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EXECUTIVE SUMMARY

Cascade Earth Sciences (CES) prepared this Engineering Evauation/Cost Analysis (EE/CA) for a proposed
Comprehensive Environmental Response, Compensation, and Liahility Act (CERCLA) Non-Time-Ciritical
Remova Action at the Bretz Mine (also referred to as the Site) in Maheur, southeastern Oregon. Based on the
reconnaissance of the Site on September 15, 2010, and scoping discussions with the Bureau of Land
Management (BLM), the areas of focus for this EE/CA are the ore processing area and the areas nearby.
Specific features within this areainclude:

e OreProcessing Area

e Waste Rock of Impoundment #1

e  Sediments Upstream of Impoundment #1
o  Sediments Upstream of Impoundment #2
e Ore Stockpiles

The Bretz Mineislocated on the BLM-administered land, approximately 10 miles northwest of McDermitt,
Nevada. The Siteisin the Quinn River Watershed (QRW), which is an intermittent river that drains an enclosed
basin. The Removal Action Objectives are:

1. Reducethe human and ecologica exposure to hazardous substances in the mining-related waste rock
and ore storage facilities, in roasted oar, and in contaminated soils within the source areas.

2. Minimize or eliminate potentia for hazardous substance mobilization and transport from contaminated
waste rock, tailings, and soils by stabilizing, removing, and/or isolating sources.

3. Improve surface water quality by decreasing hazardous substance loading to Little Cottonwood Creek,
McDermitt Creek and the QRW from mining and processing-related sources.

4. Achieve potential, applicable or relevant and appropriate requirements (ARAR) to the extent practicable,
while considering the exigencies of the situation and the scope of the Removal Action.

ThisEE/CA, the Preliminary Assessment (PA) (Oregon Department of Environmental Quality [ODEQ, 2001a]),
the Bretz Mine Site Inspection Report (Weston, 2003), and Bretz Mine Investigation Summary Report (E&E,
2005), and the earlier associated studiesindicate that concentrations of severa hazardous substances, particularly
mercury, are above screening levelsin one or more media at the Ore Processor Area and low-grade ore stockpile
adjacent to the east of Little Cottonwood Creek. Furthermore, based on information provided in the Streamlined
Risk Evaluation and Assessment of this report, contaminants of potential concern at the Site include antimony,
arsenic, cobalt, iron, thallium, vanadium, and zinc — with mercury being the primary contaminant of concern
(COC). The highest concentrations of mercury were exhibited in surface soils collected near the ore processor
and mill foundation (up to 190,000 milligrams per kilogram [mg/kg]). The highest concentration of total
mercury identified in the low-grade ore stockpile was 3,130 mg/kg. These concentrations compare to the U.S.
Environmental Protection Agency (EPA) Regional Screening Level for mercury in Industrial Soils (310 mg/kg),
and the mean background concentration of mercury near the mine (11.7 mg/kg).

The highest concentration of total recoverable (TR) mercury in surface water was identified in the Blue Pond at
the West Pit Area of the Site (0.82 micrograms per liter [ug/L]). TR mercury in samples collected from Little
Cottonwood Creek ranged from 0.013 pug/L to 0.021 ug/L. Thisiscompared to the Oregon Aquétic Life
Criterion of 0.012 pg/L total mercury.

The following table provides a summary of the mercury concentrations in various media at the Site, along with
applicable human and ecological regulatory standards.
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Summary of Mercury Human Health & Ecological Standards and Documented Contamination

L ocation Range Average Lowest Human or Ecological
Mercury, Total Mercury, Total Standards' for Mercury
Waste Material
Soil Background 0.17 to 70.8 mg/kg 11.7 mg/kg
1,370 to
Ore Processor 190,000 mg/kg 45,052 mg/kg . vel 1l Eoologica
i} , regon Lev cologic

L ow-Grade Ore Stockpiles 3,130 mg/kg 3,130 mg/kg Screening Level Valuesfor | 0.1 mglkg

Ore Stockpile 168 mg/kg 168 mg/kg Soil

East Pit 15to 124 mg/kg 68.92 mg/kg

West Pit 102 to 251 mg/kg 160 mg/kg

Surface Water

Blue Pond 0.82 pg/L 0.82 pg/L

Cottonwood Creek Adjacent

to West Area Workings <0.2 gl <0.2 po/L Oregon Aquatic Life 0.012 pg/L

Confluence of Cottonwood 0.013 t0 0.021

and Little Cottonwood Creeks pg/L 0.017 po/L

Sediment

Cottonwood Creek 1.4t0 92.1 mg/kg 24.27 mg/kg

Ore Processing Area 613 to 640 mg/kg 626 mg/kg

Little Cottonwood Creek 0.68 to 390 mg/kg 198 mg/kg Oregon Leve |1 Screening

: : : Level Valuesfor 0.2 mg/kg

Middle Tributary, Little ;

Cottonwood C?'gek 0.42 to 231 mg/kg 137mg/kg || Freshwater Sediment

East Tributary, Little

Cottonwood Creek 2,330 mg/kg 2,330 mg/kg

Fish Tissue
Oregon Fish Tissue

Cottonwood Creek 1.7 mg/kg 1.7 mg/kg Advisory Level 0.35 mg/kg

Notes: Abbreviations: pg/L = micrograms per liter, mg/kg = milligrams per kilogram.

Bold concentrations exceed one or more human health and ecological standards.

1. See Tables 2 though 7 for sources of human health and ecological standards.

The streamlined risk evaluation in this EE/CA indicates potential human health and ecological risk at the Site
from exposure to such high concentrations of hazardous substances, particularly mercury, in the Ore Processor
Areaand low-grade ore stockpile. Risk-based cleanup levels for the reasonable maximum exposure (RME)

scenario (conservative or worst-case estimate of potential exposure) were developed in the risk evaluation for the

recreational receptor based on the regulatory standard of 1E-06 excess cancer risk.

Based on ARARs and site-specific risk-based cleanup concentrations, proposed cleanup goals were devel oped
for the Site. A human hesalth risk-based cleanup concentration for waste material of 1,640 mg/kg total mercury

was calculated for the Site.

The scope of the Removal Action isto achieve cleanup of Site related hazardous substances to acceptable levels
of risk to humans and the environment. The following five aternatives were evaluated and compared as
potential Removal Actions and were evaluated individually and collectively against three criteria: effectiveness,

implementability, and cost.
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Removal Action Alter natives

No Action ($0)

Ingtitutional Controls ($59,000)

Onsite Containment ($291,000)

Removal and Disposal in an On-Site Repository ($464,000)
Removal and Off-Site Disposal ($1,981,000)

agbrwdpE

Based on the comparative analysis, Alternative 4 (Removal and Disposal in an Onsite Repository) was selected
asthe recommended aternative for the proposed CERCLA Removal Action. The costs are based on the
assumption the entire low-grade ore stockpile will not need to be removed, and additional assessment may be
completed as part of a data gap investigation to refine the requisite cleanup area.

Thetotal estimated cost for the recommended CERCLA Removal Action aternative, including data gaps, design
and oversight, 3-years of post-construction monitoring, and contingency, is approximately $473,000.
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1.0 INTRODUCTION

On behalf of the United States Department of Interior, Bureau of Reclamation (BLM), Cascade Earth Sciences
(CES) has prepared the following Engineering Evaluation/Cost Analysis (EE/CA) for completing aNon-Time-
Critica Remova Action of the Bretz Mine (also referred to as the Site) located in the Vale District of BLM-
administered land in Malheur County, approximately 10 miles northwest of McDermitt, Nevada (Figure 1).

The EE/CA isbeing performed under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) cleanup authorities [42 USC 9604(a) and Federal Executive Order 12580], with agenera
purpose to select an alternative to minimize or eliminate any release or threeat of release of a hazardous substance
into the environment or impact on public health and welfare as outlined in 40 CFR 300.415(b)(2)(i-vii).
However, this EE/CA is specifically focused on the Bretz Mine contamination sources, which include the
features listed bel ow; further investigations and response may be needed following the completion of this
EE/CA.

The EE/CA isbeing prepared in accordance with the provisions of the Nationa Oil and Hazardous Substances
Pollution Contingency Plan (NCP), 40 CFR 300.415(b)(4)(i), and utilizing the U.S. Environmental Protection
Agency (USEPA) “Guidance on Conducting Non-Time-Critical Removal Actions under CERCLA” (USEPA,
1993).

The purpose of a Removal Actionisto “abate, prevent, minimize, stabilize, mitigate, or iminate the release or
thethreat of arelease” (40 CFR 300.415) and isintended to:

e Satisfy environmental review requirementsfor Remova Actions,

o  Satisfy administrative requirements for documenting of Removal Action selection; and

e Provideaframework for evaluating and selecting alternative technologies.

Thefeaturesincluded in this EE/CA consist of the following:Ore Processing Area
e Waste Rock of Impoundment #1
e  Sediments Upstream of Impoundment #1
e Sediments Upstream of Impoundment #2
e Ore Stockpiles

Locations of the features and other selected features included in this EE/CA are shown on Figures 2, 3 and 4.
Relevant information about the mines and featuresis presented in Table 1. Laboratory analyses and supporting
information from previous investigations of the mine are provided in Table 2 (surface soil, waste rock, and ore
samples), Table 3 (surface water), and Table 4 (stream sediment samples). Background soil sample analyses are
providedin Table 5. Table 6 summarized fish tissue anadysis. Table 7 summarizesthe Removal Action
technology screening. Table 8 outlines the comparative analysis of the Removal Action alternatives. Table9
summarizes the attributes and advantages of the Removal Action aternatives and presents the costs.

Appendix A contains photographs of the sites discussed in the EE/CA (Photographs 1-23). Laboratory reports
areincluded in Appendix B. The human and ecological risk assessment report and associated tables are located
in Appendix C. A table of the potential applicable or relevant and appropriate requirements (ARARS) is
presented in Appendix D. Appendix E provides cost estimates for the Removal Action aternatives.
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2.0 SITE CHARACTERIZATION
2.1  Site Description and Background
2.11 Site Location and Status

The Bretz Mineislocated in Malheur County, Oregon, approximately 10 miles northwest of McDermitt, Nevada
(Figurel). Theareaisin BLM land and the roads to the Site are gravel and maintained for vehicles. Roads at
the Site are not aswell maintained and in some areas require high clearance.

The Bretz Mine workings are located in four sections:

o West ¥ of Section (Sec) 3 Township (T) 41 South (S), Range (R) 41 East (E) of the Willamette
Meridian (WM)

o EastYsof Sec 4, T41S, R41E of WM
e SEV,of SE Vaof Section 33, T40S, R41E of WM
e SW Viof SW Ys0f Section 34, T40S, R41E of WM

The latitude for the ore processing areais 42° 2 29" N, longitude 117°54' 13" west (W). The elevation of the
Site ranges from approximately 5,530 feet above mean sealevel (amd) to 5,200 amd. The Siteisdrained by
three ephemeral creeks: Little Cottonwood Creek flows south though the mine workings and two unnamed
creeks flow southwest to the east of the main mine workings (Figure 2). The headwaters of al three ephemera
creekslie a elevations well over 6,000 feet near the inside rim of the caldera

Land ownership at the Site consists of public lands administered by the BLM. The BLM has CERCLA authority
for the release or threatened rel ease of hazardous substances where the release is on or the sole source of the
release isfrom BLM-administered lands.

2.1.2 Site History

The Bretz Mine is an abandoned mercury mine located approximately 10 miles northwest of McDermitt,
Nevada. The deposit was discovered in 1917 by William S. Bretz. Assessment work was done for many years
before high grade mercury ore was discovered in 1931. The mine was then sold to the Bradley Mine Company,
operator of the Opalite mercury mine, which islocated approximately 6 miles west of the Bretz Mine (Schuette,
1938).

The Bretz Mine was actively worked by the Bradley Mining Company from 1931 through 1936. All ore was
shipped to the Opalite Mine for processing during this period. At the end of the 1936 mining season, the option
to purchase the Bretz Mine was released and Bradley Mining apparently stopped work there (Schuette, 1938).
Production va ues reported by Brooks (1971) indicate that further mining occurred after 1936. The total mercury
production given by Brooksin 1971 was 15,185 flasks, and the last year of production recorded was 1968. A
flask of mercury is equivaent to 76 pounds. The presence of processing equipment suggests that some
processing may have occurred at the Site.

There are currently severa active mining claims on and nearby the Site. According to the BLM Vae Didtrict
Office, the claimants are performing exploratory work for potential gold mineralization and no recent mercury
mining has occurred at the Site.
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2.1.3 Previous Environmental Evaluations

Previousinvestigations of the Bretz Mineinclude the following, which are discussed in more detail in
Section 2.2:

e ODEQ, 2001. Preliminary Assessment — Bretz Mine, Section 3, T41S R41E, W.M. Malheur County,
Oregon ECH #2493. Prepared by Oregon Department of Environmental Quality — Environmental
Cleanup Division. Pendleton, Oregon. March 12, 2001.

o Weston, 2003. Bretz Mine Site Ingpection Report. TDD: 01-10-0012. EPA Contract 68-S0-01-02. EPA
Region X START. Prepared by Weston Solutions, Inc. Seattle, WA. March 5, 2003.

o E&E, 2003. Opalite Ste Invegtigation Work Plan. Prepared for Oregon Department of Environmental
Quiality — Eastern Region. Prepared by Ecology & Environment, Inc. November 2003.

o E&E, 2004. Opalite Mine Ste Investigation Work Plan Addendum for Soring 2004 Sampling Activities
at Bretz Mine. Prepared for Oregon Department of Environmental Quality - Eastern Region. Prepared by
Ecology & Environment, Inc. June 4, 2004.

e E&E, 2005. Bretz Mine Investigation Summary Report. Prepared for Oregon Department of
Environmental Quality — Eastern Region. Prepared by Ecology & Environment, Inc. March 8, 2005.

e BLM, 2009. Bretz Mine Abandoned Mine Land Physical Hazard Remediation Phase | - Environmental
Assessment OR-030-08-006. Prepared by U.S. Department of the Interior, Bureau of Land
Management, Jordan Resource Area. Vale, Oregon. April 2009.

2.1.4 Site Physiology

The Bretz Mineisin the northern extension of the Basin and Range physi ographic province of Oregon, Nevada,
Utah, Idaho, Arizona, California, New Mexico, and Mexico. The Basin and Range Province is characterized by
north-south trending fault block mountain ranges aternating with broad basins. Most of the Basin and Range
Provinceis part of the Great Basin, which has no outlet to the ocean. Many of the sub-basins within the Great
Basin areisolate from each other (ODEQ, 2001a).

The Site is approximately 342 acresin size. Elevation of the Site ranges between approximately 5,200 and 5,700
feet amd. Adjacent land use mainly consists of livestock grazing; there are no residences or other structures
within 4 miles of the Site. Accessto the Siteis unrestricted (ODEQ, 20014). Vegetation in the area consists of
shrub steppe plant communities dominated by sagebrush species and bunchgrasses (BLM, 2009). Willows and
other woody vegetation are present along many of thelocal creeks. Many local creeks, including Little
Cottonwood Creek, only flow seasonally (ODEQ, 2001b).

2.1.5 Soils and Vegetation

The dominant soil (Unit 58) of the Bretz mine areaiis shallow, loamy, well drained soils with cemented pans on
gentler dopes (12-60%). These soils occur on very extensive to moderately steep old fans and high terrace
remnants (BLM, 2009). The soil has high potential for rangeland seeding (BLM, 2009). Soil on the steeply
doping areas (Unit 98) is a miscellaneous land unit that consists of highly eroded and dissected raw old
lacustrine sediments occurring as “badlands’ often on dopes steeper than 60 percent. Native vegetation consists
of mostly big sagebrush, low sagebrush, rabbitbrush, budsage, atriplex ssp., needlegrass, squirreltail grass, and
Sandberg bluegrass (BLM, 2009).

2.1.6 Climate and Meteorology

The climate of the Siteiis classified as cold, semi-arid. Semi arid climates are typically found in continenta
interiors some distance from large bodies of water. Cold, semi-arid climates usually feature warm to hot
(sometimes exceptionally hot) summers, though their summers are typically not as hot as those of hot, semi-arid
climates. Unlike hot, semi-arid climates areas with cold, semi-arid climatestend to have cold, sometimes very
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cold winters. These areas usually see some snowfall during the winter, though snowfall is usualy lower than
locations at similar latitudes with more humid climates. Areas featuring cold, semi-arid climates tend to have
higher elevations than areas with hot, semi-arid climates and are sometimes subject to major temperature swings
between day and night, sometimes by as much as 30°C/55°F. Cold, semi-arid climates at higher latitudes tend to
have dry winters and wetter summers (Ped, et.al., 2007)

Precipitation data from the nearest weather station (Burns Junction, located approximately 50 miles northeast of
the Site) indicated that the mean annual precipitation is 8.25 inches (1972-1990 period of record). There was not
evapotranspiration data for this station, therefore, net precipitation could not be calculated. The extreme 24-hour
rainfall event for the same period was 2.00 inches. Flood plain areas have not been mapped in the vicinity of the
Site (ODEQ), 2001b).

2.1.7 Regional and Local Geology

Regional geologic information was obtained primarily from the Preliminary Assessment (ODEQ 2001aand
2001b) and historic mine references.

The Site islocated within the Basin and Range Province. The Basin and Range Province isageologic active area
with ahigh heat flow from the earth’ sinterior. It has athin outer crust and high regiona eevation. Itis
characterized by stretching or extension of the crust and the movement of lager tectonic blocs.

These forces result in the structure of tilted blocks forming the ranges and down dropped blocks forming the
basins. Large amounts of volcanic activity are also part of the geologic setting and many of the basins arefilled
with volcanic material up to 10,000 feet thick (ODEQ, 2001a).

The mercury deposit of the Bretz Mine formed within in the McDermitt Caldera Complex, which is of Miocene
Age (7-10 million years ago). Miocene lavas more than 3,000 feet thick are overlain by upper Miocene
tuffaceous lake beds locally greater than 200 feet tick. The Bretz Mine ore bodies lie within these |ake beds. The
lavas range from basdltic to rhyalitic. The siliceous lavas (obsidian to porphyritic rhyolite) are associated with
the tuffs. The lavaflows, which range up to greater than 100 feet thick, are generaly horizontal or sub-
horizontal, although they are locally thicketed by faulting. The lake beds include well-bedded tuffs, shales
(clayey, carbonaceous, tuffaceous, and diatomaceous), and sandstone, with small lenses of conglomerate
(Brooks, 1963).

The Miocene rocks are cut by steep normal faults, the largest of which gave rise to much of therelief inthe area.
Smaller faults are responsible for some or al of the hydrothermal mercury mineralization in the area. Some of
the faults served as conduits for hydrothermal solutions that locally silicified the adjacent tuffs and lake bedsinto
Opadlite. The area ore bodies are either within or in contact with the silicified rocks (Brooks, 1963).

According to Brooks (1963), the primary mercury mineral present within the mineralized areais cinnabar (HgS);
other mercury ore minerals documented in the areaiinclude metacinnabar (HgS), terlinguaite (Hg,ClO), and
native mercury. Rytuba (2002) states that mercury chloro-sulfide mineral corderoite (HgsS;Cl,) isthe dominate
ore minerd in the McDermitt area. Other mercury-bearing minerals identified in the areainclude Kenhsuite
(HgsS,Cly), Kleinite (HgsClaN3sSys-H20), and Radtkeite (HgzS,Cll) (Mindat.org, 2003).

Locd Quaternary depositsinclude an older pre-canyon aluvium capping the eroded surface of the Miocene lake
bedsin interstream areas, and younger aluvium comprising valey fill and sope wash within present stream
valleys (Brooks, 1963).

The ore material in the east areaworkings of the Bretz Mine consist of cinnabar deposited within unsilicified
shales. In the west area workings, the ore materials comprise cinnabar occurring as thing, discontinuous veinlets
and fracture coatings in shales, and as disseminations within sandstones and tuffs. Small lenses of Opalite are
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also reported within the pits; some of this Opalite contains cinnabar, but the cinnabar is reported to be so finely
divided and the Opalite is so hard that the material was considered not amenable to processing. Fingy
disseminated pyrite is reported to occur in most of the mineralized zone; oxidation of the pyrite resultsin typical
limonite coloration on weathered surfaces (Brooks, 1963).

