 5 were used in the SSLRA 
exposure assessments.  Refer to the Draft Final RI Report (Formation 2014) for more information 
on data validation and data usability levels. 

6.4.2 Exposure Analysis 

According to USEPA risk assessment guidance (USEPA 1997, 1998), if a chemical is found to be 
present at a site, it is assumed that exposure to that chemical will occur regardless of whether or 
not that exposure is realistic or likely.  Uncertainties associated with the exposure assessment 
included development of EPCs and selection of exposure parameters.  For EPCs averaged over 
large areas (Site-wide 95UCLs or EU 95UCLs), all data points were given the same weight.  As 
previously mentioned, because areas of potential contamination were more densely sampled, 
areas with highest LCOPC concentrations are over-represented in the EPCs and exposure 
estimates.   

A source of uncertainty also exists with potentially small data sets.  This condition exists for 
grazing allotment exposure units where the total area with mine-related materials is relatively 
small.  The sample size information for each grazing allotment exposure unit, by exposure media, 
is presented in Appendix D.     

For livestock, one of the potentially most important sources of uncertainty is the assumption that 
receptors are continuously exposed to high contamination levels.  Exposure estimates based on 
individual points may be conservative because they assumed that receptors are continuously 
exposed to LCOPC concentrations at one point, even though livestock more realistically drink 
water from surface water bodies or forage throughout an allotment.  Livestock are typically herded 
to a number of different water bodies throughout the season.   

Further, if livestock are moved from areas grazed on the Site, accumulated selenium and other 
LCOPCs can clear from the tissues, and toxic effects can be reduced or eliminated, when 
consuming dietary media with low selenium concentrations (e.g., from areas not covered by 
seleniferous overburden).  While limited data are available, recent published research indicate 
that cattle exposed to non-lethal levels of selenium may subsequently avoid forage with elevated 
selenium concentration (Pfister et al. 2015).  Pfister et al. (2010) suggests that when grazing 
animals reject toxic plants over less toxic plants (i.e. selenium accumulators), learning may be 
involved.  Learning may reduce the overall dose of toxin intake (Provenza et al. 1992).  
Additionally, Raisbeck et al. (1993) suggest that the chance of acute selenium toxicity may 
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become sporadic because livestock find selenium hyperaccumulating plants distasteful.  Pfister 
et al. (2014) evaluated if sheep and cattle can discriminate between forages of varying selenium 
concentrations.  They concluded that sheep and cattle can, in fact, adjust their intake to reduce 
selenium over time.  These studies (Pfister et al. 2010, Pfister et al. 2014, Pfister et al. 2015, 
Provenza et al. 1992, Raisbeck et al. 1993) suggest that exposure of livestock to selenium may 
be less than modeled intakes estimated in this risk assessment, due to the potential for 
learned/developed aversions to reduce overall ingestion of forage with elevated selenium.    

The type of livestock and level of nourishment may affect exposure duration when grazing forage 
with elevated selenium content.  In addition, the susceptibility of individual animals (e.g., young 
or health compromised animals), may contribute to the overall health effects.  Cattle are typically 
left out unattended within an allotment and may find water daily and move around freely.  Sheep, 
on the other hand, are typically herded to specific grazing units and watering areas and their 
movements are often controlled by a shepherd.  Horses may be hobbled or tethered at a single 
location.     

There is also uncertainty in potentially complete but insignificant pathways that were not evaluated 
quantitatively in this SSLRA, specifically, direct (e.g., dermal) contact dust inhalation exposure, 
and incidental ingestion of sediments.  These pathways are complete but either lack the TRV data 
required to quantitatively assess or are negligible in the total exposure of the livestock receptors.  
According to USEPA (2005), these pathways, are considered insignificant compared to ingestion.  
Nonetheless, the inability to evaluate these pathways serves as a source of uncertainty.   

Receptors are likely to have dermal contact with soil (including overburden), sediment, and 
surface water.  However, dermal exposure of mammals to metals and metalloids is generally 
expected to be negligible relative to all other exposure routes (USEPA 2005) and, therefore, was 
not evaluated quantitatively.  Inhalation of dust from overburden materials or soil in ambient air is 
a complete pathway but was also assumed to be insignificant relative to the ingestion route of 
exposure (USEPA 2005).   

Incidental ingestion of sediments may occur for livestock, especially if a herd of cattle or sheep 
stirs up sediment while traveling through and drinking from surface water sources.  Although 
surface water analytical results based on non-filtered samples were used for this assessment, the 
available sample data may not represent the specific turbid conditions resulting when livestock 
travel through water.  Samples representing this specific endpoint are not available and it would 
be difficult to collect representative samples.   

Incidental ingestion of soil is a complete pathway that was not independently assessed in the 
SSLRA due to a lack of livestock-specific toxicity information for soil ingestion, and overall larger 
relative exposure to forage/feed compared to incidental soil ingestion.  Based on California 
Environmental Protection Agency (Cal-EPA) risk assessment guidelines (2012), soil intake by 
pastured cattle is about 5% of the food ingestion rate.  Therefore, the maximum impact on 



Remedial Investigation/Feasibility Study 
Site-Specific Livestock Risk Assessment Report  
Conda/Woodall Mountain Mine FINAL June 2016 

 
 

 
S:\Jobs\0442-001-900-Simplot-Conda\RIFS_RiskAssessRpts\Livestock\FinalRpt\Text\FnlCondaSSLRA_TextRev.docx 

 41

exposure estimates would be 5% if the bioavailability of COIs from soil is 100%.  Since 
bioavailability of any ingested metal is likely much lower than 100%, the potential impact on 
exposure and risk estimates are likely to be lower than 5%, potentially much lower.    

As described in Cal-EPA (2012), incidental ingestion of soil is considered negligible compared to 
the ingestion of vegetation and water.  The mass of soil, in the form of dust, on vegetation is 
minimal relative to the mass of the vegetation itself.  Additionally, exposure scenarios that are 
dominated by discrete events, such as incidental soil ingestion, controls the fraction of the 
contaminant that may be available to receptors (USEPA 2005).  Table 4-1 of USEPA (2005) 
provides conservative upper-bound 90th percentile values for incidental soil ingestion for a variety 
of ground-dwelling receptors (i.e., vole, shrew, weasel).  Incidental soil ingestion percentages for 
these receptors, which inhabit the soil as compared to domestic livestock, are all less than 5%.  
Therefore, incidental soil ingestion by livestock may actually be less than 5%.  In addition, mean 
selenium concentration in surface soil (53.7 mg/kg) is similar to the mean concentration in 
vegetation (50.6 mg/kg) on the ODAs.   Thus, risk from soil ingestion, which is estimated to 
represent 5% or less of overall diet, is disproportionate compared to risk as a result of vegetation 
consumption even with comparable selenium concentrations. 

6.4.3 Toxicity Assessment 

Over thirty sources were consulted for determining protective levels of contaminants in forage 
and drinking water for livestock.  TRVs for livestock were selected to assess consumption of 
forage and water where available based on scientific derivation of values, credibility of sources, 
and professional judgment.   

Livestock-specific TRVs - The livestock-specific TRVs used in this assessment generally result 
directly from feeding studies using the species being assessed – cattle, sheep, and/or horses – 
and inter-taxonomic extrapolation from laboratory animals was minimized.  Therefore, using TRVs 
developed specifically for the livestock species being assessed likely does not significantly 
underestimate exposures.13   

Identification of chronic and acute TRVs - TRVs for both acute and chronic exposures were 
selected for selenium, since the potential acute toxicity from selenium exposures is a particular 
concern in this region as the result of several historical livestock mortality incidents related to 
possible selenium toxicity.  The TRVs identified for the other LCOPCs address chronic exposures.  
In general, concentrations of COIs associated with chronic toxicity from dietary media are lower 
than for acute toxicity exposure concerns, and so this approach was suitable for identifying 

                                                 
13 By contrast, many of the ingestion rate-based TRVs used in wildlife risk assessments are extrapolated from other species.  In most 
cases, it is necessary to back-calculate ingestion rate-based TRVs for the wildlife species from the original studies which are based 
on different species, often domesticated species or standard laboratory test species.     
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LCOPCs and areas of potential concern at the Site.  Further, there is more comprehensive 
information regarding chronic exposures for livestock than there is for acute exposures.   

The TRVs for forage are largely based on the comprehensive research summarized in NRC 
(2005) for the development of Maximum Tolerable Limits (MTLs).  The NRC (2005) researchers 
considered three exposure durations: a single dose (consumption of a single meal or by a single 
gavage of the mineral), acute exposure (intake of 10 days or less), and chronic exposure (10 days 
or more).  In making the recommendations for MTLs, emphasis was given to the studies that had 
the longest durations of exposure.  Many of the single dose or acute studies are based on studies 
with non-livestock species such as rats; several of the chemicals were lacking acute toxicity 
information for livestock.  Of LCOPCs that were quantitatively evaluated in this SSLRA, many 
were lacking applicable acute toxicity studies for cattle, sheep, or horses (based on a review of 
NRC [2005]). 

Sources of TRV uncertainty - Generally, the lowest value was selected among the applicable 
values identified in the literature for each chemical.  This process is conservative and minimizes 
the chance of underestimating risk, but also is a form of uncertainty.  Although TRVs based on 
MTLs from NRC (2005) do not include a built-in safety factor, other TRV sources did include a 
wide margin of safety (e.g., NAS and NAE 1972).  Other sources of uncertainty are factors that 
affect livestock toxicity, such as the form of chemical that is consumed, duration and frequency of 
consumption, livestock age and health, livestock species (e.g., ruminants versus non-ruminants), 
interactions between chemicals, and additional dietary elements consumed.  Although different 
classes of livestock (sheep, cattle, and horses) may differ in their sensitivity to COIs, the available 
TRVs are generally based on the most sensitive species.  Tables 4-1 through 4-4 provide notes 
regarding the species basis of the TRVs where available, and also identify if there are different 
values for sheep, cattle, and horses.   

The TRVs are also dependent upon the form of the mineral to which the animal is exposed, the 
rate of exposure (e.g., single bolus dose versus grazing over time), and the bioavailability of the 
chemicals, which is affected by the factors such as solubility of the compound in the digestive 
tract, its valence state, and whether the mineral is in an organic, metallic, or other inorganic form, 
etc. (NRC 2005).  For example, selenium as selenite or selenate behaves quite differently in the 
mammalian body than does selenomethionine (UW/WGFD/WDEQ 2007).  There could also be 
possible antagonistic and synergistic effects as a result of cumulative effects from multiple 
toxicants and exposure pathways.  There may be interactions among chemicals that affect 
toxicity, for example, ruminants may tolerate much higher levels of aluminum as long as there is 
sufficient phosphorus in the diet to compensate for the effects of aluminum (ANZECC 2000).  
Similarly, the incidence and severity of molybdenum toxicity is related to the copper status of the 
animal (NRC 2005); relatively low dietary molybdenum can cause copper deficiency and that 
increasing dietary copper can overcome molybdenum toxicity (NRC 2000).   The length of time 
livestock are exposed, and the timing of the exposure relative to reproductive cycles are also 
important factors affecting overall effects on the animals.  Additional factors, such as age, health 
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status, gender, pre-existing conditions, and/or an animal’s ability to tolerate higher levels of 
selenium may also influence the overall health of the animals.     

