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drainage area, and bedrock are metals including arsenic (naturally occurring) and other
inorganics including cyanide. Ground water beneath the site contains relatively high
levels of dissolved anions and cations as well as metals and cyanide associated with the
mine dump material, however, low ground water quality and quantity make it an unlikely
drinking water source and will not be addressed by this remedial action.

The selected remedial action for this site includes consolidating all contaminated soil
and mine dump material with the leach heap, followed by grading and contouring the
consolidated 5,740 cubic yards of contaminated materials; capping the heap and
consolidated materials with a soil/clay cap; plugging the mine entrance and removing a
mine drainage pipe that supplies the animal water supply tank and installing a new well
for an alternate animal water supply; implementing institutional controls including deed
restrictions; and ground water monitoring. The estimated present worth cost for the
remedial action is $635,600, which includes an annual 0&M cost of $39,650 for 30 years.



DECLARATION

for the Silver Mountain Mine
' Superfund Site

RECORD OF DECISION

SITE NAME AND LOCATION

Silver Mountain Mine
_Okanogan County, Washington

STATEMENT OF BASIS AND PURPOSE

This decision document presents the selected remedial action
for the Silver Mountain Mine site, developed in accordance with
the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980, as amended by the Superfund Amendments and
Reauthorization Act of 1986, and, to the extent practicable, the
National Contingency Plan. This decision is based on the
Administrative Record for this site. The attached index
identifies the items that comprise the Administrative Record upon
which the selection of remedlal action is based.

The State of Washington has verbally concurred on the selected
remedy.

ASSESSMENT OF THE SIT e

Actual or threatened releases of hazardous substances from
this site, if not addressed by implementing the response action
selected in this ROD, may present an imminent and substantial
endangerment to public health, welfare, or the environment.

SELECTED DY DESCRIPTION

This is the first and final Record of Decision, because the
entire site is being handled as a single operable unit. The
Silver Mountain site is an abandoned mine dump where a heap
leaching operation left c¢yanide and arsenic contamination. The
Washington Department of Ecology stabilized the site in 1985,
treating the immediate threat of cyanide in the leach -heap. The
selected remedy will provide long-term environmental protection
by:



o consolidating and grading approximately 5740 cubic yards
of contaminated materials;

o - covering the materials with a soil/clay cap:
o fencing the site and sealing the entrance to the mine:

o disconnecting the mine drainage pipe from the existing
stock tank and installing a new well in the Horse Springs
Coulee aquifer to provide an alternate water supply for
the cattle;

o placing a deed restriction to protect the cap: and

o monitoring the groundwater to assure that it does not
become contaminated. If groundwater analyses indicate
contamination at a concentration in excess of the U.S.
Environmental Protection Agency health-based levels, a
contingent groundwater treatment program will be
implemented. Notice wil! be provided to the community of.
the groundwater sampling and results. and any potential

contamination.
DECLARATION

The selected remedy is protective of human health and the
environment, complies with federal and state requirements that are
applicable or relevant and appropriate to this remedial action,
and is cost-effective. This remedy utilizes permanent solutions
and alternative treatment (or resource recovery) technologies to
the maximum extent practicable. An early treatment action was
conducted at this site. This final remedy, in conjunction with
the early treatment action, satisfies the statutory preference for
treatment. However, because additional treatment of the wastes at
this site was not found to be practicable, this final remedy alone
does not satisfy the statutory preference for treatment as a
principal element of the remedy. The level of risk remaining at
the site and the existing state of technology rendered treatment
not feasible for this site.

As mining wastes, the wastes at this site are categorically .
exempt from classification as hazardous wastes under the Resource
Conservation and Recovery Act (RCRA), pursuant to 40 CFR
261.4(b) (7) ;. therefore, the RCRA Land Disposal Restrictions do not
apply.’ -



Because this remedy will -result in hazardous substances.
remaining onsite above health-based levels, a review will be
conducted within five years after commencement of remedial action
to ensure that the remedy continues to provide adequate protectlon
of human health and the environment.

__BZ A 2 [7[ j_// £ 7 el ) /C: c-_(;- L - '*-/\\ _

Date : Thomas P. Dunne
Acting Regional Administrator
U.s. Env1ronmental Protection Agency
Reglon 10
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I. SITE DESCRIPTION
Name and Location

The Silver Mountain Mine site is located in Okanogan
- County, north-central Washington (southwest quarter of Section
34, T38N, R26E). The site is six air miles northwest of the
town of Tonasket (population 1055) and lies in a north-south
running valley known as Horse Springs Coulee (see Figure 1).

Description

The Silver Mountain Mine site consists of five acres. The
area surrounding the site is semi-arid with scrub vegetation,
and is used primarily for cattle grazing. ©  Sagebrush and
bunchgrass characterize the area at and around the site.
Typical wildlife in the area include deegx, coyote, field mice,
-snakes, and various birds, including raptors. There is
evidence that marmots are also using the site. The Remedial
Investigation (RI) report includes a list of the species of
concern.

From county road 9410, an unpaved access road leads 1.5
miles to the site, part of which is surrounded by a
barbed-wire fence. The nearest residence is a single family
dwelling on a farm three miles south of the site. At this
location a domestic well (sampled during the Remedial
Investigation) serves the residence, and a larger well
supplies water for irrigation. The nearest well to the site
is approximately two miles from the site and is used for
cattle watering and irrigation.

The main features of interest at the site are a heap of
mined material ("leach heap") and a trench remaining from an
. abandoned cyanide heap leaching operation ("leachate pond").
Both the heap and the pond are presently covered with a
scrim-reinforced hypalon liner (the "cover"). Directly west
of the leach heap is a larger pile of unprocessed mined
material (the "mine dump").

The foundations of a former mill building are about 250
feet southwest of the heap. A mine entrance is located
approximately 200 feet west of the heap, and water from
saturated mine workings is piped from within the portal to a
cattle watering trough outside the fenced area. Approximately
75 feet south of the heap was a shallow well, now sealed and
abandoned. A small freshwater seep northwest of the heap
creates a small shallow pool of standing water.