2.1.8 Hydrogeology

The Bretz mercury deposit is formed within the Miocene Age McDermitt Caldera Complex. Loca well logs
indicate that the Siteis underlain by fine-grained clay-rich sediments and Opalite. Crystalline igneous rock was
encountered at approximately 600 feet below grade. These geologic units are considered to be part of the
Volcanic and Sedimentary Aquifer unit of Eastern Oregon. Permeable units within this aquifer are capable of
yielding over 250 gallons per minute (gpm) of groundwater to wells (ODEQ, 2001b).

Six wells are on record with the Oregon Water Resources Department within afour-mile radius of the Site
(ODEQ), 2001b). Onewdl yidlded 200 gpm, thiswell has a reported industrial use, and the other five are
recorded asyidding lessthan 5 gpm, with one of those yielding no water. No use was recorded for these wells.
Water wasfirst encountered at depths ranging between 200 and 300 feet below ground surface. Static water level
generaly stayed within afew feet of the depth where water was first encountered.

2.1.9 Hydrology

The Bretz Mineislocated aong Little Cottonwood Creek, atributary of Cottonwood Creek, which flowsinto
McDermitt Creek near the Oregon-Nevada state line. McDermitt Creek is atributary of the Quinn River which
flows southwesterly into a closed basin in northern Nevada

Little Cottonwood Creek and its two unnamed tributaries (middle and eastern) flow through or adjacent to the
mine pits and waste rock piles a the Site (Figure 2). Little Cottonwood Creek enters Cottonwood Creek
approximately 2 %2 miles downstream of the Site. Cottonwood Creek enters McDermitt Creek approximately 3
miles downstream of the Site. Cottonwood Creek is intermittent downstream of the mine (Bowers, 2002).

Severa large impoundments exist aong the course of Little Cottonwood Creek down slope of mine pitsand
other sources at the Site. Under normal conditionsit islikely that these structures would and do contain al of the
flow of Little Cottonwood Creek, including any surface water drainage from the Site sources (Weston, 2003).
During the SI, only the ponds at the West Mine Pit had water; all other impoundments along the creek appeared
dry or had only very small pools of water within them. The dikes were created in the late 1950s or early 1960s
(Weston, 2003). It is assumed that they do not pre-date activities at the mine. During the site visit in September
2010, only the blue pond at the West Pit contained water.

The drainage areafor the mineis conservatively estimated from atopographic map at 1,060 acres. The drainage
area ddineates the surface area that contributes surface water runoff to sources at the Site, and includes the area
of the sources themselves (Weston, 2003).

The Federal Emergency Management Agency, under the National Flood Insurance Program produces the Flood
Insurance Rate Maps for the United States. The agency has not produced any maps covering the mine and its
vicinity. A conservative estimate of a 500-year flood plain was assumed for the Bretz Mine (Weston, 2003).

2.1.10 Local Land Uses

The Bretz Mine islocated on federal land managed by the BLM Vale Oregon District. The areais used primarily
for grazing of cattle and mineral exploration. According to the BLM, visitor activitiesinclude rock hounding
(rock/mineral collecting), camping, hunting, and even historians who study the remains of the local mines and
other historic sites. Rockhounders can visit and camp in the area 1 to 2 weeks a atime, mostly during the
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summer months. Hunters mainly drive through the areato get up to the higher elevations. Ranchers (locals) drive
though the areato check on and gather cattle. Scientists and historians (geol ogists and archeol ogists) with federal
agencies and mining companies can be present in the area from one day to several depending on the activity.
Thereisno designated campground area. However, camp trailers were observed approximately 1 %2 mile south
of Bretz Mine in September 2010. There are no documented year-round residents.

2.1.11 Sensitive Environments

Pursuant to section 2.4 of USEPA (1993), CES identified sensitive environments and ecosystems within and
near the Bretz Mine. Following is an overview of the sensitive environments and ecosystems.

Wilderness Areas

As part of the National Wilderness Preservation System, Wilderness Areas are subject to numerous laws,
including the 1964 Wilderness Act as amended, in order to protect itslargely pristine character. Generdly,
motorized equipment and equipment used for mechanical transport (e.g., vehicles, helicopters, etc.) are
prohibited on all federal lands designated as wilderness. The use of motorized equipment or mechanical
transport are described in the special regulationsin effect for a specific wilderness area; therefore, careful
coordination with the BLM and specid waivers are required to undertake significant Removal Actionswithin
Wilderness Areas. Based on review of federal maps, there are no Wilderness Areas near the Site.

Wetlands and Wild & Scenic Rivers

There are no wetlands or Wild & Scenic Riverswithin the vicinity of the Site (ODSL, 2010).

Sensitive Species

Rare, threatened, or endangered (RTE) species and numerous other sensitive species are known to or expected to
inhabit the Bretz Mine and surrounding areas. The Oregon Biodiversity Information Center located at Portland
State University in Portland, Oregon was contacted about RTE species at the Site (OBIC, 2010). Thefollowing
isan overview of sensitive species within a2-mileradius of the Bretz Mine.

e Greater sage-grouse (candidate for federa listing with enough threatened; state listed for sensitive-
vulnerable) is present in the Jordan Resource Area.

e Lahontan cutthroat trout (federaly and state listed as threatened) is present in Indian Creek, atributary
which enters Cottonwood Creek approximately ¥ mile upstream of the confluence of Cottonwood and
Little Cottonwood Creeks.

e Oregon Great Basin redband trout (not federal or state listed) may be present in Indian Creek. The
speciesis threatened by hybridization with introduced rainbow trout.

o Cdiforniafloater (federal listing as species of concern), amussd, is present in Cottonwood Creek near
confluence with McDermitt Creek and a so near confluence with Cash Canyon.

o Lahontan sagebrush (not federal or state listed) is present southeast of Bretz .
e Smooth wild cabbage (not federa or state listed) is present at Deafenbaugh .

o Prostrate buckwheat (federal listing as species of concern, state listed as candidate) is present at Bretz
Mine north of Little Cottonwood Creek.

2.2 Sources, Nature, and Extent of Contamination

There were three previous environmental investigations and one physical hazard remediation of the Site. The
earliest environmenta investigation was a PA conducted by the Oregon Department of Environmental Quality in
June 2000 (ODEQ), 2001a). The objective of the PA wasto generaly identify potential hazards at the Site,
identify sites that require immediate action, and to establish priorities for sites requiring in depth investigations.
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This PA invegtigated chemica and waste handling practices and evaluated the potential exposure pathways for
hazardous chemicals that may have been released to the environment from operations at the mine. Two samples
were collected from ore material during the visit. Based on the presence of mercury contamination at the Site and
the potential for impacts to human and ecological receptors, the PA recommended that a Sl or remedial
investigation be conducted at the Bretz Mine.

Weston Solutions, Inc. (Weston) was contracted by the US EPA Region X Start program to conduct a Sl of the
Bretz Minein June 2002. The abjective of the Sl wasto collect samples to characterize potential sources,
determine off-site migration of contaminants, provide EPA with adequate information to determine whether the
Siteisdigiblefor placement on the National Priorities List, and document the threst or potential threst to public
health or the environment posed by the Site. Twenty seven samples were collected from various media,
including soil, surface water, and sediment. Results from source samples indicated the presence of severa
inorganic congtituents [Target Analyte List (TAL) metals] at concentrations significantly above background,
including antimony, arsenic, beryllium, cadmium, chromium, cobalt, lead, mercury, selenium, thallium,
vanadium, and zinc. Results from sediment samples collected from Little Cottonwood creek and middie
tributary indicate the presence of metals at elevated concentrations. Cottonwood creek downgradient of the mine
received flow from Little Cottonwood Creek and its tributaries. No metal concentrations in the sediment sample
from Cottonwood Creek were determined to be elevated. Based on the number of human health and ecological
targetsidentified during the PA (ODEQ), 2001a), and the S, it was determined that the surface water pathway
was the only significant migration pathway at the Bretz Mine. The groundwater and air migration pathways and
the soil pathways would not significantly contribute to the HRS score, and were therefore not evaluated.

Ecology and Environment, Inc. (E& E) was contracted by the Oregon Department of Environmenta Qudity to
conduct alimited investigation of the Bretz Mine as part of a Phase |1 of a Site Investigation of the Opalite Mine
aso located in Maheur County, Oregon. The objective of the investigation was to assess data gapsin from
previous investigations and to provide additiona information to better understand the distribution of
contaminants of potential concern at the Site and in downstream areas potentially impacted by the Site. E& E
conducted the investigation in June 2004. Seventy-one samples of various media, including soil, surface water,
sediment, and fish tissue, were collected in thisinvestigation. The investigation relied heavily on field-screening
techniques to provide information on contaminant distribution at the Site. Results of the investigation indicate
metals contamination over abroad area, including the ore processing area, suspected low-grade ore stockpiles
and waste rock piles, the East Area Workings, and West Area Workings, including the Brown Pond and Blue
Pond. Results also indicate that on-site contaminants have migrated off-site and may be impacting downgradient
surface water, sediment, and fish. Of particular note are the high concentrations of total mercury in the ore
processing area and the acid mine drainage/acid rock drainage conditions observed in the Blue Pond and
Cottonwood Creek (location BRCCO01), which may be influenced by potentially impacted groundwater and/or
surface water migrating from the West Area Workings/Blue Pond. It is recommended that potential hot spots at
the ore processing area and West Area Workings/Blue Pond be further evaluated for potential interim removal
actions. It is also recommended that the Blue Pond area be limited by installation of fencing and signage. In
addition, it is recommended that diversions of surface water drainagein the Little Cottonwood Creek away from
the West Area Workings, which may be contributing to AMD/ARD conditions observed at the Blue Pond and
Cottonwood Creek at location BRCC1.

The Bureau of Land Management Vae District conducted a Physical Hazard Remediation Phase | of the Bretz
Minein April 2009. The objective of the assessment was to address physical hazards. The assessment proposed
to rehabilitate a portion of the Bretz Mine, particularly, the southern pit wall of the eastern pit. The remedial
action was conducted with the southern pit wall of the east pit being re-doped using topsoil from the ground
immediately to the south and vegetated. The work was conducted during the seasonal construction season of
2008 and 2009 and vegetated in the fall of 2009.
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2.2.1 Known and Potential Source Areas

Based on previous investigations, the potential contaminants of concern at the Bretz Mineinclude TAL metals,
primarily mercury. The areas and features identified with potential hazardous waste sources are presented below.
Descriptions capacities, and locations of these sources are summarized in Table 1 and locations are shown on
Figures2 and 3.

e MinePits—Mineralized rock exposed in mine pitsisapotential source of mercury and other heavy
metals. Sulfide mineral that may be present in the pits are a so apotential source of acid rock drainage
(ODEQ), 20014). The course of Little Cottonwood Creek runs through the west mine pit (dikes have
been built across the stream at the northern and southern ends of the pit), and an unnamed tributary to
the Little Cottonwood Creek flow through the east mine pit. The area of the east pit is approximately
709,300 square feet, and area of the west mine pit is approximately 595,300 square feet.

¢ Ore Stockpile — Piles of suspected low-grade ore are located in the centrd area of the Site. No
containment features are associated with these piles. The volume of the pile is approximately
51,500 cubic yards (cy).

e OreProcessing Area— The remains of an apparent ore processing facility islocated approximately ¥4
mile south of the west mine pit. There is no containment features associated with the former ore
processing area. Due to the mercury concentration processes that were carried out at the retort location,
this area contains the highest mercury concentrations of all areas at the Site. Theretort areais
approximately 195 square feet. The larger processing area that includes the miscellaneous foundations
and structuresis approximately 1,226,500 square feet.

2.2.2 Ore Processing Area including Waste Rock

The ore processing areaislocated approximately %2 mile south of the West Mine Pit (Figures 2 and 3). It isthe
area of the Site where ore was processed into mercury. The general area of processing and waste rock from
processing was sampled in three separate events. Thefirst wasin June 2000 when ODEQ collected one sample,
the second in June 2002 when Weston collected a three soil samples, and athird event in June 2004 when E& E
collected atota of 52 soil samples.

In June 2000, a sample (006) was collected by ODEQ during the PA site visit from inside one of the retort
furnaces. The sample was analyzed for total mercury. A mercury concentration of 1,370 mg/kg was detected in
the sample from inside the retort (ODEQ, 20014).

In June 2002, three soil samples (MS001, MS002, and M S003) were collected by Weston from benesth the
small retort ovens as part of the SI. Samples were analyzed for TAL metals by Compuchem, Inc. adivision of
Liberty Analytical Corporation of Cary, North Carolina. Up to 20 of the 23 TAL metals were detected in the
three samples from the former ore processing area. Antimony, arsenic, cadmium, lead, selenium, mercury, and
zinc concentrations were determined to be significantly above background in each of these samples. Estimated
antimony concentrations range from 32.3 mg/kg to 52.6 mg/kg, arsenic concentrations range from 411 mg/kg to
737 mg/kg, cadmium concentrations range from 1.7 to 3.8 mg/kg, lead concentrations range from 39.5 mg/kg to
124 mg/kg, nickel concentrations range from 13.8 to 52.6 mg/kg, selenium concentrations range from 18.1 to
49.4 mg/kg, estimated mercury concentrations range from 6,110 to 18,000 mg/kg, and estimated zinc
concentrations range from 179 to 290 mg/kg. Beryllium, chromium, and cobalt concentrations are also
significantly above background in one or more of the former ore processing area samples. Beryllium was
detected in MS001 at 2.7 mg/kg, chromium was detected in MS002 at 28.7 mg/kg, and cobalt was detected in
MS001 at 14.6 mg/kg and in MS002 at 17.2 mg/kg.

In June 2004, 40 soil samples were collected by E& E from the ore processing area and 12 soil sampleswere
collected from the nearby waste rock as part of alimited investigation. All of the samples collected from the ore
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processing areawere analyzed for metals using field screening methods (XRF and Lumex for mercury). Ten of
the 14 metd s screened were detected in the soil samples from the ore processing area: antimony ranging from
nondetect (ND) to 551 mg/kg, arsenic ranging from 222 to 794 mg/kg, cadmium ranging from ND to

49.1 mg/kg, cobalt ranging from ND to 531 mg/kg, copper ranging from ND to 110 mg/kg, iron ranging from
18,539 to 169,745 mg/kg, lead ranging from ND to 163 mg/kg, manganese ranging from ND to 162 mg/kg,
mercury ranging from 363 to 223,286 mg/kg, and zinc ranging from ND to 1299 mg/kg.

Sample BROP13SS01 was also analyzed for TAL metals by Columbia Analytical Services, Inc. in Kelso
Washington and Brooks and Rand LL C located in Seattle, Washington. All 23 TAL metals were detected in
BROP13SS01 from the former ore processing area. Antimony (41.9 mg/kg), arsenic (961 mg/kg), beryllium
(10.0 mg/kg), cadmium (0.83 mg/kg), chromium (15.3 mg/kg), cobalt (9.8 mg/kg), copper (55.3 mg/kg), iron
(108,000 mg/kg), lead (49.5 mg/kg), manganese (613 mg/kg), mercury (190,000 mg/kg), nickel (26.9 mg/kg),
selenium (18.5 mg/kg), and zinc (566 mg/kg) concentrations were determined to be significantly above
background in the sample.

All of the samples collected from the waste rock were analyzed for metals using field screening methods (XRF
and Lumex for mercury). Nine of the 14 metals screened were detected in the soil samplesfrom the ore
processing area. They were antimony ranging from ND to 453 mg/kg, arsenic ranging from 64.0 to 610 mg/kg,
cobalt ranging from ND to 331 mg/kg, copper ranging from ND to 23.2 mg/kg, iron ranging from 11,131 to
25,816 mg/kg, lead ranging from ND to 39.8 mg/kg, manganese ranging from ND to 110 mg/kg, mercury
ranging from 88.9 to 300 mg/kg, and zinc ranging from 22.7 to 98.0 mg/kg. Sample BRWR04SS01 was aso
andyzed for TAL metals by Columbia Anaytical Services, Inc. in Kelso Washington and Brooks and Rand LLC
located in Seattle, Washington. All 23 TAL meta s were detected in BRWR04SS01 from the waste rock.
Antimony (44.9 mg/kg), arsenic (711 mg/kg), and mercury (171 mg/kg) concentrations were determined to be
sgnificantly above background in the sample.

Ore processing area and waste rock soil sample results are summarized in Table 2. Laboratory data sheets are
attached in Appendix B.

2.2.3 Ore Stockpiles

Three ore stockpiles are present at the Site (Figure 2). Soil samples of the Ore Stockpiles were collected in three
events. Thefirst was in June 2000 when ODEQ collected one samples, the second in June 2002 when Weston
collected one soil sample, and athird event in June 2004 when E& E collected three soil samples from the ore
stockpiles.

In June 2000, a sample (005) was collected by ODEQ during the PA site visit from what appeared to be alow-
grade ore stockpile. The sample was analyzed for total mercury. A mercury concentration of 168 mg/kg was
detected in the sample from the low-grade ore (ODEQ), 20014).

In June 2002, one surface soil sample (MS004) was collected by Weston from the largest of the three stockpiles
during the SI. Twelve of the 23 TAL metals were detected in the soil sample from the ore stockpile. Antimony,
arsenic, and mercury concentrations were determined to be significantly above background in the ore stockpile
sample. Antimony was reported at an estimated concentration of 37.5 mg/kg, arsenic at a concentration of

183 mg/kg, and mercury at an estimated concentration of 53.4 mg/4 mg/kg.

In June 2004, three soil samples were collected by E& E from the three ore stockpiles as part of alimited
investigation. All three of the samples (BROS01SS01, BROS02SS01, and BROS03SS01) were screened in the
field using XRF and Lumex and one of the samples (BROS03SS01) was analyzed for 23 TAL metals.

Cascade Earth Sciences - La Grande, OR Engineering Evaluation / Cost Analysis
PN: 2010230029 BLM Oregon - Vale District / Bretz Mine
Doc: 2010230029 FINAL Bretz Mine EECA Report.docx December 2011 / Page 9



Nine of the 14 metals screened were detected in the soil samples from the ore stockpiles. They were antimony
ranging from ND to 104 mg/kg, arsenic ranging from 286 to 1,104 mg/kg, cobalt ranging from ND to

347 mg/kg, copper ranging from ND to 34 mg/kg, iron ranging from 29,094 to 45,327 mg/kg, lead ranging from
21.6 to 94.1 mg/kg, mercury ranging from 176 to 1,329 mg/kg, selenium ranging from ND to 10.1 mg/kg, and
zinc ranging from 66.5 to 179 mg/kg. Sample BROS03SS01 was aso analyzed for 23 TAL metals by Columbia
Analytica Services, Inc. in Kelso Washington and Brooks and Rand LL C located in Seattle, Washington. All 23
TAL metals were detected in BROS03SS01 from the ore stockpile. Antimony (41.9 mg/kg), arsenic

(1,020 mg/kg), cadmium (0.44 mg/kg), cobalt (7.7 mg/kg), lead (76.6 mg/kg), mercury (3,130 mg/kg), selenium
(4.9 mg/kg), and vanadium (143 mg/kg) concentrations were determined to be significantly above background in
the sample.

Ore stockpile soil sample results are summarized in Table 2. Laboratory data sheets are attached in Appendix B.

2.2.4 East Mine Pit

Soil sampleswere collected at the East Mine Pit (Figure 2) in June 2002 when Weston conducted a Sl at the
mine. A total of five soil samples (M S005, M S006, M S007, MS012, and M S013 were collected. Samples were
analyzed for TAL metals by Compuchem, Inc. adivision of Liberty Analytical Corporation of Cary, North
Carolina. Resultsindicate that up to 18 of the 23 TAL metals were detected in the samples from the East Mine
Pit. Antimony, arsenic, beryllium, and mercury concentrations were determined to be significantly above
background in each of the five samples from the East Mine Pit. Estimated antimony concentrations range from
42.9 mg/kg to 459 mg/kg, arsenic concentrations range from 220 to 168 mg/kg, beryllium concentrations range
from 4 to 7.5 mg/kg, and estimated mercury concentrations range from 15.0 to 124 mg/kg. The selenium
concentration in sample MS005 (11.5 mg/kg) was also determined to be significantly above background, as were
the thallium and vanadium concentrations (20.8 mg/kg and 139 mg/kg, respectively) in sample M S006.

Soil samples results from the East Mine Pit are summarized in Table 2. Laboratory data sheets are attached in
Appendix B.

