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EXECUTIVE SUMMARY

The U.S. Department of Interior, Bureau of Land Management (BLM), National Science and
Technology Center (NSTC) and the Vae Didrict Office of BLM prepared this Engineering
Evduation/Cost Andyss (EE/CA) for the Poorman/Bam Creek Mine Site.

The Bam Creek Mine was most commonly known as the Mother Lode Mine. ThisMinewasa
consolidation of the Mother Lode, Bam Creek, Gilkenson, and Poorman workings. These Sites have
been consolidated for the purposes of the Engineering Evauation/Cost Andyss and are collectively
referred to as the Poorman/Bam Creek Mine Site. The Site islocated approximately 19.5 miles north
east of Baker, Oregon.

The gte characterization performed as part of the field work associated with this EE/CA focused on
gathering the data needed to support conceptual remova action designs. Samples were collected of
composited tallings and native soils for analyss of geotechnicad and agronomic parameters. Using a
portable X-ray fluorescence andyzer, both in-situ and intrusive measurements of tailings were collected
for concentrations of selected metas and cyanide. Surface water samples were taken and submitted to
laboratories for andysis of metals and ions. To determine the thickness and chemicad analysis of tallings
in each pond, hand-augured boreholes were advanced through the tailings in the taillings ponds. The
edimated total volume of the Site tailings and waste rock needing remediation is 47,900 cubic yards.

The results of the sampling show that the tailings and waste rock contain metals concentrations that
pose arisk to human hedth and the environment.

The streamlined risk assessment determined that there may be risks to human hedth and to wildlife from
the metalsin the tailings and waste rock. Remova and containment of the tailings in conjunction with
run-on controls will diminate risks from direct contact, leaching and eroson, and will reduce the
impending threet of failure of the dams and subsequent release of metals-containing tailings to the Bam
Creek and down gradient receptors.

Following the Site characterization and preparation of the risk assessment, preliminary removal action
objectives (RAOs) were developed for the Site. These objectives are asfollows:

. Reduce or diminate the release of metals originating at the Steto air pathways via fugitive dust
emissons

. Reduce or eiminate the release of metds originating at the Site to surface water.

. Reduce or diminate the release of metds during flood events.

. Reduce or diminate the potentia for exposure to humans and wildlife from inhdation, ingestion
or direct contact with contaminated surface soils.

. Consider measures to minimize or avoid adverse effects on historic and prehistoric resources a

the Site, asrequired by the National Historic Preservation Act.

Based on the RAOs, generd potentid response actions and technol ogies were assembled into Remova
Action Alternatives which have been andyzed with respect to the evauation criteria (effectiveness,
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implementability, and cost). These aternatives have been developed based on the known nature and
extent of soil contamination and results of the human and ecologica risk assessments and are described
in the paragraphs to follow. The dternativesinitialy screened as part of the evaduation were:

. No Action
. Inditutiona Controls
. In-Situ Stabilization and Surface Water Diverson

. On-Site Repository

. Off-Site Repository

. Remova to aMunicipa Solid Waste Landfill
. Remova to a Hazardous Waste Landfill

Severd dternatives were diminated in theinitid screening either because they were not protective or
not implementable. The dternatives retained through the comparative andysis are:

. Alternative 3: In-Situ Stabilization and Surface Water Diverson
. Alternative 4. On-ste Repository
. Alternative 7: Remova to a Hazardous Waste Landfill

Alternative 3 would involve regrading of tailings and waste rock aress, placement of a vegetetive cover
over thetailings areas and diverson and armoring of the creek in the stream reaches that cut into or
threaten the tailings or waste rock aress.

Alternative 4 involves the congtruction of an on-Site engineered repository for isolaion of the tailings.
The sdlected Steislocated to the south and west of the Bam Creek workings. This areawas selected
basad on the field investigations conducted by BLM, including geophysical surveys completed in
November 2002 and the archeologica clearance. The on-Ste repository dternative requires clearing
and excavating an adequate area to accommodate up to 30,000 cubic yards of materia. Run-on
control would be provided adong the upgradient edge of the site and the repository would be capped
with native materids and revegetated to minimize infiltration. The former tailings areas would be
recontoured and revegetated or covered with rip-rap for erosion control.

Based on the evauation of effectiveness, implementability and cost, the recommendation is made to
select acombination of Alternative 3 and Alternaive 4.
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1.0 INTRODUCTION

The U.S. Department of Interior, Bureau of Land Management (BLM), prepared this Engineering
Evauaion/Cost Analyss (EE/CA) for the Poormar/Bam Creek Mine Site. This EE/CA has been
prepared in accordance with the criteria established under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), sections of the Nationa Contingency Plan
(NCP) applicable to removd actions (40 CFR § 300.415 (b)(4)(1)). The EE/CA isdso consstent
with the U.S. Environmenta Protection Agency (EPA) guidance document, Guidance on Conducting
Non-Time Critical Removal Actions Under CERCLA.

A removad action is selected when one of the following criteria, as identified in Section 300.415(b)(2)(i-
viii) of the NCP, is stisfied:

. Actud or potential exposure to nearby populations, animas or the food chain from hazardous
substances, pollutants or contaminants,

. Actud or potentia contamination of drinking water supplies or sendtive ecosystems,

. Hazardous substances in drums, barrels, tanks or other bulk containers that may pose a threst
of release;

. High leves of hazardous substances, pollutants, or contaminants in soils largdly at or near the
surface that may migrate;

. Westher conditions that may promote migration of hazardous substances;

. Threst of fire or exploson;

. Avallability of other appropriate Federa or State response mechanisms to respond to the
relesse;

. Other gtuations or factors that may pose threats to public hedth, welfare or the environment.

Remova actions are categorized in three ways. emergency, time-criticd, and non-time-critical, based
on the type of situation, the urgency and threet of release or potentia release, and the subsequent time
frame in which the action must beinitiated. Emergency and time-criticad remova actions are responses
to releases requiring action within Six months, non-time-critical remova actions are responses to
releases where actions can start later than Sx months after the determination that aresponse is

necessary.

This non-time-critical remova action is necessary because tailings and waste rock contain metals
concentrations that pose arisk to human hedth and the environment.

20 SITE DESCRIPTION AND BACKGROUND

The Bam Creek Mine was most commonly known as the Mother Lode Mine. ThisMinewasa
consolidation of the Mother Lode, Bam Creek, Gilkenson, and Poorman workings. These Sites have
been consolidated for the purposes of the Engineering Evduation/Cost Andyss and are collectively
referred to as the Poorman/Balm Creek Mine Site. The Siteis located in Sections 31 and 32 of
Township 7 South, Range 43 East, gpproximately 20 miles northeast of Baker, Oregon. The Site can
be accessed by driving east on highway 86 from Baker City, Oregon for gpproximately 7 miles and



turning left (north) onto Keating Road. From Kesting Road, veer right onto Keating Grange Lane and
head east approximately 4 milesto Mother Lode Road. At afork in Mother Lode Road, go I€ft (the
least used road) and travel approximately 2 %2 miles to the Poormar/Bam Creek Mine Site.

On-the-ground abandoned mine land (AML) inventories were conducted under 21993 BLM directive
that put into place common data e ements to ensure that AML is characterized consstently. The AML
data collected during that 1993-1995 inventory period has been compiled into an Abandoned Mine
Lands Inventory System (AMLIS). The AMLIS Number for the Poorman/Bam Creek Mine Siteis
OR-035800002.

CERCLA Section 120(c) requires EPA to establish and maintain a"Federa Agency Hazardous Waste
Compliance Docket" which contains information on Federd facilities while engaging in hazardous waste
activities or having the potentid to release hazardous substances into the environment. The Site was
added to the 15" Revision of the Federal Facilities Compliance Docket on July 1, 2002.

The Comprehensive Environmental Response, Compensation, and Liability Information System
(CERCLIS) database contains generd information on Sites across the nation and US territories
including location, gatus, contaminants, and actions taken. The CERCL IS Hazardous Waste Site
number for the Poorman/Balm Creek Site is #ORN001002416.

21  SiteDescription

The Siteislocated in the southerly foothills of the Walowa Mountains gpproximately 20 miles northeast
of Baker City, Oregon. The hydrology of the site includes Balm Creek and its tributary, Slide Creek.
Asseenin Figure 1, the Poorman Mine islocated on Side Creek and the Balm Creek Mineis located
on Bam Creek. Below the site, Bam Creek flows south approximately seven miles to the Powder
River which then flows east to the Snake River. The estimated drainage area above the Ste is 4,225
acres.

The site consgts of four sub-stes dl located in the Bam Creek watershed a eevations ranging from
approximately 3,400 to 3,700 feet above sealevel. Sites A and B are the Upper and Lower Poorman
mine workings, respectively. Site A conssts of waste rock and a collgpsed dry shaft. Site B conssts
of waste rock and an adit with seepage. At each of these sites, Slide Creek has bisected the waste
rock dumps.



Site A: Upper Poorman Mine

Site B: Lower Poorman Mine

A collgpsed adit islocated dong the right bank of Slide Creek. A substantial amount of waste rock has
been placed into the riparian areaand into the creek itsdlf.
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SiteC: Balm Creek Mine Complex

Ste Cislocated on Bam Creek at the Balm Creek Mine. It congsts of a shaft and headframe, amill
Ste foundation, waste rock and atailings pond located adjacent to Bam Creek. The Bam Creek Mine
shaft discharges water to Bam Creek. The fourth site is atailings pond located approximately 1,500
feet south of the confluence of Slide and Balm Creeks. This pond is adjacent to Bam Creek and
portions of the flow from Bam Creek enter the upstream of the pond, thus impounding water in the

tailings pond.

Collapsed
Vent Shaft

Mine Structure &
Shaft




L ower Holding Pond Site

The tailings were placed in the riparian area of Bam Creek, diverting it toward the left bank.
Additiond waste materia has been placed dong the stream banks upstream of this pond. The materid
is composed of contaminated, fine-grained tailings.

B B

2.1.1 Topography

The Poormar/Bam Creek Site is located in the southerly foothills of the Walowa Mountains, arange
of mountains in northeast Oregon. The Eagle Cagp Wildernesslies in the heart of the Wallowa
Mountains on the Wallowa -Whitman National Forest. To the south of the Site is the Lower Powder
River vdley and to the east is the Hdll’ s Canyon Wilderness dong the Snake River.