Further, the chemical form used in feeding studies can be different than the forms of chemicals 
actually present in the on-site dietary media.  The chemical forms used in the dietary feeding 
studies that are the basis of TRVs listed in Tables 4-1 through 4-4 are presented in Appendix A.2 
(if that information was provided in the sources).  NRC (2005) acknowledges that the 
bioavailability of minerals is a notable source of uncertainty in the development of TRVs because 
the bioavailability of minerals in feedstuffs can be different than the form of minerals used in 
feeding studies, which “are often based on reagent-grade, highly available forms.”  Individual 
chapters in NRC (2005) provide further information on the relative toxicities (i.e., bioavailabilities) 
of common sources of minerals.  Often, more soluble forms of chemicals are used in feeding 
studies to allow better control of experimental doses.  For example, barium salts (like barium 
chloride) used in the feeding studies, are commercially produced and are soluble in water, 
bioavailable and toxic.  However, the form of barium most commonly found in the environment is 
barium sulfate, which is largely insoluble and considered nontoxic to humans and animals (NRC 
2005).  Researchers for the UW/WGFD/WDEQ (2007) report tried to base their recommendations 
upon the chemical form most likely to be present in typical surface waters, and in the absence of 
other data, assumed the free ion in water was equivalent on a mg/kg body weight basis to the 
same chemical in feedstuffs.  For example, the chemical form of selenium in surface waters is 
predominately selenite or selenate, and these ions are the forms most thoroughly researched.   

Qualitative evaluation of uncertain LCOPCs - TRVs for ingestion of vegetation by livestock 
were not available in the reviewed literature for antimony, beryllium, silver, thallium, and uranium.  
Uncertainties associated with uranium are discussed in Section 6.4.3.  Additionally, TRVs were 
not found for antimony, silver, or thallium in drinking water.  Because risks cannot be calculated 
for chemicals without toxicity information, these chemicals cannot be evaluated quantitatively and 
are instead assessed qualitatively in this risk assessment.   

The relative risk to herbivores from these five chemicals can be evaluated based on ecological 
soil screening levels (EcoSSLs) developed for assessing risk to mammals from soils, which 
indicate that the order of relative risk (from highest to lowest) is antimony (0.27 mg/kg), silver (14 
mg/kg), and beryllium (21 mg/kg).  There are no EcoSSLs for thallium or uranium. In comparison, 
the selenium EcoSSL is 0.63 mg/kg.  For mammalian herbivore receptors evaluated in the SSERA 
(eastern cottontail rabbit, mule deer), all five of these COIs (antimony, beryllium, silver, thallium, 
and uranium) were eliminated as COPCs (Formation 2015a).    

Antimony does not have TRVs for surface water, groundwater or vegetation.  Antimony does not 
have a livestock MTL in NRC (2005) as a result of insufficient data; the only available dietary 
recommendations were for 70 to 150 parts per million (ppm) for rabbits.  Antimony was detected 
in 33% of the 199 vegetation samples, the maximum concentration of antimony in vegetation at 
the Site was 0.3 mg/kg (Appendix C.1), and the 95UCL Site-wide EPC was 0.03 mg/kg (Appendix 
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D.1), which are far below the recommended level for rabbits.  Antimony was detected in 16% of 
277 groundwater samples with a maximum concentration of 0.0065 mg/L and was detected in 
30% of 200 surface water samples with a maximum concentration of 0.0051 mg/L (Appendix C.2 
and C.3).  The 95UCL Site-wide EPC for surface water was 0.0004 mg/L (Appendix D.2). 

Silver also does not have TRVs for surface water, groundwater, or vegetation.  Silver does not 
have a livestock MTL in NRC (2005) as a result of insufficient data; the only available dietary 
recommendations were for 100 to 300 ppm for poultry and swine (NRC 1980).  Silver was only 
detected in 52% of 199 vegetation samples, the maximum concentration of silver in vegetation at 
the Site was 0.39 mg/kg (Appendix C.1), and the 95UCL Site-wide EPC was 0.03 mg/kg 
(Appendix D.1), which are far below the recommended level for poultry/swine. Silver was detected 
in just 4% of 277 groundwater samples with a maximum concentration of 0.007 mg/L and was 
detected in 13% of 200 surface water samples with a maximum concentration of 0.01 mg/L 
(Appendix C.2 and C.3). The 95UCL Site-wide EPC for surface water was 0.001 mg/L (Appendix 
D.2). 

Thallium does not have TRVs for surface water, groundwater or vegetation.  Thallium is not 
discussed in NRC references (NRC 1980 and 2005), nor in NAS references (NAS 1974, NAS and 
NAE 1972).  Radeleff (1970) indicated that “the lethal dose varies around 10 mg/kg for most 
animals, and the cumulative lethal dose seems to run between 10 and 20 mg/kg” for thallium; 
however, the source of this information is vague because no studies were cited.  Site 
concentrations are below these levels.  Thallium was only detected in 45% of 199 vegetation 
samples, the maximum concentration of thallium in vegetation at the Site was 1.5 mg/kg 
(Appendix C.1), and the 95UCL Site-wide EPC was 0.1 mg/kg (Appendix D.1).  Thallium was 
detected in 18% of 277 groundwater samples with a maximum concentration of 0.005 mg/L and 
was detected in 29% of 200 surface water samples with a maximum concentration of 0.0005 mg/L 
(Appendix C.2 and C.3). The 95UCL Site-wide EPC for surface water was 0.0001 mg/L (Appendix 
D.2).    

Beryllium and uranium do not have TRVs for vegetation.  Maximum detected concentrations for 
beryllium and uranium did not exceed TRVs for surface water or groundwater and so beryllium 
and uranium were not identified as LCOPCs in water.  Beryllium is generally poorly absorbed from 
the gastrointestinal tract, and toxicity due to ingestion is low (ANZECC 2000).  In a review of the 
limited amount of toxicity data available for animals, ingestion of beryllium in the water supply for 
long periods of time caused no ill effects (ANZECC 2000).  Beryllium was detected in 26% of 199 
vegetation samples with a maximum concentration of 0.31 mg/kg (Appendix C.1), and 95UCL 
Site-wide EPC of 0.02 mg/kg (Appendix D.1).   

Uranium was detected in 61% of 199 vegetation samples with a maximum concentration of 1.06 
mg/kg (Appendix C.1), and 95UCL Site-wide EPC of 0.1 mg/kg (Appendix D.1).  Uranium is 
present as a natural constituent in soil, where basalts contain less than 1 mg/kg uranium, acidic 
rocks such as granite contain more than 8 mg/kg, and sedimentary rocks (i.e. shale) contain on 
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average 4 mg/kg (Stokinger 1981, NCRP 1984).  Uranium is mobilized from shale rock by 
weathering of uraninite (CCME 2007).  Weathering by surface and groundwater causes oxidation 
of uraninite to the soluble uranyl (UO2

2+), which is the form of uranium most commonly 
translocated in plants (Ebbs et al. 1998).  Uranium mobility and uptake by vegetation is affected 
by soil aeration, organic matter content, pH, and cation exchange capacity.  Uranium is more 
mobile in soils that are highly acidic with low adsorptive capacity and in highly alkaline soils with 
carbonate minerals (Shahandeh and Hossner 2002).  Roivainen et al. (2011) found that uranium 
concentrations were higher in plant roots than in above-ground biomass.  Thus, it is expected that 
exposure of uranium in above-ground consumable plant material by livestock is minimized. 

There is very little information available on the toxicity of uranium to livestock.  Maynard and 
Hodge (1949) evaluated the toxicity of various uranium compounds on rabbits, rats, and dogs.  
Administration dose was 30 days, with extended periods lasting up to one year.  Rabbits had 
greater sensitivity to uranyl nitrate above 2.8 mg/kg/day, with renal damage and body weight 
reductions occurring beyond this level.  Toxicity to uranium compounds, particularly uranyl nitrate, 
was less severe with rats and dogs.  Water soluble uranium compounds (UO2F2, UO2(NO3)2, UCl4) 
were more toxic than insoluble compounds, where LOAELs for these compounds were 39, 120, 
and 160 mg/kg/day for rats and 7.7, 9.5, and 132 mg/kg/day for dogs, respectively.  Dogs appear 
to be more sensitive to uranium compounds than rats.  Novikov and Yudina (1970) evaluated the 
effect of uranyl nitrate on female rabbits for one year at the following doses: 0, 0.02, 0.2, and 1 
mg/kg/day.  No differences in serum urea, creatinine, or chlorides were noted based on these 
levels.  Garner (1963) evaluated uranium in livestock and documented a LOAEL of 0.615 
mg/kg/bw-d (4 g/d based on an animal weight of 650 kg), where the observed effect was “general 
health/milk yield.”    No other endpoints are noted, either in Garner (1963) or CCME (2007).   

Based on the low concentrations of these uncertain COPCs in vegetation, low detection 
frequencies in surface water and groundwater, and de minimus risk predicted for ecological 
receptors (eastern cottontail rabbits and mule deer) in the SSERA, risks from antimony, beryllium, 
silver, thallium, and uranium to livestock are within an acceptable range. 

Fluoride and nitrate have TRVs for vegetation and water consumption by livestock (Tables 4-2 
and 4-4) and were evaluated quantitatively for surface water and groundwater, but there are not 
data for these COIs in vegetation, which is a potential source of uncertainty.  TRVs for these COIs 
were not identified in the BPF (Formation 2013), but they were included in this SSLRA for 
completeness.   

Based on the screening evaluation for surface water and groundwater, nitrate was not identified 
as an LCOPC because maximum concentrations were less than the livestock water consumption 
TRV.  The TRV for nitrate in vegetation is 1500 mg/kg.  Although some forage plants can 
accumulate nitrate at toxic levels, especially when stress is encountered during growth, nitrate 
accumulation is highly variable and nitrate is generally converted to other forms during nitrogen 
assimilation (NRC 1980, 2005).  Nitrate is the primary nitrogen source available to plants in the 
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soil and under normal environmental conditions minimal nitrate is accumulated in plants because 
it is used to form amino acids (NRC 1980, 2005).  Nitrate toxicosis would be more likely to occur 
naturally from drinking water.  Based on the minimal risk from nitrate in water, and the expectation 
that nitrate accumulation would not happen on a widespread basis in forage vegetation, it is 
expected that risk to livestock from nitrate at the Site is low.   

Based on the screening evaluation for surface water and groundwater, fluoride was identified as 
an LCOPC.  However, based on additional assessment in Tier 2, fluoride is not considered a 
preliminary LCOC in water.  Surface water HQs for fluoride did not exceed 1 for any of the EUs 
(Table 6-2).  In hypothetical future tank water supply, the HQs for fluoride ranged up to 1.2, based 
on just 5 out of 620 samples that barely exceeded 2 mg/L.  Concentrations of fluoride in water are 
all below the promulgated level of 4 mg/L.  For vegetation, most plants have a limited capacity to 
absorb fluoride from the soil; natural forage normally contains 2 to 20 mg/kg fluoride (NRC 2005).  
The primary sources of dietary fluorides for farmed animals are phosphorus supplements and 
feed ingredients of animal origin (NRC 2005).  Livestock could consume fluoride deposited on the 
surfaces of vegetation from dust, but the toxicity would be related to the solubility in water (NRC 
1980, 2005).  Fluoride compounds that are the most soluble are generally the most toxic (NRC 
2005), and so drinking water risk to livestock from fluoride could be more important than risks 
from plant dust.  So it is expected that risk to livestock from fluoride at the Site is low.   
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7.0 CONCLUSIONS 

The primary objective of this SSLRA was to evaluate potential exposure of livestock to selenium 
and other LCOPCs associated with environmental media at the Site, and provide the Agencies 
with the information necessary to make informed risk management decisions with respect to 
grazing activities.   