2.2.5 West Mine Pit

Soil sampleswere collected at the West Mine Pit (Figure 2) in June 2002 when Weston conducted a Sl at the
mine. A total of three samples (M S008, M S009, and M S010) were collected. Samples were analyzed for TAL
metals by Compuchem, Inc. adivison of Liberty Analytica Corporation of Cary, North Carolina. Results
indicate that up to 14 of the 23 TAL metals were detected in the three soil samples from the West Mine Pit.
Antimony, arsenic, and mercury concentrations were determined to be significantly above the background in
each of the samples from the West Mine Pit. Estimated antimony concentrations range from 33.7 to 43.0 mg/kg,
arsenic concentrations range from 162 to 1,400 mg/kg, and mercury concentrations range from 102 mg/kg to an
estimated 251 mg/kg. The selenium concentration in sample MS009 (3.0 mg/kg) was also determined to be
significantly above background. The surface water results from the blue pond detected concentrations of 7 of the
23 TAL metds, including aluminum, arsenic, calcium, iron, manganese, sodium, and mercury.

Soil samples results from the West Mine Pit are summarized in Table 2. Laboratory data sheets are attached in
Appendix B.

2.2.6 Surface Water

Surface water samples at the Bretz Mine were collected in two events. Thefirst was in June 2002 when Weston
collected one surface water sample from the blue pond during the Sl and the second event in June 2004 when
E& E collected three surface water samples from Cottonwood Creek.
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One surface water sample (BM-WT-M S011) was collected from the blue pond and pH measurements were
taken from the blue and brown ponds (Figure 2). The pH of the water at the blue pond was dightly lessthan 6
standard units while the pH of the brown pond (no lab sample collected from brown pond) was 6 standard units.
The sample was analyzed for TAL metals by Compuchem, Inc. adivision of Liberty Analytical Corporation of
Cary, North Carolina

Resultsindicate that 16 of 23 TAL metals were detected in the sample collected from the blue pond. They were
aluminum at 544 mg/L, antimony at 4.2, arsenic ranging at 12.7 mg/L, barium at 7.6 mg/L calcium at 11,800
mg/L, cobalt at 1.6 mg/L, copper a 4.0 mg/L, iron at 299 mg/L, magnesium at 3,020 mg/L, manganese at 28.5
mg/L, mercury a 0.82 mg/L, nickel at 2.3 mg/L, potassium at 3,790 mg/L, sodium at 18,400 mg/L, vanadium at
1.3mg/L, and zinc a 17.6 mg/L.

In June 2004, E& E collected three surface water samples (BRCC01SWO01, CTO1SWO01, and CT04SWO01) from
two locations: an unnamed tributary of Cottonwood Creek downstream of the west areaworkings and from
downstream of the confluence of Cottonwood Creek and Indian Creek (Figure 4). Sample CT04SWO01 was a
field duplicate of sample CTOLSWO1. All three samples were analyzed for 23 TAL metals (also monomethyl
mercury for CTO1SWO01 and CT04SWO01) by Columbia Anaytical Services, Inc. in Kelso Washington and
Brooks and Rand, LL C located in Seattle, Washington.

Twenty-two of the 23 TAL metalswere detected in the water samples from Cottonwood Creek. Aluminum
ranged from 253 to 63,300 pg/L, antimony ranged from 0.18 to 2.1 pg/L, arsenic ranged from 4.6 to 8.9 pg/L,
barium ranged from 7.0 to 20.2 pg/L, beryllium ranged from 0.04 to 31.0 pug/L, cadmium ranged from ND to 6.9
pg/L, calcium ranged from 8,980 to 20,700 pg/L, chromium ranged from ND to 0.2 ug/L, cobat ranged from
0.11t0 90.2 pg/L, copper ranged from 0.5 to 242 ug/L, iron ranged from 132 to 474 pg/L, lead ranged from 0.11
to 0.39 pg/L, magnesium ranged from 2,700 to 62,400 pg/L, mercury ranged from ND to 0.021 pg/L, nickel
range from 0.4 to 51.3 pg/L, potassium ranged from 3,200 to 12,200 pg/L, selenium ranged from ND to 7.3
Mo/L, sodium ranged from 11,400 to 64,000 pg/L, thallium ranged from ND to 1.2 pg/L, vanadium ranged from
0.7 to 3 pg/L, and zinc ranged from 1.3 to 2,440 pg/L. Monomethyl mercury was reported at 0.00013 pg/L in
CT01SW01 and 0.00014 pg/L in CTO4SWOL. Results for sample CTO1SWO01 and field duplicate sample
CT04SWO01 compared very well.

Surface water sample results are summarized in Table 3. Laboratory data sheets are attached in Appendix B.

2.2.7 Sediment

Sediment samples at the Bretz Mine were collected in two events. Thefirst wasin June 2002 when Weston
collected atotal of nine sediment samples from Little Cottonwood Creek, Middle Tributary of Little Cottonwood
Creek, and Cottonwood Creek as part of the SlI. The second event was in June 2004, when E& E collected
sediment samples from Little Cottonwood Creek bel ow the mine workings and the three tributaries (West,
Middle, and East) of Little Cottonwood Creek as part of the limited site investigation. Details of each event are
summarized below.

Little Cottonwood Creek

In June 2002, a surface sediment sample (ST003) collected from the drainage gully leading from the former ore
processing areato an impoundment of Little Cottonwood Creek (Figure 4). Resultsindicated eighteen of the 23
TAL metals were detected. Antimony (estimated at 28.5 mg/kg), arsenic (361 mg/kg), chromium (21 mg.kg),
lead (51.7 mg/kg), nickel (21 mg/kg) selenium (8.1 mg/kg, and mercury (estimated at 613 mg/kg) concentrations
are elevated in sample ST003. In addition, Weston collected samples ST004, ST007, and ST009 from sediments
within the streambed of Little Cottonwood Creek (Figure 4). Sample ST007 was collected as a background
sample, ST004 was collected at the probable point of entry on Little Cottonwood Creek, and ST009 was
collected near the confluence of the drainage gully leading from the former ore processing area. No water wasin
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the creek at the time of sampling. Resultsindicted 15 of the 23 TAL metals were detected in ST004 with arsenic
(estimated at 300 mg/kg), and mercury (204 mg/kg) concentrations elevated in the sample. Seventeen of the 23
TAL metals were detected in STO09 with antimony (estimated at 19 mg/kg), arsenic (estimated at 197 mg/kg),
lead (48.5 mg/kg), and mercury (340 mg/kg) elevated in the sample.

In June 2004, four surface sediment samples (BRLC01SD01, BRLC02SD01, BRLC03SDO01, and
BRLC04SD01) were collected from the impoundments in Little Cottonwood Creek (Figure 4). Samples
BRLCO1 and BRLCO2 were collected from impoundment #4, located furthest downstream from the mine
workings. Samples BRLC03 and BRL C04 were collected from impoundment #3 located the next furthest
downstream from the mine workings. All four of the samples were screened in the field using XRF and Lumex
and one of the samples (BRLC02SDO01) was anadyzed for 23 TAL metals (including monomethyl mercury).
Thirteen of the 19 metals screened were detected in the sediment samples. They were antimony ranging from

ND to 258 mg/kg, cobat ranging from 235 to 355 mg/kg, copper ranging from ND to 43.4 mg/kg, iron ranging
from 19,327 to 31,063 mg/kg, lead ranging from 12.5 to 26.5 mg/kg, manganese ranging from ND to 348 mg/kg,
mercury ranging from 23 to 304 mg/kg, molybdenum ranging from ND to 32.1 mg/L, rubidium ranging from
36.8 t0 95.5 mg/kg, strontium ranging from 108 to 224 mg/kg, titanium ranging from 1,267 to 1,961 mg/kg, zinc
ranging from 94.7 to 131 mg/kg, and zirconium ranging from 222 to 684 mg/kg. Sample BRLC02SDO01 was aso
analyzed for 23 TAL metals by Columbia Analytical Services, Inc. in Kelso Washington and Brooks and Rand
LLC located in Seattle, Washington. Twenty-two of 23 TAL metals were detected in BRLC02SDO01 from the
sediment sample. Antimony (57.3 mg/kg), arsenic (418 mg/kg), beryllium (1.2 mg/kg) calcium (5,050 mg/kg),
iron (19,800 mg/kg), lead (21.6 mg/kg), mercury (390 mg/kg), vanadium (51.9 mg/kg), and zinc (59.8 mg/kg)
concentrations were determined to be significantly above background in the sample. Monomethyl mercury was
detected at 0.000684 mg/kg.

Sediment samples results from the Little Cottonwood Creek are summarized in Table 4. Laboratory data sheets
are attached in Appendix B.

Middle Tributary Little Cottonwood Creek

In June 2002, samples ST005, ST006, STO08 collected from sediments within the streambed of the middle
tributary (Figure 4). Sample ST008 was collected as a background sample. Samples ST005 and ST006 were
collected from sediment at the probably point of entry from the ore stockpile to the middle tributary and from
sediment at the probable point of entry from the East Mine Pit to the middle tributary, respectively. No water
was running in the creek at the time of sampling. Resultsindicated 16 of 23 TAL metals were detected in ST005
with antimony (estimated at 158 mg/kg), arsenic (2440 mg/kg), beryllium (1.6 mg/kg), and mercury (estimated
at 181 mg/kg) concentrations are elevated. Resultsindicated nineteen of the 23 TAL metalswere detected in
ST006 with antimony (estimated at 208 mg/kg), arsenic (631 mg/kg), beryllium (6.1 mg/kg), cobalt

(12.5 mg/kg), lead (31.9 mg/kg), and mercury (estimated at 231 mg/kg) concentrations are el evated.

In June 2004, three surface sediment samples (BRMT01SD01, BRMT02SDO01, and BRMTO03SDO01) were
collected from Middle Tributary near the east mine workings. BRMT01SD01 and BRM T02SDO01 were collected
upstream of the east workings while BRMTO03SDO01 was collected downstream of the east workings. All three
of the sampleswere screened in the field using XRF and Lumex. Fifteen of the 19 metals screened were
detected in the sediment samples. They were antimony ranging from ND to 222 mg/kg, cadmium ranging from
ND to 35.5 mg/kg, cobalt ranging from 220 to 266 mg/kg, copper ranging from 15.5 to 26.9 mg/kg, iron ranging
from 14,457 to 34,930 mg/kg, lead ranging from ND to 26.3 mg/kg, manganese ranging from 234 to 674 mg/kg,
mercury ranging from ND to 197 mg/kg, molybdenum ranging from ND to 6.6 mg/L, rubidium ranging from
36.4 to 117 mg/kg, silver ranging from ND to 55 mg/kg, strontium ranging from 131 to 205 mg/kg, titanium
ranging from 1,006 to 3,055 mg/kg, zinc ranging from 34.5 to 79.2 mg/kg, and zirconium ranging from 83 to
379 mg/kg.
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Sediment samples results from the Middle Tributary of Little Cottonwood Creek are summarized in Table 4.
Laboratory data sheets are attached in Appendix B.

West Tributary Little Cottonwood Creek

In June 2004, three surface sediment samples (BRWT01SD01, BRWT02SDO01, and BRWT03SDO01) were
collected from West Tributary near the ore processing area (Figure 4). Samples BRWT01SDO01 and
BRWTO02SDO01 were collected a impoundments#1 and #2, respectively; while sample BRWT03SDO01 was
collected near impoundment #3. All three of the samples were screened in the field using XRF and Lumex.
Fifteen of the 19 metal s screened were detected in the sediment samples. They were antimony ranging from ND
to 311 mg/kg, cobat ranging from ND to 282 mg/kg, copper ranging from 13.3 to 19.6 mg/kg, iron ranging from
13,336 to 32,102 mg/kg, lead ranging from 29 to 33.2 mg/kg, mercury ranging from 11.3 to 351 mg/kg,
molybdenum ranging from 16.5 to 57.2 mg/L, rubidium ranging from 16.3 to 43.7 mg/kg, strontium ranging
from 98.1 to 224 mg/kg, titanium ranging from 1,818 to 1,977 mg/kg, zinc ranging from 70 to 104 mg/kg, and
Zirconium ranging from 605 to 673 mg/kg.

Sediment samples results from the West Tributary of Little Cottonwood Creek are summarized in Table 4.
Laboratory data sheets are attached in Appendix B.

East Tributary Little Cottonwood Creek

In June 2004, one surface sediment sample (BRET01SDO01) was collected from the East Tributary near the east
areaworkings (Figure 4). Sample BRET01SDO01 was collected in the streambed southeast of the east area
workings. The sample was screened in the field using XRF and Lumex and analyzed for 23 TAL metals
(including monomethyl mercury).

Twelve of the 19 metals screened were detected in the sediment samples. They were antimony (1,017 mg/kg),
cobalt (196 mg/kg), iron (33,673 mg/kg), lead (21.1 mg/kg), mercury ranging from 218 to 651 mg/kg,
molybdenum (16.8 mg/kg), rubidium (123 mg/kg), strontium (224 mg/kg), tin (82.4 mg/kg), titanium

(2,023 mg/kg), zinc (105 mg/kg), and zirconium (322 mg/kg). The sample was dso analyzed for 23 TAL metals
by Columbia Analytical Services, Inc. in Kelso Washington and Brooks and Rand LL C located in Seattle,
Washington. All 23 TAL metals were detected in BRETO1SDO1 from the sediment sample. Aluminum
(34,300 mg/kg), antimony (227 mg/kg), arsenic (1,030 mg/kg), beryllium (2.8 mg/kg), calcium (14,000 mg/kg),
chromium (4.8 mg/kg), iron (34,700 mg/kg), lead (20.1 mg/kg), magnesium (15,400 mg/kg), mercury

(2,330 mg/kg), potassium (4,330 mg/kg), selenium (1.9 mg/kg), sodium (535 mg/kg), and zinc (63.6 mg/kg)
concentrations were determined to be significantly above background in the sample. Monomethyl mercury was
detected at 0.0209 mg/kg.

Sediment samples results from the East Tributary of Little Cottonwood Creek are summarized in Table 4.
Laboratory data sheets are attached in Appendix B.

Cottonwood Creek

In June 2002, samples ST001 and ST002 collected from sediments within the streambed of Cottonwood Creek
(Figure 4). Sample ST002 was collected from Cottonwood Creek and served as a background. Sample ST001
was collected approximately 40 feet downstream of the confluence of Little Cottonwood Creek. Flow in
Cottonwood Creek at the time of sampling was estimated to be 5 cubic feet per second. Results indicated 22 of
23 TAL metals were detected in STO01 with aluminum (10,700 mg/kg), antimony (1.6 mg/kg), arsenic

(75.2 mg/kg), barium (289 mg/kg), beryllium (1.3 mg/kg), cadmium (0.65 mg/kg), calcium (5,110 mg/kg), lead
(10.5 mg/kg), magnesium (2,870 mg/kg), manganese (896 mg/kg), mercury (1.4 mg/kg), potassium

(3,490 mg/kg), sodium (382 mg/kg), and zinc (56.5 mg/kg) concentrations are elevated over the mean
background. Resultsindicated 21 of the 23 TAL metals were detected in ST002 with aluminum (12,300 mg/kg),

Cascade Earth Sciences - La Grande, OR Engineering Evaluation / Cost Analysis
PN: 2010230029 BLM Oregon - Vale District / Bretz Mine
Doc: 2010230029 FINAL Bretz Mine EECA Report.docx December 2011 / Page 13



antimony (2.1 mg/kg), arsenic (55.4 mg/kg), barium (274 mg/kg), beryllium (1.6 mg/kg), calcium

(5,140 mg/kg), lead (8.7 mg/kg), magnesium (3980 mg/kg), manganese (818 mg/kg), mercury (1.7 mg/kg),
potassium (3,620 mg/kg), selenium (1.4 mg/kg), sodium (454 mg/kg), and zinc (51.9 mg/kg) concentrations are
elevated over the mean background.

In June 2004, two surface sediment samples (BRCC01SDO01 and CT01SD01) were collected near the west area
workings and from the confluence of Cottonwood Creek and Little Cottonwood Creek (Figure 4). Sample
CT01SDO01 was screened in the field using XRF and L umex, while both samples were analyzed for 23 TAL
metals. In addition, BRCC01SD01 and CT01SDO01 were analyzed for monomethyl and CT01SD01 was
analyzed for water soluble mercury, scomach acid mercury, organo complexed mercury, strong complexed
mercury, and mineral bound mercury. Twelve of the 19 metals screened were detected in sediment sample
CT01SDO0L1. They were cobalt (381 mg/kg), copper (17.7 mg/kg), iron (17,846 mg/kg), lead (11.6 mg/kg),
manganese (385 mg/kg), lead (7.6 mg/kg), molybdenum (9.0 mg/kg), rubidium (75.2 mg/kg), strontium

(193 mg/kg), titanium (1,043 mg/kg), zinc (63.2 mg/kg), and zirconium (221 mg/kg). Samples BRCC01SD01
and CT01SDO01 were also analyzed for 23 TAL metals by Columbia Anaytical Services, Inc. in Kelso
Washington and Brooks and Rand LLC located in Seattle, Washington. All 23 TAL metals were detected in
BRCC01SDO01. Aluminum (12,600 mg/kg), antimony (25.6 mg/kg), arsenic (461 mg/kg), beryllium (1.2 mg/kg),
chromium (5.1 mg/kg), lead (22.1 mg/kg), mercury (92.1 mg/kg), selenium (1.7 mg/kg), sodium (350 mg/kg),
and zinc (85.9 mg/kg) concentrations were determined to be significantly above background in the sample.
Twenty-two of 23 TAL metalswere detected in CT01SDO1. Arsenic (28.8 mg/kg), barium (219 mg/kg),
manganese (793 mg/kg), and mercury (1.9 mg/kg) concentrations were determined to be significantly above
background in the sample. Monomethyl mercury was detected at 0.000185 mg/kg and 0.000365 mg/kg for
BRCC01SD01 and CT01SD01, respectively. Additional analysis of CTO1SDO1 detected water soluble mercury
at 0.00834 mg/kg, stomach acid mercury at 0.00483 mg/kg, organo complexed mercury at 0.09179 mg/kg,
strong complexed mercury at 0.09154 mg/kg, minera bound mercury at 1.443 mg/kg.

Sediment samples results from Cottonwood Creek are summarized in Table 4. Laboratory data sheets are
attached in Appendix B.

2.2.8 Fish Tissue

In June 2004, one tissue sample (CTO1FTO01) was collected from Cottonwood Creek, downstream of Indian
Creek Confluence (Figure 4). Results indicated mercury a 1.7 mg/kg, arsenic a 0.54 mg/kg, arsenic (111) at
0.2 mg/kg, cadmium at 0.25 mg/kg, chromium at 1.9 mg/kg, copper at 4.3 mg/kg, lead at 0.2 mg/kg, nickd at
1.7 mg/kg, selenium at 2.8 mg/kg, and zinc at 166 mg/kg (Table 6). The concentration of total mercury
identified in the sample exceeds the Oregon Department of Human Services Fish Tissue Advisory Leve of
0.35 mg/kg for fish consumption.

2.2.9 Background Soil

Background samples were collected from Bretz Mine on two separate events. The first was in June 2002 when
Weston collected atotal of three background samples and the second event was conducted during asite visit by
CES in September 2010 when four background soil sampleswere collected.

On June 6 and 7, 2002, Weston collected three background samples as part of the Sl. One surface sample from
above the mine workings (BK001) and three sediment samples from three streams near the Site, the Cottonwood
Creek (ST002), Little Cottonwood Creek (ST007), and the middle tributary upstream of the Site (ST008).
Sample locations are shown on Figure 2. Samples were analyzed by Compuchem, Inc. adivision of Liberty
Analytical Corporation of Cary, North Carolina. Results indicate detectable concentrations of 15 of the 23 TAL
metals were reported in BK001, including aluminum, arsenic, barium, calcium, chromium, copper, iron, lead,
magnesium, manganese, potassium, selenium, mercury, vanadium, and zinc. At least 14 of the 23 metals were
detected in the three background sediment samples. Each of the three sediment samples contained detectable

Cascade Earth Sciences - La Grande, OR Engineering Evaluation / Cost Analysis
PN: 2010230029 BLM Oregon - Vale District / Bretz Mine
Doc: 2010230029 FINAL Bretz Mine EECA Report.docx December 2011 / Page 14



concentrations of aluminum, arsenic, barium, calcium, chromium, copper, iron, lead, magnesium, manganese,
potassium, mercury, vanadium, and zinc. In addition, antimony was detected in the sample from Cottonwood
Creek, and thallium and selenium were detected in the sediment sample from the middle tributary.