The Siteis located in aremote canyon at 3,600 feet above mean sealeve (md). The topography is
rolling but isincised by steep, narrow stream valeys of 200-500 ft width, demonstrating 80 -160 ft. of
vertica rdief. The canyon is drained by Balm and Slide Creeks which flow to the south into the Powder
River and then to the Snake River. Asshown in the previous photographs, the vegetation conssts of
spruce and deciduous riparian habitat in the drainages and shrub/steppe habitat on theridges. The
native vegetation is mainly bunchgrasses, sagebrush, shrubs, and forbs. It is estimated that
approximately 10 acres have been impacted within the Poorman / Bam Creek Mine Site.

2.1.2 Geology/Soil Information

Poorman / Bam Creek Mineis located in the Columbia Plateau physiographic province in the Walowa
Mountainsin northeastern Oregon.



Most of the areais underlain by the Tucker Creek Formation of the Clover Creek Greenstone Group
of Triassic age. Greenstones units in northeast Oregon are considered to be accreted terranes,
pertaining to the Seven Devils Group. Theloca exposures are low-grade metamorphic units
(pumpdlyite-prenhite facies) that originated as basaltic to rhyalitic flows. Spilltes and keratophyres are
the most common rock types, with variable amounts of interbedded tuffs, sandstones, wackestones and
other volcanoclastic sediments. The unit underlying the Poorman Site is a medium-bedded, green,
porphyritic andesite flow with rounded volcanoclagtic sedimentary clasts. At higher elevations there are
beds of featurel ess greenstone and metasediments. The greenstones are gently folded, they dtrike east-
west, northeast and northwest and dip moderately (20-50 degrees) to the north and northwest. In the
Poorman site the units strike east-west and northeast and dip about 50 degrees to the north or
northwest.

Plutons of abite granite and hornblende quartz diorite are present 2-10 miles to the south and southeast
of the Poorman site. These intrusives are considered to be of Lower Triassic age. Pebbles of these units
occur in the Clover Creek Greenstone.

The hills around the Poorman site are capped by thick beds flat-lying, Late Miocene age olivine basdt.
These are the youngest unitsin the area of concern. They are rarely fractured and generdly lie above
the local water tables.

A light-colored tuff unit of probable Miocene-age occurs in the Poorman area. It is exposed only near
the Balm Creek Shaft, in the landdide area on the west Sde of the stream valley (across from the mine).
The tuff isan off-white, highly fridble with a very low specific gravity. It isaunit of concern Snce it may
act as an aquatard and as a potentid landdide base/surface (in areas of inclination).

The soils at the PoormaryBalm Creek Mine Sites (A, B, & C) are Taterpaloam. This deep, well-
drained soil formed in colluvium and residuum derived from quartz diorite and related granitic rocks.
Typicdly, the surface layer is black loam about 13 inchesthick. The subsoil isvery dark brown loam
about 21 inchesthick. The substratum is dark brown gravelly, sandy loam about 15 inchesthick. The
depth to weathered bedrock is 40 to 60 inches. Permeability is moderate to a depth of about 13 inches
in the Taterpa soil and moderately rapid below that depth. Runoff is medium, and the hazard of water
eroson ismoderate to high.

The soils a the Lower Holding Pond are Ridley-Keeting Silt loams. This unit is about 50 percent
Ridley slt loam and 40 percent Keeting Sit loam. The Ridley-Keating soil is degp and well drained. It
formed in colluvium derived from greenstone and basdlts and isinfluenced by loess and volcanic ash in
the surface layer. Typicdly, the surface layer is very dark brown st loam about 9 inchesthick. The
upper 15 inches of the subsoil is dark brown sty clay loam. The lower 18 inches are dark brown clay
and sty clay. Beow thisto adepth of 60 inches or more is dark brown sty clay loam. Permeahility
in the soils is moderately dow to a depth of about 24 inches and dow below that depth. Runoff isdow
or medium, and the hazard of water eroson is dight or moderate.

The only mapped regiond fault is awest-northwest trending norma fault that occurs about 2.5 miles
south of the Poorman site. The Poorman mines occur along a northeast-trending shear zone.



Northwest-trending norma faults of minor extent are aso observed, corresponding to Tertiary-age
movement.

2.1.3 Surface Water

Slide Creek and Bam Creek lie within the Powder Basin in eastern Oregon. The creeks are smdll,
intermittent to perennid streams with summer flows of <5 cfs. Asindicated esewhere, Bm Creek
joinsthe Powder River which then joins the Snake River. Upstream of the Site, Bam Creek’sflow is
regulated by 2,926 acre-feet Bam Creek Reservoir located about six miles to the north of the site.
Thisreservair is Stuated on Forest Service land and owned by an irrigation company. The Reservair is
contained by a 65-foot high by 460-foot long earthen dam constructed in 1963. The Reservoir hasa
maximum authorized discharge of 400 cfs and anormal storage capacity of 2,926 acre-feet. Sincethe
Bam Creek flow isregulated, it’s potentid for flooding is reduced, but not diminated. The 100-year
flood discharge is 207 cfs using regression equations for eastern Oregon (USGS, 1983). Thisflow
when added to the 400 cfs from the Reservoir yields 607 cfs used to estimate the width and elevation
of the 100-year flood plain.

2.1.4 Groundwater

The groundwater aquifersin ldaho, Oregon, and Washington differ consgderably in thickness and
permesbility, and wel yields differ accordingly. In the arid and the semiarid parts of eastern Oregon,
most precipitation replenishes soil moisture, evaporates, or is transpired by vegetation. Littleisleft to
maintain sreamflow or to recharge aguifers.

There are two genera types of regiond aguifer sysemsin the ldaho, Oregon and Washington area
(USGS 1994). Onetype congsts of an extensive set of aguifers and confining units that might locally
be discontinuous but that function hydrologicaly as asngle aquifer syssem on aregiond scde. The
Snake River Plain, the Columbia Plateau, and the Puget-Willamette Trough aquifer sysems are
examples of thistype. The second type condsts of aset of virtudly independent aquifers that share
common hydrologic characterigics. In thistype of aguifer syslem, common hydrologic factors and
principles control the occurrence, the movement, and the quality of ground water. The Greet Basin and
the Northern Rocky Mountains intermontane basins aquifer systems are examples of this type.

In Baker, Harney, and Maheur Counties, ground water is withdrawn by wells completed in
unconsolidated deposits, Pliocene and younger basdltic rocks, volcanic and sedimentary rocks, and
Miocene basdtic rocks (USGS).

Miocene basdtic-rock aquifers consst primarily of flood-type basdltic lava flows that were extruded
from maor fissures, some flows extend along former lowlands for about 100 miles. Many of the flows
have been folded into anticlines and synclines. Structurd features in the flows include coaling joints,
rubble zones, and faults. Open spaces dong cooling joints and fractures and in rubble and interflow
zones are less common in these flows than in Pliocene and younger basdltic lavaflows. 1n the Miocene
basdltic lava flows, some of the open spaces that initialy formed during cooling or subsequently formed
during folding have been filled with secondary clay minerds, cdcite, slica, or unconsolidated dluvid



deposits emplaced by streams or in lakes. Except where such fill materids are coarse grained, they
tend to decrease markedly the permeability of the Miocene basdltic-rock aguifers.

Shdlow wdlsyield water from unconsolidated-deposit aquifers; degper wells yield water from
Miocene basdltic-rock aquifers for public-supply, domestic and commercid, and agricultural purposes.
The wdls range in depth from about 10 to more than 650 feet. The closest groundwater wells arein
the nearby Spartaand Keeting area. These wellstypically have static water levels ranging from 6 to
245 feet below land surface. Water was typically encountered during drilling operations between 30
and 100 feet below land surface.

Loca groundwater levels near the proposed repository are indicated by an intermittent spring that
occurs about 2, 000 ft. west-southwest of the first proposed site, at an elevation of about 3420 ft. A
groundwater monitoring well will be ingdled to further characterize the underlying geologic formation
and provide groundwater monitoring data prior to construction of the proposed repository.

2.1.5 Surrounding Land Use and Populations

There are no cities or towns located within the affected watershed from Balm Creek to the Snake
River. The principa land uses are ranching, farming and recrestion.

2.1.6 Sendtive Ecosystems

A botanicd evauation for the Poorman/Balm Creek Site was completed by BLM in July 2001
[Attachment A]. Historic and recent threatened and endangered species inventories were eva uated.
There are no federaly listed threatened, endangered or candidate plant species known or likely to

occur a themine site. On-Site surveys and reviews of records for the area indicate the presence of
Bebb's sadge (Carex bebbii), aBLM designated “ assessment” species, within the area and upstream of
the Site. The evauation surmises that the proposed action is unlikely to impact the loca populations or
itsfuture lising gatus.

According to the Oregon Department of Fish and Wildlife Aquatic Inventory Project conducted in
1996, Redband trout, a BLM senstive species, has been found in Bam Creek upstream and
downstream of the Ste. Water qudity of Balm Creek exceeds the fisheries acute leve for copper a dll
stessampled in April 2001. Mitigation of the Site impact to surface water is hecessary to protect the
trout species.

Wildlife species associated with the habitat in and around the Poorman/Bam Creek Site include: sage
grouse, mule deer, antelope, ek, many raptor species, and avariety of neotropical migratory birds.
The areais dso consdered reintroduction habitat for the Columbian sharp-tailed grouse, aBLM
sengtive species. Habitat of sengitive speciesisto be managed in a manner that does not contribute to
the need to list the species under the Endangered Species Act.

The lower portion of the Site is located within the Bam Creek Area of Criticad Environmenta Concern
(ACEC). ThisBLM areaisdesgnated to protect and maintain natura riparian ecologica systems for



research and educationa purposes.
2.1.7 Meteorology

The dimate in Baker County is semiarid with an average annud precipitation of lessthan 15 inchesin
Baker City. The summers are warm and dry, with arather short growing season and the winters are
rather cold with temperatures frequently well below zero degrees F. The evaporation rate in the
summer is moderate and relative humidity islow. Dueto lack of sSte-specific climate information, the
monthly average temperature and precipitation data used for the Hydrologic Evauation for Landfill
Performance (HELP) Mode were for Pendleton, Oregon located approximately 100 air miles
northwest of the Ste. Whilethe Steis at a higher eevation than Pendleton, the higher latitude of
Pendleton causes both Sites to experience smilar precipitation and temperatures. Pendleton annua
precipitation is 12.2 inches. Monthly average temperature and precipitation data for Pendleton are
shown in Attachment B.