The methodology for the risk assessment was based on USEPA guidance for ecological risk 
assessment (USEPA 1997 and 1998) and adapted for evaluating risk to livestock.  EPCs were 
expressed as concentrations of LCOPCs in surface water, groundwater, and vegetation (forage).  
EPCs were compared to TRVs for each of the media.  The LCOPCs evaluated in the RI were 
evaluated for risks from chronic and, where possible acute exposures.  Eight LCOPCs were 
identified as preliminary LCOCs based on the initial screening and detailed risk characterization 
Tier 1 and Tier 2 analyses.  These include: aluminum, chromium, iron, manganese, molybdenum, 
nickel, selenium, and vanadium.  Events of acute livestock selenium toxicity have been observed 
at Conda in the past.  Final LCOCs will be identified by the agencies based on this risk 
assessment.  For LCOCs other than selenium, there is an overall lack of applicable acute toxicity 
studies for grazing livestock (NRC 2005), but the comparisons to chronic TRVs can be used to 
identify the locations with the greatest potential for adverse effects.  Selenium is considered the 
primary risk driver among these LCOCs.  While exposure to several other LCOPCs exceeded risk 
benchmarks in some areas, the elevated concentrations coincided with elevated selenium 
exposures in most cases.   

Overall, unacceptable risks from LCOCs in surface water/groundwater are primarily associated 
with the RMM in the Woodall Mountain Grazing Allotment EU, Townsite Area EU, and Trail 
Canyon-1 Grazing Allotment EU.  Locations with unacceptable chronic and or acute risks from 
selenium in vegetation are also primarily in RMM areas of the Woodall Mountain Grazing 
Allotment EU, Townsite Area EU, Conda Mine Grazing Allotment EU, and Trail Canyon-1 Grazing 
Allotment EU (including exposed overburden and the Pit Lake), and many of the samples include 
material from selenium-accumulating plant species.  Potentially unacceptable risk was identified 
for manganese and iron in unwashed aquatic vegetation samples from locations that are not 
directly adjacent to RMM in the Woodall Mountain Grazing Allotment EU.  These locations are 
distant from RMM and are likely more representative of native vegetation/sediment conditions.  
Risk to livestock from grazing in the Woodall Spring and Woodall Ranch Grazing Allotment EUs 
is estimated to be within acceptable levels for both chronic and acute exposures (Section 6.2.1 
and Section 6.2.2). 

Since the RI was focused on characterizing suspected contaminant sources in areas with RMM, 
and potential transport pathways, sampling was biased toward the most potentially affected parts 
of the Site.  Combined with the fact that RMM is a small percentage of most of the grazing 
allotments, actual exposure of grazing livestock may be lower than estimated.  If livestock are 
moved from areas with elevated LCOPC concentrations to areas with lower concentrations during 
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livestock grazing rotation, accumulated selenium and other LCOPCs can clear from the tissues, 
and toxic effects can be reduced or eliminated.   

The potential risks to livestock identified through the risk assessment process described in this 
SSLRA will be used to support the development of remedial alternatives and provide a basis for 
comparing potential livestock impacts of the alternatives in the forthcoming FS for the Conda 
Mine.  The conclusions of this SSLRA will be available for the support of risk management 
decisions regarding which remedy is most appropriate for the Site. 
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine 

Allotment 
Area Outside 
of Mined/Non-
Mined Areas

Total 
Acres

Ownership Info
Total 

Acres, %
Ownership Info

Total 
Acres, %

Ownership Info
Total Acres, 

%

Woodall Spring  04338  BLM Cattle
May 15 to 
September 

30  
57

Potentially impacted by selenium 
(Figure 12).  

1613
75.6% Private; 24% BLM; 

0.4% Simplot
7 

(0.4%)
100% Simplot

1139 
(70.6%)

68% Private; 32% BLM
467

(29.0%)

Woodall Ranch 04386 BLM Cattle
May 16 to 
September 

30
32

Potentially impacted by selenium 
(Figure 12).  

645 74% Private; 26% BLM
150

(23.3%)
70% BLM; 30% Private

495              
(76.7%)

Woodall Mountain  04554 BLM Sheep
May 16 to 
September 

30  

 216 total 
(153 

suspended)  

1180 public land acres affected by 

selenium.b
6890

61.5% Simplot; 25.2% BLM; 
12.2% Private; 1.1% County

2820 
(40.9%)

61% Simplot; 
39% BLM

3588 
(52.1%)

63% Simplot; 18% Private; 
17% BLM; 2% County

482          
(7.0%)

Conda Mine 10020 BLM NA NA NA -- 437
93% BLM; 5% Simplot; 2% 

Private
392 

(89.7%)
94% BLM; 6% 

Simplot
45 

(10.3%)
82% BLM; 18% Private None

Trail Canyon-1 04226 BLM Sheep
May 1 to 

September 
30

34 total 
(4 suspended)

123 public land acres affected by 

selenium.b
832

36% BLM; 33% Simplot; 30% 
Private; 1% County

436 
(52.4%)

63% Simplot;
37% BLM

353 
(42.4%)

59% Private; 39% BLM; 2% 
County

43               
(5.2%)

Trail Canyon-2 04289 BLM Sheep
May 1 to 

September 
15

35 total 
(5 suspended)

25 public land acres affected by 

selenium.b
832

79.5% Private; 20.3% BLM; 
0.2% Simplot 

2     
(0.2%)

100% Simplot 457 (55%) 63% Private; 37% BLM
373       

(44.8%)

North Sulphur and Trail 14031 BLM Sheep
May 15 to 

July 15
324 -- 5022

50.1% Private; 37.1% BLM; 
11.4% State of Idaho; 1.3% 

Simplot; County 0.1%

47   
(0.9%)

96% BLM; 4% County
4975    

(99.1%)

North Sulphur 20220 USFS Sheep
June 16 to 

September 5
(a) -- 5953

99.5% USFS; 0.2% Simplot; 
0.2% BLM; 0.1% Private

2        
(0.03%)

100% Simplot
99   

(1.7%)
96% USFS; 4% Simplot

5852    
(98.3%)

Notes:

BLM = Bureau of Land Management

NA = Not Applicable

One Animal Unit Month (AUM) is equal to the amount of forage used to support one cow and one calf for one month (approximately 800 pounds of forage). 

(a) - AUM information not provided; total of 1,050 ewes/lambs permitted in 2011 (USFS 2011).

(b) - Grazing allotments are indefinitely closed to sheep grazing due to elevated levels of selenium in water and plants.  Closure will remain in place until such time selenium levels can be reduced to acceptable levels through containment or capping (BLM 2012a).

-- = No notes specifically provided for this allotment in text or Figure 12 of BLM (2012a).

Sources:

TABLE 2-1
Grazing Allotment Summary

U.S. Forest Service (USFS). 2008. Range allotments shapefile - in Geographic Information System (GIS) coverages provided by Caribou National Forest, via e-mail. April 2008.

 Allotment Name  
 Allotment 

Number  

Manage-
ment 

Agency 

 Class 
of Live-
stock  

Season of 
Use  

 Animal Unit 
Months (AUMs)  

Bureau of Land Management (BLM). 2012b. Range Pastures of Idaho (RANGE_NOC_GrazingPastures_PUB_100K_POLY.shp). Spatial Data Set. BLM, Idaho State Office, Boise, ID. Available at http://cloud.insideidaho.org/data/blm. Dated Jan 2012; accessed Nov 2015.

Bureau of Land Management (BLM).  2010. Proposed Resource Management Plan and Final Environmental Impact Statement.  Volume I - Executive Summary, Chapters 1, 2, and 3.  U.S. Department of Interior, Bureau of Land Management, Pocatello Field Office/Idaho Falls District.  
April 2010.

U.S. Forest Service (USFS). 2011. Range Management: 2011 Grazing Allotments (Soda Springs Ranger District). Caribou-Targhee National Forest, U.S. Forest Service. Available at 
http://www.fs.usda.gov/detailfull/ctnf/landmanagement/resourcemanagement/?cid=STELPRDB5144786&width=full.

Conda Non-Mined Area
 Notes from BLM (2012a) 

Bureau of Land Management (BLM). 2012a.  Record of Decision and Approved Pocatello Resource Management Plan.  Includes Attachment I – Supplement Information Report. U.S. Department of Interior, Bureau of Land Management, Pocatello Field Office/Idaho Falls District.  April 

2012.

Conda Mined Area

None

None

Allotment Area
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine 

Middle Rocky Mountain Montane Douglas-Fir Forest and Woodland 11
Rocky Mountain Aspen Forest and Woodland 9
Rocky Mountain Lodgepole Pine Forest 2
Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland <0.5
Cultivated Cropland 2
Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland 12
Pasture/Hay 1
Rocky Mountain Subalpine-Montane Mesic Meadow 1
Inter-Mountain Basins Big Sagebrush Steppe 11
Inter-Mountain Basins Montane Sagebrush Steppe 17

Water Body Open Water <0.5
Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland 1

Northern Rocky Mountain Montane-Foothill Deciduous Shrubland 1

Rocky Mountain Lower Montane Riparian Woodland and Shrubland 32

Developed, Low Intensity 1
Developed, Open Space 9
Middle Rocky Mountain Montane Douglas-Fir Forest and Woodland 2
Rocky Mountain Aspen Forest and Woodland 2
Rocky Mountain Foothill Limber Pine-Juniper Woodland <0.5
Rocky Mountain Lodgepole Pine Forest 2
Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland <0.5
Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland 1
Cultivated Cropland <0.5
Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland 4
Pasture/Hay 1
Rocky Mountain Subalpine-Montane Mesic Meadow 1
Inter-Mountain Basins Big Sagebrush Steppe 24
Inter-Mountain Basins Montane Sagebrush Steppe 8

Water Body Open Water 7
Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland 6
Northern Rocky Mountain Montane-Foothill Deciduous Shrubland <0.5

Rocky Mountain Lower Montane Riparian Woodland and Shrubland 31

Disturbed Overburden Disposal Area 1
Disturbed Pit 5
Disturbed Road 1
Disturbed Tailings <0.5
Overburden Pile with Dinwoody Soil Cover as part of the NTCRA and FSPS 2
Reclaimed Overburden Disposal Area 5
Reclaimed Pit 0.5
Waste Rock Piles <0.5

Developed Land Developed, Open Space <0.5
Middle Rocky Mountain Montane Douglas-fir Forest and Woodland 8
North American Arid West Emergent Marsh <0.5
Rocky Mountain Aspen Forest and Woodland 34
Rocky Mountain Lodgepole Pine Forest 3
Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland <0.5
Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland <0.5
Cultivated Cropland <0.5
Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland 2
Pasture/Hay <0.5
Rocky Mountain Subalpine-Montane Mesic Meadow 3
Inter-Mountain Basins Big Sagebrush Steppe 15
Inter-Mountain Basins Montane Sagebrush Steppe 15
Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland <0.5