Figure 1. Site Location Map

4 oroville
1 mile
=
]
€D,
o Loomis
= (°°'b<i'
Spectace
/7 Lae w,u.m oy o Eflistord
Lake
S G
SILVER
KMOUNTAIN (57
Y MNE
\
»”
// Tonasket
9410 D

oy =

; s
[97)
Omak and Oka
EXPLANATION K  milae Srogan

U.S. highway
State highway

County road




3

ITI. SITE HISTORY AND ENFORCEMENT ACTIVITIES
History

Historical records for this site are sparse. Silver
Mountain Mine was originally opened as the Silver Star in 1902
by the Silver Star Mining Corporation, Tonasket, Washington.
Silver, gold, and copper were all extracted from the mine,
which went through several changes in ownership before the
Silver Mountain Mining Company of Tacoma, Washington, acquired
the mineral rights to the property in 1951. By 1956, the mine
workings totalled 2000 feet. A 400-ton-per-day capacity mill
was constructed on the site in 1952 and dismantled by 1977;
observations made in the course of the RI at this site
indicate that little if any ore was ever processed at the
mill. ' -

In 1979, the Silver Mountain Mining Company, Inc., changed
its name to Lead Point Consolidated Mines Company. In
February 1980, Lead Point Consolidated Mines leased the
mineral rights to a limited partnership of J. Wayne Tatman and
G. Patrick Morris, or J.W.T. and G.P.M., Ltd., who operated
the property as Precious Metals Extractions, Ltd. (PME). In
1985, both Lead Point Consolidated Mines and PME were owned in
partnership by J. Wayne Tatman and-G. Patrick Morris.

.From 1980 to 1981, PME constructed and operated a cyanide
leach heap of previously mined material in an attempt to
extract silver and gold. - The heap consisted of about 5300
tons of ore in a 100' x 105' x 14' pile on top of a 20 ml
plastic liner. About 4400 pounds of sodium cyanide was mixed
with water and sprayed on the top of the heap. The
cyanide-laden effluent was then collected in a leachate pond
at the base of the heap. The leach heap operation was
abandoned in late 1981 without cleanup of contaminated
material.

In June 1981, the owner of the surface rights to the
property informed Okanogan County Health Department officials
of the heap leaching operation. The Health Department
collected samples from the site, and the Washington Department
of Ecology (Ecology) also investigated the site. 1In 1982, .
Ecology took an early action to treat the cyanide at the site
by using sodium hypochlorite to partially neutralize the
leachate pond and heap. EPA conducted a Preliminary
Assessment and Site Inspection in 1984; the site was added to
the National Priorities List the same year. 1In 1985, Ecology
conducted a site stabilization effort which included removal
of liquids from the leachate pond and installation of a 33 ml
plastic cover over the heap and pond to reduce infiltration.
Empty cyanide drums were also removed, a fence was installed,
and the site was posted. The U.S. Bureau of Mines, under an
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Interagency Agreement with EPA, performed a Remedial
Investigation/Feasibility Study .(RI/FS) at the site in 1988
and 1989.

Enforcement Activities

No enforcement actions have been taken thus far. Special
notice letters were issued to the identified Potentially
Responsible Parties (PRPs): James E. Brosseau; Norman A.
Lamb; M. Blair Ogden; G. Patrick Morris; J. Wayne Tatman, who
cannot be located and apparently has left the country; and
James McDaniel, the owner of the surface rights to the site.
The Special Notice letters informed the PRPs of the need for
an RI/FS at this site and sought their participation. Aall of
the recipients of the Special Notice letters declined to
participate in the RI/FS. -

III. COMMUNITY RELATIONS HISTORY

The CERCLA requirements (as amended by SARA) for public
participation include releasing the Remedial Investigation and
Feasibility Study Reports and the proposed plan to the public.

EPA did this in January 1990 by placing both of the documents in
the information repositories and mailing copies of the proposed
plan to individuals on the mailing list. EPA published a notice
-of the release of the RI/FS and proposed plan in the North
Okanogan County Gazette Tribune on January 25, 1990 and the
Wenatchee World on January 28, 1990. Notice of the public comment
period and the public meeting discussing the proposed plan were
both included in the newspaper notices. The public meeting was
cancelled due to severe weather conditions. Local newspapers were
notified and signs were posted at the meeting hall to notify the
public of the cancelled meeting. Newpaper notices indicating that
comments were still desired from the public were published in the
Wenatchee World on February 11, 1990 and the Gazette Tribune on
February 15, 1990. EPA received comments, which are summarized in
the Responsiveness Summary portion of this document.

To date, the following community relations activities have
been conducted by EPA at the Silver Mountain Mine site:

© September 1987 - EPA's contractor, Woodward-Clyde
Consultants, interviewed local residents and officials
during preparation of the Community Relations Plan.

o December 1987 - Community Relations Plan was published.

o October 12, 1988 - EPA distributed a fact sheet announcing
the startup of the Remedial Investigation.
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o March 1989 - information repository established at
Okanogan County Courthouse.

o April 28, 1989 - EPA distributed a second fact sheet
explaining the RI work being conducted at the site. The
fact sheet was in response to inquiries from the public to
Bureau of Mines personnel working at the site.

o January 25, 1990 - A public notice in the Gazette Tribune
described the availability of the proposed plan and the
RI/FS, and announced the dates of the public meeting and
public comment period.

o January 26, 1990 - EPA released the proposed plan fact.
sheet, which explains the results of the RI/FS and EPA's
preferred plan, to persons on the mailing list for public
comment. The fact sheet announced a public meeting for
February 8, 1990, and gave the dates of the public comment
period.

o January 28, 1990 - A public notice in the Wenatchee World
described the availability of the proposed plan and the
RI/FS, and announced the dates of the public meeting and
public comment period.

o January 29-February 28, 1990 - Public comment period for
proposed plan and RI/FS.

o February 8, 1990 - Public meeting in Okanogan scheduled
but cancelled due to snow.

o February 11 and 15, 1990 - Newspapers published notices
indicating that comments were still desired from the
public, and that EPA would reschedule the public meeting
if requested. No requests were received.

o March 1990 - Responsiveness Summary prepared.