2.1.8 Cultural Resources

Higtoric mining in the Powder River watershed began with the discovery of gold a Griffin Gulchin
1861. During the ensuing gold rush, miners fanned out into nearby mountains and by 1900 hundreds of
placer and lode dlaims were being worked throughout the Blue Mountain region. Early mining clams
were located in the Balm Creek vicinity in 1883, at the eastern edge of the old Eagle Creek mining
digtrict. During 1907 through 1937, the Poormar/yBam Creek Mine property (also known asthe
Mother Lode Mine) was developed for copper and gold, most notably by the Oregon Copper
Company and later the Bam Creek Gold Mining Company.

Between 1907 and the early 1930s, a mining camp and mine operations were established on Bam
Creek and Slide Creek. Underground development consisted of 15,000 feet from two shafts and three
tunnels (Brooks and Ramp 1968: 99). The Bam Creek Shaft was sunk to about 700 feet and the
Poorman Shaft to 420 feet. 1n 1935, a 100 ton flotation processing mill was erected and commenced
shipments of ore and concentrates to the Tacoma smelter. Acid mine water was used in the flotation
circuit. About 0.22 to 0.26 pound of potassium xanthate was used per ton of ore. In addition, a
mixture of 10% tar oil, 40% acid creosote and 50% pine oil was fed at the rate of 25 to 40 drops a
minute. Occasionaly, about 25 pounds of lime per shift was added to the tails to promote settling.
Flotation tailings were sent to ponds and dumps. According to the Oregon Metal Mines Handbook,
production from the mine amounted to at least 8,108 ounces of gold and 4,047,015 pounds of copper,
with atotal vaue of about $405,000 (Department of Geology and Minera Industries 1939: 43-44). In
1939, the mine shut down and was never re-opened, athough exploration continued until the 1970s.
During the 1990s, the various claims were declared null and void (Dynamac, 2000).

An intengive cultura resource survey was conducted for the area of potentid effect. Today, features at
the mine property include collgpsed and dismantled building remains, mill foundations, tailings and waste
rock landscape, and other historic features associated with its operation. Remaining standing structures
include the Balm Creek Mine shaft head frame, and a concrete vault. The Balm Creek-Poorman Mine
property islocaly important for its historic role in the copper-gold belt developments of the Eagle



Creek mining district. Remediation actions a three locations would remove or dter some old mine
structures and features, as well as the landscape of tailings and waste rock. These effects would be
mitigated by historic research, recording and documentation of the historic mine property and its
features,

The project areais located in the homeland and 1855 Treaty area of the Confederated Tribes of the
UmatillaIndian Resarvation (CTUIR). Following a consultation meeting with CTUIR in February,
2002, BLM developed further protection measures. No Native American archaeologica siteswould
be affected by the planned remediation actions. Avoidance measures would be implemented by
project design, with additiona gtipulations pertaining to any inadvertent discoveries under the Nationa
Historic Preservation Act and Native American Graves Protection and Repatriation Act.

2.2  Physcal Hazards

Section 2.1 discussed the mgor structures remaining a the Site, including the foundation of the flotation
processing mill, and the two tailings impoundments, severd shafts and adits, and the main shaft and
headframe. A collapsed vent shaft is aso located at the Bam Creek Mine. The potentia for additiona
collapse of the vent shaft surface is unknown, but considered highly probable. The main shaft isfilled
with water from the underground workings and is flowing over and through the waste rock pile and
tallings into the adjacent creek. The wooden head frame structure over the main shaft is Sructuraly
unsound and at a grest risk of collapse.

The physicd hazards must be addressed at the Site. The risk associated with the collgpsed vent shaft
could be reduced by placement of large rock or reinforced concrete in the area with appropriate
fencing redtricting access. The headframe over the main shaft at Balm Creek should be removed and
dismantled or refurbished. A reinforced concrete cap with a drainage outlet could be placed over the
open shaft to diminate the physica hazard. Severd of the adits have collapsed and present minima
physical hazards. The remaining adits should be evauated for closure.

A detailed evauation of remedies for physica hazards is outside the scope to the EE/CA and will be
addressed by BLM as part of the Ste remova design and reclamation. The main shaft discharge and its
impact to the environment is discussed later in the EE/CA.

3.0 SOURCE, NATURE, AND EXTENT OF CONTAMINATION

The site investigation was conducted to obtain the data necessary to further characterize the nature and
extent of contamination, evauate human and ecologica risk, develop remova action objectives and
determine Applicable or Relevant and Appropriate Requirements (ARARS). The chemicd and

physica properties of tailings and native soils were determined to assst in evauating dterndives. By
targeting the collection of data to evauate this dternative, enough detailed information about the Site and
characterigtics of the tailings was collected to develop remova aternatives.

Site characterization was conducted during phases. The first work was conducted on September 22,
2000 and conssted of an X-ray Fluorescence spectrometer (XRF) survey of the surficid metals
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concentrations and collection of the low-flow surface water samples. Additional sampling of surface
water sampling occurred during seasona spring runoff on April 18, 2001 and during the summer on
June 26, 2001.

As part of thefidd investigation, al sgnificant Site areas were surveyed usng an dectronic totd ation
resulting in detailed topographic maps, Figures 2-6. These maps, in conjunction with the Site
characterization, were used to determine the area and volume of tailings contained in each of the ponds
and the identification of features that influence the development of remova dternatives.

3.1 SiteCharacterization

The activities conducted to obtain these data were: surface water sampling for metals, soil/tailings
sampling for metals and cyanide, metds and cyanide leaching potentia, geotechnica and agronomic
andyses of borrow soils, evauation of the headframe and shaft closure and surveying. Each of these
sampling activities is described in detall in the sections to follow.

Objectives of the Site investigation were as follows.

. Determine the chemidry, area and volume of tailings and waste rock dumps;
. Determine geotechnical characteristics of borrow area and soil;

. Determine the agronomic properties and availability of nearby borrow topsoil;
. Determine the location of the 100-year flood plain;

. Determine the gpproach for shaft closure and stability of the headframe.

The data quality objective (DQO) processis a series of planning steps based on the scientific method
that is designed to ensure that the type, quantity, and qudity of environmental data used in the decison
making are appropriate for the intended purpose. Based on the objectives of this investigation, data
collected during the course of this project satisfied Leve 111 requirements. The following anaytica
methods were selected for Site characterization.

. EPA Method 200 series for water samples

. 6200 - Field Portable X-ray Fluorescence Spectrometry

. 6010 - Andysis by Inductively Coupled Plasma (ICP) for total metals

. Wesk acid dissociable (WAD) cyanide by SM 45001-CN

. 1312 - Sample Preparation via Synthetic Precipitation Leaching Procedure (SPLP) for total
metals and weak acid dissociable (WAD) cyanide

. Acid Base Accounting (ABA)

3.2 Tailingsand Waste Rock Characterization
3.21 Sampling

To further define the spatid distribution and chemical characterigtics of contaminantsin the tailings and
adjacent native soils, avariety of samples were collected and andyzed via XRF, total metals via 6010,
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and WAD cyanide. The objective of the sampling focused on identifying the digtribution of
contaminants in the waste rock dumps and tailings impoundments, and any conditions that have the
potentid to vary the chemica properties of contaminants.

Surface XRF samples were analyzed in-Situ or collected using stainless sted trowels or
disposable/single-use sampling equipment, and analyzed for metals via XRF. Subsurface samples were
collected using hand augers. XRF andyses were conducted using a Niton Modd 702 Multi Element
Bulk Sample Anayzer.

Sample locations for the XRF andysis were didtributed in the four stes by arandom pattern and by
vishle changesin the surface materid’ s characteristics, such as, color and gradation. These samples
help define the spatid distribution of contaminants and the extent of contamination.

Surface tailings samples were collected from zero to two inches below ground surface. Care was taken
to ensure that stones and all biotic matter (i.e., roots, plant materia, etc.), were removed prior to
andysis such that the sample was representative of actual minerd soils. These steps were taken to
ensure that the most accurate and precise results are generated by XRF anadlyses. Prior to the
collection of each tailings surface sample, the sampling toal (i.e., hand trowe, hand auger, split poon)
were decontaminated using a soapy wash and tap water rinse.

Samples were taken a depth in the tailings by hand augering, collecting samples and mixing the samples
adong the interva to create a vertica composite of the tailings.

Subsurface samples were collected from tailings within the impoundments of Poorman / Bam Creek
Mine. Two hand borings were conducted in each tailing pond. A composite sample from each boring
was collected a depths ranging from zero to 5.5 feet below ground surface to determine the average
verticd compaosition of metals and cyanide contamination in tallings.

The data below summarizes the depth and sample identification for the four vertica composite samples.

Pond Sample Depth Composite

1 C-Tals 0-5.5'
SPLP-1

1 C-Tals 0-5.5'
SPLP-2

2 Pond-Tails- 0-5.5'
SPLP-1

2 Pond-Talls- 0-4'
SPLP-2

In addition to these samples of the tailings impoundments, grab samples of the waste rock dumps at
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Upper Poorman (Site A) and Lower Poorman (Site B) were collected. Table 1 shows the estimated
cdculated volumes of the two tailings impoundments and the two waste rock dumps.

The area and depth of the four tailing impoundments were ca culated using topographic maps together
with the results of the subsurface sampling and field measurements of the height of the talling dams. The
estimated total volume of tailings Ponds 1 and 2 plus waste rock at Upper and Lower Poorman Mineis
34,010 cubic yards, including a 10 percent contingency factor. The additional waste rock at the Bam
Creek Mine gteis stable and not in the flood plain. The EE/CA further evauates options for reducing
infiltration & Site C by placement of cover material over waste rock and reducing or diminating shaft
water discharge.

Upon collection, samples were immediately placed in an gppropriate container. The sample containers
were then labeled and prepared for shipment to the andytica [aboratory. The information provided on
the sample labd s included: date the sample was collected; sampling location; preservative used; initias
of person who collected the sample; and a unique sample number. Findly, dl sampling activities and
locations were recorded in the field notebook. The table below provides the sampling protocol and
andyses for metds and cyanide andysis.