Northern Rocky Mountain Montane-Foothill Deciduous Shrubland 1

Rocky Mountain Lower Montane Riparian Woodland and Shrubland 3

TABLE 2-2
Vegetation Cover Information for Grazing Allotments

Woodall Spring

Woodall Mountain

Woodall Ranch

BLM Grazing Allotment Vegetation Cover Type
Percent of Total 

Allotment
Vegetation Cover Category

Forest/Woodland

Grassland/Pasture

Sagebrush Steppe

Woodland/Shrubland

Developed Land

Forest/Woodland

Grassland/Pasture

Sagebrush Steppe

Woodland/Shrubland

Conda RMM

Forest/Woodland

Grassland/Pasture

Sagebrush Steppe

Woodland/Shrubland
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine 

TABLE 2-2
Vegetation Cover Information for Grazing Allotments

Woodall Spring

BLM Grazing Allotment Vegetation Cover Type
Percent of Total 

Allotment
Vegetation Cover Category

Forest/Woodland

Disturbed Overburden Disposal Area 0.5
Disturbed Road 2
Middle Rocky Mountain Montane Douglas-fir Forest and Woodland 5
Rocky Mountain Aspen Forest and Woodland 32
Rocky Mountain Lodgepole Pine Forest 3
Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland <0.5
Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland <0.5
Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland 2
Pasture/Hay <0.5
Rocky Mountain Subalpine-Montane Mesic Meadow 3
Inter-Mountain Basins Big Sagebrush Steppe 35
Inter-Mountain Basins Montane Sagebrush Steppe 14
Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland 0.5

Northern Rocky Mountain Montane-Foothill Deciduous Shrubland 2

Rocky Mountain Lower Montane Riparian Woodland and Shrubland 0.5

Disturbed Overburden Disposal Area <0.5
Disturbed Pit 1
Disturbed Road 2
Reclaimed Overburden Disposal Area 8
Middle Rocky Mountain Montane Douglas-Fir Forest and Woodland 3
Rocky Mountain Aspen Forest and Woodland 22
Rocky Mountain Lodgepole Pine Forest 0.5
Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland 2
Pasture/Hay <0.5
Rocky Mountain Subalpine-Montane Mesic Meadow 2
Inter-Mountain Basins Big Sagebrush Steppe 42
Inter-Mountain Basins Montane Sagebrush Steppe 9
Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland 1

Northern Rocky Mountain Montane-Foothill Deciduous Shrubland 2

Rocky Mountain Lower Montane Riparian Woodland and Shrubland 4

Developed, Low Intensity <0.5
Developed, Open Space 3
Middle Rocky Mountain Montane Douglas-Fir Forest and Woodland 3
Rocky Mountain Aspen Forest and Woodland 4
Rocky Mountain Lodgepole Pine Forest <0.5
Cultivated Cropland 30
Northern Rocky Mountain Lower Montane, Foothill and Valley Grassland 7
Pasture/Hay 2
Rocky Mountain Subalpine-Montane Mesic Meadow 5
Inter-Mountain Basins Big Sagebrush Steppe 28
Inter-Mountain Basins Montane Sagebrush Steppe 6
Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland 7
Northern Rocky Mountain Montane-Foothill Deciduous Shrubland <0.5

Rocky Mountain Lower Montane Riparian Woodland and Shrubland 3

Notes:

Trail Canyon-1

Trail Canyon-2

Conda Mine

Conda RMM

Forest/Woodland

Grassland/Pasture

Sagebrush Steppe

Woodland/Shrubland

Conda RMM

Forest/Woodland

Grassland/Pasture

Sagebrush Steppe

Woodland/Shrubland

Source: U .S. Geological Survey (USGS) Northwest Regional Gap Analysis Project (NWGAP). 2009. Regional Data by State – Idaho. Available at http://gap.uidaho.edu/index.php/gap-

home/Northwest-GAP/landcover/download-data-by-state. Updated August 2009; Accessed January 2010.

BLM = Bureau of Land Management

NTCRA = Non-Time-Critical Removal Action

RMM = Residual Mining Materials 

FSPS = Field-Scale Pilot Study

Forest/Woodland

Grassland/Pasture

Sagebrush Steppe

Woodland/Shrubland

Developed Land
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

CAS Number Analyte

7429-90-5 Aluminum

7440-36-0 Antimony

7440-38-2 Arsenic

7440-39-3 Barium

7440-41-7 Beryllium

7440-42-8 Boron

7440-43-9 Cadmium

7440-47-3 Chromium (total)

7440-48-4 Cobalt

7440-50-8 Copper

7439-89-6 Iron

7439-92-1 Lead

7439-96-5 Manganese

7439-97-6 Mercury

7439-98-7 Molybdenum

7440-02-0 Nickel

7782-49-2 Selenium

7440-22-4 Silver

7440-28-0 Thallium

7440-61-1 Uranium

7440-62-2 Vanadium

7440-66-6 Zinc

16984-48-8 Fluoride

14797-55-8 Nitrate, as N

Inorganic Non-Metals

TABLE 3-1
 Site-Specific Livestock Risk 

Assessment Chemicals of 
Interest 

Chemicals of Interest (COIs)

Metals/Metalloids
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

Selenium 
TRV 

(mg/kg) (a)(b) 
Acute Chronic

Minimum 
Dietary 

Requirement
Source (c) Notes (a)

-- 0.1 ppm
NRC 2000 as cited 

in OSU 2010
Dietary requirement of beef cattle, adapted from NRC 2000, as cited in OSU 
2010.  Provided for context.

-- 0.1-0.3 mg/kg
Mackowiak et al. 

2004
National Research Council (NRC) recommendation; appropriate dietary 
concentration for most classes of livestock.

--
0.2 mg/kg;

0.1-0.2 mg/kg;
0.1 mg/kg

Cornell University 
2008

Nutritional requirement for beef cattle; Nutritional requirement for sheep; 
Nutritional requirement of horses. All values based on a culmination of 
scientific studies by several authors.

4 X
Albasel and Pratt 

1990
Limit of 4 mg/kg selenium in the dry weight of forage suggested to protect 
bovine animals from selenium toxicity. 

5 X USFS 2003
Grazing recommendation of 5 mg/kg selenium dry weight developed from 
research at USFS Rocky Mountain Research Station; suggested guideline.

5 X NRC 2005

Same value suggested for cattle, sheep, horses; value based on levels of 
minerals in feed.  Cattle showed no adverse response to 5 to 12 mg/kg; sheep 
displayed no toxic signs when fed 9 to 10 mg/kg as selenite or less than 13 
mg/kg in forages (with only minor wool loss when fed 24 to 29 mg/kg as 
selenite). 

5 X 0.1 ppm Eisler 1985

5000 ppb (5 ppm) proposed selenium criteria for protection against selenosis; 
100 ppb (0.1 ppm) proposed selenium criteria for prevention of selenium 
deficiency for grazing sheep and cattle (Shamberger 1981 as cited in Eisler 
1985).

5 X Oliver et al. 1990
Level of selenium in forage (dry mass basis) that is considered to be the 
minimum toxic level for most species of livestock. 

5 X
0.1 ppm; 0.03 

ppm
CSU 2000

Grass of alfalfa hay with levels higher than 5 ppm selenium should not be fed 
directly to livestock; Minimum intake requirement of selenium (0.1 ppm) for 
grazing cattle and horses; Minimum intake requirement of selenium (0.03 
ppm) for sheep.

5 X IDEQ 2004

IDEQ recommended value for plants, guideline developed in Area-Wide Risk 
Management Plan; Cattle - 5 ppm is the recommended maximum 
concentration of selenium in grazing forage with 30-40 ppm allowed over short 
grazing periods (based on Bollar et. al. 2001 as cited in IDEQ 2004).

3 to 20 X
NAS and NAE 

1972
Livestock - Chronic value over prolonged period of time; consumption of plant 
material.

5 to 40 X 0.05-0.5 ppm USGS 1990

Alkali disease results from prolonged ingestion of plants containing 5-40 ppm 
selenium in inorganic or organic forms; consumption of forage over a period of 
weeks or more. (based on James et al. 1990); Range of selenium 
concentrations required in the diet

5 to 40 X
NRC 1983 as cited 

in Wilhelm 2010
Chronic selenium poisoning results from consumption of grains or grasses 
containing 5 to 40 ppm over several weeks to months.

30-50 X LSU 2009 
Horses - after 2-3 weeks of eating selenium in alfalfa hay from Rocky Mt. 
Region, horses can begin to lose hair, and changes in hooves and lameness 
can develop.

49 X
UW/WGFD/WDEQ 

2007

Sheep (acute) were lethally poisoned by grazing high selenium forage (< 49 
ppm selenium dry matter) and drinking high selenium water (340-415 μg/L 

selenium) for 4 weeks, while a similar group on a neighboring pasture with 
forages < 13 ppm selenium and normal water were unaffected. 

50 X Merck 2008

Cattle, sheep, pigs - Acute selenium poisoning due to consumption of plants 
with levels > 50 ppm selenium (dosages 3-20 mg/kg body weight).  These 
dose levels are not common occurances, but when they are consumed, it has 
caused large losses in cattle, sheep, pigs.

200-3,038 X X
UW/WGFD/ WDEQ 

2007

Horses and sheep were diagnosed with chronic and acute selenium toxicity 
after grazing areas with vegetation containing 200-3,038 ppm selenium and 
corresponding soil concentrations of 64-128 ppm selenium.

400-800 X
NAS and NAE 

1972
Sheep, hogs, calves - acute toxicity; consumption of plant material.

400-800 X Eisler 1985
Acute poisoning is associated with plant material containing 400-800 ppm 
selenium.

110-9,000 X CSU 2000 
Acute selenium toxicity from one time consumption of plants containing 100-
9,000 ppm selenium. 

Notes:

TRV = Toxicity Reference Value

mg/kg = milligrams per kilogram; ug/L = micrograms per liter; ppb = parts per billion; ppm = parts per million

(a) TRVs are for livestock; information about the type of livestock (e.g., cattle, sheep, horses) is provided where available.

(b) A range of values is presented; values selected for primary use in this analysis appear in Bold Underline.

Sources:

Eisler 1985 - Eisler R. 1985. Selenium hazards to fish, wildlife and invertebrates: a synoptic review. U.S. Fish and Wildlife Service Biological Report 85 (1.5).

IDEQ 2004 - Idaho Department of Environmental Quality (IDEQ). 2004. Final Area-Wide Risk Management Plan: Removal Action Goals and Objectives, and Action 
Levels for Addressing Releases and Impacts from Historic Phosphate Mining Operations in Southeast Idaho, Selenium Area-Wide Investigation, Southeast Idaho 
Phosphate Mining Resource Area. February 2004.

LSU 2009 - Louisiana State University. 2009. Pasture and Forages: Toxicants in Feeds, Hay and Forages. LSU AgCenter: Research and Extension.

Oliver et al. 1990 - Oliver, M.N, Jessup, D.A., and Norman, B.B. 1990. Selenium Supplementation of Mule Deer in California. Transactions of the Western Section of the 
Wildlife Society 26:87-90.

Mackowiak, C.L., Amacher, M.C., Hall, J.O., and Herring, J.R. 2004. Uptake of Selenium and Other Contaminant Elements into Plants and Implications for Grazing 
Animals in Southeast Idaho. Exploration and Environmental Geochemistry 8:527-555.

Merck 2008 - Merck & Co., Inc. 2008. The Merck Veterinary Manual: Selenium Toxicosis. Merck & Co., Inc. Whitehouse Station, NJ.

NRC 2000 - National Research Council (NRC). 2000. Nutrient Requirements of Beef Cattle (7th Edition). National Academies Press: Washington, D.C.

TABLE 4-1
Toxicity Reference Values for Evaluation of Vegetation Ingestion by Livestock - Selenium

Albasel and Pratt 1990 -  Albasel, N. and P.F. Pratt. 1990. Guidelines for selenium in irrigation waters. Journal of Environmental Quality 18:253-258.

Cornell University 2008 - Cornell University. 2008. Plants Poisonous to Livestock: Metabolism, Toxicity, Deficiency. Cornell University. Department of Animal Science.