IV. SCOPE AND ROLE OF RESPONSE ACTION

Some CERCLA sites are separated into distinct "operable
units," such as the groundwater unit and the soils unit, in order
to most efficiently remediate the contamination and reduce
exposures. The Silver Mountain Mine site is not separated into
operable units; the entire site was addressed in the early
actions at this site or in this Record of Decision.
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Figure 2. Detailed Features of the Silver Mountain Mine Site
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V.

SITE CHARACTERISTICS

Leach Heap

The leach heap (see Figure 2) is approximately 180 feet by
140 feet by 14 feet high. It contains. about 5300 tons of
soils and rock taken from the mine. The contaminants of
concern in the heap are arsenic and cyanide. The arsenic is
naturally occurring, being an element common to hydrothermal
mineral deposits in the northwestern United States. In order
to determine the mobility of the arsenic, a petrographic
analysis was done. This analysis determined that the arsenic
is predominantly in the forms of arsenopyrite and arsenic-
bearing pyrite, which are stable (relatively immobile)
compounds. However, over time, the sulphur in arsenopyrite
and pyrite can be ~—:xidized, allowing the arsenic to become
more mobile in the environment.

Cyanide in the heap is a result of the leaching operations
conducted in 1980 and 1981. Most of the cyanide used has been
removed during the original operations, through natural
degradation, or during treatment operations carried out by the
Washington Department of Ecology. Concentrations of total
cyanide remaining in the heap range up to 173 mg/kg.
Approximately 10% of the cyanide in the heap is in the weak
acid dissociable form, meaning it ‘is readily soluble. The
remainder is less mobile, although it could become more mobile
under weathering conditions.

Mine Dump

Approximately 5200 tons of "mine dump" material was placed
in four piles on the site (see Flgure 2). This is rock and
soil that was excavated during mining operations but was never
processed. About 40% of the mine dump material was
mineralized by natural hydrothermal solutions and contains
elevated concentrations of arsenic ranging up to 1080 mg/kg.
The remaining 60% is similar to the overburden of a surface
mine. The form and mobility of the arsenic in the mine dump
material is the same as that of the arsenic in the leach heap.

Soil around the site was sampled to determine the extent
of effects from mining or leaching operations. Soil samples
were analyzed for the same inorganic parameters as heap and
mine dump materials. With the exception of arsenic, the soil
samples beneath the pond liner were found to have
concentrations of major and minor constituents similar to
those found in the heap and mine dump. Concentrations of
arsenic were appreciably lower, with a maximum arsenlc
concentration of 274 mg/kg beneath the pond liner.
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Concentrations of several trace elements in soils beneath the
liner were also less than those in the heap and dump,
especially zinc, copper, and lead. One sample, however,
showed very high values, indicating the presence of some
heap-type material, as well as leakage of cyanide (101 mg/kqg)
beneath the pond liner.

Nearby soils samples were also similar in major and minor
elemental composition to the leach heap, with the exception of
appreciably lower levels of arsenic, sodium, and several trace
elements. Cyanide was not found in soil samples. The twag
background samples differed in most constituents from both the
heap material and the nearby soil samples; all trace elements
except barium occurred at lower levels.

Soil samples were also analyzed for organic chemicals.
However, none of the field samples had results appreciably
different from the blank samples, indicating that past
operations have not resulted in organic contamination at the
site.

Groqndwater

The shallow aquifer under the site ranges from a' few
inches thick to 31 feet thick, and groundwater velocity is
estimated to be 1.3 feet per year. Due to its contact with
mineralized bedrock or mine dump material, groundwater
contains relatively high concentrations of dissolved anions
and cations (chloride,- sulfate, calcium, and magnesium) as
well as metals, such as arsenic, -antimony, copper, iron,
silver, and zinc. The low quantity and relative quality of
the groundwater make it an unlikely source of drinking water.
.Cyanide was detected under the heap in concentrations ranging
from 31 to 281 ug/l. .

The shallow aquifer under the site is thought to join the
main part of the Horse Springs Coulee aquifer downgradient of
the site. A domestic well and two irrigation wells in the
Horse Springs Coulee aquifer and downgradient of the site were
sampled and no elevated levels of contaminants were found.

Surface Water

Surface water at the site consists of a small seep with
minimal flow and mine drainage which is piped to a stock
watering tank (see Figure 2). Surface water does not travel
from onsite to offsite streams, lakes, or other open water.
Arsenic is the major contaminant found in surface water
onsite. Dissolved arsenic concentration in the stock tank was
91 ug/l the highest of any water sample taken during the
field investigation.



Migration Pathways -

Contamination is believed to originate from four main .
_sources: the leach heap, mine dump, mine drainage, and
bedrock. Leaching, weathering, erosion, infiltration and
other processes and mechanisms have intermixed contamination
from man-made and natural sources, and transported it to other
media. The potential exposure pathways are through
groundwater, air, surface water and soil contact.

The potential for airborne migration of arsenic or cyanide
is minimal. The heap is presently covered with a 33-mil
hypalon liner. Should the liner fail, the top layer of the
heap is so course that very little contaminated soil would
blow from the heap, as estimated by worst case modelling.

Likewise, the potential for transport of contaminants from
the site via surface water is minimal. The topography at the
site is relatively flat and there is no connection with
surface water bodies in the area. The closest surface water
is approximately two miles from the site. :

The main potential pathway of off-site contaminant
migration identified for this site is the regional groundwater
system (the Horse Springs Coulee aquifer). As stated above,
cyanide and arsenic were detected in the shallow agquifer under
the site during the remedial investigation. The quantity of
water flowing through the shallow aquifer is very low (with an
estimated specific discharge of 0.1 ft/yr), and it currently
is not used as a source of drinking water, rather it connects
with the regional aquifer downgradient of the site.
Groundwater sampling will continue to confirm whether elevated
concentrations of contaminants from the site are affecting the
Horse Springs Coulee aquifer. :

Potential exposure pathways for contaminants in soil
include inadvertent ingestion (e.g., while eating or smoking),
direct dermal contact, and inhalation of suspended -
particulates. The last of these is not considered
significant, since it is unlikely that contaminated soil.
particles will be inhaled unless the heap is disturbed.