On September 15, 2010, CES collected four background surface soil samples at the Site (S-1 BK through S-4
BK). Three samples were from three geologic formations near the Site but at distance from the workings, the
pre-canyon aluvium, lake bed formation, and the Miocene volcanics, and the fourth sample was collected from
the mineralized zone near the fault south of the blue pond at the west pit (Figure 2). The samples were submitted
to Pace Laboratories in Sesttle, Washington for 23 analyte total metal analyses. Results indicate detectable
concentrations of 20 of the 23 TAL metals were reported in the background surface soil samples, including
aluminum, antimony, arsenic, barium, beryllium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, mercury, nickel, potassium, selenium, sodium, vanadium, and zinc.

Background results are summarized in Table 5. Laboratory data sheets are attached in Appendix B.

2.3 Pathway Analysis

Four pathways were analyzed for the Bretz Mine. They are the soil pathway (including waste rock and ore
stockpiles), groundwater pathway, surface water pathway, and air pathway. The findings of each are detailed in
the sections below.

2.3.1 Soil Pathway, including Waste Rock and Ore Stockpiles

Thevicinity of the Bretz Mineis arid with sparse vegetation. Large areas of the Site are unvegetated as a result
of mining operations. These conditions lead to a high potential for exposure to mercury through direct contact
with soil (ODEQ), 20014a).

Census data cited in the preliminary assessment indicates that no residents exist within 5 miles of the mine, and
no residences were observed in the vicinity of the Site during avisit by CES in September 2010. With no
resident or other facilitiesin the area, potential human exposure targets are limited to occasiond site visitor and
workers performing mineral exploration tasks. The mineis accessible by agravel road, and the property is not
secured. The potential for direct contact with contaminated soil at the Bretz Mineis high. The exposure risk is
moderated by the limited number of human receptors and the limited time that is spent by humans at the Site
(ODEQ, 20018).

Elevated concentrations of one or more hazardous substances are present in some soilsin impacted aress,
particularly the ore processing area and ore stockpiles. These areasvary in size, relative position and access, and
the concentrations of hazardous substances (Table 2). It is hoteworthy that an unknown, but substantial, volume
of waste rock and concentrator tailings have been introduced into the surface water system and transported
downstream to the two upper impoundments.  As noted above, waste rock within impoundment #1 contains
concentrations of arange of hazardous substances. The tailings from the ore processing area were deposited in
Little Cottonwood Creek upstream of impoundment #2. The consegquences of the introduction of waste rock and
tailingsinto active streams will be discussed in the surface water pathway (Section 2.3.3).

Based on the information presented above, the soil pathway is complete and further action is recommended. This
evaluated further in the Streamlined Risk Evaluation and Assessment in Seciton 3.0.

2.3.2 Groundwater Pathway

Thetarget distance for the groundwater pathway has been defined as 4-miles, and example targets are drinking
water wells, wellhead protection areas, etc. No wellhead protection areas or water supply wells were identified
within a4-mileradius of the Bretz Mine (ODEQ, 2001a). There are six wellswithin a4-mileradius of the Site.
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Oneislisted asindustrial use and the others do not indicate a use. Groundwater isknown to exist at between 200
to 300 feet below ground surface. Static levels remained at approximately the same depths (ODEQ, 2001a).
Based on the lack of receptors and depth to groundwater, the groundwater pathway is not significant (ODEQ),
2001a). Thisremoval will address ground water only indirectly in consideration of impounded surface water or
mine wastes present at several features.

2.3.3 Surface Water Pathway

The surface water pathway in-water flow segments at the Site begin at the probably point of entry (PPE) to the
middle tributary in the East Mine Pit, and the PPE to Little Cottonwood Creek in the West Mine Pit.

The surface water migration pathway includes both overland segments and in-water segments. Two primary
overland flow paths were identified at the Site. One path |leads from the ore stockpile, approximately 144 feet
southeast to the point of probably entry to the middle tributary. The other path leads from the former ore
processing area approximately 87 feet southeast to the PPE at the head of adrainage gully inthe hillsde. Since
the courses of Little Cottonwood Creek and the middle tributary run directly through the West and East Mine
Pits, respectively, there are no overland flow segments of the surface water migration pathways for these sources,
and the shortest distance from an of the Site sources to the surface water pathway is 0 miles. Asaresult, PPEs
associated with the East and West Mine Pits occur in those areas where the surface water body flows through the
source.

The surface water pathway in-water flow segments at the Site begin at the PPE to the middle tributary in the East
Mine Pit, and the PPE to Little Cottonwood Creek in the West Mine Pit. The middle tributary includes the PPE
from the ore stockpile approximately 0.09 mile south of the East Mine Pit, then flows 0.28 mile further south to
join Little Cottonwood Creek. From the PPE in the West Mine Pit, Little Cottonwood Creek flow approximately
0.57 miles south whereit isjoined by adrainage gully that includes the PPE from the former ore processing area.
From this pint, the creek flows 0.34 miles south to the confluence with the middle tributary, then afurther 1.32
miles southern where it joins Cottonwood Creek.

The surface water pathway in-water segment beginsin two locations. The first location iswhere Little
Cottonwood Creek entersthe West Mine Pit and the second location is where the Middle Tributary entersthe
East Mine Pit. The farthest down dope PPE (southern drainage gully) is used to define the 15-mile target
distance limit (TDL). From the PPE at the southern drainage gully, the surface water pathway extends
approximately 117 feet to Little Cottonwood Creek, and then continuesin Little Cottonwood Creek from
approximately 1.5 milesto its confluence with Cottonwood Creek. In Cottonwood Creek it extends
approximately 1.1 miles downstream to the confluence with McDermitt Creek, then 0.3 miles downstream in
McDermitt Creek to the Oregon-Nevada border. In Nevada, the TDL extends approximately 5.7 miles along
McDermitt Creek, at which point McDermitt Creek repeatedly branchesinto several distributaries. The TDL
includes all these distributaries, and also extends approximately 0.4 mile along awaterway called “The Sough”
which receives the flow of the northernmost tributary. The Slough isatributary to the Quinn River.

Drinking Water Intakes

The PA reports no surface water rights on record with the Oregon Water Resources Department for the portions
of Little Cottonwood Creek, Cottonwood Creek, and McDermitt Creek downstream of the Bretz Mine within
Oregon, adistance of approximately 4 miles. The remainder of the 15 mile surface water TDL islocated within
Nevada and EPA Region 9 (ODEQ, 20014). No surface water intakes were identified within the 15-mile surface
water pathway TDL in Nevada.
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Wetlands and Other Sensitive Environments

The National Wetland Inventory (NWI) Bretz Mine quadrangle map indicates that the 1.1 mile length of
Cottonwood Creek downstream of the Bretz Mineis classified as polustrine scrub-shrub wetland (PSSA);
therefore, wetland frontage totals 2.2 miles (NWI, 1990).

According to the Oregon Department of Fish and Wildlife, Maheur Watershed Didtrict (ODF& W), the federaly
listed threatened species of Lahontan cutthroat trout (Onchorhynchus clarki henshawi) and hybrids are present in
McDermitt Creek downstream of the Bretz Mine, and may be present in Cottonwood Creek during high flow
periods (Bowers, 2001, 2002).

The preliminary assessment identified Little Cottonwood Creek, which is present at the Site; Cottonwood Creek,
one mile from the Site; and McDermitt Creek, three milesfrom the Site asthe nearest sensitive environments.
“Significant riparian vegetation” was observed at each of these creeks, and Lahontan cutthroat trout, a federally
listed threatened species, isknown to exist in McDermitt Creek and Indian Creek. McDermitt Creek and Indian
Creek are aso listed as 303d water quality limited streams for temperature (ODEQ, 2002).

Fisheries

ODF&W reported that no fish are known to be harvested from Cottonwood Creek or Little Cottonwood Creek.
In addition to the Lahontan cutthroat trout, Cottonwood Creek and McDermitt Creek contain brown trout,
rainbow trout, speckled dace, Lahontan red-sided shiner, Lahontan sucker, mountain sucker, and
Rainbow/Lahontan cutthroat hybrids (Bowers, 2001). McDermitt Creek aso contains brown trout (Bowers,
2001).

McDermitt Creek (including its many distributaries) is approximately 63 mileslong from its headwatersto the
points at which it joins atributary to Quinn River called “The Slough”. Thus, the 12.4 mile portion of McDermitt
Creek within the 15-mile TDL is approximately 20% of the total length of the creek. Fish harvest datafor
McDermitt Creek as awhole over the years 1997-2000 was provided by the Nevada Department of Conservation
and Natural Resources, Division of Wildlife (Winnemucca, Nevada). Based on the 20% of McDermitt Creek
present within the TDL, and estimated average of 42 pounds of fish are harvested annually within the TDL
assuming one pound per fish harvested (Weston, 2003).

Resources

Livestock water is assumed to occur to an unknown degree along Cottonwood and McDermitt Creek, aswell as
prospection and recregtional activities such as hunting, camping, and fishing (ODEQ), 20018).

2.3.4 Air Pathway

The sparse vegetation and disturbed soil at the Bretz Mine leadsto high potential for exposure to mercury
contamination by windblown dust and mercury vapors emanating from ore and other mercury-containing
materials on the Site (ODEQ, 2001a).

As mentioned in the soil exposure pathway section, human targetsin the area are limited essentially to
occasiona visitors and mineral prospectors, both of which are expected to bein the areafor limited periods of
time.
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3.0 STREAMLINED RISK EVALUATION AND ASSESSMENT
3.1 Streamlined Human Health Risk Assessment

The Human Health Risk Assessment (HHRA) evaluated the potential for adverse health effects that could result
from current or future human exposures to hazardous substances present at the Site. The contaminants of
potential concerns (COPCs) were selected by screening chemicds of interest (COIs) using approved human
health risk-based screening procedures; exposure doses were then calculated for each COPC and receptor. The
exposure doses were then compared to acceptable doses of the COPCs using approved screening numbers to
determine the potential risk or hazard associated with the COPCs. The following are the primary el ements of the
HHRA.

Hazard Identification and Selection of COPCs
Exposure Assessment

Toxicity Assessment

Risk Characterization

Summary of Human Health Risks

The following sections briefly summarize the estimated human health risks and hazards. A more detailed
discussion of the HHRA is provided in Appendix C.

3.1.1 Potential Receptors and Exposure Pathway

There are no documented year-round residents within a4-mile radius of the Site. Recreational receptors (e.g.,
hunters, prospectors, and off-highway vehicle users) have the potentia to access the Site and were selected asthe
most likely current and future receptor. Complete exposure pathways were evaluated for the recreational
receptor, and included:

e Inhaation of soil and dust particul ates;
¢ Incidental ingestion of soil, sediment, and surface water; and
e Dermal contact with surface water, sediment, and soil.

The use of groundwater as potential drinking water was diminated as a pathway of concern because there are no
reported drinking water wells within several miles of the Site. Moreover, fish consumption was eliminated as a
possible pathway since surrounding streams do not support a sufficient population to pose arisk to recreationa
anglers.

3.1.2 Hazard Identification and Selection of Chemicals of Potential Concern

The media of interest for human health included surface soil, surface water, and sediment. Maximum
concentrations of the COls in these mediawere compared to the USEPA Risk Based Concentration Table.
Industrial values were selected as the most appropriate screening criteriafor soil and sediment because of the
remote location of the Site. Tap water risk-based concentrations represented a very conservative screen for
surface water. Thefollowing table lists the results of the COPC screening.
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Contaminants of Patential Concern for the Human Health Exposure Media

COPCs Sz Ee] st Surface Water Sediment
Rock
Antimony X
Arsenic X X
Cobalt X
Iron X
Mercury X X
Thallium X X
Vanadium X
Zinc X

NOTES: X = COPC for the Site.

3.1.3 Risk and Hazard Estimates

This section summarizes the results of the quantitative risk assessment. Calculations, assumptions, exposure
point concentrations, and exposure inputs are available in Appendix C. Risks and hazards were calculated for
both the central tendency exposure and reasonable maximum exposure. |n general, the reasonable maximum
exposure (RME) scenario is a conservative or worst-case estimate of potential exposure, while the central
tendency exposure (CTE) scenario istypically more realistic and uses exposure factors that are more indicative
of the average recreational user. For thisrisk assessment, the RME and the CTE was assumed to be the
occasional visitor. Recreational exposure assumptions devel oped by USEPA for the Upper Tenmile Creek
Mining Area Superfund facility were reviewed and deemed appropriate for the Site. . Because of the limited
access and the difficult terrain, receptors at the Remote |ocations were assumed to be adults and no childhood
exposures were considered. The exposure factors used in this risk assessment are presented in Appendix C
(Table D2-3).

The Hazard Quotient (HQ) is defined as a comparison of the estimated intake dose of a hazardous substance with
the reference dose or concentration, expressed asaratio. Hazard Quotients greater than 1.0 indicate the
potential for adverse health effects because the intake exceeds the reference dose. The sum of all individual
chemical-specific HQs is termed the Hazard Index (HI) and is cal culated under each exposure pathway. Thus,
an HI lessthan 1.0 is not anticipated to produce unacceptable human health effects. The excess cancer risk
(ECR) is defined asthe incidence of cancer over and above known background (one case for every three people€).
The standard of onein one million (1E-06) setsthe alowable “excess’ cancer cases a one more casein a
population of one million people. The following sections provide a brief summary of the non-carcinogenic and
carcinogenic risks.

Non-Carcinogenic Risk Results

Antimony, mercury, and thallium were identified as the COPCs for soils, stockpiles, and ore piles. The 90yc.
concentrations were used as the Exposure Point Concentrations (EPCs). Ingestion of mercury in soil wasthe
only COPC and the only pathway of exposure which exceeded the regulatory standard of 1.0 for both the CTE
and RME exposure scenarios. No unacceptable human health risks are anticipated from inhal ation of
particulates or dermal contact.

Arsenic and mercury were identified as COPCsin sediment. The Hazard Indices for both arsenic and mercury
did not exceed the regulatory standard of HI =1 under the CTE (0.1) or the RME (0.7) exposure conditions. No
unacceptable non-cancer human health impacts are expected from exposure to sediments by recreational users.
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Arsenic was quantitatively evaluated in surface water. The HQs are below the regulatory standard of 1.0 for all
congtituents under both the RME and CTE exposure scenarios.

Ingestion of mercury in soil was the only COPC and the only pathway of exposure which exceeded the
regulatory standard of 1.0 for both the CTE and RME exposure scenarios. No unacceptable human health risks
are anticipated from inhalation of particulates or dermal contact.

Carcinogenic Risk Results

No carcinogenic COPCs wereidentified in soils, ore processing, or stockpile areas. Arsenic wasthe only
carcinogenic COPC identified in sediments. The ECR for ingestion and dermal contact with arsenicin
sediments does not exceed the regulatory standard of 1E-06 for the CTE (3E-08) and the RME (2E-07) exposure
conditions. Therefore, unacceptable human health cancer risk is not anticipated due to arsenic in sediments.

Arsenic and cobalt were identified as COPCs in surface water. No oral toxicity value has been devel oped for
cobalt. Headlthimpacts from cobalt are related to inhaation of particulates. The ECRsfor ingestion of arsenic in
surface water do not exceed the regulatory standard of 1E-06 for the CTE ((1E-09) and RME (5E-08) exposure
conditions. Therefore, unacceptable human health cancer risks are not anticipated due to arsenic in surface
water.

3.1.4 Calculation of Risk-Based Cleanup Goals

Site specific cleanup god s protective of the RME recreationa users were calculated for soil. Based on the
regulatory standard of HI = 1, asite-specific cleanup gods of 1,640 mg/kg for mercury in surface soil was
calculated.

3.1.5 Determination of Hot Spots

The assessment of “highly concentrated” hotspotsis performed by comparing the concentration of each
individua site contaminant to its “highly concentrated” hotspot level. The “highly concentrated” hotspot levels
correspond to alifetime excess cancer risk of 1 x 10™ for carcinogens and a hazard quotient of 10 for non-
carcinogens. No unacceptable carcinogenic human health effects are anticipated. Mercury was the only element
identified in surface soil that exceeded the regulatory standards for non-carcinogenic health effects. Therefore,
the hotspot evaluation was only conducted for mercury in surface soil. The results of the hotspot evaluation are
presented in Appendix C (Table D2-11). Using an HI = 1, asoil hotspot concentration for mercury was
calculated to be 16,400 mg/kg. This concentration was compared with the sampling results at the Site. Six
hotspots were identified in the ore processing area and no hotspots were identified in the stockpiles.

3.1.6 Summary of Human Health Risks

Based on current and future land use, recreational users (e.g., hunters, off-highway vehicle users, and
prospectors) were considered the most probable receptors at the Site. Three meta's (antimony, mercury, and
thallium) were identified as COPCsin surface soil.  Arsenic and mercury were identified as COPCsin sediment,
and arsenic, cobalt, iron, thallium, vanadium and zinc were identified as COPCs in surface water. Three of these
congtituents (iron, thallium, zinc) wereidentified as COPCs only because no screening criteriawere available.

No unacceptable carcinogenic health risks were predicted due to arsenic or cobalt, which were the only
carcinogenic COPCsidentified at the Site.

No unacceptabl e non-carcinogenic health risks were predicted from COPCs in sediment and surface water.
Mercury in soil was the only COPC which exceeded the regulatory standard for non-carcinogens. Ingestion of
soil under both the CTE and RME exposure conditions exceeded the regulatory standard of HI — 1 with His
ranging from 4.4 (CTE) to 32.6 (RME).
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A cleanup god of 1,640 mg/kg (based on the CTE) was calculated for mercury in soil. Based on the definition
of hotspots for non-carcinogens, soil samples were screened against the hotspot concentration of 16,400 mg/kg.
Six hotspots were identified in the ore processing area and no hotspots were identified in the stockpiles.

3.2 Streamlined Ecological Risk Assessment

The god of the ecological risk assessment (ERA) is to determine whether there is an unacceptabl e ecologica

risk associated with the Site. Thisreport, which is presented in Appendix C, consists of:

Problem Formulation
Risk-Based Screening
Risk Characterization
Uncertainty Anaysis
Summary of Ecological Risk

3.2.1 Ecological Risk-Based Screening

Ecological risk-based screening begins with the list of COls shown in Appendix C. Exposure point
concentrations are then determined for each COI in each potential exposure medium and compared to selected
ecological risk-based screening concentrations (ERBSC), with consideration of bioaccumulation potential and
exposures to multiple hazardous substances and multiple media. Risk ratios greater than one (1.0) indicate a
potentia risk; COlsfor which potential ecological risks are indicated become the contaminants of potential
ecologica concern (COPECs). Theresults of the risk-based screening are provided in Appendix C. The
COPECsidentified for the Site are outlined in the following table.

Selected Contaminants of Potential Ecological Concern

COPECs

Sail, Ore Processor, and
Stockpile Soil

Surface Water

Sediment

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium (total)

Cobalt

Copper

Iron

Lead

Mercury

Methyl Mercury

Molybdenum

Nickel

Sdlenium

Silver

Thalium

zZinc

X

X | X X X

X | X | X | X

XXX X X

XIiX X XiX XX

X XX X|X|X

X

XX X X
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3.2.2 Ecological Risk Characterization

Risk characterization includes risk description, hot spot evaluation, and uncertainty analysis. Risk description
involves examining the predicted risks in each medium to determine whether they are likely, or artifacts of the
risk assessment process.

Surface Soil, Ore Processor, and Stockpile Soils

Of the 12 COlsidentified from surface soils and the ore processor areas, atotal of 7 had EPCsthat exceeded at
least one of the ERBSCs. Five (antimony, total chromium, mercury, selenium, and zinc) exceeded two or more
ERBSCs. Antimony and mercury exceeded multiple ERBSCs and many locations. Mercury in particular
contributed avast mgjority of the total predicted ecological risks. Beryllium, silver, and thallium were indicated
as COPECs solely because of alack of ERBSCs. Cadmium was selected as a COPEC because of its potential to
bioaccumulate and elevated reporting limits. Mercury and selenium also have the potential to bioaccumulate.

Antimony, cobalt, and mercury were the only COIswith EPCsthat exceeded at |east one of the ERBSCsin the
stockpiles. Cadmium was selected as a COPEC solely because of its potentia to bioaccumulate, total chromium
was selected solely because of elevated detection limits, and thallium was selected solely due to the lack of abird
ERBSC. Mercury contributed the vast majority of the total predicted ecological risks.