CSU 2000 - Colorado State University (CSU). 2000. Diagnosing Selenium Toxicity. Natural Resources Series. Range. No. 6.109. By J.G. Davis, T.E. Steffens, T.E.  
Engle, S.E. Mallow, and S.E. Cotton. Colorado State University Cooperative Extension. October 2000.

Bollar et. al. 2001 - Bollar, J.V., Duren, E. and MacGregor, S. 2001. Selenium; Livestock Grazing and Mining (as cited in IDEQ 2004).

(c) Sources on the table present TRVs as concentrations in dietary media (i.e., not dose-based information).  Sources that presented TRVs as dosages (i.e., based on 
body weight) were excluded from the table since these are not directly comparable to concentrations in dietary media.  

UW/WGFD/WDEQ 2007 - University of Wyoming Department of Veterinary Sciences and Renewable Resources, Wyoming Game and Fish Department, Wyoming 
Department of Environmental Quality (UW/WGFD/WDEQ).  2007. Water Quality for Wyoming Livestock and Wildlife, by M.F. Raisbeck, S.L. Riker, C.M. Tate, R. 
Jackson, M.A. Smith, K.J. Reddy, J.R. Zygmunt. University of Wyoming Department of Veterinary Sciences and Renewable Resources, Wyoming Game and Fish 
Department, Wyoming Department of Environmental Quality.

Wilhelm, A. 2010. Investigation of the Toxicity and Toxicokinetics of Selenium from the Accumulator Plant Symphyotichum spathulatum  (Western Mountain Aster) in 
Sheep. All Graduate Theses and Dissertations. Utah State University. Paper 553. Available at http://digitalcommons.usu.edu/etd/553. 

NRC 1983 - National Research Council (NRC). 1983. Selenium in nutrition, revised edition. Subcommittee on Selenium, Committee on Animal Nutrition, Board on 
Agriculture, National Research Council. National Academies Press, Washington, DC.

NRC 2005 - National Research Council (NRC). 2005. Mineral Tolerance of Animals. Second Revised Edition.  Committee on Minerals and Toxic Substances in Diets and 
Water for Animals, Board on Agriculture and Natural Resources, Division on Earth and Life Studies. National Academies Press: Washington, D.C. 

NAS and NAE 1972 - National Academy of Sciences and National Academy of Engineering (NAS and NAE). 1972. Water quality criteria. U.S. Environmental Protection 
Agency, Washington, D.C. Report No. EPA-R373-033. 592 p.

OSU 2010 - Oklahoma State University (OSU). 2010. Vitamin and Mineral Nutrition of Grazing Cattle, by D. Lalman and C. McMurphy.  E-861. Department of Animal 
Science, Oklahoma Cooperative Extension Service, Division of Agricultural Sciences and Natural Resources. Oklahoma State University.

USGS 1990 - James, L.F., Mayland, H.F., and Panter, K.E. 1990. Selenium Poisoning in Livestock, in "USGS Proceedings of the 1990 Billings Land Reclamation 
Symposium on Selenium in Arid and Semiarid Environments, Western United States." Edited by: R.C. Severson, S.E. Fisher Jr., and L.P. Gough. U.S. Department of the 
Interior. Circ 1064.

USFS 2003 - U.S. Forest Service (USFS). 2003. Guidelines for the Salvage of Topsoil and Shale Used to Reclaim and Provide a Seed Bed for Phosphate Mine 
Reclamation.  Jeffrey Jones, Soda Springs Ranger District, Caribou-Targhee National Forest. April 2, 2003.  

S:\Jobs\0442-001-900-Simplot-Conda\RIFS_RiskAssessRpts\Livestock\FinalRpt\Tables\Tbl4-1_4-4_criteria_CND Page 1 of 4



Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

Selenium TRV 

(mg/L) (a)(b) Acute Chronic Source (c) Notes (a)

0.02 X ANZECC 2000
Australia & New Zealand water quality guideline; total selenium in drinking water 
for livestock exceeding this amount may be hazardous to stock health.

0.05 X  FAO 1994

Document provides guidelines on the safe level for many toxic inorganic 
elements in livestock drinking water; guidelines have a wide safety margin, 
based on amounts normally found in usable surface and groundwater and not 
necessarily limits of animal tolerance (adapted from NAS and NAE 1972).

0.05 X NMAC 2000
New Mexico administrative code water quality standards; use-specific numeric 
criteria for livestock watering; criteria are based on analysis of  unfiltered 
samples.

0.05 X CCME 2005 Canada water quality guideline.

0.05 X DWAF 1996

South Africa water quality guideline; target water quality range with no adverse 
effects.  0.05 -0.075 mg/L adverse chronic effects such as a decrease in feed 
and water intake, weight loss, loss of hair, sloughing off of hooves, lameness and 
a decline in productivity may occur, but are unlikely if feed concentrations are 
normal, and exposure is short term.

0.05 X UF 2008
Upper Limit (mg/L) in Table 4 of UF 2008. Recommended limits of concentration 
of potentially toxic substances in livestock drinking water, adapted from Nutrients 
and Toxic Substances in Water for Livestock and Poultry (NRC 1974).

0.05 X USU 1997
From Table 5 of USU 1997. Recommended Limits of Concentration of Some 
Potentially Toxic Substances in Drinking Water for Livestock Safe Upper Limit of 
Concentration (mg/L) (cited as a USEPA value for livestock). 

0.05 X NAC 2006
Nevada administrative code water quality standard; adapted from National 
Academy of Science water quality criteria.

0.05 X CSU 2000
Recommendation to avoid water with selenium concentrations that exceed 
maximum permissible limits for selenium levels in water (drinking water for 
livestock).

0.05 X Eisler 1985 Proposed selenium criteria for protection against selenosis. 

0.05 X NDSU 1999
From Table 12 of NDSU 1999. Safe levels of potentially toxic nutrients and 
contaminants in water for livestock (ppm), adapted from Shirley et al. 1974 (as 
cited in NDSU 1999).

0.05-0.10 X MSU 2009

Desired Upper Limits (ppm) - Maximum Upper Limits (ppm) from Table 4 - Water 
Quality Guidelines; adapted from Mineral Tolerance of Domestic Animals (NRC 
1980) and Nutrients and toxic substances in water for livestock and poultry (NRC 
1974) as a guideline for water quality for cattle.

0.05-0.1 X MU 2001
From Table 2 of MU 2001. Safe upper limits for several substances that may be 
contained in water for livestock and poultry (safe upper limit of concentration 
provided in ppm); adapted from Montana State University Extension publication.

0.05 X
NAS and NAE 

1972
Value based on data that water sources typically have less than 0.05 mg/L 
selenium.  Between 0.1 and 0.2 ppm in diet required by ruminants.

0.1 X
UW/WGFD/ 
WDEQ 2007

0.1 mg/L selenium prevents selenosis in equidae species.  Value for horses 
should be protective of all livestock since species sensitivity is horses > cattle > 
sheep and goats.

0.314-0.415 X
UW/WGFD/ 
WDEQ 2007

Sheep (acute) were lethally poisoned by grazing high selenium forage (< 49 ppm 
selenium dry matter) and drinking high selenium water (340-415 μg/L selenium) 

for 4 weeks, while a similar group on a neighboring pasture with forages < 13 
ppm selenium and normal water were unaffected. 

Notes:

TRV = Toxicity Reference Value

(a) TRVs are for livestock; information about the type of livestock (e.g., cattle, sheep, horses) is provided where available.

(b) A range of values is presented; values selected for primary use in this analysis appear in Bold Underline.

Sources:

NRC 1974 - National Research Council (NRC). 1974. Nutrients and toxic substances in water for livestock and poultry. National Academy of Sciences, 
Washington, D.C.

FAO 1994 - Food and Agriculture Organization of the United Nations (FAO). 1994. Water Quality for Agriculture, by R.S. Ayers and D.W. Westcot. FAO 
Irrigation and Drainage Paper No. 29, rev.1. Food and Agriculture Organization of the United Nations, Geneva.  First published in 1976, reprinted in 1985 
and 1994.

NRC 1980 - National Research Council (NRC). 1980. Mineral Tolerance of Domestic Animals.  National Academy of Sciences, Subcommittee on Mineral 
Toxicity in Animals, National Research Council, Washington, D.C. July 1980.

MSU 2009 - Montana State University (MSU). 2009. Water Quality and Guidelines, by D. Hutcheson. Montana State University, Extension Service. 
Available at http://animalrangeextension.montana.edu/Articles/Beef/Wklynwsltr/10-23-01.htm.

NDSU 1999 - North Dakota State University (NDSU). 1999. Livestock and Water, AS-954, by G. Lardy and C. Stoltenow. July 1999.  NDSU Agriculture 
and University Extension.  Available at http://www.ag.ndsu.edu/pubs/ansci/livestoc/as954w.htm.

UW/WGFD/WDEQ 2007 - University of Wyoming Department of Veterinary Sciences and Renewable Resources, Wyoming Game and Fish Department, 
Wyoming Department of Environmental Quality (UW/WGFD/WDEQ).  2007. Water Quality for Wyoming Livestock and Wildlife, by M.F. Raisbeck, S.L. 
Riker, C.M. Tate, R. Jackson, M.A. Smith, K.J. Reddy, J.R. Zygmunt. University of Wyoming Department of Veterinary Sciences and Renewable 
Resources, Wyoming Game and Fish Department, Wyoming Department of Environmental Quality.

NAC 2006 - Nevada Administrative Code (NAC). 2006. Nevada Administrative Code: Chapter 445A-Water Controls, Standards for toxic materials 
applicable to designated waters, Added to NAC by Environmental Commission eff.9-13-85; A 9-25-90; 7-5-94; 11-29-95; R158-06, 9-18-2006.  Available at 
http://leg.state.nv.us/nac/NAC-445A.html#NAC445ASec1236.

NAS and NAE 1972 - National Academy of Sciences and National Academy of Engineering (NAS and NAE). 1972. Water quality criteria. U.S. 
Environmental Protection Agency, Washington, D.C. Report No. EPA-R373-033. 592 p. 

MU 2001 - University of Missouri-Columbia (MU).  2001. Water Quality for Livestock Drinking, by D.L. Pfost, C.D. Fulhage, S. Casteel. Environmental 
Quality MU Guide. MU Extension, University of Missouri-Columbia. Available at http://muextension.missouri.edu/xplor/.

TABLE 4-2
Toxicity Reference Values for Evaluation of Drinking Water Ingestion by Livestock - Selenium

ANZECC 2000 - Australian and New Zealand Environment and Conservation Council (ANZECC). 2000. National Water Quality Management Strategy: An 
Introduction to the Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and New Zealand Environment and 
Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand, October 2000.

Bollar et al. 2001 - Bollar, J.V., Duren, E. and MacGregor, S. 2001. Selenium; Livestock Grazing and Mining (as cited in IDEQ 2004).

CCME 2005 - Canadian Council of Ministers of the Environment (CCME). 2005. Canadian Water Quality Guidelines for the Protection of Agricultural Water 
Uses: Summary table.  Updated October 2005. In: Canadian Environmental Quality Guidelines, 1999, Canadian Council of Ministers of the Environment, 
Winnipeg.

mg/L = milligrams per liter; ug/kg = micrograms per kilogram; ug/L = micrograms per liter; ug/mL = micrograms per milliliter; ppb = parts per billion; ppm = 
parts per million

(c) Sources on the table present TRVs as concentrations in dietary media (i.e., not dose-based information).  Sources that presented TRVs as dosages 
(i.e., based on body weight) were excluded from the table since these are not directly comparable to concentrations in dietary media.  