VI. SUMMARY OF SITE RISKS
Introduction

A baseline risk assessment was conducted as part of the
Remedial Investigation to estimate the risks to human health
and the environment that are posed by the existing conditions
at the Silver Mountain Mine site. The baseline risk
assessment estimated that there are unacceptable potential
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risks to human health, in particular, to future workers at the
site. Risks to human health and the environment are
summarized below.

Contaminants of Concern

Inorganic contaminants are the most prevalent ones at
Silver Mountain Mine. Soils sampling conducted in the areas
most likely to be contaminated with organic chemicals (fuels,
solvents, etc.) identified few organics. Low levels of
methylene chloride, benzoic acid, bis (2 ethylhexyl)
phthalate, benzyl alcohol, and acetone were found in some
samples, but are believed to be laboratory contaminants based
on quality assurance of the data.

The contaminants that were considered of potential concern
in the risk assessment are listed in Table 1, along with their
average, highest (upper bound), and "reasonable maximum
exposure" concentrations. To establish the reasonable maximum
exposure concentration, the upper 95% confidence limit on the
average was used, unless it exceeded the maximum value, in
which case the maximum was used. The risk assessment
determined that the media of concern are limited to soil and
groundwater.

Exposure Assessment

a. Population at Risk (Present and Future)

The land immediately surrounding the site is owned by a
Loomis resident who uses the land for cattle grazing. The
nearest residence is three miles away; the nearest towns
(Loomis and Tonasket) are approximately six miles away.

It has been reported that local teenagers frequent the
site. Early reports indicate that warning signs posted around
the site were removed more than once, and Department of
Ecology records document that after the placement of the pond
and heap cover, much of the rope used to hold this down was
removed. Based on this information, only visitors to the site
are thought to be currently exposed.

In the baseline risk assessment (which assumes no cleanup
of the site), it is expected that the site will continue to be
accessible to visitors. Others who could be exposed in the
future include workers at the site, or residents if people
choose to live there. If it becomes profitable to continue
the original mining activity, exposure to mine workers would
be .a distinct possibility. Workers and residents.are expected
to spend far more time at the site than infrequent visitors,
and as a result would be at greater risk.
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Table 1. Contaminant Concentrations Used to Estimate Risk

SOIL WATER
CONTAMINANT (mg/kg) (ug/)
AVE u.8 RME AVE u.8 RME

Antimony 3.0 9.1 4.9 14.7 40.4. 40.4

. Arsenic 342.5  631.6  420.8 10.7 14.3 14.3
Barium 53.2 109.5 60.9 61.0 136.0  136.0
Beryllium 0.3 0.7 0.4 0.9 1.5 1.5
Cadmium 2.0 4.2 2.4 1.5 2.9 2.9
Chromium 10.4 16.0 11.8 1.1 31.6 31.6
Copper 134.7 510.4 185.6 20.2 56.7 56.7
Cyanide 21.9 96.3 35.1 40.8 281.0 122.3
Fluoride * ’ _ 0.0 0.0 0.0 0.4 0.7 0.5
Lead . . 82.4 193.9 103.5 8.7 23.2 23.2
Manganese 576.7 938.0 630.9 166.0 421.0 421.0
Mercury 0.2 0.6 0.3 0.1 0.1 0.1

" Nickel 29.6 48.8 33.3 15.6 38.4 38.4
Nitrate * 0.0 0.0 0.0 37.1 120.8 76.3
Nitrite ® 2.0 0.0 0.0 0.3 1.3 1.3
Selenium 0.8 1.6 1.0 1.7 3.9 3.9
Silver 8.4 33.8 11.9 2.5 2.5 2.5
Thallium 0.2 0.9 0.3 0.1 0.1 0.1
Tin 0.0 0.0 0.0 15.4 3.5 31.5
Vanadium 18.8 30.6 21.8 11.5 40.7 40.7
Zine 224.3  S54.1 274.9 42,1 129.0 129.0

* Vater concentrations are in mg/l.
RME = Reasonable maximum exposure
Ave. = Average

U.8. = Upperbound
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As far as could be determined from available records,
there has never been residential occupation at the Silver
Mountain Mine site. Nor doés residential growth into the
immediate vicinity appear likely in the near future, due to
the area's sparse population and the low availability of
groundwater in the wicinity of the mine-as compared with the
central part of the Coulee. .

Given the above conditions, a future industrial (i.e.,.
mine worker) exposure was chosen as the reasonable maximum
exposure, in accordance with the National Contingency Plan,
and was used as a basis for the following risk assessment.

b. - Exposure Pathways and Scenarios

The main pathways of concern are:
Ingestion of contaminated groundwater,
Ingestion of soil, and
Dermal contact with soil.

Parameters used to estimate the reasonable mdaximum
exposure are a combination of average and upper-bound
industrial scenario parameters. Doses were calculated
separately to estimate noncarcinogenic and cancer risks using
two models developed by EPA Region 10. Using the first model,
dose is estimated for noncarcinogenic endpoints by averaging
chemical intake over the critical period of exposure for each
pathway. For chemicals other than copper, nitrate and
nitrite, long-term (chronic) exposure is the most critical,
.and chemical intake was averaged over 7 years. This is the
shortest period to which the chronic oral reference dose may
appropriately be applied. Adverse effects of copper, nitrate
and nitrite result principally from short term (acute)
exposure; therefore, average intakes were calculated
separately for these using a 6-month averaging period.

The second model is used to estimate dose for each pathway
for cancer risk estimation. Current scientific opinion is
that an increase in cancer risk from chemical exposure is a
function of the average lifetime intake, or dose. Dose
recelved is summed over the exposure period and then averaged
over a person's life.