Sample Group Sample Quantity Andyds Volume/ Container
Talingsad 67 points XRF Ziplock
Waste Rock
Tallingsand 4 hand borings XRF, ICP, cyanide (T+WAD), | Ziplock
Waste Rock 2 grab samples SPLP, ABA

The hand boring and waste rock samples were aso collected for SPLP (Method 1312) for metals and
WAD cyanide and Acid/Base Accounting (ABA) analysis. A modification to the SPLP was made by
use of deionized water as the extractant for WAD cyanide. WAD cyanide messures “freg’ plusthe
weak cyanide complexes that dissociate in aweak acid extraction (pH 4.5), so WAD isdwaysless
than total cyanide. Metals were extracted per the published SPLP method. The objective of these
sample andysesis to assess the cyanide leachability of the tallings materia and to identify the
characterigtics of the cyanide forms present.

3.2.2 Tailingsand Waste Rock Analytical Results

Table 2 presents the surficial XRF andytica results for lead, arsenic, mercury, zinc, copper, iron, and
manganese. Blank and certified standards used in cdibrating the XRF were within norma ranges.

In discussing XRF concentrations, the term “high” is used here for vaues greater than 2,000 ppm,
“moderate’ for 500-2000 ppm and “low” for <500 ppm. The XRF metas concentrations for the Balm
Creek gte (Ste C) are highly variable with high copper, manganese and zinc in some tailings samples
(but not the rest), and low concentrations of arsenic, lead and mercury in dl of the samples. Upper
Poorman (Site A) had asmilar range of concentrations, with high to low concentrations of copper,
manganese, lead, and zinc and low to moderate concentrations arsenic. Lower Poorman (Site B) had
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primarily low to moderate concentrations of al metals except for lead in an area of assay crucibles.
The Pond results showed low to moderate concentrations of the same metals except two samples near
the inlet to the Pond in grey tailings showed extremely high copper concentrations over 100,000 ppm.

The metals and cyanide andyses were performed by Andytica Laboratory in Thornton, Colorado.
Table 3 shows the laboratory metals andyses results for the vertica composite tailings samples and for
the waste rock. Balm Creek tailings (Site C) showed high copper concentrations with other metas of
moderate to low concentration. Upper and Lower Poorman waste rock (samples A and B) showed
moderate to low concentrations. Table 4 shows the leaching results from the same samples andyzed
for tota metalsin Table 2. The only sgnificant leaching isfor copper and zinc in samples C-SPLP-1
and P-TailsSPLP-2, where greater than 1 mg/L of copper and zinc were leached.

Table 5 shows the ABA results as andyzed by ACZ Laboratories of Steamboat Springs, Colorado.
Acid Base Accounting is a debit and a credit andys's concerned with the ability to generate sulfuric acid
or acid rock drainage (ARD). Simple pH measurements do not accurately predict future acid
generaing potential. The acid generation potentid is the debit in tons of calcium carbonate required per
ton of waste (tCaCO3/kt), normaly sgnified as a minus vaue, and the acid neutralization potentid is
the credit in pogtive tons of cacium carbonate present in the waste. The acid base potentia is the sum
of the debit and credits (same units). An acid base potentia thet is negetive is acid generating. The
waste rock at Upper and Lower Poorman average -35, and the Pond tailings average -13. Thetailings
at Bam Creek Mine showed two very different results. C-SPLP-1 taken from the middle of the pond,
and which contained ablack dime a 2.5' and was highly acid generating (-96), whereas C-SPLP-2,
taken from nearer the dam, was al oxidized (no black dime) and had an acid base potentid of -17.
This indicates this sample was more completely oxidized and has less stored acid potentid.

The sgnificance of the ABA results relaes to the ARD potentid of the waste. Mine waste with a
negative acid base potentid will oxidize to produce sulfuric acid (ARD). The acidity produced can
continue for many decades, depending on the magnitude of the acid base potentid. Considering the -
96 vaue for sample C-SPLP-1 for material that has been in place for at least 60 years, the acid base
potentid is Hill very high. It will continue to leach highly acidic water for an indefinite period. Highly
acidic conditions

. cause mohilization of heavy metals into leachates, groundwater and surface water,
. completedy prevent plant growth when soil pH islessthan 3.5.

Therefore, measures must be taken to deal with the acid generating potentia of the waste if the materia
isto be reclaimed.

Based on the totd metas and |eachable metas results, the ABA results and the location of the mine
waste, the waste rock dumps at Upper Poorman (Site A), the waste rock dumps at Lower Poorman
(Ste B), and thetailings a the Bam Creek Mine (Site C) and the Pond warrant aremova action.

Each of these waste unitsis leaching or eroding hazardous substances into surface water and/or poses
an imminent threat to release hazardous substances into surface water if amgor flood event occurs.
Each of these unitsis denuded of vegetation due to acidity and metas concentrations, is high susceptible
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to eroson and cannot be stabilized with vegetation unless covered by suitable growth medium.

Of the four gtes, the tailings in the Pond are the grestest concern as they exhibit very high leachable
copper and zinc concentrations, high acid base potentid, and are dready Situated in the stream channd,
and are inundated by normal flows of Badm Creek. The waste rock a Bam Creek Mineisaso
partidly in the flood plain and should be regraded againgt the hillsde to place itstoe asfar as possble
out of the flood plain, but a complete remova does not seem necessary at thistime asit is not being
actively eroded by the stream.

3.3 Surface Water Characterization

The objective of the sampling focused on identifying the digtribution of contaminantsin surface waters at
the site, for both low-flow and high flow conditions. Table 6 showsthe anaytical results for surface
water completed during 2000 and 2001. Only one exceedance of Oregon water quality criteriafor the
protection of freshwater aguatic life (chronic) was observed in September 2000 for Slver at the Lower
Poorman adit.

During the spring runoff sampling in April 2001, exceedances were noted for cadmium (Decant Pipe,
Upper Poorman seep and Main Site Puddle), copper at all locations except the Upper Poorman seep,
slver (Decant Pipe) and zinc (Decant Pipe, Headframe and Main Site Puddle). Working from
upstream to downstream beginning with Slide Creek, the spring sample collected above Upper
Poorman on Slide Creek carries a background loading of copper that exceeds water quality criteria
and is dightly increased below Lower Poorman. The Upper Poorman seep exceeds water quality
criteriafor cadmium, but this seep does not enter Slide Creek. In Bam Creek, the water from the
headframe seep meets water qudity criteria except for copper and zinc. Thiswater flows
gpproximately 100 yards before joining Bam Creek and it is likely there is attenuation aong this
segment as evidenced by the iron precipitates in the sediment. Neither of the adits sampled have an
acidic discharge. The surface water below Lower Poorman is degraded from releases of copper and
zinc, judtifying that the remova action address waste rock from Sites A and B.

Additiond sampling was performed in November 2002 in accordance the Field Sampling Plan and
Quality Assurance Plan (Dynamac, November 2002). Samples were collect at five of the possible ten
sites. Sitesaong Side Creek and at the Decant Pipe (Sites A-SW-1, A-SW2, B-SW-1, B-SW-2
and D-SW1) were not taken due to insufficient surface water flow. Additiona sampling is planned in
the future. Results are documented in Fina Sampling and Andlysis Report [Attachment C]. Results
indicate that the shaft is amgor source for cacium, sulfate, iron, manganese, and zinc. Mogt of theiron
disappears probably through precipitation by the time the flow reaches the seep. Concentrations of
manganese and zinc decline amogt linearly from the shaft to the Bam Creek above Side Creek
sampling location. A combination of precipitation and dilution is the most likely cause, with

preci pitation being more important between the shaft and the seep, and dilution being dominant in Bam
Creek. The ODEQ criterion for tota iron is exceeded in the shaft discharge, the seep, and the furthest
downstream sampling location. The criterion for manganese is exceeded in the shaft discharge, the
seep, and both of the downstream sampling locations. The seep is contributing mercury that perasts
downstream but the concentrations do not exceed the criterion. The most interesting development is
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the heretofore unknown, but gpparently contributing source(s) of duminum and copper between the
seep and Bam Creek above Slide Creek. Concentrations of copper exceed the ODEQ criterion at the
Bam Creek above Side Creek sampling location and the downstream sampling location, and
concentrations of aluminum exceed the EPA recommended criterion at the same two sampling
locations. Also, the increase in barium, iron, magnesium, potassum, and zinc between Bam Creek
above Slide Creek and the downstream sampling location may indicate a subsurface contribution from
Slide Creek. More focused investigations may be required to identify these unknown sources (BLM,
2002d).

Mitigation of waste source discharge to surface water is necessary to protect the trout species and its
habitat. Additiona seasond surface water sample data should be compiled and eva uated to
supplement the existing EE/CA anaytica database, facilitate the selection of gppropriate remedia
dternatives, and support federal cleanup obligations/decisions regarding mined tailings impacts to the
Bam Creek and Slide Creek watersheds.

34  Repostory Site Characterization

BLM has selected alocation to the south and west of the Poorman/Bam Creek Mine Site for the
proposed repository (Figure 7). The sdection of thislocation was based on proximity to the waste
Stes, access to the repository, geologic stability, and the archeologica survey.

Because of its complex geologic setting, a geologic characterization of the proposed Poorman/Bam
Creek repoditory location was necessary to assess its suitability. Specific objectives of this effort were
to understand the locd dratigraphy, itslatera continuity, local geologic structures such as faulting, and
its surface soils. The November 2002 characterization effort conducted by BLM consisted of the
backhoe excavation and logging of seven soil observation pits from which the soil profiles were
recorded for texture, horizon thickness and overal soil morphology. Representative samples were
taken during the excavation to characterize the physica nature of the soils. BLM’s Nationa Science
and Technology Center (NSTC) implemented a surface geophysicd survey, utilizing two-dimensiond
electrica resdivity technology, to image spatia variaions and thickness of overburden. The complete
geologic characterization report can be found in Attachment D.

3.4.1 Sail Classification

Seven s0il observation pits were excavated using a backhoe and soil profiles were recorded and
photographed (Plate 1). Standard soil-horizon nomenclature for mgor horizons was used for the
decriptions. The need for forma soil taxonomic classification was not necessary, because it isthe
physical soil condition rather than the soil’ s order or suborder which has direct bearing on the suitability
of thedteasarepostory. A Munsdl color chart (1994 edition) was used to record soil color. Depths
and overal horizon thickness were recorded to the nearest centimeter, and soil texture was recorded in
thefidd. Additiond soil characteristics such as clay films, clay coats and clay bridges were dso
recorded.