Surface Water

Aluminum, barium, cadmium, copper, and mercury were the COPECs for which EPCs exceeded ERBSCsin
surface water. The aquatic life risk ratios were only two for barium, copper, and mercury. Antimony,
beryllium, cobalt, iron, silver and thallium were selected as COPECs dueto alack of at least one ERBSC. Silver
also had elevated laboratory reporting limits. Tota arsenic, lead, and selenium were selected solely because of
their potential to bicaccumulate. Mercury may aso bioaccumulate. Cadmium contributed the mgjority of the
predicted risk, but exceeded an ERBSC at only one sample location (BRCCOL).

Sediment

The COPECs for sediment included antimony, total arsenic, cadmium, mercury, selenium, and zinc, which were
the COPECs for which EPCs exceeded ERBSCs. The risk ratios for these COPECs were up to 3,200 (for
mercury). Antimony and mercury exceeded only the invertebrate ERBSC but mercury did not have a
bioaccumulation ERBSC. Cadmium, selenium, and zinc exceeded the bioaccumulation ERBSC; and total
arsenic exceeded both ERBSCs. Aluminum, barium, beryllium, cobalt, and molybdenum were selected solely
dueto alack of an ERBSC. Tota chromium, nickel, and silver were selected soldly due to elevated reporting
limits. The elevated reporting limits are associated with field measured concentrations and represent equipment
limitations more so than a potentia for risks.

3.2.3 Determination of Ecological Hot Spots

Ecologica hotspots (detected concentration > 10 times the ERBSCs) wereidentified at the Site for auminum,
antimony, total arsenic, cadmium, cobalt, copper, mercury, selenium, and zinc. The magjority of the hot spots
were located in ore processor soils, as shown in the table below:
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COPECs Ore Processor Soil Stockpile Soil Surface Water Sediment
Aluminum BRCCO1
BROPOL1 through 12, BROP14 through 19,
. BROP22 through 25, BROP28 through 30, BROS02, BROS03,
Antimony | gpopa2 through 35, BROP37 through 40, | BRWRIL BRWTO2
BRWR02
Arsenic, BMSDSTO003,
Tota BMSDST009
. BMSDST003,
Cadmium BRCCO1 BMSDST009
Svemum: | BMSSMS00L, BMSSMS002, BROP13
BROP01, BROP02, BROP05, BROP1S,
Cobalt BROP33, BROP34, BROP36 through 40, BRWR11, BRWR12
BRWRO01, BRWR02
Copper BRCCO1
BMSDSTO003,
Merca 6, BMSSMS001 through 003, BROPOL gggg?é,gvsglsfg BMWTMSD11, | BMSDST009,
Y through 40, BRWR01, BRWRQ2 i ’ CT041SW01dup | BRWTO1,
BRWR12
BRWTO2
. BMSDST003,
Selenium BMSSM S001 through 003, BROP13 BMSDST009,
BMSDSTO003,
. BMSDST009,
Zinc BROP17 BRWTOL,
BRWTOQ2

3.2.4 Summary of Ecological Risks

Elevated concentrations of several COPECs were exhibited in multiple sample locationsin ore processor soils,
stockpile soils, surface water, and sediment at the Site. The most significant risk is predicted to be posed to
plants and terrestrial invertebrates that inhabit the ore processing area and stockpiles.

Given the magnitude of the risk ratios and the number of sample locations where concentrations exceeded
ERBSCs, the metals of most concern in soil include antimony, chromium, and mercury. The only metal of
concern in surface water is cadmium. Metals of concern in sediment include antimony, arsenic, cadmium,
mercury, and selenium. Mercury has the highest and most widespread predicted ecological risks acrossthe
exposure media. Hot spot concentrations were identified for several COPECS, particularly in soil and sediment.

3.3 Overview of the Human and Ecological Risk Assessment

Therisk assessment indicated there are no unacceptable human health risks from exposure to sediment and
surface water. Ingestion of mercury in soil under both CTE and RME exposure conditions demonstrated a
potentia for unacceptable non-cancer human health impacts. A hotspot analysis determined there are six human
health related hotspots at the Site, al located in the ore processing area. A cleanup goal of 1,640 mg/kg was
calculated for the Site soils. Removal or capping of material exceeding the cleanup goa would diminate some
potential pathways of exposure and therefore reduce intakes and potentia adverse health impacts.

In the ERA, ecological impacts were predicted for multiple species due to COPECs in multiple exposure media
near, or associated with, the ore processing area. Risks were highest in soil and sediment and considerably lower
for aquatic life due to COPECs in surface water. Given theintermittent flow of water in Little Cottonwood
Creek and itstributaries, any risksto aguatic life would be limited to invertebrates. Overal, sessile or resident

Cascade Earth Sciences - La Grande, OR Engineering Evaluation / Cost Analysis
PN: 2010230029 BLM Oregon - Vale District / Bretz Mine
Doc: 2010230029 FINAL Bretz Mine EECA Report.docx December 2011 / Page 23



species inhabiting terrestrial and sediment habitats are the species most likely to be impacted by Site
contamination.

Prostrate buckwheat is arédatively rare (but not threatened or endangered) plant in the Site vicinity that could be
impacted if present in areas of elevated COPEC concentrations. Sage grouse are another rare speciesin the Site
vicinity, but unlike plants, these birds exhibit relatively large home range areas. Therefore, exposure of COPECs
at the Site would likely be limited. Further species-specific ecological assessment would be required to more
accurately assessthe potentia for the predicted bird and mammal direct and indirect (e.g. bioaccumulation) risks
to be realized.

The decision whether to complete more detailed ecologica assessment should be made in coordination with any
removal action planning to select the most cost-effective approach. Remediation, remova, or reduced receptor
exposure to COPECsin soil and sediment would be necessary to adequately reduce the predicted impactsto
ecological receptors. The mercury cleanup goa of 1,640 mg/kg recommended to reduce human health risksis
expected to reduce ecological impacts to terrestrial wildlife and plant species.

4.0 SITE CLEANUP CRITERIA

4.1 Potential Applicable or Relevant and Appropriate Requirements

ARARs are“applicable’ and/or “relevant and appropriate”’ federal and state environmental requirements. The
applicable requirements include cleanup standards and other important requirements, criteria, or limitations
promulgated from federal or state laws that apply to hazardous substances and Removal Actions, in this casethe
Bretz Mine. Relevant and appropriate requirements are not necessarily applicable, but may be suitable for use
because they addressissues or problems sufficiently similar to thosethat exist at a Site. In addition to ARARS,
federal and state environmental and public health guidance and proposed standards that may not be legally
binding but could prove useful are standards “to be considered” (TBC).

Federd, state, and local potential ARARS are used to:
1. Evauatethe extent of cleanup needed at the Site,
2. Scope and develop Remova Action aternatives, and

3. Guidethe implementation and operation of the preferred alternative.

The NCP (40 CFR 300.415(j)) establishes that Removal Actions shall “to the extent practicable considering the
exigencies of the situation, attain ARARS under federal environmental or state environmental or facility siting
laws.” To determine whether compliance with potential ARARSs s practicable, two factors are specified in

40 CFR 300.415(j): (1) urgency and (2) scope of the Removal Action. The scope of the Remova Actionis
often directed at minimizing and mitigating potential hazard rather than eliminating the hazard. Therefore, even
though aparticular standard may be an ARAR for a particular medium, it may be outside of the scope of the
immediate problem. For example, removal of a hazardous substance source may improve groundwater or
surface water quality without meeting water quality criteria, thus not meeting the potential ARAR, can be an
acceptable Removal Action.

The potential ARARs are grouped asfedera or State of Oregon potential ARARS; no specific local potential
ARARswereidentified (Appendix D). Potential ARARs are identified by a statutory or regulatory citation,
followed by abrief explanation of the potential ARAR, and whether the potential ARAR is (1) “potentially
applicable’, (2) “potentialy relevant and appropriate”, or (3) “to be considered”.
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In accordance with Section 121(e) of CERCLA, no permits are required for an on-site Removal Action.
However, as discussed above, substantive requirements, which a permit might otherwise address, must be met to
the extent practicable.

Potential ARARs are either: chemical-, location-, or action-specific.

o Chemicd-specific requirements address chemica or physical characteristics of chemicals or hazardous
substances. These values establish acceptable amounts or concentrations of chemicals that may be
found in or discharged to the ambient environment.

o Location-specific requirements are restrictions placed on the concentrations of hazardous substances or
the conduct of cleanup activities because they are in specific locations. Location-specific ARARS relate
to the geographical or physical positions of a site rather than to the nature of hazardous substances at
Sites.

e Action-specific requirements are usually technology based or activity based requirements or limitations
on actions taken with respect to chemical's or hazardous substances. A given cleanup activity could
trigger an action-specific requirement. Such requirements do not themselves determine the cleanup
aternative but define how to perform chosen cleanup methods.

The following sections outline the key potential ARARs for the Bretz Mine EE/CA.

4.1.1 Key Chemical-Specific ARARs

Chemical-specific ARARs at the Siteinclude federd standards developed under RCRA, the Clean Air Act
(CAA), Clean Water Act (CWA), Toxic Substances Control Act (TSCA), Nationa Pollution Discharge
Elimination System (NPDES), and Federal Ambient Water Quality Criteria. In addition, state regulatory
requirements, which are more stringent than federal criteria, are considered potentid ARARS.

Key chemical-specific ARARs at the Site are shown in Appendix D (Table 1). Risk-based cleanup
concentrations were cal culated for human exposure to soil, ore processor wastes, stockpiles, surface water and
sediment at the Site. Ecological risk-based cleanup concentrations were not calculated for ecological receptors
in and around the Site. Additiona site-specific ecological risk evaluation is needed before ecological risk-based
cleanup concentrations can be calculated. The following potential chemical-specific ARARs are considered key
for the Site.

e Oregon Proposed Aguatic Life Criteria, Toxics Standards Rule (OAR Chapter 340-041-0033,
Table 33A)

¢ National Recommended Water Quality Criteria (Section 304(a) of the CWA)
¢  Oregon Hazardous Substances Remedia Action Rules (OAR 340-122-0040, -0084, and -0115)

o Federa Freshwater Sediment Standards, Threshold Effects Level and Probably Effects Level, as
outlined in the National Oceanic and Atmospheric Administration Screening Quick Reference Tables
(NOAA, 2008)

4.1.2 Key Location-Specific ARARs

L ocation-specific ARARs at the Site primarily comprises environmentally senditive areas (e.g., wetlands,
floodplains, ecologically sensitive areas) and/or archeologically/historically sensitive areas. Key location-
specific ARARs @ the Site are shown in Appendix D (Table 2).

Ecologically Sensitive Areas

Possible ecologically sensitive location-specific ARARs at the Site will be considered during the design
phase of the removal. These include the following key ARARS:
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e Endangered Species Act (USC 1531(h) - 1543)

e Section 404 CWA (33 CFR 330) and Executive Order Number 11990 — Protection of Wetlands (40
CFR 6.302(a) and Appendix A)

e  Executive order Number 119988 — Floodplain Management (40 CFR 6.302(g) and Appendix A)
e  Oregon Wildlife Diversity Program and Plant Protection (OAR 635, Division 100)

Historic and Cultural Requirements

In regardsto historic and cultura requirements, there are several potential location-specific and some
potential action-specific ARARSs that will be considered during the design phase of the removal, after the
removal decision identifies the selected alternative and removal activities. Key potential historic and cultural
ARARSs are outlined below:

e Nationa Historic Preservation Act (16 USC § 470)
o Historic Site, Buildings, Objects, and Antiquities Act (16 USC § 461-467)
e Archeological and Historic Preservation Act (16 USC § 469)

4.1.3 Key Action-Specific ARARs

Action-specific ARARs at the Site are outlined in Appendix D (Table 3). The key action-specific ARARsfor
the Site are discussed below:

Solid/Dangerous Waste Disposal Requirements

The Solid and Dangerous Waste disposal ARARs establish the performance standards for proper handling
and disposal of solid waste; outline responsibilities of various entities and stakeholders; and outline
requirements for solid waste handling siting, operation, and maintenance of any non-municipal land disposal.
All substantive requirements for land disposal sites other than municipal solid waste landfills (OAR 340,
Division 95) and storage treatment, and disposal of hazardous waste (ORS Chapter 466) are potential
ARARSs. The ore processor wastes and stockpiles at the Site are landfills that contain solid waste and are
releasing hazardous substances above both state and federal cleanup standards.

4.2 Cleanup Goals

Using Oregon Hazardous Substances Remedid Action Rules (OAR 340-122-0040, -0084, and -0115)
guidelines and formulas, and as outlined in the Risk Assessment and in Section 3.0, risk-based cleanup
concentrations were cal culated based on the RME exposure condition (worst case scenario) and site-specific
exposure factors (i.e., daily intake, body weight, exposure duration and frequency, and other factors). Based on
these factors, acleanup goa of 1,640 mg/kg was calculated for tota mercury at the Site.

5.0 IDENTIFICATION OF REMOVAL ACTION OBJECTIVES

The god of aRemova Action isto protect human health and the environment by preventing, controlling or
minimizing the release or potential release of a hazardous substance, and reducing the potential for direct contact
and transport of hazardous substances to the environment. Based on the information presented in this EE/CA,
the following Removal Action Objectives (RAOs) were developed for the Site:

e Reduce the human and ecological exposure to hazardous substances in the mining-rel ated waste,
stockpiles, and the associated contaminated soils.

e Minimize or diminate potential for hazardous substance mobilization and transport from contaminated
materials at the Site by stabilizing and/or covering waste sources.
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o Improve surface water and sediment quality downstream of the Sitein Cottonwood Creek by decreasing
hazardous substance loading from on-site waste sources.

The following sections discuss the Removal Action justification, scope, and the proposed schedule.

5.1

Removal Action Justification

The NCP dtates that an appropriate Removal Action may be conducted when a threat to human health or welfare
or the environment isidentified. The Removal Action isundertaken to abate, prevent, minimize, stabilize,
mitigate, or eliminate the release or the threat of arelease at asite. Section 300.415(b)(2) of the NCP outlines
eight factors to be cons dered when determining the appropriateness of a Removal Action. The gpplicable
factors are outlined in the Remova Action Justification Table below and provide justification for undertaking

Remova Action.

Removal Action Justification Table

of the United States or the environment.

addition, steep pit walls pose physica hazardsfor on-site
receptors.

Factor Site Summary Justification
(1) Actud or potential exposure to Complete exposure pathways to human (recreational) and
nearby human populations, animals, or loaical o and i d od
the food chain from hazardous ecological receptors (aquapc and terrestrial) were document Yes
substances or pollutants or during previous investigations from exposure to mercury-
contaminants PO impacted waste material, and stream sediment.
Recreational visitors do not likely uselocal streamsasa
(2) Actud or potential contamination of _drllnklng v;/ate_r ?]ou(rafce. Ir_1 addition, 'ghelg(;_roundwater palthway
drinking water supplies o sensitive isincomplete; therefore, impacts to drinking water suppliesare Yes
ecosvslems not expected. However, thelocal floodplan and riparian areas
¥ downstream from the Site and associated ecologica receptors
are likely impacted by the erosion of waste material.
(3) Hazardous substances or pollutants | No drums, barrels, tanks, or other bulk storage containers were
or contaminantsin drums, barrels, observed at the Site except for some old empty drums No
tanks, or other bulk storage containers scattered in various areas at the Site (not in ore processing
that may pose athreat of release areq).
(4) High levels of hazardous substances | Surficial waste material is contaminated with mercury and
or pollutants or contaminantsin soils other metals. These hazardous substances are susceptible to Yes
largely at or near the surface, that may chemical mobilization and transport by snow melt
migrate thunderstorms.
(5) Weather conditions that may cause AItT((j)ugh tot_al precipitati ((j)n is low, high hrun((j)ff conditi onr?_ A
hazardous sulbstances or pollutants or could occur in spring, or during severe thunderstorms, whic Ves
1 ) could erode and transport waste materials within the
contaminants to migrate or be released :
floodplains.
(6) Threat of fire or explosion No known fire or explosion threats are present at the Site. No
I . The Siteis owned and administered by the BLM and is not
(7) The availability of other appropriate : - ,
. currently listed or proposed for listing on the National
federal or Sete mechanismstoTepONd | priorities List. Thus, the BLM isthe agency with CERCLA ves
authority at the Site
N The Siteislocated in aremote area of the Vale District, with
(8) Other situations or factors that may e : L
pose threets to public heaith or welfare difficult access. A shaft and adit were reported at the Site. In Yes
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5.2 Scope of the Removal Action

The scope of the Removal Action isto minimize or eliminate human and ecological exposure to known
hazardous substances at the Site. The proposed Removal Action should begin to reduce hazardous substance
loading to theriparian area of Cottonwood Creek, but a response to contamination already in these surface
waters and sediment is beyond the scope of this Removal Action.

53 Removal Action Schedule

The Remova Action process should be completed in aperiod of 18 to 24 months, not including the post
monitoring, which should be conducted for at |least 3 to 6 years following the Removal Action. Thetime period
includes allotment for assessing data gaps, design of the recommended Removal Action; review by the client and
appropriate regulatory bodies; public comment; preparation of bid documents; completion of the Removal
Action; and completion of the final Remova Action Report.

6.0 IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION ALTERNATIVES

This section describes the selection of a Removal Action using afour-step process:
e Identify technologies and processes potentialy applicable to the Site;
e  Screen technologies and processes to eliminate ineffective or unfeasible technologies;

e Develop Removal Action dternatives using combinations of technologies that pass the screening
process; and
e Evauate the alternatives according to criteriadescribed in Section 6.2.

6.1 Identification and Screening of Removal Action Options and Alternatives

The purpose of identifying and screening technology types and processesis to eiminate those technol ogies and
process options that are unfeasible and/or do not meet potential key ARARs. General Remova Actionsare
refined into technology types and process options. This removal considers options for addressing impacted
soils/wastes at the Site.

The technology and process options are screened for Removal Action on impacted soil/waste material at the Site.
Although many treatment technologies and process options have been evauated for mine/mill waste, most of
these are not considered feasible. These technologiesinvolve a variety of techniques related to
physical/chemical processes. At present, most of these technologies would require extensive treatability studies,
are not gpplicable to the Site, require unavailable infrastructure (power, access), or incur excessive costs to
benefit received, and thus are not considered appropriate. Therefore, the screening process has evaluated a
limited number of treatment technologies. Technologies and processes considered for impacted soils and solid
wastes include the following:

e Access Redtrictions

e Engineering Controls
0 Source Containment/Control
o Surface Controls

e LandDisposa

o Treatment

Table 7 summarizes the results of the screening process for devel oping Removal Action alternatives for
impacted soilswastes.
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Alternatives
e Alternative 1. No Action
e Alternative 2: Ingtitutional Controls
e Alternative 3: Onsite Containment
e Alternative 4: Remova and Disposal in an On-Site Repository
o Alternative 5: Removal and Off-Site Disposa

6.1.1 Alternatives

This section provides a summary of the general aternatives considered for the Site. These dternatives were
considered within the framework of achieving selected RAOs.

Alternative 1 - No Action

No Removal Action would be completed to control hazardous substance migration or reduce the toxicity or
volume. Thisalternative is used as basdline against which other remova options can be compared as suggested
by the NCP.

Alternative 2 - Institutional Controls

This dternative includes installing fencing and signage, as well as road decommissioning as outlined below.
Thiswill incur relatively minor costs and will reduce human exposure and risk. However, it will provide limited
to no reduction in risk to the ecological receptors. CES assumeslittle or no road improvement will be necessary.

Removal Action Elements Common to MW Alternatives 3, 4, and 5

Building Material, Equipment, and Debris Demolition / Disposal

All metal, wood, equipment, and other miscellaneous nuisance debris that pose a potential physical or chemical
hazard to Site users will be removed from the Site. To the extent possible and practicable, historic features will
be left intact; waste material above the cleanup concentration will be removed using hand tools. CES estimates
that 20 cy of demolitions debris material will be disposed offsite at the local Subtitle D Landfill (i.e., Humboldt
County Landfill in Winnemucca, Nevada).

An asbestos survey will be completed for remnant structures at the Site by an EPA-Certified Asbestos hazard
Emergency Response Act (AHERA) inspector. Building materials with asbestos-containing materia (ACM)
will be will be kept in non-friable condition and removed under the supervision of an ODEQ licensed asbestos
contractor during the RA. Handling, transport, and disposal will require treatment of suspect ACM that prevents
it from becoming friable. The material will be transported to a landfill permitted to accept ashestos waste. The
landfill will be notified in advance the materia is considered suspect ACM.