To determine the overall chemical intake, doses must be
summed across all relevant pathways. In this case, it is
reasonable to assume that a person will be concurrently
exposed to contaminants by three routes: soil ingestion,
dermal contact with soil, and ingestion of drinking water.
Therefore, doses from these pathways have been added to
determine the cumulative dose.
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Toxicity Assessment

Cancer potency factors (CPFs) have been developed by EPA's
Carcinogenic Assessment Group for estimating excess lifetime
cancer risks associated with exposure to potentially
carc1nogen1c chemicals. CPFs, which are expressed in units of
(mg/kg/day) ', are multiplied by the estimated intake of a
potential carcinogen, in mg/kg/day, to provide an upper-bound.
estimate of the excess lifetime cancer risk associated with
exposure at that intake level. The term "upper bound"
reflects a conservative estimate of the risks calculated from
the CPF. Use of this approach makes underestimation of the
actual cancer risk highly unlikely. Cancer potency factors
are derived from the results of human epidemiological studies
or chronic animal biocassays to which animal-to-human
extrapolation and mathematlcal extrapolation models have been
applled.

Reference doses (RfDs) have been developed by EPA for
evaluating the potential for adverse noncarcinogenic health
effects resulting from chemical exposure. RfDs, which are
expressed in units of mg/kg/day, are estimates of daily
exposure levels for humans, including sensitive individuals,
below which noncarcinogenic effects are not expected to occur.
. Estimated intakes of chemicals from environmental media (e.qg.,
the amount of a chemical ingested from contaminated drinking
water) can be compared to the RfD. RfDs are derived from
human epidemiological studies or animal studies to which
uncertainty and modifying factors have been applied (e.g., to
account for the use of animal data to predict effects on _
humans). These uncertainty factors help ensure that the RfD
will not underestimate the potential for adverse
noncarcinogenic effects to occur.

Table 2 lists cancer potency factors and reference doses

for contaminants of concern identified in the baseline risk
assessment.

Table 2. Cancer Potency Factors & Reference Doses

Oral Chronic Oral

Contaminant CPF Reference Dose Level of Confidence

4 (mg/kg/day) (mg/kg/day)
Arsenic 50 1 E-03* not established
Cyanide none 2 E-02 medium
Antimony none 4 E-04 low
Lead none none devel'd not applicable
Nitrate none 1 E+00 high .
Nitrite none 1 E-01 high
* 1 E-03 = 1 x 107
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Risk Characterization

Excess lifetime cancer risks are determined by multiplying
the average daily dose with the cancer potency factor. These
risks are probabilities that are generally expressed in
scientific notation~fergrr~ix10j*orwI“E°06); An ‘excess
lifetime cancer risk of 1 E-06 indicates that, as an upper
bound, an individual has a one in one million chance of
developing cancer as a result of site-related exposure to a
carcinogen over a lifetime under the specific exposure
conditions at the site. Because these are upper bound
estimates, it is likely that the actual risk is less than the
estimated excess cancer- risk.

Potential concern for noncarcinogenic effects of a single
contaminant in a single medium is expressed as the hazard
quotient (HQ) (or the ratio of the estimated intake derived
from the contaminant concentration in a given medium to the
contaminant's reference dose). By adding the HQs for all
contaminants within a medium or across all media to which a
.given population may reasonably be exposed, the Hazard Index
(HI) can be generated. The HI provides a useful reference
point for gauging the potential significance of multiple
contaminant exposures within a single medium or across media.

a. Excess Lifetime Cancer Risks

Future lifetime cancer estimates are based entirely on
exposure to arsenic assuming industrial site usage and
reasonable maximum exposure arsenic concentrations. In
addition to arsenic, other contaminants at the Silver Mountain
Mine site that are known or probable human carcinogens are
beryllium, cadmium, chromium, nickel, and lead. However,
beryllium, cadmium, chromium, and nickel have only been found
to be carcinogenic via inhalation. As stated above,
inhalation of particulates and volatiles is not a significant
pathway for this site. The carcinogenicity of lead could not
be evaluated because a cancer potency factor has not been
established at this time. The carcinogenic risk from exposure
to arsenic is shown in Table 3 for each exposure pathway.

b. Noncarcinogenic Effects

Risks of developing noncarcinogenic effects are presented
in terms of a hazard quotient and hazard index. If the
exposure is equal to or less than the RfD--a hazard quotient
of 1.0 or less--~then adverse effects are not expected. If the
hazard quotient is greater than 1.0, there is an increasing
chance that adverse effects will occur. The hazard indices,
summed across each exposure pathway, are shown in Table 3.
Table 4 shows the noncarcinogenic and carcinogenic risks
broken down by contaminant and medium.
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Table 3. Carcinogenic & Noncarcinogenic Risks

Pathway/Medium Arsenic Carcinogenic Risk Hazard Quotient
Soil ingestion 2.3 E-04 _ 2.7 E-01
Water ingestion 2.4 E-04 3.1 E+00 .
Dermal contact 1.9 E-03 2.2 E+Q0
Particulate inhalation 0.0 E+00 0.0 E+00
Vapor inhalation 0.0 E+00 ' 0.0 E+00
Total Risk ' 2.3 E-03 5.5

Table 4. Reasonable Maximum Exposure Risks by Medium

A. NONCARCINOGENIC

Rfd
Ratio
Water Seil
Antimony 1.7€+00 6.3€-02
Arsenic 2.5E-01 2.2E+00
Barium: 4. 7€E-Q2 6.3€-03
Beryilium S.1£-03 4.2E-04
Cadmi um 9.8€-02 . 2.5E-02
Chromium 1.1£-04 1.2€-02
Copper 2.6E-02 1.1€-04
Cyanide 4.2€-01 3.7€-02
Fluoride 2.0E-01 0.0E+00
Manganese 3.6€-02 1.6€-02
Mercury $.7€-03 S.0£-03
Nickel 3.3€-02 8.7€-03
Nitrate 0.0E+00 0. 0E+Q0
Nitrite 0.0€E+Q0 0.0E+Q0
Selenium 2.2€-02 1.7€-03
Silver 1.4€-02 2.1€-02
Thallium 1.1E-02 1.7E-02
Tin 9.0€-04 0.0€E+Q0
Vanadium 7.8€-02 1.3£-02
Zing 1.1€-02 7.1€-03
Hazard [ndex: 3.1 2.4
Cambined_Hazard Index: - 5.5
8. CARCINOGEMIC (Arsenic only)
Water Soil
2.4€-04 2.1£-03