The soils of the Ste resemble the Keating series, but have athinner A horizon, which islikely caused by
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locd eroson. The clayey loam top soils and clayey subsoils are suitable for cover materia and the
excavation depths of the soil pitsindicate the excavation depths of the areawill provided a suitable
repository footprint that will accommodate the estimated volume of tailing a the Poorman and Bam
Creek mines. Based upon the overdl soil morphology of the Site, its setting is stable and suitable for a

repogitory.
3.4.2 Geophysical Survey Results

BLM personnel implemented a two-dimensiond eectrica resstivity survey to assess the near surface
geologic conditions of the proposed repository location. This specific methodology acquired two-
dimensond images, eg., cross section images, of the underlying geologic setting. The equipment
utilized for this surface geophysica survey is manufactured by Advanced Geosciences Inc., of Audtin,
Texas.

Three dectrica resdivity lines were acquired (Plate 2). All three resstivity profilesindicate abasdt in
the western haf of the site which limited the excavation depth of afew soil pits. This excavation
limitation is directly associated to the degree of weethering, e.g., decomposition, of the bedrock
lithology. Due to the relative younger aged basdt, and subsequent lesser amounts of wesathering, the
thickness of the weathered zone increases eastward as the thickness of basdt decreases. The primary
bedrock type is greenstone which forms the more weathered substrata, producing a 12ft thick
wesethered zone of low residtivity in the east Sde of the Ste. The ared extent and degree of westhering
a the gte provide an ample repository footprint that will accommodete the estimated volume of tailings.
Faulting or large fracture zones were not found to exist on this Site.

3.4.3 Laboratory Geotechnical Analysis
Samples were taken from four of the seven test pits at the proposed repository location. The bulk

samples were collected and andyzed for geotechnica properties by Materids Testing and Ingpection of
Ontario, Oregon for the properties specified below.

Geotechnica Tegting of Soils Sample Type/ Volume
Particle sze usng ASTM 422-63 (1990)e Bulk Composite

- . one 5-gallon bucket
Liquid and plagtic limitsusng ASTM D4318-95a

Maximum compacted dendty using Proctor Test ASTM D698

Recompacted permeability usng ASTM D5856-95

Moisture content using ASTM D2216-92

These samples provide an estimate of the average geotechnica properties of the proposed repository
dgte. The soilswere classfied asa sandy Sit. Table 7 provides the geotechnical laboratory results for
the soils from the proposed repository Ste. These results will be used in the evauation of the cover and
repository design and in determining compaction specifications for the waste.
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35 Borrow Area Material Characterization

BLM assessed severd areas within the Poorman/Balm Creek Mine Site vicinity as potentid borrow
locations. The borrow materid may be used as congtruction materia for covers and for site
reclamation. The area across Bam Creek from Site C was consdered the most suitable as a borrow
area.

3.5.1 Sample Collection
Samples were collected from severa test pits at the borrow materid location. One additional sample

was taken in the Balm Creek tailings to evaluate the characteristics of the tailings. The data below
summarizes the field description of the Site C borrow soils.

Site Depth Description
Site C Borrow 0-3 topsoil (brown/grayish silt)
Area
3-9 clay with few individua rocks brown to

dark brown, damp

9-10 moist clay layer

10-12' sandy clay layer, >25% moisture,
groundwater

3.5.2 Laboratory Geotechnical Analysis

Test pit samples were collected from the tailings and the proposed soil borrow area described above.
The composite bulk samples were collected and analyzed for geotechnica properties by Materids
Testing and Inspection of Boise, Idaho for the properties specified below.

Geotechnica Testing of Soils Sample Type/ Volume

Particle sze usng ASTM 422-63 (1990)e Bulk Composite
one 5-galon bucket

Liquid and pladtic limitsusng ASTM D4318-95a

Maximum compacted density using Proctor Test ASTM D698

Recompacted permesbility usng ASTM D5856-95

Moisture content usng ASTM D2216-92

These samples provide an estimate of the average geotechnica properties of the Site C borrow area
and thetailings. The borrow soils were classfied as a sandy silt; the tailings were classified as a slt with
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sand. Table 8 provides the geotechnica laboratory results. These results are used in the evauation of
the cover materid and will be used in determining compaction specifications for the waste. Attachment
E shows the results of materids testing and shear Sress andysis.

3.5.3 Laboratory Agronomic Analyses

An diquot from each of three bulk native soil samples was submitted for andys's of agronomic
parameters to the Colorado State University Soils Testing Laboratory in Fort Collins, Colorado. These
tests helped determine the need for the addition of nutrients to support vegetation or any toxic
conditions that may inhibit vegetation. The agronomic suite of andyssincluded the following
parameters. nitrate, potassium, phosphorous, pH, soluble salts, sodium, conductivity, and sodium
absorption retio (SAR). Table 9 presents the agronomic test results.

The sampling results indicate thet the soils are favorable for vegetation growth, especidly if native
species adapted to low nutrients and organic matter, and dkaline pH are used. Fertilizers are not
recommended as they tend to encourage noxious weeds. The limiting factor will be soil moisture.

36 HELPModding

The Hydrologic Evauation of Landfill Performance (HELP) Mode Version 3.07 was developed by the
Army Corps of Engineersto evduate infiltration of precipitation through landfill covers (USACE,

1999). The HELP Mode was used to evaluate an engineered repository at Poormar/Balm Creek
Mine Site composed of a 24-inch soil cover with asix-inch capillary barrier overlying fifteen feet of
tallings. The soil cover evaluated used the geotechnical data of the borrow materiad characterization
(the texture and permesbility) from Section 3.4 of thisreport. The precipitation, temperature and other
climatic data used were from asmilar climatic regime a Pendleton, Oregon as described in Section
2.1.6. Table 10 shows the results of the HELP modding. Minima annua percolation through the
wadte layer was found for this modding effort (<0.15 inch). Attachment F contains the input data and
full results of the modeling.

40 STREAMLINED RISK ASSESSMENT

Mining activities at the Ste have influenced the St€' s ecology since the 1900s. Tallings generated from
mining activity have contributed to releases of heavy metdsinto air, water, and soils. The areais used
currently for farming, wildlife habitat and recreation. Recreational demands are expected to increase a
the Site where exposure to relatively high meta concentrationsin tailings, sediments, and surface waters
exist. Fgure 8 isthe ste conceptua model for exposure to mining waste at the Site.

To address these issues, BLM devel oped acceptable multi-media risk management criteria (RMC) for
the chemicas of concern (COCs) asthey rlae to human use and wildlife habitat on or near BLM
lands (Attachment G). The primary objective of this section isto perform a streamlined risk assessment
for the Ste and to establish the magnitude of risk to human hedth and wildlife. RMCsfor soil

protective of human receptors for the metals of concern were devel oped using available toxicity data
and slandard U.S. Environmental Protection Agency (EPA) exposure assumptions. Acceptable soil
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and sediment concentrations protective of wildlife receptors (ecologica RMCs) for the metals of
concern were developed using toxicity vaues and wildlife intake assumptions reported in the current
ecotoxicology literature.

The COCs and migration pathways were identified from historical information and Ste evauation. The
COC sdection process utilized chemicals documented to have been released to surface water and
observed contamination in tailings at the Site. Potentia receptors, receptor exposure routes, and
exposure scenarios were identified from on-site visits and discussons with BLM personnel.
Representative wildlife receptors at risk were chosen usng a number of criteria, including likelihood of
inhabitation, and availability of data

The human and ecologicd COC for the Poorman Balm Mine ste are principally copper and zinc. The
most important exposure pathway is leaching and erosion of the contaminants to surface water yielding
potentia exposure to agutic life.

41 Human Health Risk Assessment

The human exposure scenarios were developed to provide redlistic estimates of the types and extent of
exposure which individuas might experience to the metals of concern in the water, soils, and sediments
on BLM property. Such exposures might occur to individuas who use BLM lands for camping, or dl-
terrain-vehicle (ATV) driving, or individuas who work on BLM lands. Contamination may migrate
from the BLM tracts to adjoining property.

The RMC corresponds to either atarget excess cancer risk level of 1x 10°, or atarget non-cancer
hazard index of 1.0. In the case of metds posing both carcinogenic and non-cancer threats to hedlth,
the lower (more protective) concentration was selected asthe RMC. The concept behind the RMC is
that people will not experience adverse hedth effects from metd contamination on BLM landsin their
lifetimes, while exposureis limited to soil, sediments, and waters with concentrations a or below the
RMC. A target excess cancer risk of 1 x 10° meansthat for an individua exposed at these RMC,
there is only aone in a hundred thousand chance that he would develop any type of cancer in alifetime
asaresult of contact with the COCs. A hazard index of <1.0 means that the dose of non-cancer metals
assumed to be received at the Site by any of the receptors in amedium is lower than the dose that may
result in any adverse non-cancer hedth effects. The RMC are protective for exposures to multiple
chemicasand media. Lead RMC for the child receptors were determined from EPA's Integrated
Exposure Uptake Biokinetic Modd (EPA, 1993) and other EPA regulations and guidance.

4.2  Ecological Risk Assessment

Wildlife a the Site may be exposed to metd contamination via severd environmentd pathways. The
potentia exposure pathways include soil and sediment ingestion, vegetation ingestion, surface water
ingestion, and inhaation of airborne dust. Ecologica RMCs have been established for metdsin soil
and sediments. This has been accomplished using the best data available, including: ecotoxicologica
effects data for the metas of concern, wildlife receptors representative of the Middle Rocky Mountain
Steppe ecosystem, body weights and food intake rates for each receptor, and soil ingestion rates for
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each receptor.

The gite lies within the Middle Rocky Mountain Steppe (Bailley, 1995) dominated by sagebrush
semidesert or steppe. The wildlife receptors evaluated for this area are: deer mouse, cottontail, mule
deer, and elk.