Road Access, Maintenance, and Decommissioning

The access road to the Site will need to be upgraded to implement Alternatives 3, 4, and 5. As such, the existing
road system around the ore Processor and low-grade ore stockpile would be improved for equipment access.

During the Removal Action, water will be applied as heeded to control fugitive emissions. CESwill obtain
permission from local BLM staff to withdraw water from Cottonwood Creek (if available) and/or the Blue Pond,
with appropriate cautions taken to withdraw water from designated fire water withdraw points and fish screens
on intake hoses. Upon completion of the Removal Action activities, roads within the limits of the Site and other
access roads constructed during the Removal Action will be decommissioned. Decommissioning will consist of
recontouring the road for proper drainage, ripping to 6-inches, seeding, and mulching; CES estimates atotal of
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2,500 linedl feet of roads to be decommissioned. Following decommissioning, the roads will be contoured to
limit unauthorized vehicle access.

Revegetation and Erosion Control

All disturbed areas, excavation areas, covered waste material, and the repository (Alternative 4) will be
revegetated with the application of seed, fertilizer, and mulch. Seed mix will consigt of the following, based on
the BLM Rehabilitation Seed Mixture developed during the Environmental Assessment for the Site (BLM,
2009):

Bluebunch whesatgrass (16 |bs/acre)
Bottlebrush squirreltail (8 Ibs/acre)
Sandberg’ s bluegrass (4 Ibs/acre)
Thurber’ s needlegrass (8 Ibg/acre)

Fertilizer will consist of 16% total nitrogen, 16% available phosphoric acid, 16% total water soluble potash, and
5% sulfur applied at the rate of 400 pounds per acre. Certified weed-free WoodStraw™ mulch would be applied
at 70% coverage to control erosion during plant establishment.

Stormwater and snowmelt run-on are not expected to be a significant factor during the RA. However, if surface
water becomes an issue due to severe thunderstorms or high snow melt, it would be controlled on the upgradient
side by constructing run-on control berms. These will beincorporate into the grading activities so separate run-
on ditches will not be required.

Engineering Controls

Engineering controls for surface water diversion and physical hazards are outside the scope of thisEE/CA. CES
understands the shaft, adit, and vertical pit wallswill be addressed by the BLM as part of future physical hazard
remediation activities.

Alternative 3 - Onsite Containment

This alternative incorporates covering of mercury-impacted materias at the Site that exceeds the cleanup
concentration of 1,640 mg/kg. Based on the results of previous investigations completed at the Site, the primary
areawith mercury-contaminated soil in excess of the cleanup standard islocated adjacent to the D-tube retorts
and mill foundation. Mercury-contaminated material in excess of the cleanup standard was also identified in a
low-grade ore stockpile (sample BROS0D3).

Under this alternative, clean soil will need to be obtained to cover the lateral extent of mercury-contaminated
material. The estimated lateral extent of mercury-contaminated media at the Ore Processor Areain excess of the
calculated cleanup level isabout 10,000 sf. Thus, approximately 370 cy of cover material would be required to
Cregte a one-foot cover over the contaminated areas around the retorts and mill foundation. The lateral extent of
mercury-contaminated material in the low-grade ore stockpile in excess of the cleanup standard is unknown.
Preliminary field estimates indicate the pile may be about 80,000 cy in size. Further assessment would be
required to refine this estimate. For the purposes of budgeting, it is assumed 2,000 cy of cover material would be
required to cap the areas with the highest concentrations of total mercury in the low-grade ore stockpilein place.

All disturbed areas and re-graded areas will be re-contoured and revegetated as outlined in the Common Items
above. Mercury-impacted soils would be re-graded to blend into the surrounding terrain. Following re-
contouring, at least one-foot of clean materia (6-inch equipment compacted lift and 6-inch loose lift) from the
nearby borrow source would be placed on the impacted areas. The covered areas would be revegetated as
described in the Common Items above.
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Alternative 4 - Removal and Disposal in an On-Site Repository

Under this alternative, all waste material that exceeded the proposed total mercury cleanup concentration of
1,640 mg/kg will be excavated and consolidated in a centralized repository. At an assumed excavation depth of
3 feet, the maximum volume of material to be removed and consolidated from the Ore Processor Areaiis
estimated at 370 cy. The volume of material in excess of the cleanup standard at the low-grade ore stockpileis
unknown and should be assessed further. However, the approximate volume of the pileis estimated at

80,000 cy. Thesize of the pile will need to be further delineated to identify the areas with the highest
concentration for removal. For the purposes of estimating, it is assumed about 10,000 cy of the most
contaminated material would need to be removed and consolidated.

Visua observations and an XRF will be used to delineate the extent of the excavations and confirmation samples
will be collected and sent to the laboratory to document the removal. The preferred repository location isin the
Lake Bed Deposit Formation west of the Ore Processor Area. Background sample S-3BK was collected from
the formation and exhibited low metals concentrations. As such, suitable cover material should be available
fromthisarea. The approximate round-trip haul route is 2 miles on BLM roads from the Ore Processor Areaand
2.5 milesfrom the low grade ore stockpile. The Lake Bed Formation providesrelatively flat terrain to contain
the materid. .

The volume of cover soil and topsoil needed for the proposed repository (~ 1 acre) is approximately 1,700 cy.
Storm water and snowmelt run-on would be controlled on the upgradient side by constructing run-on control
berms; these will be incorporate into the grading activities so separate run-on ditches will not be required. The
repository cap would be covered with aweed-free wood mulch, seeded as discussed in the Common Items, and
fertilized.

Excavated areas will be recontoured to blend into the surrounding contours. All disturbed areas (~2 acres) would
be recontoured and revegetated as described in the Common Items. Certified weed free mulch would be applied
to control erosion during plant establishment.

Alternative 5 - Removal and Off-Site Disposal

Under this alternative, all waste material that exceed the proposed total mercury cleanup concentration of

1,640 mg/kg will be excavated and transported to a RCRA Subtitle C Landfill. The maximum volume of
meaterial to be removed and consolidated from the Ore Processor Arealis estimated at 370 bcy. The volume of
material in excess of the cleanup standard at the low-grade ore stockpile is unknown and should be assessed
further. However, the approximate volume of the pileis estimated at 80,000 cy. The size of the pile will need to
be further delineated to identify the areas with the highest concentration for removal. For the purposes of
estimating, it is assumed about 10,000 cy of the most contaminated material would need to be removed and
consolidated. Thisdternativeis considered protective of human and ecological receptors, because all waste
material with mercury concentrations greater than the proposed cleanup concentrations would be removed and
disposed off-Site. None of the waste material has been documented to exceed RCRA TCLP limits, however;
based on the high concentrations of total mercury near the Ore Processor Area, some of the materia could be
consdered a Dangerous Waste. However, due to the nature of the material as mining waste, CES recommends
that for this aternative, the material be disposed of in a Subtitle C landfill. The nearest landfill for Subtitle C
(hazardous) solid wastesis the ChemWaste facility located in Arlington, OR. Materialswould be trucked to the
appropriate facility (round trip haul ~ 775 miles).

Excavated areas will be recontoured to blend into the surrounding contours. Visua observations and a Niton
XRF will be used to delineate the extent of the excavations; confirmation sampleswill be collected and sent to
the laboratory to document the removal. All disturbed areas (~1 acre) would be recontoured and revegetated as
described in the Common Items. Certified weed free mulch would be applied to control erosion during plant
establishment. Storm water and snowmelt run-on would be controlled on the upgradient side by constructing
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run-on control berms; these will be incorporate into the grading activities so separate run-on ditches will not be
required.

6.2 Analysis of Selected Removal Action Alternatives

Asrequired by the CERCLA guidance (USEPA, 1993) and the NCP (40 CFR 300.415), Removal Action
aternatives retained after the initial evaluation and screening have been evaluated individualy against the
following three criteria (effectiveness, implementability, and cost) and listed subcriteria).

o Effectiveness

Compliance with Removal Action goals and objectives
Overdl protection of human health and the environment
Compliance with potential ARARS

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

O O 0O O o o

e Implementability
0 Adminigrative feasbility
0 Technicd feashility
0 Availability of services and materials
0 State and community acceptance

e Codt
o Direct capita costs
0 Indirect capita costs
0 Annual maintenance and inspection costs

Evauation of costs consists of developing estimates (+30%) based on the description of work items devel oped
for each Removal Action alternative. These costs do not necessarily represent those that may be incurred during
construction of the aternative, because many design details are preliminary at this stage. However, asimilar set
of assumptionsisused for all the aternatives, so that the relative difference in cost between aternatives can be
considered.

Appendix B provides detailed cost estimates with the capital, indirect, operation and maintenance costs, as well
asthe 20 year Net Present Value (NPV) of each of the dlternatives. Costs are presented below, from least to
most expensive:

Alternative Estimated Cost (NPV)
Alternative 1 —No Action $0
Alternative 2 — Institutional Controls $59,000
Alternative 3 — Onsite Containment $291,000
Alternative 4 — Excavation and Onsite Containment in Repository $464,000
Alternative 5 — Excavation and Offsite Disposa $1,981,000

6.3 Identification of Data Gaps

CES has identified data gaps based on the information gathered during this EE/CA. Some of the data gaps are
immediately relevant to completing the Removal Design/Action, whereas others are beyond the scope of the
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Removal Design and are recommended as part of future investigations. The immediately-relevant data gaps are
presented below.

7.0

Asbestos Survey: Possible ACM within an on the Site buildings may affect disposal costs during the
RA and are a potential human health threat to onsite receptors. CES recommends that an asbestos
survey be completed by an EPA-Certified AHERA Inspector prior to implementation of the RA. Cost
Estimate = $5,000.

Low-Grade Ore Stockpile: The low-grade ore stockpile north of the Ore Processor Area has
concentrations of mercury (as high as 3,120 mg/kg - Table 2) that exceed the cleanup concentration of
1,640 mg/kg. The low-grade ore stockpileislocated east and adjacent to Little Cottonwood Creek.
CES recommends that additional samples be collected from the low-grade ore stockpile to further
ddineate the extent of contamination in excess of the cleanup standard. In addition, an estimate of the
volume of the pile should be obtained to further refine RA costing. Cost Estimate = $12,000.

COMPARATIVE ANALYSIS OF REMOVAL ACTION ALTERNATIVES

The effectiveness of the retained aternatives was evaluated based on advantages in each of the evaluation
criteriaoutlined in Section 5.2, aswell asthe removal action goals and objectives. Table 8 presentsa
comparative analysis of removal action alternatives and Table 9 contains a summary of the advantages of each of
the retained alternatives.

71

Effectiveness of Alternatives

Alternative 1 —No Action.

0 Thisistheleast effective alternative. It would provide no reduction of toxicity, mobility, or volume,
waste material would continue to pose arisk to public visitors and to ecologica receptors, and it
would not comply with potential ARARSs or achieve the RAOs.

Alternative 2 — Ingtitutiona Controls.

o Thisdternative haslow effectiveness, asit would provide no reduction of toxicity, mobility, or
volume. Despite signage, waste material would continue to pose arisk to public visitors and to
ecological receptors.

o Itwould not comply with potential chemical-specific ARARs and proposed cleanup goals (Table 8),
or achievethe RAOs.

Alternative 3 — Onsite Containment.

0 Thisaternativeis more effective than Alternatives 1 and 2 by isolating exposure to human
receptors, but there would only be areduction in exposure to terrestrial ecological receptors, as
material could continue to erode into the gully leading to and directly into Little Cottonwood Creek.

o Itwould not comply with dl potential chemical-specific ARARS, but does achieve the RAOs.
Alternative 4 — Removal and Disposal in an On-Site Repository.

o Thisdternative provides higher effectiveness than Alternatives 2 and 3 by removing hazardous
substances from the Ore Processor Area and low-grade ore stockpile and disposal in acontrolled
facility at the Site.

0 It provides greater reduction of the mobility of hazardous substances and more effective protection
for human health, ecological receptors, and the environment than Alternatives 2 and 3 (dueto
remova and consolidation of mine waste in arepository), but it is less effective than Alternative 5.

0 It providesthe mogt effective compliance with chemical-specific potentiadl ARARSs and the proposed
cleanup goals as compared with MW Alternatives 2 and 3, and similar to Alternative 5. RAOsare
achieved.
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e Alternative 5— Removal and Off-Site Disposal.

o0 Thisdternative providesthe most effective reduction of the mobility of hazardous substances and
thus the most effective protection to human health, ecological receptors and the environment
compared with the other dternatives by removing hazardous substances from the Ore Processor and
low-grade ore stockpiles to an off-Site disposal facility.

o0 It providesthe mogt effective compliance with chemical-specific potential ARARSs and the proposed
cleanup goals as compared with Alternatives 2 and 3, and similar to MW Alternative 4. RAOs are
achieved.

0 Long-term effects would be more beneficial than Alternatives 2 and 3, and similar to Alternative 4.

7.2 Implementability of Alternatives

e Alternative 1 —No Action.
0 Thisalternativeisthe most technically feasible and is easiest to implement.
e Alternative 2 — Indtitutional Controls.

0 Thisdternativeistechnicaly and adminigtratively feasible and easy to implement compared to MW
Alternatives 3, 4, and 5.

e Alternative 3 — Onsite Containment.

0 Thisdternativeistechnicaly feasible to implement due to Site access and availability of cover soil
material.

0 Adminigtrative feasibility is more difficult to implement than MW Alternatives 1 and 2, but it is
similar to MW Alternatives 4 and 5.

e Alternative 4 — Removal and Disposal in an On-Site Repository.

0 Alternatives4 and 5 are technically and adminigtratively feasible, but are the most difficult to
implement.

0 Removal equipment is greater than what is required under Alternatives 2 and 3, but less than
Alternative 5 (e.g., off-Site transport).

o Alternative 5 —Removal and Off-Site Disposal.

0 Alternatives4 and 5 are technically and administratively feasible but the most difficult to
implement.

0 Necessary equipment and supplies are least available for this aternative because of the distant
location of the disposal facility.

7.3 Cost of Alternatives

e Alternative 1 —No Action.
0 Nocost dternative.
o Alternative 2 — Indtitutional Controls.
0 Total cost islower than other action aternatives (Table 8).

0 Higher O&M costs than Alternatives 4 and 5, but less than Alternative 3. Higher O&M related to
ongoing annua monitoring of the mine waste and surrounding aquatic resources.

e Alternative 3 —Onsite Containment.
0 Totd cost higher than Alternative 2, but less than Alternatives 4 and 5 (Table 8).
0 High O&M costs due to ongoing annual monitoring of the mine waste and surrounding aguatic

resources.
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o Alternative 4 — Removal and Disposal in an Onsite Repository.
0 Reatively high cost action aternative, second highest of the dternatives (Table 8).

0 Thisdlternative haslower O&M costs than MW Alternative 2 and 3, but higher than MW
Alternative 5. O&M cost associated with annual inspection and sampling at the Repository.

e Alternative 5— Removal and Off-Site Disposal.

0 Thisisthe highest cost action aternative (Table 8).
o Thisdternative hasthelower O&M costs than Alternatives 2, 3, and 4.

8.0 RECOMMENDED REMOVAL ACTION

The recommended Removal Action isdiscussed in this section. The action recommended for the Siteis based
on the appropriate combination of alternatives to best achieve the RAOs. Based on the information outlined in
this EE/CA, Alternative 4, Removal and Disposd in an Onsite Repository (with Common items) was selected as

the preferred aternative for the Site.

Thetotal estimated capital cost to implement the recommended Removal Action is~$213,068, and the total
NPV is$464,000, which includes a 20% contingency in the capital and indirect costs. The eight factors that
were outlined under Section 5.1 as justification for completing a Removal Action are further assessed below with

the preferred dternative.

Recommended Removal Action Table

Factor

Justification / Finding

(2) Actual or potential exposure to nearby human populations,
animals, or the food chain from hazardous substances or pollutants or
contaminants

(2) Actual or potential contamination of drinking water supplies or
sensitive ecosystems

(3) Hazardous substances or pollutants or contaminantsin drums,

barrels, tanks, or other bulk storage containers that may pose a threat
of release

(4) High levels of hazardous substances or pollutants or contaminants
in soilslargely at or near the surface, that may migrate

(5) Wesather conditions that may cause hazardous substances or
pollutants or contaminants to migrate or be released

(6) Threat of fire or explosion

(7) The availahility of other appropriate federal or state mechanisms
to respond to the release

(8) Other situations or factorsthat may pose threats to public health
or welfare of the United States or the environment.

Exposure to human and ecological receptorsis reduced by
consolidating the waste material that exceeded the risk-based
cleanup concentration into arepository with asoil cover.

By consolidating the waste material into the repository, the
impact on the sensitive ecosystems (Little Cottonwood Creek
and ecological receptors) is greatly reduced.

No drums or barrels were observed onsite.

Surficial waste material will be covered in arepository, which
will reduce future migration of metals via surface flow into
Little Cottonwood Creek and the drainage gully leading to
Little Cottonwood Creek.

Waste material isremoved reducing transport and migration
of processed material into the gully leading to and directly
into Little Cottonwood Creek.

No known fire or explosion threat is present at the Site.

Public use of the Site will not be controlled following
implementation of the preferred aternative, but risk to
recregtiona receptors will be controlled by soil coversand
signs. Physical hazards (e.g., steep walls, adits, shafts) will be
addressed by the BLM in a separate Phase of the project.

Public use of the Site will not be controlled following
implementation of the preferred aternative, but risk to
recregtiona receptors will be controlled by soil coversand
signs. Physical hazards (e.g., steep walls, adits, shafts) will be
addressed by the BLM in a separate Phase of the project.
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Investigation Photographs



Photograph 1.

Little Cottonwood Creek
drainage. Impoundment #3
in foreground and
impoundments #1 and #2
and ore processing areain
the distance.

(CES, 9/15/10)

Photograph 2.

Ore processing area from the
south looking northeast.
(CES, 9/15/10)

Photograph 3.

Ore processing area looking
southwest.

(CES, 9/15/10)
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Photograph 4.

Ore processing area looking
south.

(CES, 9/15/10)

Photograph 5.
Retort structures.
(CES, 9/15/10)

Photograph 6.
Retort structures.
(CES, 9/15/10)
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Photograph 7.
Roasted ore inside retort.
(CES, 9/15/10)

Photograph 8.

Ore processing arealooking
east.

(CES, 9/15/10)

Photograph 9.
Four retorts.
(CES, 9/15/10)
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Photograph 10.

Red piles are roasted ore on
south of ore processing area
and yellow pileis
impoundment #1.

(CES, 9/15/10)

Photograph 11.
Low-grade ore stockpile
(yellow on right side of
photograph).

(CES, 9/15/10)

Photograph 12.
L ow-grade ore stockpile.
(CES, 9/15/10)
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Photograph 13.

Blue Pond at West Pit
looking south.

(CES, 9/15/10)

Photograph 14.

West Pit looking from north
edge to southwest.

(CES, 9/15/10)

Photograph 15.

East Pit partially covered and
graded to eliminate high wall
hazard (smooth slopein
photograph), looking east
(CES, 9/15/10)
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Photograph 16.

East Pit looking northeast to
top of recently graded slope.
(CES, 9/15/10)

Photograph 17.
Impoundment #1 located
adjacent and east of ore
processing area.

(CES, 9/15/10)

Photograph 18.
Impoundment #2 located just
south and down slope from
ore processing area.

(CES, 9/15/10)
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Photograph 19.
Background soil sample
S-1BK collected from
mineralized rock exposed at
fault near West Pit.

(CES, 9/15/10)

Photograph 20.
Background soil sample
S-2BK collected from
Miocene Volcanics
Formation up slope from
West Pit.

(CES. 9/15/10)

Photograph 21.
Background soil sample
S-3BK collected from Lake
Bed Formation.

(CES, 9/15/10)

Bretz Mine — Engineering Evaluation / Cost Analysis
Appendix A. Photographs

PN: 2010230029 / December 2011

Page 7 of 8



Photograph 22.

Background soil sample
S-4BK collected from Pre-
Canyon Alluvium Formation.
(CES, 9/15/10)

Photograph 23.
Areaused by recreation
users for camping,
approximately 2 miles south
of mine.

(CES, 9/15/10)
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Appendix B.