Total risk: 2.36-03
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Table 5. Stock Tank Drinking Water Risks

Noncarcinogenic Risks .Carcinégenic Risk
Compound Hazard quotient Compound Risk
Antimony 0.0E+00
Arsenic 1.6E+00 Arsenic 1.6€-03
Barium 3.4E-03
Beryllium 1.7€-03
Cadmium 1.7€-02
Chromium 3.4E-03
Cyanide 4.1E-03
Fluoride 7.1€-05
Manganese 2.0€E-04
Mercury 5.7€-03
Nickel 1.1€-02
Selenium 0.0E+00
Silver 1.4€-02
Tha]1ium 1.1€-02
Tin 2.9€-04
Vanadium 2.4€-03
Zine S.1E-04
Hazard [ndex = 1.7E+00

The total noncarcinogenic hazard quotient for the water in
the stock tank is 1.7. Arsenic, with a hazard quotient of
1.6, accounts for nearly all of this risk. The risks
presented by the stock tank are shown in Table 5 above.

Conclusions - Human Health Risks

At the Silver Mountain Mine site, the most important
exposures routes are ingestion of and dermal contact with
soil, and ingestion of groundwater or surface water.

Using reasonable maximum exposure assumptions, arsenic,
antimony, and cyanide are the most important contaminants in
water. Nitrate/nitrite and lead were each present in a single
groundwater sample at concentrations above extablished
criteria, though these samples may not be representative of
overall site conditions. Exposure to arsenic in water could
result in an increased cancer risk of 2 in ten. thousand.

There is also a risk of noncarcinogenic effects, mainly
neurologic, liver, and skin related, from arsenic, cyanide and
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other chemicals. The hazard quotient for these effects is
2.5.

The most important contaminant in soil is arsenic.
Exposure to soil could result in an increased cancer risk of
two in one thousand. The hazard index of 2.4 indicates that
soil exposure could also result in a risk of noncarcinogenic
effects, principally skin and neurologic disorders.

Uncertainty is inherent in all risk assessments. The
major sources of uncertainty in the Silver Mountain Mine risk
assessment are toxicity reference values, assumed future land
use, the actual toxicity/risk of the dermal pathway, and the
water data (as mentioned above). Due to the uncertainty in
these and other areas, conservative assumptions were made in
order to be protective of human health.

Actual or threatened releases of hazardous substances from
this site, if not addressed by implementing the response
action selected in this Record of Decision, may present an
imminent and substantial endangerment to public health,
welfare, or the environment.

Environmental Risks

The greatest risk to wildlife and plants appears to be
from the arsenic concentrations in the soils surrounding the
leach heap. These soils are contaminated with levels of
arsenic toxic to vegetation and ruminants, and are likely to
be utilized by sagebrush biota, although the area involved is
small. In the future, once the heap cover deteriorates, there
may be some acute toxicity at times from temporary ponding of
leachate. Soils from the heap and dump may exert their
potential toxicity if they erode, spread out, leach, etc.

There is no current risk to wildlife or plants from
groundwater, and no future risk is anticipated. Surface
waters, however, attract wildlife, enhancing exposure to toxic
levels of pollutants within those waters. The mine drainage
to the trough will probably continue to be a source of
elevated arsenic concentrations. To a lesser extent, the seep’
area may continue to be a source of elevated aluminum, copper,
and lead. '
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VII. -DESCRIPTION OF ALTERNATIVES

The Feasibility Study developed eight alternatives, utilizing
a variety of treatment, containment, and disposal options, to
reduce the risks remaining at the site after early initial
treatment actions._ The three alternatives which best met the
evaluation criteria (protectiveness, cost effectiveness,
compliance with regulations) were selected for detailed analysis
and are described below, along with the no action alternative,
which must be considered to comply with the NCP. As discussed
further in Section X of this document, the primary applicable or
relevant and appropriate regulations are action-specific. There
are no location-specific ARARs for this site, and the Safe
Drinking Water Act standards are the only potentially applicable
chemical~-specific ARAR. The alternatives are referred to by the
numbers assigned in the Feasibility Study and Proposed Plan.’

Alternative 1: No Action

This alternative leaves the site as-is, with no treatment
or containment of contaminated materials and no restrictions
on site access. The leach heap is subjected to all normal
weathering forces and seasonal water runoff. - No ARARs are
invoked, and thus none are violated. ’

Alternative 2: Gradin Clay/Soil Ca Institutional Controls
and Groundwater Monitoring

This alternative consists of a series of actions leading
to capping the leach heap. First, all contaminated materials
on site are consolidated onto the leach heap, with sampling
conducted to verify that contaminated materials are adequately
consolidated. These contaminated materials consist of surface
soils surrounding the heap that contain cyanide and elevated
arsenic concentrations and approximately 1600 yd3.of
mineralized mine dump. The leach heap is then graded and
contoured to a shape that will minimize water erosion of the
surface layer and seasonal runoff contact with the reshaped
heap. A soil/clay mixture is placed and compacted over the
graded heap to . reduce 1nf11tratlon of both air and water into
the contamlnated materlals.

Because the wastes at Silver Mountain Mine are
specifically exempt from the Resource Conservation & Recovery
Act, the remedy does not involve the disposal of RCRA-
regulated waste, and RCRA land disposal restrictions and
Subtitle C closure standards are not applicable. _The
Washington State Dangerous Waste Act does regulate certain

- wastes containing concentrations of arsenic greater than 100
mg/kg if the waste was generated after 1981. Because the
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waste at the site was generated prior to this date, the State
Dangerous Waste rules are not applicable:; however, they have
been determined to be relevant and appropriate to the type of
waste being managed.