DWAF 1996 - Department of Water Affairs and Forestry (DWAF). 1996. South African water quality guidelines, 2nd edition, Vol 5: Agricultural use: 
Livestock watering. CSIR Environmental Services, Pretoria.  

CSU 2000 - Colorado State University (CSU). 2000. Diagnosing Selenium Toxicity. Natural Resources Series. Range. No. 6.109. By J.G. Davis, T.E. 
Steffens, T.E.  Engle, S.E. Mallow, and S.E. Cotton. Colorado State University Cooperative Extension. October 2000.

Eisler 1985 - Eisler, R. 1985. Selenium hazards to fish, wildlife and invertebrates: a synoptic review. U.S. Fish and Wildlife Service Biological Report 85 
(1.5).

UF 2008 - University of Florida (UF). 2008. Water Nutrient and Quality Consideration for Cattle, by M. Hersome and S. Crawford.  Publication #AN195. 
Institute of Food and Agricultural Sciences . February 2008. Available at http://edis.ifas.ufl.edu/an195.

USU 1997 - Utah State University (USU). 1997. Animal Health Fact Sheet: Analysis of Water Quality for Livestock, by C.V. Bagley, J. Kotuby-Amacher, 
and K. Farrell-Poe. AH/Beef/28. Utah State University, Cooperative Extension, Logan, UT. July 1997.

NMAC 2000 - New Mexico Administrative Code (NMAC). 2000. Title: 20 Environmental Protection; Chapter 6: Water Quality; Part 4: Standards for 
Interstate and Intrastate Surface Waters. Water Quality Control Commission. October 2000.  Available at  
http://www.nmcpr.state.nm.us/nmac/parts/title20/20.006.0004.htm.
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

COI (a) Chronic TRV 

(mg/kg) (b)(c) 

Minimum Dietary 

Requirement (d) Notes

Aluminum 1000 --
Aluminum is generally identified as a chemical of potential concern only at sites 

where the soil pH is less than 5.5. (e) 

Antimony -- -- No value available.

Arsenic 30♦ --

Barium 100♦ --

Beryllium -- -- No value available.

Boron 150 --

Cadmium 10 --

Chromium (total) 100♦ -- Value is for soluble Cr3+; 3000 mg/kg for chromium (II) oxide.  

Cobalt 25 0.1

Copper 40, 15, 250 10

Iron 500 50

Lead 100, 100, 10 --

Manganese 2000, 2000, 400♦ 20

Mercury 2, 2, 0.2♦ -- Lowest of values for inorganic/organic forms provided.

Molybdenum 5 --

Nickel 100, 100♦, 50♦ --                                    

Silver -- -- No value available.

Thallium -- -- No value available.

Uranium (g) -- -- No value available. (g)

Vanadium 50, 50, 10♦ --

Zinc 500, 300, 500♦ 30

Fluoride 40, 60, 40♦ --

Nitrate 1500 (f) --
Notes:

COI = Chemical of Interest

TRV = Toxicity Reference Value

mg/kg = milligrams per kilogram

(a) This table presents values for COIs other than selenium; TRVs for selenium are presented on other tables.

(c) A range of values is presented; values selected for primary use in this analysis appear in Bold Underline.

(f) No value was available in NRC (2005).  Listed value is from NDSU (2015), Table 2.  Value is for Nitrate Nitrogen (NO3-N); value for Nitrate (NO3) is 6500 ppm.

(g) There is no uranium TRV available for vegetation ingestion by livestock.  Several citations are available and these are discussed in the Uncertainty Analysis (Section 6.4.2).

Sources:

TABLE 4-3
Toxicity Reference Values for Evaluation of Vegetation Ingestion by Livestock – 

Other Chemicals of Interest

NRC 2005 - National Research Council (NRC). 2005. Mineral Tolerance of Animals. Second Revised Edition.  Committee on Minerals and Toxic Substances in Diets and Water 
for Animals, Board on Agriculture and Natural Resources, Division on Earth and Life Studies. National Academies Press: Washington, D.C.

USEPA 2003 - U.S. Environmental Protection Agency (USEPA).  2003. Ecological Soil Screening Level for Aluminum. Interim Final. OSWER Directive 9285.7-60. USEPA,Office 
of Solid Waste and Emergency Response, Washington, D.C.

(b) Chronic TRVs are the maximum tolerable levels presented in NRC (2005). When there are multiple numbers they are in order for the following animals: cattle, sheep, horse. 
TRVs are based on levels of minerals in feed, derived from toxicity data, chronic values.  Values with ♦ were derived by interspecific extrapolation by NRC authors.

(e) Eco-SSL document for Aluminum (USEPA 2003) indicates that: Aluminum toxicity is associated with soluble aluminum (not total aluminum) in soil.  An alternative procedure for 
screening aluminum in soils is recommended as a practical approach for determining if aluminum in site soils could pose a potential risk to ecological receptors. Potential 
ecological risks associated with aluminum are identified based on the measured soil pH; aluminum is identified as a chemical of potential concern only at sites where the soil pH is 
less than 5.5.

(d) Minimum dietary requirements are from NRC (2000) (and match those provided in OSU 2010).   Provided for context.

NRC 2000 - National Research Council (NRC). 2000. Nutrient Requirements of Beef Cattle (7th Edition). National Academies Press: Washington, D.C.

OSU 2010 - Oklahoma State University (OSU). 2010. Vitamin and Mineral Nutrition of Grazing Cattle, by D. Lalman and C. McMurphy.  E-861. Department of Animal Science, 
Oklahoma Cooperative Extension Service, Division of Agricultural Sciences and Natural Resources. Oklahoma State University.

NDSU 2015 - North Dakota State University (NDSU). 2015. Nitrate poisoning and livestock, V-939 (revised) by C. Stoltenow and G. Lardy. NDSU Agriculture and University 
Extension.  March 2015.  Available at https://www.ag.ndsu.edu/publications/landing-pages/livestock/nitrate-poisoning-livestock-v-839.
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

NAC 

2006 (1)

FAO 

1994 (2)

NMAC 

2000 (3)

MSU 

2009 (4)

OSU 

2010 (5)

UW/ 
WGFD/
WDEQ 

2007 (6)

MU 

2001 (7)

NAS 
and 
NAE 

1972 (8)

NDSU 

1999 (9)

UF 

2008 (10)

TAES 

1998 (11)
USU 1997 

(12)

ANZECC 

2000 (13)

DWAF 

1996 (14)

CCME 

2005 (15)

NAS 

1974 (16)

Aluminum 5 5-10 <5 5 5 5 5 5 5 5 5

Antimony --

Arsenic 0.2 0.2 0.2 0.2 <0.5 1 0.2 0.2 0.2 0.2 0.2 5, 0.2 0.5 1 0.25 0.2 0.2

Barium <1 0.2 0.2

Beryllium 0.1 0.1 0.1

Boron 5 5 5 5-30 <5 5 5 5 5 5 5 5 5

Cadmium 0.05 0.05 0.05 0.01-0.05 <0.01 0.05 0.05 0.05 0.05 0.05 5, 0.05 0.01 0.01 0.08 0.05 0.05

Chromium (total) 1 1 1 1 <0.05 1 1 1 1 1 0.05, 1 1 1 0.05 1 1

Cobalt 1 1 1 <1 1 1 1 1 1, 1 1 1 1 1 1

Copper 0.5 0.5 0.5 0.2-0.5 <1 0.5 0.5 0.5 0.5 0.5 1, 0.05 1, 0.5, 5 1, 0.5, 5 1, 0.5, 5 0.5 0.5

Iron <0.4 2 10 2

Lead 0.1 0.1 0.1 0.05-0.1 <0.05 0.05 0.05-0.1 0.05 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Manganese 0.05 0.05-0.5 10 0.05

Mercury 0.01 0.01 0.01 0.01 <0.05 0.01 0.01 0.01 0.01 0.01 0.001, 0.01 0.002 0.001 0.003 0.01 0.01

Molybdenum 0.3 0.5 0.15 0.01 0.5 0.3

Nickel 0.25-1 1 1 1 1 1 1 1

Silver --

Thallium --

Uranium 0.2 0.2 0.2

Vanadium 0.1 0.1 0-0.1 0.1 0.1 0.1 0.1 1 0.1 0.1 0.1

Zinc 25 24 25 25-50 24 25 25 25 25 25 20 20 50 25 25

Fluoride 2 2 2 <1.2 2 2 2 2 2 2 0.5, 2 2 2 2 2 2

Nitrate 100 d 132 d 10-20 500 100 d 100 d 100 f 100 100 100 100 100 100 d 100 100
Notes:

COI = Chemical of Interest

TRV = Toxicity Reference Value

mg/L = milligrams per liter

(a) This table presents values for COIs other than selenium; TRVs for selenium are presented on other tables.

(b) TRVs are for livestock; information about the type of livestock (e.g., cattle, sheep, horses) is provided in the footnotes where available.

(c) A range of values is presented; values selected for primary use in this analysis appear in  Bold Underline.

(d) Value provided in source is for "Nitrate+Nitrite".  Other sources provide a value for Nitrate, Nitrate Nitrogen [NO3-N] or Nitrate as N.

(f) Listed value is from NDSU (2015), Table 2.  Value is for Nitrate Nitrogen (NO3-N); value for Nitrate (NO3) is 400 ppm.

(1) Nevada Administrative Code water quality standard; adapted from National Academy of Science water quality criteria (as cited in NAC, 2006).

(3) New Mexico Administrative Code water quality standards; use-specific numeric criteria for livestock watering; criteria are based on analysis of unfiltered samples (NMAC 2000)

(5) From Table 4 of OSU 2010. Recommended maximum levels of minerals and mineral compounds in livestock drinking water (OSU, 2010).

(9) From Table 12 of NDSU 1999. Safe levels of potentially toxic nutrients and contaminants in water for livestock (ppm), adapted from Shirley et al. 1974 (as cited in NDSU, 1999).

(11) From Table: Maximum Contaminant Level (the upper limit of contamination at which water is considered safe) of harmful substances in water for livestock and poultry in TAES (1998).

Sources:

NRC 1974 - National Research Council (NRC). 1974. Nutrients and toxic substances in water for livestock and poultry. National Academy of Sciences, Washington D.C.

(13) Australia & New Zealand (ANZECC, 2000) water quality guideline; from Section 9.3 - Livestock drinking water guidelines.  Where there are multiple values they are listed in the following order: cattle; sheep; 
pigs and poultry.

(14) South African Water Quality Guidelines Volume 5: Agricultural Use: Livestock Watering Level. Values based on the highest value at which there are no adverse effects for all livestock.  Where there are 
multiple values, they are listed in the following order: cattle; sheep; horses, pigs and poultry.

(15) From Table: Summary of Canadian Water Quality Guidelines for the Protection of Agricultural Water Uses of CCME 2005.  Where there are multiple values they are listed in the following order: cattle; sheep; 
pigs and poultry (CCME, 2005)

(7) From Table 2 of MU 2001. Safe upper limits for several substances that may be contained in water for livestock and poultry (safe upper limit of concentration provided in ppm); adapted from Montana State 
University Extension publication (as cited in MU, 2001).

(10) Upper Limit (mg/L) in Table 4 of UF 2008. Recommended limits of concentration of potentially toxic substances in livestock drinking water, adapted from Nutrients and Toxic Substances in Water for Livestock 
and Poultry (NRC 1974) (as cited in UF, 2008).

(12) From Table 5 of USU 1997. Recommended Limits of Concentration of Some Potentially Toxic Substances in Drinking Water for Livestock Safe Upper Limit of Concentration (mg/L); multiple values are listed 
in order of source: USEPA values for livestock, NAS values for livestock (as cited in Table 5 of USU, 1997).