Laboratory Reports
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ANALYTICAL RESULTS

Bretz Mine
255047

Project:
Pace Project No.:

Pace Analytical Services, Inc.
940 South Harney
Seattle, WA 98108

(206)767-5060

Sample: S-1BK Lab ID: 255047001
Results reported on a "dry-weight" basis

Collected: 09/15/10 14:30 Received: 09/22/10 10:53 Matrix: Solid

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual
6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050
Aluminum 13000 mg/kg 55.3 1.2 1 09/28/10 09:20 09/30/10 10:51 7429-90-5
Antimony 26.8J mg/kg 83.0 22 25 09/28/10 09:20 09/30/10 09:57 7440-36-0
Arsenic 918 mg/kg 55.3 47 25 09/28/10 09:20 09/30/10 09:57 7440-38-2
Barium 52.8 mg/kg 22.1 0.022 1  09/28/10 09:20 09/30/10 10:51 7440-39-3
Beryllium 1.9 mg/kg 0.55 0.011 1  09/28/10 09:20 09/30/10 10:51 7440-41-7
Cadmium <0.28 mg/kg 27.7 0.28 25 09/28/10 09:20 09/30/10 09:57 7440-43-9
Calcium 2970 mg/kg 553 14 1  09/28/10 09:20 09/30/10 10:51 7440-70-2
Chromium 0.60J mg/kg 11 0.055 1  09/28/10 09:20 09/30/10 10:51 7440-47-3
Cobalt <0.28 mg/kg 138 0.28 25 09/28/10 09:20 09/30/10 09:57 7440-48-4
Copper 51.6J mg/kg 69.2 3.3 25 09/28/10 09:20 09/30/10 09:57 7440-50-8
Iron 154000 mg/kg 553 9.4 25 09/28/10 09:20 09/30/10 09:57 7439-89-6
Lead 67.6 mg/kg 11 0.33 1  09/28/10 09:20 09/30/10 10:51 7439-92-1
Magnesium 566 mg/kg 553 14 1 09/28/10 09:20 09/30/10 10:51 7439-95-4
Manganese 243 mglkg 415 0.28 25 09/28/10 09:20 09/30/10 09:57 7439-96-5
Nickel 4.0J mgl/kg 111 0.55 25 09/28/10 09:20 09/30/10 09:57 7440-02-0
Potassium 216J mg/kg 553 34 1  09/28/10 09:20 09/30/10 10:51 7440-09-7
Selenium 5.3J mg/kg 27.7 47 25 09/28/10 09:20 09/30/10 09:57 7782-49-2
Silver <1.4 mg/kg 27.7 14 25 09/28/10 09:20 09/30/10 09:57 7440-22-4
Sodium 3023 mg/kg 553 15 1  09/28/10 09:20 09/30/10 10:51 7440-23-5
Thallium <13.6 mg/kg 55.3 13.6 25 09/28/10 09:20 09/30/10 09:57 7440-28-0
Vanadium 247 mglkg 138 0.28 25 09/28/10 09:20 09/30/10 09:57 7440-62-2
Zinc 131 mg/kg 4.4 0.29 1  09/28/10 09:20 09/30/10 10:51 7440-66-6
7471 Mercury Analytical Method: EPA 7471 Preparation Method: EPA 7471
Mercury 70.8 mg/kg 54.1 1.1 500 09/27/1011:45 09/27/10 14:41 7439-97-6
USDA 21A pH Analytical Method: USDA 21A
pH, Saturated Paste 3.8 Std. Units 0.10 1 09/27/10 13:05
Percent Moisture Analytical Method: ASTM D2974-87
Percent Moisture 105 % 0.10 0.10 1 09/23/10 14:44
Sample: S-2 BK Lab ID: 255047002 Collected: 09/15/10 14:50 Received: 09/22/10 10:53 Matrix: Solid
Results reported on a "dry-weight" basis

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual
6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050
Aluminum 20800 mg/kg 51.9 11 1 09/28/10 09:20 09/30/10 11:03 7429-90-5
Antimony 3.9J mg/kg 15.6 0.41 5 09/28/10 09:20 09/30/10 10:32 7440-36-0
Arsenic 60.0 mg/kg 10.4 0.88 5 09/28/10 09:20 09/30/10 10:32 7440-38-2
Barium 410 mg/kg 104 0.10 5 09/28/10 09:20 09/30/10 10:32 7440-39-3
Beryllium 0.79 mg/kg 0.52 0.010 1 09/28/10 09:20 09/30/10 11:03 7440-41-7
Date: 10/05/2010 10:00 AM REPORT OF LABORATORY ANALYSIS Page 9 of 19

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..



Project:

Pace Project No.: 255047

Bretz Mine

ANALYTICAL RESULTS

Pace Analytical Services, Inc.

940 South Harney
Seattle, WA 98108

(206)767-5060

Sample: S-2 BK

Lab ID: 255047002

Results reported on a "dry-weight" basis

Collected: 09/15/10 14:50 Received: 09/22/10 10:53 Matrix: Solid

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual
6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050
Cadmium <0.052 mg/kg 5.2 0.052 5 09/28/10 09:20 09/30/10 10:32 7440-43-9
Calcium 4460 mg/kg 519 1.3 1  09/28/10 09:20 09/30/10 11:03 7440-70-2
Chromium 10.9 mg/kg 1.0 0.052 1  09/28/10 09:20 09/30/10 11:03 7440-47-3
Cobalt 11.0J mg/kg 25.9 0.052 5 09/28/10 09:20 09/30/10 10:32 7440-48-4
Copper 44.1 mgl/kg 13.0 0.62 5 09/28/10 09:20 09/30/10 10:32 7440-50-8
Iron 51500 mg/kg 104 18 5 09/28/10 09:20 09/30/10 10:32 7439-89-6
Lead 10.9 mg/kg 1.0 0.31 1  09/28/10 09:20 09/30/10 11:03 7439-92-1
Magnesium 4320 mg/kg 519 1.3 1 09/28/10 09:20 09/30/10 11:03 7439-95-4
Manganese 696 mg/kg 7.8 0.052 5 09/28/10 09:20 09/30/10 10:32 7439-96-5
Nickel 15.2J mg/kg 20.7 0.10 5 09/28/10 09:20 09/30/10 10:32 7440-02-0
Potassium 5230 mg/kg 519 3.2 1  09/28/10 09:20 09/30/10 11:03 7440-09-7
Selenium <0.88 mg/kg 5.2 0.88 5 09/28/10 09:20 09/30/10 10:32 7782-49-2
Silver <0.26 mg/kg 5.2 0.26 5 09/28/10 09:20 09/30/10 10:32 7440-22-4
Sodium 551 mg/kg 519 14 1 09/28/10 09:20 09/30/10 11:03 7440-23-5
Thallium <2.5 mg/kg 104 25 5 09/28/10 09:20 09/30/10 10:32 7440-28-0
Vanadium 95.7 mg/kg 25.9 0.052 5 09/28/10 09:20 09/30/10 10:32 7440-62-2
Zinc 94.1 mg/kg 4.1 0.27 1  09/28/10 09:20 09/30/10 11:03 7440-66-6
7471 Mercury Analytical Method: EPA 7471 Preparation Method: EPA 7471
Mercury 18.4 mg/kg 5.0 0.11 50 09/27/10 11:45 09/27/10 14:30 7439-97-6
USDA 21A pH Analytical Method: USDA 21A
pH, Saturated Paste 7.3 Std. Units 0.10 1 09/27/10 13:05
Percent Moisture Analytical Method: ASTM D2974-87
Percent Moisture 6.4 % 0.10 0.10 1 09/23/10 14:47
Sample: S-3BK Lab ID: 255047003 Collected: 09/15/10 15:50 Received: 09/22/10 10:53 Matrix: Solid
Results reported on a "dry-weight" basis

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual
6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050
Aluminum 23500 mg/kg 47.8 1.0 1  09/28/10 09:20 09/30/10 11:07 7429-90-5
Antimony <0.38 mg/kg 14.3 0.38 5  09/28/10 09:20 09/30/10 10:36 7440-36-0
Arsenic 10 mg/kg 9.6 0.81 5  09/28/10 09:20 09/30/10 10:36 7440-38-2
Barium 722 mglkg 95.6 0.096 5  09/28/10 09:20 09/30/10 10:36 7440-39-3
Beryllium 1.4 mg/kg 0.48 0.0096 1 09/28/10 09:20 09/30/10 11:07 7440-41-7
Cadmium <0.048 mg/kg 4.8 0.048 5  09/28/10 09:20 09/30/10 10:36 7440-43-9
Calcium 9560 mg/kg 478 1.2 1  09/28/1009:20 09/30/10 11:07 7440-70-2
Chromium 5.8 mg/kg 0.96 0.048 1  09/28/10 09:20 09/30/10 11:07 7440-47-3
Cobalt 5.0 mg/kg 23.9 0.048 5  09/28/10 09:20 09/30/10 10:36 7440-48-4
Copper 15.7 mg/kg 11.9 0.57 5 09/28/10 09:20 09/30/10 10:36 7440-50-8

Date: 10/05/2010 10:00 AM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 10 of 19



Project: Bretz Mine

Pace Project No.: 255047

Pace Analytical Services, Inc.
940 South Harney
Seattle, WA 98108

(206)767-5060

ANALYTICAL RESULTS

Sample: S-3BK

Lab ID: 255047003 Collected: 09/15/10 15:50 Received: 09/22/10 10:53 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Iron 28700 mg/kg 95.6 1.6 5 09/28/10 09:20 09/30/10 10:36 7439-89-6
Lead 11.9 mg/kg 0.96 0.29 1 09/28/10 09:20 09/30/10 11:07 7439-92-1
Magnesium 3900 mg/kg 478 1.2 1 09/28/10 09:20 09/30/10 11:07 7439-95-4
Manganese 712 mglkg 7.2 0.048 5 09/28/10 09:20 09/30/10 10:36 7439-96-5
Nickel 9.3J mg/kg 19.1 0.096 5 09/28/10 09:20 09/30/10 10:36 7440-02-0
Potassium 10300 mg/kg 478 3.0 1 09/28/10 09:20 09/30/10 11:07 7440-09-7
Selenium <0.81 mg/kg 4.8 0.81 5 09/28/10 09:20 09/30/10 10:36 7782-49-2
Silver <0.24 mg/kg 4.8 0.24 5  09/28/10 09:20 09/30/10 10:36 7440-22-4
Sodium 883 mg/kg 478 1.3 1 09/28/10 09:20 09/30/10 11:07 7440-23-5
Thallium <2.3 mg/kg 9.6 2.3 5 09/28/10 09:20 09/30/10 10:36 7440-28-0
Vanadium 35.2 mg/kg 23.9 0.048 5 09/28/10 09:20 09/30/10 10:36 7440-62-2
Zinc 75.0 mg/kg 3.8 0.25 1 09/28/10 09:20 09/30/10 11:07 7440-66-6

7471 Mercury
Mercury

USDA 21A pH

pH, Saturated Paste
Percent Moisture

Percent Moisture

Analytical Method: EPA 7471 Preparation Method: EPA 7471
0.17 mg/kg 0.10 0.0021 1 09/27/10 11:45 09/27/10 14:08 7439-97-6
Analytical Method: USDA 21A
7.3 Std. Units 0.10 1 09/27/10 13:05
Analytical Method: ASTM D2974-87

6.6 % 0.10 0.10 1 09/23/10 14:51

Sample: S-4 BK

Lab ID: 255047004 Collected: 09/15/10 16:10 Received: 09/22/10 10:53 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual

6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050

Aluminum 23200 mg/kg 50.4 11 1  09/28/10 09:20 09/30/10 11:10 7429-90-5
Antimony <0.40 mg/kg 15.1 0.40 5  09/28/10 09:20 09/30/10 10:38 7440-36-0
Arsenic 8.6J mg/kg 10.1 0.86 5  09/28/10 09:20 09/30/10 10:38 7440-38-2
Barium 341 mgl/kg 101 0.10 5  09/28/10 09:20 09/30/10 10:38 7440-39-3
Beryllium 0.68 mg/kg 0.50 0.010 1  09/28/10 09:20 09/30/10 11:10 7440-41-7
Cadmium <0.050 mg/kg 5.0 0.050 5  09/28/10 09:20 09/30/10 10:38 7440-43-9
Calcium 47800 mgl/kg 2520 6.5 5 09/28/10 09:20 09/30/10 10:38 7440-70-2
Chromium 11.7 mgl/kg 1.0 0.050 1  09/28/10 09:20 09/30/10 11:10 7440-47-3
Cobalt 9.7J mgl/kg 25.2 0.050 5  09/28/10 09:20 09/30/10 10:38 7440-48-4
Copper 27.8 mg/kg 12.6 0.60 5  09/28/10 09:20 09/30/10 10:38 7440-50-8
Iron 28300 mg/kg 101 1.7 5  09/28/10 09:20 09/30/10 10:38 7439-89-6
Lead 11.4 mg/kg 5.0 15 5  09/28/10 09:20 09/30/10 10:38 7439-92-1
Magnesium 6530 mg/kg 504 1.3 1  09/28/10 09:20 09/30/10 11:10 7439-95-4
Manganese 552 mg/kg 7.6 0.050 5 09/28/10 09:20 09/30/10 10:38 7439-96-5
Nickel 19.7J mgl/kg 20.2 0.10 5 09/28/10 09:20 09/30/10 10:38 7440-02-0

Date: 10/05/2010 10:00 AM

REPORT OF LABORATORY ANALYSIS Page 11 of 19

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..



Project:
Pace Project No.:

ANALYTICAL RESULTS

Pace Analytical Services, Inc.

940 South Harney
Seattle, WA 98108

(206)767-5060

Sample: S-4 BK

Lab ID: 255047004

Results reported on a "dry-weight" basis

Collected: 09/15/10 16:10 Received: 09/22/10 10:53 Matrix: Solid

Parameters Results Units PQL MDL DF Prepared Analyzed CAS No. Qual
6010 MET ICP Analytical Method: EPA 6010 Preparation Method: EPA 3050
Potassium 5300 mg/kg 504 31 1  09/28/10 09:20 09/30/10 11:10 7440-09-7
Selenium 1.0J mg/kg 5.0 0.86 5 09/28/10 09:20 09/30/10 10:38 7782-49-2
Silver <0.25 mg/kg 5.0 0.25 5 09/28/10 09:20 09/30/10 10:38 7440-22-4
Sodium 523 mg/kg 504 1.3 1 09/28/10 09:20 09/30/10 11:10 7440-23-5
Thallium <2.5 mg/kg 10.1 25 5 09/28/10 09:20 09/30/10 10:38 7440-28-0
Vanadium 45.3 mgl/kg 25.2 0.050 5 09/28/10 09:20 09/30/10 10:38 7440-62-2
Zinc 74.8 mgl/kg 20.2 1.3 5 09/28/10 09:20 09/30/10 10:38 7440-66-6
7471 Mercury Analytical Method: EPA 7471 Preparation Method: EPA 7471
Mercury 0.64 mg/kg 0.089 0.0019 1 09/27/10 11:45 09/27/10 14:15 7439-97-6
USDA 21A pH Analytical Method: USDA 21A
pH, Saturated Paste 8.2 Std. Units 0.10 1 09/27/10 13:05
Percent Moisture Analytical Method: ASTM D2974-87
Percent Moisture 9.0 % 0.10 0.10 1 09/23/10 14:53

Date: 10/05/2010 10:00 AM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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1.0 INTRODUCTION

As part of an Engineering Evaluation/Cost Assessment (EE/CA) (CES 2011), potential human health and
ecological risks associated with mining-related source and waste materia at the Bretz Mine (Site) were assessed
using astreamlined risk assessment process. The Bretz Mineislocated on Bureau of Land Management (BLM)
land in Maheur County, southeastern Oregon, approximately 10 miles northwest of McDermitt, Nevada. The
risk assessment process herein follows U.S. Environmental Protection Agency (USEPA, 1991; 1992; 1997;
1998) and Oregon Department of Environmental Quality (ODEQ), 1998; 2001 and 2007) guidelines. Potential
risks were eval uated using site-specific concentrations of chemicals of interest (COIs) compared to risk-based
screening concentrations, for selected exposure pathways. Section 2.0 describes the data used for the risk
analysis. The human hedth risk assessment (HHRA) and ecological risk assessment (ERA) are presented in
Sections 3.0 and 4.0, respectively. Conclusions and recommendations are presented in Section 5.0.

2.0 RISK ASSESSMENT DATA AND INITIAL SCREENING

This section describes the chemical concentration data set used in thisrisk analysis and the preliminary screening
for the HHRA and ERA. Theanaytical dataused in the risk assessment are from waste rock and ore, surface
water, and sediment samples collected in 2000, 2002, and 2004, with several background soil samples collected
in 2010. These datawere from the Preliminary Assessment (PA) (ODEQ, 2001a), the Bretz Mine Site
Inspection Report (SI) (Weston Solutions, 2003), and Bretz Mine Investigation Summary Report (I1SR) (Ecology
& Environment [E& E], 2005), and collected by CES as part of the EE/CA. These chemical concentration data
include both laboratory analytical results and field screening (XRF and Lumex) results. The field measured
concentrations were compared to laboratory results and found to be comparable, and so, following support by
ODEQ, wereincluded in the risk assessment at the field measured concentrations. Waste rock and ore samples
(considered as“sail” in this risk assessment) were selectively collected around and downgradient of the ore
processor where contamination is known or suspected to occur. Therefore, the soil datais skewed towards an
understanding of the highest onsite COI concentrations rather than to provide characterization across and
surrounding the extent of mine-related impacts. Surface water and sediment data were collected from the Blue
Pond and two locations in Cottonwood Creek, one at the headwaters and one just bel ow the confluence with
Little Cottonwood Creek. No water samples were collected from Little Cottonwood Creek near the ore
processor or other mining areas because there is no water in this drainage during most, if not all the year.
Sediment samples were collected from a dry drainage leading from the ore processing areato Little Cottonwood
Creek, and along the dry bed of Little Cottonwood Creek downgradient from the ore processing area. Overall,
the soil and sediment samples were collected from locationsthat are likely to overestimate the concentrations
found across the Site because samples were located to represent the areas of highest COI concentrations, not
areas representative of overall human and ecological receptor exposure. Thisis aconservative approach that is
appropriate for screening level risk assessments. Because of the metals mining that occurred at the Site, metals
(inorganics) were selected asthe COls.

The number of samplesin each medium included:

o 53 s0il samples (waste rock and ore) from the ore processing area and stockpiles.

o 4 surface water samples collected from the Blue Pond and two Cottonwood Creek locations (includes a
field duplicate at the farthest downstream location).

e 4 sediment samples collected downgradient of the ore processing area.
e 5 hackground soil samples of varying geologic origin, upgradient of mining influences.

e 3 background sediment samples collected from Cottonwood Creek and two dry Little Cottonwood
Creek locations, al upgradient of mining influence.

These samples were analyzed for total metals. Standard laboratory quality control procedures were adhered to
and analytical results were quality assured by the laboratory. Asappropriate, qualifiers were applied to the data

Cascade Earth Sciences - La Grande, OR Human Health and Ecological Risk Assessment
PN: 2010230029 BLM Oregon - Vale District / Bretz Mine
Doc: 01Bretz RA Rpt_02182011.docx December 2011 / Page 1



by the laboratory and these were incorporated into determinations of the usability of the datafor the risk
assessment. The soil, surface water, and sediment data were then used in the initia screening and the HHRA and
ERA as described in sections 3.0 and 4.0, respectively.

Initidly, al analytical data deemed appropriate for use in the risk assessment were used to calcul ate the 90%
upper confidence level on the arithmetic mean (90UCL) for all samplesin each medium. The 90UCL was
calculated using USEPA’s ProUCL 4 program (USEPA, 2009), and selected based on the andytica data
distribution, the number of undetected results, and the number of samplesfor each COI in each medium. The
90UCL isan upper-bound (i.e., conservative) estimate of mean chemical concentration and is specified asan
appropriate exposure point concentration (EPC) in Oregon’s Revised Cleanup Rules (OAR, 340-122-084). If
fewer than 10 samples are available in a given medium, it was considered inappropriate to calculate a 90UCL
(USEPA, 2003). In these cases and if the calculated 90UCL exceeded the maximum detected concentration, the
median of detected concentrations was used as an appropriate substitute for the 9OUCL (USEPA, 2009).
Undetected results were included at the sample-specific reporting limit concentration (USEPA, 2009) provided
by the analytical laboratory. A data summary, including the calculated 90UCL is provided in Tables A1-Ab5.

Then the data were then screened using ODEQ Guidance (ODEQ, 2010), which allowsfor prescreening of COls
based on the following criteria:

e Essentia Nutrients: calcium, magnesium, potassium, and sodium were removed from further
assessment because they are considered to be essentia nutrients.

e Frequency of Detection: COlsin each medium that were detected in 5% or less of the samples site-wide
were removed from further assessment. Thisincludes assurance that the detection limits of undetected
COls are below risk-based screening and background concentrations.

e Background: 90UCL or median (as described above) concentrations of natura ly-occurring chemicals
that were present at concentrations less than 90UCL or median background concentrations were
eliminated from further assessment.