The cap will be designed and constructed to promote
drainage, minimize erosion of the cover, and provide long-
term minimization of migration of ligquids through the
underlying contaminated materials. Because mean annual
precipitation is only 11.4 inches per year, the cap is
expected to readily meet or exceed these performance criteria.
Long-term operation and maintenance will be conducted to
monitor the groundwater around the site and to ensure the
integrity of the cap

Groundwater sampllng is conducted for five years or more
to verify whether contaminants are migrating. As an added
precaution, a restriction or notice not to disturb the cap
shall be placed on the deed for the site, and a fence with
appropriate warning signs is constructed around the site to
limit access. The community will be provided notice of
groundwater sampling activities, sampling results, and the
potential for contamlnatlon of the low-yield aqulfer under the
site.

This alternative does not completely eliminate the problem
of the remaining cyanide and toxic metals migrating from the
leach heap, but it does minimize these problems by shielding
the contaminated materials from the conditions that promote
migration of arsenic and cyanide. The cap significantly
reduces natural oxidation of the metal sulfides and the
remaining cyanide compounds and eliminates casual contact with
the contaminated materials by humans and animals. Future
disturbance of the cap is minimized by the fencing and deed
restrictions placed on the site.

ARARs for this alternative include Occupational Health and
Safety Administration (OSHA) regulations on worker safety,
Clean Air Act (CAA) emission standards during 1mp1ementatlon,
Washlngton State Dangerous Waste regulations on capping,
Maximum Contaminant Levels (MCLs) for groundwater protection,
and the state's Minimum Standards for Construction and
Maintenance of Wells.

Construction of the cap should take 2-3 months. Operation
and maintenance (0&M) requirements include semi-annual
groundwater sampling and yearly inspections of the site to
monitor the condition of the cap. The present value cost,
including construction and 0O&M, is estinated at $635,600.
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Alternative 6: Removal and Continuous Rinse to Treat for Cvanide,
Fine Solids to Resource Conservation and Recovery Act (RCRA)

Disposal to Remove Arsenic

The major feature of this alternatlve 1s the additional
treatment of approx1mate1y 5740‘Yd ‘of heap, mine dgmp, and
soil to destroy the remaining cyanide and remove the more
mobile arsenic. The material is moved to a trommel where it
is rinsed with water (to remove the cyanide and water-soluble
metals) and sized to remove the finer solids. Oversized
solids are allowed to drain and then are left on the site if
they meet treatment standards of 200 mg/kg arsenic and 95
mg/kg cyanide (see Table 6 below). The fine solids are
further dewatered and then transported to a landfill that
meets RCRA requirements.

Treatability tests are needed to determine the proper
operating conditions for meetlng the arsenic and cyanide
treatment standards. It is doubtful that this alternative can
meet the arsenic standard of 200 mg/kg, because it will not
remove the arsenic that is present in the tightly bound
sulfide mineral form. The arsenic in this form is not mobile
now, but it will slowly oxidize and become available to the.
environment over time.

The rinsate is processed to destroy the cyanide and remove
the soluble metal contaminants by precipitation. Treated
rinsate would be released to the ground if it meets State land
application discharge limits. The discharge of treated
rinsate is regulated under the State Water Pollution Control
Act (RCW 90-48), although no discharge limits specific to this
project have been set by the State. The volume of rinse water
generated is estimated to be 400 gal/hr. The metal-containing
sludge generated by the rinsate treatment is disposed of at a
hazardous waste facility, in accordance with Resource
Conservation and Recovery Act (RCRA) regulations.

ARARs include the OSHA and CAA requirements as under
Alternative 2, and several State of Washington water quality
regqulations, including the State Water Pollution Control Act
and the State Waste Discharge Permit Program (although no
permits are required for on-site activities).

No groundwater monitoring or institutional controls are
included in this alternative. The estimated time requlred for
implementation is one year. Neither 0&M nor monitoring is
anticipated in the cost calculation. However, both
groundwater monitoring and capping may be needed if
treatability study results show that health-based .risk levels
cannot be met through treatment. Estimated present worth
costs are $1.2 million.
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Alternative 7: Offsite RCRA Disposal

The major features of this alternative are the excavation,
transport, and disposal of approximately 5740 yd of
contaminated materials (leach heap, mineralized mine dump, and
surrounding soil). The contaminated materials are hauled in
appropriately controlled trucks to an existing RCRA landfill.
After disposal, the site no longer has any contaminated
materials stored on it, and there is no need to restrict site
entry and future use. Because the low-yleld aquifer is
affected by naturally occurring arsenic in the bedrock, the
community will be provided notice of the possibility of
groundwater contamination.

. ARARs include the State Dangerous Waste Regulations for
transportation and disposal of hazardous wastes; the CAA and
OSHA regulations again apply during implementation.
Implementation time for this alternative is 2-3 months. No
-O&M, monitoring, or institutional controls are required.
Disposal costs are estimated at $1.4 million.

VIII. SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

Each of the four alternatives described in the preceding
section was evaluated according to the following nine criteria:

Threshold Criteria

1. oOverall protection of human health and the environment:
whether or not the remedy provides adequate protection or
describes the mechanisms for controlling risk for the
different exposure pathways..

2. Compliance with ARARs: Wwhether or not the remedy ensures
compliance with Applicable or Relevant and Appropriate
Requirements of other federal and state environmental
standards or statutes.

Primary Balancing Criteria

3. Long-term effectiveness and permanence: the ability of
_the remedy to provide protection and reduce risks to
health and the environment after cleanup goals have been
met.

4. Reduction of toxicity, mobility, or volume through
treatment: the anticipated effectiveness of treatment
- technologies used.
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5. Short-term effectiveness: the speed with which the remedy
achieves protection, as well as any adverse effects which
it may create during construction and implementation.

6. Implementability: the technical and admlnlstratlve
feasibility of the remedy. :

7. -Cost: includes capital and 0&M costs.