The literature was surveyed for toxicity data relevant to elither wildlife receptors at the Ste or to closdly
related species. In the absence of available toxicity data for any receptor, data were selected on the
basis of phylogenetic smilarity between ecologica receptors and the test species for which toxicity data
were reported. Soil ingestion data for each receptor were obtained from a recent study on dietary soil
content of wildlife from the U.S. Fish and Wildlife Service (Beyer, €. d., 1994). Where no digtary ol
content data were available for a particular receptor, the soil content was assumed to be equd to that

of an animd with amilar diets and habits. The amount of soil ingested by each receptor was estimated
asaproportion of their daily food intake (Beyer, €. d., 1994). The food intake in grams for each
receptor was caculated as a function of body weight (Nagy, 1987).

RMC were cdculated for each chemica of concern in soil based upon assumed exposure factors for
the selected receptors, and species- and chemica-specific toxicity reference vaues (TRVS). Essentidly,
the TRV s represent daily doses of the metds for each wildlife receptor that will not result in any
adverse toxic effects. TRV's were computed by metal of concern for each wildlife receptor/metal
combination for which toxicity data were available. Phylogenetic and intraspecies differences between
test species and ecological receptors have been taken into account by the gpplication of uncertainty
factorsin derivation of criticd toxicity vaues. These uncertainty factors were gpplied to protect wildlife
receptors which might be more sengtive to the toxic effects of ameta than the test species. The
uncertainty factors were gpplied to the test species toxicity data in accordance with a method
developed by BLM. In accordance with this system, adivisor of two (EPA, 1990) was gpplied to the
toxicity reference dose for each leve of phylogenetic difference between the test and wildlife species,
i.e. individud, species, genus, and family.

4.3  Uncertainty Analysis

Toxic doses for each metal were sdlected from the literature without regard to the chemica speciaion
that was administered in the toxicity test.

The process of caculating human hedth RMC, using atarget hazard quotient and target excesslifetime
carcinogenic risk, has inherent uncertainty. The COCs may have synergidtic (or antagonigtic) effects on
human or wildlife receptors. Cumulative effects were quantitatively dedt with for the human
assessment, athough not dl metals are elevated. Additionaly, it isimprobable that human receptors
would be exposed concurrently viadl possible exposure pathways, dthough this has been assumed for
conservatism (Ford, 1996). Thereis uncertainty in deriving wildlife RMCs due to the lack of toxicity
datafor these species. A standard uncertainty factor approach was used for interspecies extrapolation
(Ford, 1996).

The COCs may have synergidtic (or antagonigtic) effects on human or wildlife receptors. Cumulative
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effects were quantitatively dedlt with for the human assessment, dthough not al metds are devated.
Additiondly, it isimprobable that human receptors would be exposed concurrently viaal possible
exposure pathways, athough this has been assumed for conservatism (Ford, 1996). Thereis
uncertainty in deriving wildlife RMCs due to the lack of toxicity data for these pecies. A standard
uncertainty factor approach was used for interspecies extrapolation (Ford, 1996).

4.4 Risk Assessment Results

Because of the proximity of the tailings to Bam Creek, RMCs were dso derived based on leaching
characterigtics of the waste. The leaching RMC is intended to protect agquatic life from leaching of
meta's and was derived using Oregon water quality criteria (OWQC) and available andytical results.
The mean proportion leaching under the SPLP test was computed by dividing the SPLP concentration
by the total metals concentration. A dilution-attenuation factor (DAF) of 20 was then applied usng
EPA’s Soil Screening Level guidance (EPA, 1996). Since only copper and zinc were found to be
leachable, leaching RM Cs were computed for copper and zinc according to the formulabelow and are
shownin Table 11.

Leaching RMC=0OWQS*tota meta* DAF/SPLP

Table 11 compares the maximum concentrations at the site with the sdlected appropriate RMCs (see
Attachment G). Theratio of the environmental media concentration to the RMC is andogousto a
hazard quotient of 1.0; that concentration that should present negligible risk. Media concentrations
exceeding RMCs for humans or wildlife greater than 1.0 are flagged "+"; these occurrences may pose a
chronic threat. Media concentrations exceeding RMCs by more than 10 and 100-fold for humans or
wildlife are flagged as“++” and “+++”, repectively. For tailings, copper is moderatdy high risk, and
cadmium and zinc are low-moderate risk. For surface water, the Main Site Puddle shows high risk for
copper and moderate risk for cadmium slver and zinc.

The metds concentrations and acid potential of the two tailings ponds and the Poorman waste rock
exceed RMCs, are degrading water quality and require remediation. The waste rock at the Bam
Creek Mineis probably similar to the waste rock at Poorman, but it isin amore stable location and not
as subject to erosion into surface water. Hence, this material may not need to be removed, but perhaps
only regraded. However, the drainage from the shaft at the Head Frame should be re-routed or lined
to prevent contact with the waste rock.

The two tailings dams are in the flood plain and a sgnificant flood event would be expected to breach
one or both of the dams, rdeasing tailingsin a mudflow down gradient. While there are no human
receptors in the immediate path, such a release would multiply the costs of cleanup.

Expeditious containment of the tailings will diminate risks from direct contact to humans and wildlife and
will reduce release of metasto the Balm Creek downstream.

45 Removal Action Criteria

The leaching RMC and the camper RMC shown in Table 11 are the proposed remova action criteria
for tailling materiads. Based on visud evidence, it gppears that tailings and waste rock are migrating into
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the Bam Creek below the Poorman Badm Mine site. Sincetherisk criteria are based on ingestion,
inhaation, and leaching, areas of soil/tailings exceeding these criteriawill be removed or covered.

4.6 Schedule

The figure below shows the process for the development of the EE/CA and implementation of the
remova action. The NCP requires a public comment period of 30 days following submitta of the find
EE/CA. The schedule for the completion of the remova action is dependent upon funding. Unlessa
financidly viable responsible party can belocated, it islikely that the BLM will implement the selected
remedy. If full funding for the remova action is not available, a phased-agpproach for implementation of
the selected remedy will be consdered. The individua components of the approach will be determined
during design.

EE/CA Approval > Public Comment |, | Responseto |, | Action | | Removal Action
Memorandum EE/CA Period Comments Memorandum Implementation

v

5.0 APPLICABLE, OR RELEVANT, AND APPROPRIATE REQUIREMENTS

The lead Federa agency or designated on-scene coordinator (OSC) is responsible for the identification
of gpplicable or rlevant and appropriate requirements (ARARS) of dl environmentd laws that pertain
to any CERCLA removd actions. As defined in the Guidance on Congderation of ARARs During
Remova Actions (EPA 1991):

“Applicable requirements are cleanup standards, standards of control, and other substantive
requirements, criteria or limitations promulgated under Federa environmental or State
environmentd or facility sting laws that pecificdly address a hazardous substance, pollutant,
contaminant, remedia action, location or other circumstances found at a CERCLA sSte.

Relevant and appropriate requirements are cleanup standards, standards of control, and other
subgtantive requirements, criteria, or limitations promulgated under Federd environmentd or
State environmentd or facility siting laws that, while not “gpplicable’ to a hazardous substance,
pollutant, contaminant, remedid action, location or other circumstances at a CERCLA dite,
address problems or Stuations sufficiently smilar to those encountered at the CERCLA site and
are well-suited to the particular Site.

In the absence of federd- or state-promulgated regulations, there are many criteria, advisories,
and guidances that are not legdly binding, but that may serve as useful guidance for response
actions. These are not potential ARAR, but are” To Be Consdered” (TBC) guidance. These
guiddines generdly falswithin three categories. hedth effects information with a high degree of
credibility; technica information on how to perform or evauate Ste investigations or response
actions, and policy.”
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Requirements under federa or state law may be elther gpplicable or relevant and appropriate to
CERCLA cleanup actions, but not both. Requirements must be both relevant and appropriate for
compliance to be necessary. In the case where both afederd and state ARAR are available, or where
two potential ARARS address the same issue, the more stringent regulation must be selected. Thefind
NCP gatesthat a state standard must be legaly enforceable and more stringent than a corresponding
federa standard to be relevant and appropriate (55 FR 8756, March 8, 1990).

CERCLA on-ste response actions must only comply with the substantive requirements of an ARAR
and not the adminigrative requirements. “No Federd, State, or loca permit shdl be required for the
portion of any remova or remedia action conducted entirely ongte, where such remedid actionis
selected and carried out in compliance with this section” [CERCLA 8 121(e)(2)].

Substantive requirements pertain directly to the actions or conditions a a site, while adminigrative
requirements facilitate their implementation. The NCP defines ongite as “the ared extent of
contamination and dl areasin very close proximity to the contamination necessary for implementation of
the response action.” BLM recognizes that certain administrative requirements, such as consultation
with state and local agencies and reporting, are accomplished through the involvement with such
agencies throughout the remova process and through public participation requirements of the NCP.

The ARARS presented and evauated for this EE/CA are divided into three groups:

. Chemica specific requirements - are usudly hedth, risk or technology based standards that
limit the concentration of achemicd found in or discharged to the environment.

. L ocation specific requirements - “ set restrictions upon the concentration of hazardous
substances or the conduct of activities solely because they arein specia locations’ (53 FR
51394).

. Action specific requirements- sets controls, restrictions or performance standards based on

basic activities relaed to the management of hazardous substances, pollutants or contaminants
associated with the remova action.

The matrix presented in Tables 12, 13 and 14 identify apreliminary list of the mgor Federd and State
chemica-specific, action-specific and location specific ARARS consdered for the Site. Identification
and evaduation of ARARs is an iterative process, which continues throughout the response process as a
better understanding is gained concerning Site conditions, contaminants and cleanup aternatives.

The text below discusses severa key ARAR that apply to the Poormar/Balm Creek Site. These
ARAR ae

Resour ce Conservation and Recovery Act (RCRA) Subtitle C Hazardous Waste: The waste
rock and tailings generated during the operation of the mine are not considered as a * hazardous waste”’
as defined by RCRA 40 CFR § 261. Under 40 CFR § 261.4(b)(7), the Bevill Exclusion, solid waste
from the extraction and beneficiation of ores and minerds are excluded from the definition of hazardous
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waste and therefore are not subject to RCRA Subtitle requirements.

Oregon Administrative Rule OAR 340 Division 101: I dentification and Listing of Hazardous
Waste. Identifies those resdues which are subject to regulation as hazardous wastes under
divisons 100 to 106, 108, 109, 111, 113 and 124. Specificaly under 340-101-004, Oregon State
adopts the provisions of 40 CFR 261.4(b)(7) that are applicable to the Poorman/Bam Creek Site
(Bevill Amendment).