Theresults of these initia screening procedures for each potential exposure medium are aso shownin Tables
A1-A5. Thetablesalso show asample reporting limit screening so that undetected chemicals had detection
limits below background and lowest applicable risk-based screening concentrations. Those chemicals that met
the screening criteriawere removed from further consideration. The remaining COls were further evaluated in
the human health and ecological risk assessment sections of the report. The following table summarizesthe
initial screening results to select the Contaminants of Potential Concern (COPC).

Table2-1. Initial Screening Resultsfor Human Health

COPC OreProcessing Stockpiles Sediment Surface Water
Antimony X X
Arsenic X X
Cobalt X
[ron* X
Mercury X X X
Thalium* X X X
Vanadium X
Zinc* X

NOTE: * COPC based on lack of screening.
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3.0 HUMAN HEALTH RISK ASSESSMENT

A human health risk evaluation is an analysis of the potential adverse health effects that could result from current
or future exposures to hazardous substances released from a site, in the absence of any action to control or
mitigate these releases. The objective of this evaluation isto incorporate analytical data and information on
potential human exposure to the COIlsin order to provide a basdline assessment of the potentia for human health
risks to be realized due to Site-related contamination. The following are primary el ements of the HHRA:

e Hazard Identification and Selection of COPCs - Evaluation of site data and identification of € evated
concentrations of COlsin human health exposure media.

o Exposure Assessment - Identification of areas that pose human health risks under current or potential
future site uses and conservative estimation of exposure.

e Toxicity Assessment - Quantification of the relationship between chemica exposure and adverse
effects.

e Risk Characterization - Development of quantitative risk estimates using exposure and toxicity
information previoudy developed for the COPCs.

3.1 Hazard Identification and Selection of COPCS

This section presents the rationale for the selection of the COPCs. Prescreening of the COlswas described in
Section 2.0. The mediaof interest for human health included soil (ore processing and stockpile areas), surface
water downgradient from the Site and sediment. Those COlsthat were retained for further assessment following
theinitial screening are shown in the last column of Tables A1 through A4 for soil, surface water, and sediment,
respectively. Maximum or 90UCL concentrations of these COIs were screened against DEQ RBCs or USEPA
Region 1l RBCs. The occupational/industrial RBCs were selected as the most appropriate screening criteriafor
soils and sediment; and tap water PRGs represent avery conservative screen for surface water. Table B1
presents the RBC screening and results, respectively. Based on this screening antimony, mercury and thallium
were identified as COPCsfor soil, arsenic and mercury were identified as COPCs in sediment and arsenic,
cobalt, iron, thalium, vanadium and zinc were identified as COPCs in surface water.

3.2 Exposure Assessment

Assessing the chemical exposure at a given site includes the identification of potentially exposed populations, the
selection of relevant exposure pathways, and the calculation of EPCs and chronic daily intakes.

3.2.1 Potentially Exposed Population

The Site is an abandoned mercury mine located approximately 10 miles northwest of McDermitt, Nevada. The
Siteis approximately 342 acres, and adjacent land use mainly consists of livestock grazing. There are no
residences or other structures within 4 miles of the Site. Accessto the Site is unrestricted; however, the Siteis
relatively remote. In general, land usesin this area are limited to recreation (hiking, fishing, camping, hunting,
etc.). Therefore, recreational use of the Siteisthe only anticipated current or future human receptor.

3.2.2 Identification of Exposure Pathways

This section evaluates and sl ects potential pathways for human exposures to the identified COPCs. In generdl,
an exposure pathway consists of four elements. a source of chemical release into the environment (e.g., mining),
an environmental medium for transport of the chemical (e.g., air, surface water, groundwater or soil), a point of
potential human exposure (exposure point) and a route of exposure of the chemical into the body (e.g., breathing,
eating, drinking or skin [i.e., dermal] contact). Given the types of human uses of the Site as described above,
long-term exposure to Site-related contaminants is considered very unlikely. However, the ingestion, dermal
contact and air exposure pathways are considered potentially complete, because hikers, hunters, and campers
have the potentid to accessthe Site. Fish consumption was eliminated as a potential pathway of concern
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because it was determined that the surrounding creeks do not support a sufficient number of for even a
recreational fisher scenario. The human health conceptual exposure model is presented in Figure 3-1.

Human exposuresto COPCs were evaluated for all complete pathways for which there was areceptor. These
pathways were determined to be inhalation of soil particulates, dermal contact with soil, incidental ingestion of
soil, dermal contact with surface water, incidental ingestion of surface water, dermal contact with sediment, and
incidental ingestion of sediment.

3.2.3 Current and Potential Future Receptors

The Siteis not currently occupied, nor isit expected to be occupied or developed in the near future. The only
likely exposed populations are current and future recreational receptors such as hikers, campers, hunters, and
rockhounds.

3.2.4 Exposure Assumptions

Neither USEPA nor ODEQ have developed default scenarios for recreational or camping exposure scenarios.
Therefore, recreationa exposure assumptions devel oped by USEPA for the Upper Tenmile Creek Mining Area
Superfund site (CDM, 2000) were reviewed and deemed appropriate for the Site. The exposure factors and
assumptions used in this risk assessment are presented in Table B3.

3.2.5 Exposure Point Concentrations

An EPC is needed to calculate the Average Daily Dose (ADD) of a contaminant. Generally, the EPC isnot the
maximum concentration detected because, in most situations, it is not reasonable to assume long-term contact
with the maximum concentration. When sufficient data exists, statistical average concentrations are used
because toxicity criteria are based on lifetime average exposures, and an average concentration is most
representative of the concentration contacted over time, based on the assumption that an exposed individual
moves randomly across an exposure area. Use of the arithmetic mean is used for central tendency exposure
(CTE). When the data are not normally distributed the arithmetic mean may sometimes exceed the statistical
mean, therefore a nonparametric mean was used as the CTE value. The 90UCL provides an upper bound
estimate for reasonable maximum exposure (RME). The equations used to cdculate the EPC and ADD are
found in USEPA, 1997.

Risk calculations were based on 53 soil samples from the ore procesing and stockpile areas, 4 surface water
samples and 4 sediment samples. Initia risk calculations indicated potential unacceptable excess cancer risk
from soil. Therefore, soil samples from the ore processing area and the stockpile area were segregated to
guantify potential risks due to potential exposure in each of the streams. Where data was limited to less than
10 samples, the maximum detected concentration was used as the EPC for the RME scenario. Where the
data set contained greater than 10 samples, the 90UCL was calculated and used as the EPC as described in
Section 2.0. When a statistical mean could not be calculated, the median value was used as recommended by
ProUCL Guidance. The EPCs calculated for COPCsin the HHRA are presented in Table 3-1 below.
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Table 3-1 - Exposure Point Concentrations

COPC n Maximum Comments
CTE! RME?
OrePiles
Antimony 45 5.51E+02 2.02E+02 2.02E+02 gamma
Mercury 46 1.90E+05 1.28E+04 5.24E+04 Hall's bootstrap
Thallium 4 1.50E+00 1.50E+00 1.50E+00 Max
Stockpiles
Antimony 14 4.53E+02 1.90E+02 1.74E+02 KM(t)
Mercury 15 3.13E+03 3.89E+02 2.37E+03 99% Cheb
Thallium 3 1.10E+00 7.90E-01 1.10E+00 Max
Soil
Antimony 51 5.51E+02 1.55E+02 1.77E+02 KM Bootstrap®
Mercury 53 1.90E+05 1.12E+04 2.12E+04 H-UCL
Thallium 6 1.50E+00 1.30E+00 1.50E+00 Max
Sediment
Arsenic 2 3.61E+02 2.79e+02 3.61E+00 Max
Mercury 4 6.40E+02 3.45E+02 6.40E+02 Max
Surface Water (mg/L)
Arsenic 4 1.27E-02 7.70E-03 1.27E-02 Max
Cobalt 4 9.02E-02 2.30E-02 9.02E-02 Max
Iron* 4 4.74E-01 3.40E-01 4.74E-01 Max
Thallium* 4 1.17E-03 1.17E-03 1.17E-03 Max
Vanadium 4 3.00E-03 2.00E-03 3.00E-03 Max
Zinc* 4 2.44E+00 6.15E-01 2.44E+00 Max
NOTES:

Abbreviations: EPC = exposure point concentration, Max = maximum concentration detected, n = number of samples, UCL
= upper confidence limit.

1 Simple average concentration.

2 90UCL if greater than 10 data points; maximum concentration if lessthan 10 data points.

3 Arithmetic mean > UCL, there for KM mean was used for CTE value.

3.2.6 Summary Intake Factors

While presented individually in exposure equations, USEPA Region X alows for the calculation of Summary
Intake Factors (SIFs). The SIFs are calculated using generic intake equation, using the site-specific exposure
parameters (Table B3). They represent a sum of lifetime exposure to contaminated soil, water or air and account
for all risk calculation input factors, except the chemical EPC. The SIFs are shown in Table B4. In addition,
dermal absorption factors are required to calculate dermal exposuresto surface water and these are shown in
Table B5.
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3.3 TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to present the critical toxicity valuesfor the COPCs. Toxicity is
defined as the ability of achemical to induce adverse effects at some dosage in biological systems. The purpose
of the toxicity assessment istwofold:

e Toidentify the carcinogenic (cancer) and non-carcinogenic (non-cancer) effectsthat may arise from
direct or indirect exposure of humansto the COPCs; and

e To provide an estimate of the quantitative relationship between the magnitude and duration of exposure,
and the probability or severity of adverse effects.

3.3.1 Toxicity Values

Toxicity values are used to quantitatively describe the relationship between the extent of exposure to a COPC
and the potential increased likelihood and severity of adverse effects. The sources used to obtain toxicity
information and methods for deriving toxicity criteriaand estimated potential adverse effects are presented
below. Thefollowing USEPA sources have been used to obtain toxicity values for most of the COPCs.

o Integrated Risk Information System (IRIS) computer database (USEPA, 2004)
e Hedlth Effects Assessment Summary Table (HEAST) (USEPA, 1997)

Both carcinogenic and non-carcinogenic health effects were quantitatively evaluated. The endpoints for these
two different types of effects are assessed differently because the mechanisms by which chemicals cause cancer
are assumed to be fundamentally different from the processes that cause non-carcinogenic effects. The principal
difference reflects the assumption that non-carcinogenic effects are assumed to exhibit a threshold dose below
which no adverse effects occur, where USEPA assumes no such threshold exists for carcinogenic effects.
Because exposure to some chemicals may result in both carcinogenic and non-carcinogenic effect, both
endpoints associated with a COPC were eval uated quantitatively because sufficient toxicity data are available
(Tables B8-B10).

Carcinogenic Critical Toxicity Factors

Carcinogenic toxicity is not assumed to have athreshold concentration bel ow which adverse effects do not
occur. Therefore, carcinogenic risk from exposure to a COPC is expressed in terms of the probability that an
exposed receptor will develop cancer over their lifetime. Contaminant-specific dose response curves are used to
establish dope factors (SFs) that represent an upper-bound excess cancer risk from alifetime exposure. Dose
response curves for human carcinogens are developed from tumorgenic and laboratory studies; the SFis
generated from the 90UCL of the extrapolated dose curve using probabilistic methods and represents a
conservative upper-bound estimate of the potential risk associated with exposure. Based on USEPA guidelines
documents, critical toxicity datafor arsenic is presented in Table 3-2 (refer to USEPA, 1986; 1999 for additional
information).

Table3-2. Critical Toxicity Valuesfor the Carcinogenic Chemicals of Potential Concern

Slope Factor Weight of Evidence Typeof Basis of
Contaminant (mg/kg/day)-1 Classification Cancer Slope Factor
oral inhalation ingestion/inhalation ingestion/ inhalation oral/inhalation
Arsenic 1.5E+00 1.5E+01 A Skin EPI Studies
Cobalt 3.2E+01 B2 Lung

NOTE:
Abbreviations: A = known human carcinogen, B2 = probably human carcinogen based on limited animal studies, EPI
Studies = human epidemiol ogic case reports.
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Non-Carcinogenic Critical Toxicity Values

Reference doses (RfDs) are critical toxicity values for chemicals that exhibit adverse non-carcinogenic health
effects. An RfD represents an estimated intake rate that is unlikely to produce measurable adverse effects over a
lifetime of exposure (USEPA, 1989a). RfDs are determined by the USEPA RfD Work Group or from the hedlth
effects assessment documents developed by the USEPA Office of Research and Development. USEPA-
established RfDs have been verified by a USEPA-directed peer review of available information.

An RfD assumes a threshold for adverse non-carcinogenic effects; doses or exposures below this threshold are
considered unlikely to cause adverse hedth effects. An RfD isexpressed in units of mg/kg-day. RfDs are route-
specific; that is, RFDs may differ for ingestion, inhalation or other routes of exposure. RfDs are derived using
uncertainty factors (UFs) and modifying factors (MFs). The UFsreflect scientific judgment regarding the data
used to estimate an RfD. A UF of 10 isusualy used to account for variation in human sensitivity among
populations. An additional 10-fold factor is used to account for each of the uncertainties assumed when
extrapolating from animal datato humans, when extrapolating from alowest-observed adverse effect level
(LOAEL) to a no-observed-adverse-effect-level (NOAEL) and when extrapolating from subchronic to chronic
exposure. To reflect professional assessment of the uncertainties of the study and the database not explicitly
addressed by the above UFs, an additional UF or MF ranging from > 0 to 10 can be applied. The default value
for MFis10. The Critical Toxicity Factorsfor the non-carcinogenic COPCs are presented in Table 3-3.

Table 3-3. Critical Toxicity Valuesfor the Non-car cinogenic Chemicals of Potential Concern

COPC Oral Inhalation Inhalation RfD Endpoint
mg/kg-day mg/m”3

Antimony 4.0E-04 heart
Arsenic 3.0E-04 4.29E-06 1.50E-05 hyperpigmentation/ vascular
Cobalt 3.0E-04 | 6.00E-06 lung, heart
Iron 7.0E-01 blood
Mercury 3.0E-04 8.57E-05 3.00E-04 neurological dysfunction
Thallium 1.0E-05
Vanadium 7.0E-05 1.00E-04 heart, vascular smooth muscle
Zinc 3.0E-01 reduced Cu levelsin blood

NOTE:
Abbreviations. mg/kg-day = milligrams per kilogram per day; mg/m3 = milligrams per cubic meter.

34 Risk Characterization

Potential human health impacts associated with exposure to COPCs at the Site were eva uated by estimating both
non-carcinogenic and carcinogenic effects. The following sections discuss the assessment of non-carcinogenic
hazards, carcinogenic risks, and lead risk associated with exposure to COPCs at the Site. The sampling locations
were selected as locations where levels of concentrations were suspected to be the highest. Targeted sampling
identifies the wordt-case situations, and is intended to be conservative data set that is sufficient for the specific
purposes of risk assessment.

3.4.1 Carcinogenic Hazard Assessment

Carcinogenic risk is estimated as the probability that a compound will produce a carcinogenic effect. The
excess lifetime carcinogenic risk is theincremental increase in the probability of devel oping cancer compared
to the background incremental probability of developing cancer with no exposure to site contaminants. An
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excess cancer risk (ECR) of 1 x 10°, for example, represents the probability that one person in one million
exposed to a carcinogen over alifetime (70 years) will develop cancer. Estimates of carcinogenic risk using the
dope factors developed by USEPA are generally upper-bound estimates; actual risks from exposures to
chemical constituents at the Siteswould likely be lower than the risks estimated herein.

For estimating carcinogenic risk from exposure to more than one carcinogenic chemical from a single exposure
route, risks from each individual chemical are summed to estimate total cancer risk through a single route.

3.4.2 Non-Carcinogenic Hazard Assessment

Non-carcinogenic hazard is estimated as the ratio of the non-carcinogenic chemical intake (Cl) of a compound
through a specific exposure route to the chronic (or subchronic) RfD for that exposure route. For example,
intakes from the ingestion route are compared to oral RfDs. The Cl is calculated by multiplying the chemical
concentration in a given media by the media specific intake factor for the specific exposure pathway.

The CI divided by the RfD for an individual chemical istermed the Hazard Quotient (HQ). HQs greater than
1.0 indicate the potential for adverse health effects because the intake exceeds the RfD (USEPA, 1986b). An
HQ iscaculated for each chemical that elicits a non-carcinogenic health effect if an RfD isavailable for the
chemical and exposure route. The sum of al individual chemical-specific HQs is termed the Hazard Index (HI)
and is calculated under each exposure pathway.

The HI considers exposure to a mixture of chemicals having non-carcinogenic effects based on the assumption
that the effects of chemical mixtures are additive (USEPA, 1986b). An HI greater than 1.0 indicates the
potential for adverse non-carcinogenic effects. When the HI is greater than 1.0, the USEPA guidance alows
for segregating His by critical effect categories. Mgor categories of critical effects include neurotoxicity,
developmental effects and effects on target organs.

3.4.3 Risk and Hazard Estimates for the Recreational Receptor

ECRs and hazard estimates are provided for carcinogens and non-carcinogens.

Discussion of Carcinogenic risks

The following provides a brief summary of the carcinogenic risks for each medium. The ECRsfor each medium
areoutlined in Table B8.

o Sail (Ore Processing and Stockpile areas): No carcinogenic COPCswere identified in soils.

o Sediments. Arsenicistheonly carcinogenic COPC identified in sediments. The ECR for ingestion and
dermal contact with arsenic in sediments does not exceed the regulatory standard of 1E-06 for the CTE
(3E-08) and the RME (2E-07) exposure conditions. Therefore, unacceptable human health cancer risk is
not anticipated due to arsenic in sediments.

o Surface Water: Arsenic and cobalt were identified as COPCs in surface water. No ora toxicity value
has been developed for cobalt. Health impacts from cobalt are related to inhalation of particulates. The
ECRsfor ingestion of arsenic in surface water do not exceed the regulatory standard of 1E-06 for the
CTE ((1E-09) and RME (5E-08) exposure conditions. Therefore, unacceptable human health cancer
risks are not anticipated due to arsenic in surface water.

Discussion of Non-Carcinogenic Risk

Thefollowing provides abrief summary of the non-carcinogenic risks for each media. HQs are outlined in
Tables B9-B10.

o Soil (Ore Processing and Stockpile areas): Antimony, mercury and thallium were identified asthe
COPCsfor thismedia. Ingestion of mercury in soil was the only COPC, and the only pathway of
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exposure which exceeded the regulatory standard of 1.0 for both the CTE and RME exposure scenarios.
No unacceptable human health risks are anticipated from inhalation of particulates or dermal contact.

e Sediments: Arsenic and mercury were identified as COPCsin sediment. The HI for both arsenic and
mercury did not exceed the regulatory standard of HI =1 under the CTE (0.1) or the RME (0.7) exposure
conditions. No unacceptable non-cancer human health impacts are expected from exposure to sediments
by recreationa users.

o Surfacewater: Arsenic was quantitatively evaluated in surface water. The HQs are below the regulatory
standard of 1.0 for al congtituents under both the RME and CTE exposure scenarios.

Table 3-4. Summary of Non-Carcinogenic HIsfor Recreational Receptorsby Critical Health Effects

COPC Critical Effect CTE RME
Mercury Neurologic dysfunction 44 326

3.5 Calculation of Cleanup Goals

Site specific cleanup god s protective of the RME recreationa users were calculated for soil. Based on the
regulatory standard of HI = 1, asite-specific cleanup gods of 1,640 mg/kg for mercury in surface soil was
calculated.

3.6 Determination of Potential Hotspots

The 1995 amendments to Oregon Revised Statute [ORS 465.315] and 1997 amendments to the Hazardous
Substance Remedial Action Rules[OAR 340-122], commonly referred to asthe Environmental Cleanup Rules,
require that certain actions be taken for “hotspots’ of contamination. These actions are: @) the identification of
hotspots as part of the Remedid Investigation and Feasibility Study, and b) the treatment of hotspots, to the
extent feasible, as part of aremedial action selected or approved by the Director of the ODEQ. The intent of the
hotspot rule isto require treatment only for the worst contamination, as opposed to preferring treatment for all
contamination at the Site. A hotspot is generically defined as an areawhere the contamination is highly
concentrated, highly