Modifyving Criteria o

8. State acceptance: whether the state concurs with or
opposes the remedy.

9. Community acceptance: whether or not the remedy is
acceptable to the community, and how it addresses their
continuing concerns about the site.

The following section describes how each alternative meets the
various criteria.

Overall Protection of Human Health and the Environment

The offsite disposal option affords the strongest measure
of protection at the site, in that the contaminated materials
are completely removed from the site. Once the materials are
removed, there will be no restrictions on activities at the
site. However, disposal at another facility merely moves the
risk from one site to another. Some potential for groundwater
contamination remains at the site due to naturally occurrlng
arsenic in the bedrock.

The capping alternative prevents direct contact with the
contaminated materials, by means of both the cap itself and
the fence erected around the heap. There still remains a
small potential for arsenic and the remaining cyanide to
mobilize and enter the ground under the capped heap, however,
the cap should minimize that potential by minimizing contact
of air and water with the contaminated materials. Groundwater
monitoring and contingent groundwater treatment included in
this alternative will assure that it remains protective.

The treatment alternative provides a good measure of
protection, because all of the contaminated material will be .
washed and the more mobile arsenic in the fine materials will
be removed and disposed offsite. However, the washed coarse
material, which will remain onsite, will still contain
arsenic-bearing sulfide minerals. The arsenic in this form
has a low mobility, but over time the sulfide minerals will
oxidize and the arsenic will become available to the
environment. Depending on treatment results (whether health-
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based levels can be achieved), capping and groundwater
monitoring may have to be added to this alternative.

The no ‘action alternative does not protect human health or
the environment. Humans and animals can come in contact with
the contaminated materials, and potentially harmful leachate
could accumulate in the catchment pond downslope from the
leach heap during wet periods of the year, as the existing
cover deteriorates from natural weathering.

Since the no action alternative fails to meet this
threshold criterion, it will not be considered further in this
analysis. '

‘Comgliance with ARARS

The capping and offsite disposal alternatives meet all
ARARs. The treatment alternative can be designed to meet
ARARs, but some dlfflculty may arise due to Washington State
regulations governing wastewater. If rinsate treatment
operations cannot be.designed to meet State standards, the
wastewater might have to be transported a minimum of 30 miles
to a POTW for treatment.

Long-Term Effectiveness and Permanence

Offsite disposal of the contaminated materials eliminates.
the long-term risks associated with the site. No '
institutional barriers or restrictions are placed on the site
and there is no need for any inspection, repair, or
maintenance activities. Some potential for groundwater
contamination remains at the site due to naturally occurring
arsenic in the bedrock.

The capping alternative is highly reliable and effective.
Due to the dry climate in the area, the need for major repairs
of the cap during its 30-year design life is considered very
low. A notice or restriction in the deed to the property
should restrict future owners from disturbing the cap.

The treatment alternative has, in theory, a high level of
long-term effectiveness. The washed materials left onsite are
free from cyanide and soluble-metal contaminants. While this
technology is not new, its effectiveness in meeting the
arsenic treatment standard is not known. The arsenic
remaining in the cleaned materials is in the form of low
mobility sulfide minerals that undergo slow oxidation. Over
time the arsenic would become more mobile due to natural
weathering conditions. No institutional controls or barriers
are included, but if treatability studies indicated the need,
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capping and groundwater monitoring will be added to this
alternative. '

Reduction of Contaminant Mobility, Toxicity, or Volume

Early treatment actions significantly reduced the
concentration of cyanide in the leach heap. Further treatment
of the leach heap would reduce the toxicity and somewhat
reduce the volume of the washed materials to be left onsite.
Cyanide and soluble-metal contaminants are washed from the
contaminated material, and the rinsate is subsequently treated
to destroy and precipitate the contaminants. The principal
threat, arsenic, is partially removed (rather than treated)
through sizing operations that separate out the fine
materials. Precipitated sludge and fine solids are disposed
at a hazardous waste site. Arsenic in the form of sulfide
minerals remains in the washed materials, but it has very low
mobility.

Capping the heap greatly reduces the potential for the
contaminants to move into the environment, because it
eliminates wind and water erosion. Capping minimizes water
and air infiltration into the heap, thus limiting the natural
oxidation rate of the metal sulfides and the cyanide and metal
complexes; this in turn significantly reduces the potential
for contaminant mobility. Capping slows the natural
degradation of cyanide. This alternative does not reduce the
volume of contaminated materials.

Disposal of the materials at a hazardous waste landfill
does not reduce either the toxicity or the volume of the
contaminants. Placement of the contaminated materials in a
properly constructed RCRA landfill should reduce the mobility
of the contaminants into the environment.

Short-Term Effectiveness

The capping alternative has the highest short-term
effectiveness, as it takes only 2-3 months to implement and
involves the least movement of contaminated materials. Worker
safety is assuared through wetting the contaminated materials
to control blowing dust, and taking other routine safety:
measures to prevent exposure to contaminated material.

Offsite disposal also takes 2-3 months and requires safety
precautions during the removal of the leach heap materials.
Materials are hauled to the landfill in appropriately sealed
and labeled trucks to minimize the risk of human contact with
the contaminants.
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The treatment alternative requires about a year's work.
Safety clothing and equipment are required to assure worker -
safety, and precautions are taken when materials are hauled
offsite, as in the above alternative. This alternative has
the lowest short-term effectiveness because the likelihood of
contaminated materials becoming airborne during sizing
operations is very high. ’

Implementability

Offsite landfilling.is easy to implement. Loading,
hauling, and long-term disposal services are readily
available, and landfill capacity does not pose a problem. No
future site remediation or monitoring is required. Some
potential for groundwater contamination remains at the-site
due to naturally occurring arsenic in the bedrock.

Capping is also easily implemented. The technology to
construct the alternative is well developed and the means to
perform maintenance functions on the cap and monitor the
effectiveness of the remedial action are available.

Treatment is less implementable. The technologies to wash
and size the contaminated materials and to treat the rinsa