Clean Water Act: The discharge from any passve trestment system implemented at the Site will be
required to meet federa Clean Water Act requirements under the National Pollution Discharge
Elimination System (NPDES) or the Oregon Water Quality Standards.

Oregon Administrative Rule OAR 340 Division 95: Solid Waste: Land Disposal Sites Other
Than Municipal Solid Waste L andfills: Regulates the Sting, operation and maintenance of any
non-municipa land disposd Ste. Applicable to the congtruction and closure of atailings repository.

National Historic Preservation Act: Section 106 of the Nationa Historic Preservation Act (NHPA)
of 1966, as amended (16USC 470f), requires that BLM consder the effects of actions on historic

properties.

Native American Graves Protection and Repatriation Act. Regulaionsthat pertain to the
protection and disposition of human remains, funerary objects, sacred objects, or objects of cultural
patrimony (43 CFR 10).

The process of identifying additiond ARARSs or modifying thisinitid determination will continue in
consultation with the State as removal action dternatives are selected and further developed. The
designations suggested should be used as guidance when working with Federd and State regulators
involved in thefind removd action.

6.0 IDENTIFICATION OF REMOVAL ACTION OBJECTIVES
Removd action objectives (RAOs) are the link from the site characterization and risk assessment to the

remova action dternatives. RAOs are written for each medium that is causing exposure and that needs
exposure reduction. These objectives are as follows:

. Reduce or diminate the release of metals originating at the Steto air pathways via fugitive dust
emissons

. Reduce or iminate the release of metds originating at the Site to surface water.

. Reduce or diminate the release of metds during flood events.

. Reduce or diminate the potentia for exposure to humans and wildlife from inhdation, ingestion
or direct contact with contaminated surface soils.

. Consider measures to minimize or avoid adverse on historic and prehistoric resources at the

Site, asrequired by the Nationa Historic Preservation Act.
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The leaching RMC and the camper RMC shown in Table 11 are the removd criteriafor tailing
materids.

7.0 IDENTIFICATION AND ANALYSISOF REMOVAL ACTION ALTERNATIVES

The NCP (40 CFR 8300.415(e)) identifies appropriate removal actions for Stuations where human
hedlth or the environment may be affected. Theligt is not exhaudtive and the lead agency may take
other actions as deemed necessary and the EPA guidance recommends that only the most qualified
technologies that apply to the media or source should be discussed in the EE/CA.

Alternatives for the remova of contamination have been sdected to address Site conditions as depicted
inthis EE/CA. Theremovd options were chosen to address the remova action objectives discussed in
Section 6.0. Based on available Ste information, the following removal action aternatives have been
identified as gpplicable to the Site.

. No Action
. Inditutiona Controls
. In-Situ Stabilization and Surface Water Diverson

. On-Site Repository

. Off-Site Repository

. Remova to aMunicipa Solid Waste Landfill
. Removd to a Hazardous Waste Landfill

7.1  Description of Alternatives

7.1.1 NoAction

The No Action dternative isincluded in the EE/CA as abasdine for comparison with other removd
action options. The No Action aternative requires no remediation or remova work to be performed at
the Ste. The Site would remain asit existstoday or would further degrade due to outside influences.
7.1.2 Indtitutional Controls

Alternative 2 conssts solely of those measures which will prevent access to the tallings areas and the
diverson of surface water away from those materids. Examples of inditutiond controls include
fencing, placement of warning sgns, capping the shaft a Site C and blocking access roads into the
tallings aress.

7.1.3 In-Situ Stabilization and Surface Water Diversion

Alternative 3 would involve regrading of tailings and waste rock aress, placement of a vegetetive cover

over thetailings areas and diverson and armoring of the creek in the stream reaches that cut into or
threaten the tailings or waste rock areas. The stream reconfiguration would be designed to contain the
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100-year flood event.

Waste rock from Slide Creek at Sites A & B would be excavated and re-graded to minimize the
potentid infiltration from Side Creek. Aswaste rock is moved into place, a stabilizing agent may be
gpplied to reduce the acid rock drainage potential. The Slide Creek channel would be contoured to
reestablish amore natura channel flow. Soil and plants would then be incorporated in the channel area
to restore the riparian zone.

The Bam Creek areawould be addressed in asmilar fashion. The waste rock a Site C would be
regraded to minimize ponding and reduce infiltration. A stabilizing agent may be incorporated into the
waste rock pile to reduce the acid rock drainage potential. The headframe would be removed and the
shaft would be collared/capped, allowing the water from the shaft to gravity-drain to a treatment system
prior to discharge to Bam Creek. Tailings from the “Pond” areawould be relocated to the upper Site
C areaas an adequate area for in-gitu Sabilization is not avallable. Tailings materid lying within the
Bam Creek channd and flood plain would be removed to an up-dope area. Al tailings at site C would
then be regraded to the optimum dope to ensure stability while reducing infiltration. Available access
tralls to the stabilized tailings pile would be blocked or removed. The Bam Creek channe would then
be armored to reduce the potentia for future erosion of the bank toward the tailings. The use of
biologicd materids for armoring the channd would be used in conjunction with more traditiona
armoring techniques such as rip rap.

Isolation of the tailings through the use of a cover system will minimize potentia for water and oxygen
from entering the taillings. The proposed vegetative cover system would congst of up to three feet of
native soils with aminimum of eight inches of loosdly placed topsoil and agravel veneer. Naive
gpecies would be used to establish a vegetative cover. The cover would be designed to promote run-
off and the soil and vegetative component would store infiltrated water to be recycled back to the
atmogphere through evaporation and transpiration. A drainage layer may be included within the cover
to provide a high capacity system for removing weter that infiltrates through the soil cover and to act as
acapillary break to encourage storage in the upper layers. If it determined necessary in the design
phase, a geomembrane component would be added to further prevent migration of water into the
tallings. Run-on control would be provided aong the upgradient edge of the tailings pile.

A geotechnical evauation of the existing conditions a the Ste will be necessary as part of the design
phase. The andysswill hep identify critical sability issues and assst in optimizing dope grade for the
wade piles. As part of the andysis, the placement of cover materias should be evaluated to establish a
reasonable factor of safety for the cover system. In every dope there are forces that promote
downdope movement and opposing forces which resist that movement. The factor of safety istheratio
of the shearing strength (opposing forces) to the shearing force (downdope forces). A factor of safety
greater than one means that the resisting forces exceed the driving forces. Engineered dopes generdly
am to have afactor of safety greater than 1.3.

7.1.4 On-Site Repository

Alternative 4 involves the condruction of an on-ste engineered repository for isolaion of dl tallings.
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The sdlected Steislocated to the south and west of the Bam Creek workings. This areawas selected
based on the geophysicd surveys complete in November of 2002 and the archeological clearance
completed by BLM. Other potentia repository sites were evauated but were eliminated because they
could have effects on cultura resources or were considered geologicaly or hydrologicaly unsound.
The on-dte repository dternative requires clearing and excavating an adequate area to accommodate
up to 30,000 cubic yards of material.

The repogitory cover would consist of up to three feet of native soils with aminimum of eight inches of
loosdly placed topsoil and agravel veneer. Native species would be used to establish a vegetative
cover. The cover would be designed to promote run-off and the soil and vegetative component would
goreinfiltrated water to be recycled back to the atmosphere through evaporation and transpiration. A
drainage layer may be included within the cover to provide a high capacity system for removing water
that infiltrates through the soil cover and to act as a capillary bregk to encourage storage in the upper
layers. If it determined necessary in the design phase, a geomembrane component would be added to
further prevent migration of water into the taillings. Run-on control would be provided dong the
upgradient edge of the repository and monitoring wells would be ingtalled prior to placement of waste
to determine background concentrations of the primary contaminants for the Ste.

Tailings would be excavated and hauled to the repogitory using conventiond excavation and hauling
methods. Tailings exceeding optimum moisture would be blended at the point of origin with nearby
tallings or waste rock to reduce the overadl moisture content. In order to fecilitate remova of tailings, a
temporary bridge would need to be congtructed in the “Pond” areato minimize impacts to Bam Creek.
The former tailings areas would be recontoured and revegetated or covered with rip-rap for eroson
control.

Temporary fencing of the repository areamay be necessary until vegetation iswell established.
7.1.5 Off-Site Repository

Alternative 5 involves the congtruction of an off-gite engineered repository for isolation of the tailings.
Congruction of an off-gte repository would require clearing and excavating approximately 30,000
cubic yards of materid. The site location and congtruction would comply with the requirements
gpecified in 40 CFR Subpart B for solid waste landfills and with Oregon Adminigrative Rules, Chapter
340 Divison 95 for Solid Waste Landfills. As the facility would be located outside the boundaries of
the Poorman/Bam Creek CERCLA dite, a permit would be required. The cover design and excavation
activitieswould be smilar to that of the on-site repository.

7.1.6 Remove Tailingsto a Solid Waste L andfill
Alternative 6 involves the excavation of dl tailings materia from the two tailings areas and transportation
of the materid to a solid wagte landfill in the state of Oregon. Conventiona excavation and hauling

techniques would be employed. Truckswould travel on public road and would be covered with tarps
to minimize the potentid for spillage. Traffic control may be necessary in some aress.
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There is not a 0lid waste landfill within the area that has sufficient capacity to accept the volume of
tallings to be generated during this remova action. Additiondly, it is generaly unacceptable to dispose
of minerd beneficiation wagte in a solid waste landfill. This dternative is therefore was eliminated
from further consideration.

7.1.7 Remove Tailingsto a Hazardous Waste L andfill

Alternative 7 involves the remova of tailings to a hazardous waste landfill. Tailings would be excavated
and hauled gpproximately 170 milesto the Arlington facility. Conventiona excavation and hauling
techniques would be employed. Truckswould travel on public road and would be covered with tarps
to minimize the potentid for spillage. Traffic control may be necessary in some areas. The former
tallings areas would be recontoured and revegetated or covered with rip-rap for erosion control.