(8)  Recommended values from "Toxic Substances in Livestock Waters" section in NAS and NAE (1972).

(16) From Table 13 in NAS (1974): Recommended Limits of Concentration of some Potentially Toxic Substances in Drinking Water for Livestock and Poultry.

NAS 1974 - National Academy of Sciences (NAS). 1974. Nutrients and toxic substances in water for livestock and poultry.  Washington D.C.  93 p.

NDSU 2015 - North Dakota State University (NDSU). 2015. Nitrate poisoning and livestock, V-939 (revised) by C. Stoltenow and G. Lardy. NDSU Agriculture and University Extension.  March 2015.  Available at 
https://www.ag.ndsu.edu/publications/landing-pages/livestock/nitrate-poisoning-livestock-v-839.

ANZECC 2000 - Australian and New Zealand Environment and Conservation Council (ANZECC). 2000. National Water Quality Management Strategy: An Introduction to the Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality. Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand, October 
2000.

MSU 2009 - Montana State University (MSU). 2009. Water Quality and Guidelines, by D. Hutcheson. Montana State University, Extension Service. Available at 
http://animalrangeextension.montana.edu/Articles/Beef/Wklynwsltr/10-23-01.htm.

MU 2001 - University of Missouri-Columbia (MU).  2001. Water Quality for Livestock Drinking, by D.L. Pfost, C.D. Fulhage, S. Casteel. Environmental Quality MU Guide. MU Extension, University of Missouri-
Columbia. Available at http://muextension.missouri.edu/xplor/.

NDSU 1999 - North Dakota State University (NDSU). 1999. Livestock and Water, AS-954, by G. Lardy and C. Stoltenow. July 1999.  NDSU Agriculture and University Extension.  Available at 
http://www.ag.ndsu.edu/pubs/ansci/livestoc/as954w.htm.

UF 2008 - University of Florida (UF). 2008. Water Nutrient and Quality Consideration for Cattle, by M. Hersome and S. Crawford.  Publication #AN195. Institute of Food and Agricultural Sciences . February 2008. 
Available at http://edis.ifas.ufl.edu/an195.

TAES 1998 -  Texas Agricultural Extension Service (TAES). 1998. Water Quality Guide for Livestock and Poultry, by S. Mukhtar. Texas Agricultural Extension Service, The Texas A&M University System, College 
Station, Texas. October 1998.

USU 1997 - Utah State University (USU). 1997. Animal Health Fact Sheet: Analysis of Water Quality for Livestock, by C.V. Bagley, J. Kotuby-Amacher, and K. Farrell-Poe. AH/Beef/28. Utah State University, 
Cooperative Extension, Logan, UT. July 1997.

UW/WGFD/WDEQ 2007 - University of Wyoming Department of Veterinary Sciences and Renewable Resources, Wyoming Game and Fish Department, Wyoming Department of Environmental Quality 
(UW/WGFD/WDEQ).  2007. Water Quality for Wyoming Livestock and Wildlife, by M.F. Raisbeck, S.L. Riker, C.M. Tate, R. Jackson, M.A. Smith, K.J. Reddy, J.R. Zygmunt. University of Wyoming Department of 
Veterinary Sciences and Renewable Resources, Wyoming Game and Fish Department, Wyoming Department of Environmental Quality.

FAO 1994 - Food and Agriculture Organization of the United Nations (FAO). 1994. Water Quality for Agriculture, by R.S. Ayers and D.W. Westcot. FAO Irrigation and Drainage Paper No. 29, rev.1. Food and 
Agriculture Organization of the United Nations, Geneva.  First published in 1976, reprinted in 1985 and 1994.

NMAC 2000 - New Mexico Administrative Code (NMAC). 2000. Title: 20 Environmental Protection; Chapter 6: Water Quality; Part 4: Standards for Interstate and Intrastate Surface Waters. Water Quality Control 
Commission. October 2000.  Available at http://www.nmcpr.state.nm.us/nmac/parts/title20/20.006.0004.htm.

CCME 2005 - Canadian Council of Ministers of the Environment (CCME). 2005. Canadian Water Quality Guidelines for the Protection of Agricultural Water Uses: Summary table.  Updated October 2005. In: 
Canadian Environmental Quality Guidelines, 1999, Canadian Council of Ministers of the Environment, Winnipeg.

DWAF 1996 - Department of Water Affairs and Forestry (DWAF). 1996. South African water quality guidelines, 2nd edition, Vol 5: Agricultural use: Livestock watering. CSIR Environmental Services, Pretoria.  

NAS and NAE 1972 - National Academy of Sciences and National Academy of Engineering (NAS and NAE). 1972. Water quality criteria. United States Environmental Protection Agency, Washington DC. Report 
No. EPA-R373-033. 592 p.

NAC 2006 - Nevada Administrative Code (NAC). 2006. Nevada Administrative Code: Chapter 445A-Water Controls, Standards for toxic materials applicable to designated waters, Added to NAC by Environmental 
Commission eff.9-13-85; A 9-25-90; 7-5-94; 11-29-95; R158-06, 9-18-2006.  Available at http://leg.state.nv.us/nac/NAC-445A.html#NAC445ASec1236.

OSU 2010 - Oklahoma State University (OSU). 2010. Vitamin and Mineral Nutrition of Grazing Cattle, by D. Lalman and C. McMurphy.  E-861. Department of Animal Science, Oklahoma Cooperative Extension 
Service, Division of Agricultural Sciences and Natural Resources. Oklahoma State University. Available at http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Document-2032/E-861web.pdf.

(4) Desired Upper Limits (ppm) - Maximum Upper Limits (ppm) from Table 4 - Water Quality Guidelines; adapted from Mineral Tolerance of Domestic Animals (NRC 1980) and Nutrients and toxic substances in 
water for livestock and poultry (NRC 1974) as a guideline for water quality for cattle, as cited in MSU, 2009.

(6) Chronic exposure values presented in UW/WGFD/WDEQ 2007.  Arsenic value rationale: Arsenic does not seem to be a carcinogen in livestock, therefore a concentration which protects against cytotoxic 
effects should be sufficient. Molybdenum value rationale: Prevent secondary copper deficiency and poor performance.

TABLE 4-4
Toxicity Reference Values for Evaluation of Drinking Water Ingestion by Livestock – Other Chemicals of Interest

TRV (mg/L) (b)

Selected 
Value 

(mg/L) (c) 
COI (a)

(2) Document provides guidelines on the safe level for many toxic inorganic elements in livestock drinking water; guidelines have a wide safety margin, based on amounts normally found in usable surface water 
and groundwater and not necessarily limits of animal tolerance (adapted from NAS and NAE 1972, as cited in FAO, 1994).
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine 

Exposure Unit Brief Description
Total 
Acres

Ownership Info
RMM 

Acres, %

Woodall Spring Grazing 
Allotment EU

Same as Woodall Spring Grazing Allotment 1,613
75.6% Private; 24% BLM; 0.4% 

Simplot
None

Woodall Ranch Grazing 
Allotment EU

Same as Woodall Ranch Grazing Allotment 645 74% Private; 26% BLM None

Woodall Mountain Grazing 
Allotment EU

Includes Woodall Mountain Grazing Allotment 
(6,890 acres) and adjacent private lands to the east 

(3847 acres).   
10,737

56% Simplot; 28% Private; 16% 
BLM; 1% County

1,040
(9.7%)

Townsite Area EU
Includes the Townsite and Pump Station areas; no 
current grazing allotment is associated with this EU

864 99.9% Simplot; 0.1 % Private
409

(47.5%)

Conda Mine Grazing 
Allotment EU

Includes Conda Mine Grazing Allotment (437 acres) 
and adjacent private lands to the west (631 acres)

1,068
45% Private; 39% BLM; 16% 

Simplot
26

(2.4%)

Trail Canyon-1 Grazing 
Allotment EU

Same as Trail Canyon-1 Grazing Allotment 832
36% BLM; 33% Simplot; 30% 

Private; 1% County
98

(11.8%)

Notes:

EU = Exposure Unit

RMM = Residual Mining Material

Refer to Figure 4-4 for an overall map of the exposure units.

Refer to Table 2-1 for more information about the grazing allotments.

TABLE 4-5
Exposure Unit Summary
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine 

Base Flow High Flow

Total Total

Aluminum 215 122 121.5 215 1000 2.4 0.96 0.96 2.4 5

Antimony 0.06 0.05 0.046 0.06 -- 0.002 0.003 0.002 0.003 --

Arsenic 0.21 0.11 0.11 0.21 30 0.002 0.002 0.002 0.002 0.2

Barium 102 136 102 136 100 0.10 0.12 0.10 0.12 0.2

Beryllium 0.008 0.006 0.006 0.008 -- 0.004 0.005 0.004 0.005 0.1

Boron 50 44 44 50.4 150 0.053 0.06 0.053 0.06 5

Cadmium 1.1 3.3 1.055 3.253 10 0.002 0.003 0.002 0.003 0.05

Chromium (total) 0.6 0.5 0.5 0.6 100 0.012 0.007 0.007 0.012 1

Cobalt 0.26 0.80 0.255 0.801 25 0.006 0.009 0.006 0.009 1

Copper 7.0 9.1 6.996 9.099 15 0.052 0.016 0.016 0.052 0.5

Iron 304 188 188.3 304 500 3.3 1.4 1.4 3.3 2

Lead 0.30 0.25 0.246 0.302 10 0.004 0.006 0.004 0.006 0.1

Manganese 248 503 247.5 503 400 0.37 0.20 0.20 0.37 0.05

Mercury 0.02 0.027 0.02 0.027 0.2 0.00006 0.0005 0.00006 0.0005 0.01

Molybdenum 3.25 1.3 1.29 3.25 5 0.02 0.02 0.02 0.02 0.3

Nickel 2.08 4.1 2.077 4.074 50 0.011 0.026 0.011 0.026 1

Selenium 1.5 0.74 0.69 0.62 0.618 1.5 5 0.002 0.003 0.002 0.003 0.05

Silver 0.05 0.028 0.028 0.05 -- 0.001 0.00079 0.001 0.0 --

Thallium 0.05 0.01 0.012 0.049 -- 0.002 0.005 0.002 0.0 --

Uranium (c) 0.04 0.03 0.026 0.039 -- 0.002 0.002 0.002 0.0 0.2

Vanadium 0.67 0.79 0.67 0.79 10 0.007 0.03 0.01 0.0 0.1

Zinc 38 124 37.6 124 300 0.08 0.05 0.05 0.1 25

Notes:

Chronic TRVs are from Tables 4-1 through 4-4. 

Background values are from Table 4-8 in the Draft Final RI (Formation 2014).

Blank Cell - No data available

TRV = Toxicity Reference Value

mg/kg = milligrams per kilogram

mg/L = milligrams per liter

(a) "Forage mixed" refers to herbaceous plant background concentrations.

(b) "Browse Mixed" refers to woody (i.e. shrubs) plant background concentrations.

TABLE 4-6
Site-Specific Background Values – Vegetation and Surface Water

Analyte Forage Mixed 
(a)

Browse Mixed 
(b)

Forage Forb 
Single

Lowest 
Value

Site-Specific Background Concentrations - Vegetation (mg/kg)

Chronic TRV, 
for 

comparison

Chronic TRV, 
for 

comparison

Site-Specific Background Concentrations - Surface Water (mg/kg)

Forage Grass 
Mixed

Highest 
Value

Highest ValueLowest Value
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

COIs/LCOPCs (a)

Maximum 
exceeds

VEGETATION
TRV Comparison 

Value?

Maximum
exceeds

SURFACE WATER
TRV Comparison 

Value?

Maximum
exceeds

TANK WATER 
SUPPLY

TRV Comparison 
Value?

Overall LCOPC to be evaluated in Risk Characterization?

Aluminum Yes Yes Yes Yes - will be evaluated quantitatively

Antimony -- -- -- Uncertain - comparison value not available; will be evaluated qualitatively

Arsenic No No No NO - screens out of SSLRA

Barium Yes Yes Yes Yes - will be evaluated quantitatively

Beryllium -- No No Uncertain - comparison value not available; will be evaluated qualitatively

Boron Yes No No Yes - will be evaluated quantitatively

Cadmium Yes No Yes Yes - will be evaluated quantitatively

Chromium (total) No Yes Yes Yes - will be evaluated quantitatively

Cobalt No No No NO - screens out of SSLRA

Copper Yes No Yes Yes - will be evaluated quantitatively

Iron Yes Yes Yes Yes - will be evaluated quantitatively

Lead No No Yes Yes - will be evaluated quantitatively

Manganese Yes Yes Yes Yes - will be evaluated quantitatively

Mercury No No No NO - screens out of SSLRA

Molybdenum Yes No No Yes - will be evaluated quantitatively

Nickel No No Yes Yes - will be evaluated quantitatively

Selenium Yes Yes Yes Yes - will be evaluated quantitatively

Silver -- -- -- Uncertain - comparison value not available; will be evaluated qualitatively

Thallium -- -- -- Uncertain - comparison value not available; will be evaluated qualitatively

Uranium (b) -- No No Uncertain - comparison value not available; will be evaluated qualitatively

Vanadium Yes Yes Yes Yes - will be evaluated quantitatively

Zinc Yes No No Yes - will be evaluated quantitatively

Fluoride no data Yes Yes Yes - will be evaluated quantitatively

Nitrate no data No No Uncertain - some data not available; will be evaluated qualitatively
Notes:

Refer to Appendix C.1 to C.3 for more details.

(a) All COIs are listed; LCOPCs identified during screening process are highlighted in gray, and uncertain LCOPCs are in bold font.

(b) There is no uranium TRV available for vegetation ingestion by livestock.  Several citations are available and these are discussed in the Uncertainty Analysis (Section 6.4.2).

COI = Chemical of Interest

LCOPC = Livestock Chemical of Potential Concern
TRV = Toxicity Reference Value
-- = No comparison value available

TABLE 5-1
Maximum Concentration Screening Summary – Site-Wide Livestock Chemicals of Potential Concern 
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

LCOPCs

Tier 1 Site-wide EPC
exceeds

VEGETATION
TRV Comparison 

Value?

Tier 1 Site-wide EPC
exceeds

SURFACE WATER
TRV Comparison 

Value?

Tier 1 Site-wide EPC
exceeds

TANK WATER SUPPLY
TRV Comparison Value?

Aluminum No No Yes (52)

Antimony -- -- --

Barium No No Yes (16)

Beryllium -- No No

Boron No No No

Cadmium No No Yes (1.5)

Chromium (total) No No Yes (1.9)

Copper No No Yes (1.1)

Iron Yes (1.4) Yes (1.5) Yes (139)

Lead No No Yes (2.1)

Manganese Yes (2.4) Yes (4.1) Yes (120)

Molybdenum Yes (1.5) No No

Nickel No No Yes (1.4)

Selenium Yes (18) Yes (15) Yes (308)

Silver -- -- --

Thallium -- -- --

Uranium (a) -- No No

Vanadium No No Yes (10.4)

Zinc No No No

Fluoride No data No Yes (1.2)
Notes:

Values in parentheses are hazard quotients (HQs).

Refer to Appendix D.1 to D.3 for more details.

EPC = Exposure Point Concentration
LCOPC = Livestock Chemical of Potential Concern
TRV = Toxicity Reference Value
-- = No comparison value available.

TABLE 6-1
Tier 1 Summary – Site-Wide Exposure Point Concentrations 

and Hazard Quotients

All LCOPCs and uncertain LCOPCs are listed.  LCOPCs with Tier 1 Site-wide EPCs that exceed TRV 
comparison values are in bold font.

(a) There is no uranium TRV available for vegetation ingestion by livestock.  Several citations are available 
and these are discussed in the Uncertainty Analysis (Section 6.4.2).
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

Exposure Units->

LCOPCs Vegetation
Surface 
Water

Tank Water 
Supply

Vegetation
Surface 
Water

Tank Water 
Supply

Vegetation
Surface 
Water

Tank Water 
Supply

Vegetation
Surface 
Water

Tank Water 
Supply

Vegetation
Surface 
Water

Tank Water 
Supply

Vegetation
Surface 
Water

Tank Water 
Supply

Aluminum No No No na na No No No Yes (52) No No Yes (29) No No No No No Yes (1.8)

Antimony -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Barium Yes (1.1) No Yes (2.4) na na No No No Yes (16) No No Yes (4.8) No No No No No Yes (1.2)

Beryllium -- No No -- na No -- No No -- No No -- No No -- No No

Boron No No No na na No No No No No No No No No No No No No

Cadmium No No No na na No No No No No No Yes (1.5) No No No No No No

Chromium (total) No No No na na No No No No No No Yes (1.9) No No No No No No

Copper No No No na na No No No No No No Yes (1.1) No No No No No No

Iron No No Yes (1.7) na na No Yes (1.7) Yes (2) Yes (139) No No Yes (84) No No No No Yes (1.1) Yes (9.2)

Lead No No No na na No No No Yes (2.1) No No No No No No No No Yes (1.1)

Manganese No No Yes (2.2) na na Yes (1.6) Yes (3.1) Yes (4.8) Yes (120) No Yes (7) Yes (72) No No No No Yes (4.4) Yes (20)

Molybdenum No No No na na No Yes (1.5) No No Yes (5.6) No No No No No No No No

Nickel No No No na na No No No No No No Yes (1.4) No No No No No No

Selenium No No No na na No Yes (22) Yes (19) Yes (308) Yes (11) Yes (5.8) Yes (23) Yes (7.4) No No Yes (12) No No

Silver -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Thallium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Uranium (a) -- No No -- na No -- No No -- No No -- No No -- No No

Vanadium No No No na na No No No Yes (6.1) No No Yes (10) No No No No No No

Zinc No No No na na No No No No No No No No No No No No No

Fluoride No data No No No data na No No data No Yes (1.1) No data No Yes (1.2) No data No No No data No No
Notes:

"YES" = The Tier 1 EPC for each EU exceeds the media-specific TRV comparison value.  Values in parentheses are hazard quotients (HQs).

"NO" = The Tier 1 EPC for each EU does not exceed the media-specific TRV comparison value.

Refer to Appendix D.5 to D.7 for more details.

All LCOPCs and uncertain LCOPCs are listed.  LCOPCs with Tier 1 EU EPCs that exceed TRV comparison values are in bold font.

EPC = Exposure Point Concentration
EU = Exposure Unit
LCOPC = Livestock Chemical of Potential Concern
na = not applicable; no sampling locations for this media in EU.
TRV = Toxicity Reference Value
-- = No comparison value available

Woodall Ranch Grazing Allotment EUWoodall Spring Grazing Allotment EU Townsite Area EU

TABLE 6-2
Tier 1 Summary – Exposure Point Concentrations and Hazard Quotients by Exposure Unit

Conda Mine Grazing Allotment EU Trail Canyon-1 Grazing Allotment EUWoodall Mountain Grazing Allotment EU
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Site-Specific Livestock Risk Assessment
Conda/Woodall Mountain Mine

LCOPCs

Woodall 
Spring 

Grazing 
Allotment 

EU

Woodall 
Ranch 

Grazing 
Allotment 

EU

Woodall 
Mountain 
Grazing 

Allotment 
EU

Townsite 
Area EU

Conda 
Mine 

Grazing 
Allotment 

EU

Trail 
Canyon-1 
Grazing 

Allotment 
EU

Aluminum No No Yes Yes No Yes

Antimony -- -- -- -- -- --

Barium Yes No Yes Yes No Yes

Beryllium No No No No No No

Boron No No No No No No

Cadmium No No No Yes No No

Chromium (total) No No No Yes No No

Copper No No No Yes No No

Iron Yes No Yes Yes No Yes

Lead No No Yes No No Yes

Manganese Yes Yes Yes Yes No Yes

Molybdenum No No Yes Yes Yes No

Nickel No No No Yes No No

Selenium No No Yes Yes Yes Yes

Silver -- -- -- -- -- --

Thallium -- -- -- -- -- --

Uranium No No No No No No

Vanadium No No Yes Yes No No

Zinc No No No No No No

Fluoride No No Yes Yes No No
Notes:

Refer to Appendix D.9 for more details.

EPC = Exposure Point Concentration
EU = Exposure Unit
LCOPC = Livestock Chemical of Potential Concern
TRV = Toxicity Reference Value
-- = No comparison values available for any media

All LCOPCs and uncertain LCOPCs are listed.  LCOPCs with Tier 1 EU EPCs that exceed TRV 
comparison values are gray highlighted.

TABLE 6-3
Tier 1 Risk Evaluation Summary
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CONDA/WOODALL MOUNTAIN MINE
SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT
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Note: Ownership records are current as of 2015 and are based on Caribou County
Geographic Information Systems (GIS) data from 2009, supplemented with more
current Simplot records including a 2012 land transaction with Monsanto and a 2015
land transaction with Jouglard and Dredge properties.  In some cases, on-the-ground
surveys have been used to improve ownership boundary data from Caribou County.
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SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

GRAZING ALLOTMENTS -
WITH SATELLITE IMAGERY

  

Sources: 
Bureau of Land Management (BLM). 2012.
Range Pastures of Idaho 
(RANGE_NOC_GrazingPastures_PUB_
100K_POLY.shp). Spatial Data Set. BLM,
Idaho State Office, Boise, ID. Available at
http://cloud.insideidaho.org/data/blm. 
Dated Jan 2012; accessed Nov 2015.

U.S. Forest Service (USFS). 2008. Range allotments 
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via e-mail.  April 2008.
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SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT
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FIGURE 3-1. CONCEPTUAL SITE MODEL FOR DOMESTIC LIVESTOCK RECEPTORS
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FIGURE 4-1
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

SITE-WIDE SAMPLING
LOCATIONS - VEGETATION
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FIGURE 4-1a
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

SITE-WIDE SAMPLING LOCATIONS 
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FIGURE 4-2
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

SITE-WIDE SAMPLING 
LOCATIONS - SURFACE WATER
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FIGURE 4-3
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FIGURE 4-4
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FIGURE 4-5
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT
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FIGURE 4-6
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

WOODALL RANCH GRAZING
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FIGURE 4-7
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

WOODALL MOUNTAIN GRAZING
ALLOTMENT EXPOSURE UNIT
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FIGURE 4-7b
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

WOODALL MOUNTAIN GRAZING
 ALLOTMENT EXPOSURE UNIT

-SOUTH PORTION
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FIGURE 4-8
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

TOWNSITE AREA
EXPOSURE UNIT
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FIGURE 4-9
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

CONDA MINE GRAZING 
ALLOTMENT EXPOSURE UNIT
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FIGURE 4-10
CONDA/WOODALL MOUNTAIN MINE

SITE-SPECIFIC LIVESTOCK RISK ASSESSMENT

TRAIL CANYON-1 GRAZING 
ALLOTMENT EXPOSURE UNIT
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