7.2  Description of Evaluation Criteria
There are three types of criteria againgt which each aternative is evaluated. These criteria are derived

from the Guidance on Conducting Non-Time-Criticd Remova Actions Under CERCLA, Find
Revised Draft, June 1993 (EPA/540-R-93-057). The criteriaare:

1. Effectiveness
. Overdl protection of human hedth and the environment
. Compliance with ARARsand TBC

. Long-term effectiveness and permanence
. Reduction of toxicity, mobility, or volume through trestment
. Short-term effectiveness

2. Implementability
. Technicd feasbility

. Adminidrative feesbility
. Avallability of services and materid
. State and community acceptance
3 Cost
. Long-term cost for operation and maintenance
. Reasonable cost

A destription of each of these criteriais provided in the following sections.

7.2.1. Effectiveness

7.2.1.1 Overall Protection of Human Health and the Environment

This evaduation criterion is athreshold requirement that serves asafina check to assess whether each
dternative provides adequate protection of public hedth and environment. Alternatives are further

examined after the assessment under the other evauation criteria, including long-term effectiveness and
permanence and compliance with ARARS.
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7.2.1.2 Compliance with ARARs

This evauation criterion is dso athreshold requirement and is used to determine if each dternative
would attain federd and state ARARS, to the extent practicable considering the urgency of the Situation
and the scope of the remova. At certain Stes, ARARS may from the basis of the removal action.

7.2.1.3 Reduction of Toxicity, Mobility, or Volume Through Treatment

This evauation criterion address the EPA preference for sdlecting remedies that permanently and
sgnificantly reduce the toxicity, mohbility, or volume of hazardous materids a the Site.

7.2.1.4 Long-Term Effectiveness and Permanence

This evauation criterion addresses the long-term effectiveness of dternatives in maintaining protection
of public hedth and the environment, and the magnitude of resduad risk posed by treatment resduds or
untreated waste remaining at the Site, after Site objectives have been satisfied. The adequacy and
reliability of controls proposed as part of the dternative are also eva uated.

7.1.1.5 Short-term Effectiveness
Short-term effectiveness addresses the effects of each dternative during the implementation of the

action before removd objectives are met and should include the effects on human hedlth and the
environment directly following implementation. The following factors should be addressed as

appropriate:

. Protection of the community

. Protection of the workers

. Environmentd impacts

. Time until response objectives are achieved.

7.2.2 Implementability

This criterion evauates the technicd feadibility and adminidrative feasihility of implementing an
dterndive and the availability of various services and materias required during implementation. This
should include an assessment of the ability of the technology to implement the remedy and the rdiability
of the technology. Operationd congderations should also be factored into the evauation. In some
cases it may be necessary to determine whether the dternative is not incons stent with potentia future
remedid actions. The EE/CA should aso evaduate the feasibility of coordinating with other offices and
agencies to implement an dterative and the ability and time required to obtain any necessary permits or
gpprovals from agencies. The following factors should be addressed as gppropriate:

. Technicd Feashility

. Adminigrative Feeshility

. Availability of Services and Materids

. State Acceptance

. Community Acceptance
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State acceptance and community acceptance are evaluated during the public comment period. The
find sdection of the dternative will take into comments received by the state and public into
condgderation. A response to comments will be included with the Action Memorandum.

7.2.3 Costs

The cost of each dternative includes al capital, construction, and operation and maintenance (O& M)
costsincurred over the life of the project. The assessment againg the criterion is based on the
estimated present worth of the costs for each dternative. The present worth of dternatives that last
longer than 12 months should be cdculated. Each potentia dternative will be evauated with regard to
its projected costs. Cogts have been cdculated using information from RSMeans Environmental
Remediation Cost Data - Assemblies Cost Book and Unit Cost Book, the Draft BLM Cost
Estimating Handbook and past contract data when available and appropriate. Local vendors may
provide services for less than the costs projected in this document.

7.3 Evaluation of Potential Removal Action Alter natives

The following section contains an andyss of the ahility of the remediad dternativesto stisfy the
evauation criteria. Alternatives that do not satisfy the removal action objectives and do not meet the
remova action criteria are screened from further evaluation in this EE/CA

7.3.1 Alternativel- No Action

Effectiveness - Alternative 1 does not protect human hedlth or the environment or comply with ARAR.
Thetailings area surfaces will till be exposed to the atmaosphere and precipitation may continue to
erode and leach contaminants from the areas into surface water. The area surfaces will sill present a
direct contact threet to humans and other organisms.

Implementability - The No Action dternative is readily implementable; however, it would not be a
reliable or effective means of meeting the remova action objectives.

Cost - There are no costs associated with this dternative.

This dternative is not protective of human health and the environment, does not satisfy ARAR nor meet
the remova action criteria for the Ste and is therefore diminated from further consideration.

7.3.2 Alternative2 - Ingitutional Controls

Effectiveness - Alternative 2 reduces the risk of direct contact with tailings through the implementation
of access redrictions, however the use of ingtitutional controls will not prevent contaminant releasesin
the future or comply with ARAR. Thetailings area surfaces will till be exposed to the amosphere and
precipitation will continue to erode and leach contaminants from the areas into both ground water and
surface water. Long-term risk associated with the tailings are not reduce since the toxicity, mobility or
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volume of the contaminant has not be affected.

Implementability - Indtitutiona controls are technicaly implementable. Fencing contractors are
available in severd cities and towns near the Ste. Standard ingtdlation of signage and fencing could be
used at the gte. The adminidrative feasibility of this dternative would be low as accessis necessary to
Bam Creek Reservoir and public and private lands beyond the Site.

Cost - The cogtsfor this dternative are considered low. Cost include design mobilization and ingtalation
of gpproximately 1,700 feet of chain link fencing (900 feet at the “Pond” and - 800 feet at Site C) and
six warning signs. Capital codts are estimated at $58,000. Operation and maintenance costs for
maintenance of fencing and replacement of sign is estimated at approximately $4,000.

This dternative is not protective of human health and the environment, does not satisfy ARAR nor meet
the remova action criteria for the Ste and is therefore diminated from further consideration.

7.3.3 Alternative 3 - In-Situ Stabilization and Surface Water Diversion

Effectiveness - Alternative 3 provides adequate protection of human health and the environment and
comply with ARAR. In-Stu stabilization of waste rock and mill tailings will prevent direct contact with
wadtes, prevent airborne migration of contaminated dusts, minimize the potentia for eroson of tailings
meaterid directly into the creek, and reduce the potentid for mobilization of meta's through leaching.
Although toxicity and volume of contaminants remains the same, mohility of the contaminants would be
reduce by the congtruction of a soil cover and use of the phosphate stabilizer. Short term air quality
impacts may occur during congtruction activities but these impacts could be minimized using sandard
dust suppression techniques. Potentid risks to Site workers would include risks from the performance of
congtruction activities and potentia exposure to contaminantsin the tailings and waste rock. Theserisks
will be minimized through the development and implementation of the Ste-specific hedlth and safety plan.

Implementability - This aternative would be readily implementable using conventiona congtruction
equipment and services for regrading of waste rock and tailings, reconfiguration of surface drainage and
placement of cover materid. Sufficient land areamay not be available a Site C to include the tailing
from the lower holding pond.

Cost - Codt for Alternative 3 were determined based on remova of the lower tailings pond and
consolidation with the waste at Site C, regrading of the waste rock and reclamation of the disturbed
area. Totd cogt for Alterative 3is $902,000. Annua inspection and maintenance of the stream channel
and tailings cap and surface water sampling will be required. Operation and maintenance costs for
maintenance is estimated at approximately $90,000.

7.3.4 Alternative4 - On-Site Repository
Effectiveness - Alternative 4 is protective of human heath and the environment and satisfies ARAR.

Pacement of mill tailingsin arepository will prevent human and ecological contact with wastes and
prevent airborne migration of contaminants. The tailings will be isolated from Side and Bam Creek
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watershed area away from the 100-year flood plain, thereby preventing erosion of taillings materid into
the creek and reducing leaching of associated metals.  Although toxicity and volume of contaminates
would remain the same, the mobility of the contaminants would be reduce by minimizing infiltration
through the use of congtruction of a vegetative soil cover. Short term air quality impacts may occur
during repogtory construction and tailings excavation activities but these impacts could be minimized
using sandard dust suppression techniques. Potentia risks to site workers would include risks from the
performance of construction activities and potentia exposure to contaminants in the tailings and waste
rock. These risks will be minimized through the development and implementation of the Ste-gpecific
hedth and safety plan.

Implementability - It istechnicaly feasble to implement the design and congtruction of arepository and
s0il cover system. Site earthwork can be completed using conventional construction equipment and
services for the congtruction of the repository and removal and trangportation of the tailings.

Cost - The cost of designing and congtructing a repository, and transporting the tailings to the preferred
location is approximately $1,042,000. Long-term ingpection, maintenance and monitoring of the
repository will be required. Operation and maintenance costs is estimated at gpproximeately $104,000.

7.3.5 Alternative5 - Off-Site Repository

Effectiveness - Alternative 5 is protective of human health and the environment and stisfies ARAR.
Pacement of mill tailingsin arepository will prevent human and ecologica contact with wastes and
prevent arborne migration of contaminants. The talings will be isolated from Side and Bam Creek
watershed area away from the 100-year flood plain, thereby preventing erosion of tailings materid into
the creek and reducing leaching of associated metals.  Although toxicity and volume of contaminates
would remain the same, the mobility of the contaminants would be reduce by minimizing infiltration
through the use of congtruction of a vegetative soil cover. Short term air quality impacts may occur
during congtruction and tailings excavation activities but these impacts could be minimized usng sandard
dust suppression techniques. This dternative involves a substantiad amount of construction-related
activity and traffic on public roads. Continuous truck traffic during work hours could impact locd
resdents dong the haulage route. Potentid risks to Site workers would include risks from the
performance of congtruction activities and potentia exposure to contaminants in the taillings and waste
rock. These risks will be minimized through the development and implementation of the Ste-gpecific
hedlth and safety plan.

Implementability - It istechnicaly feasible to implement the design and congtruction of a repository and
soil cover system. Site earthwork can be completed using conventiona congtruction equipment and
services for the congtruction of the repository and remova and transportation of the tailings. At thistime,
an off-gte repostory location has not been determined. Considerable effort would be required to find a
suitable location for arepogitory. An off-dte repogitory isless adminigratively feasible than an on-dte
facility due to the requirement established in OAR 340-093-0050 requiring a permit from Oregon
Department of Environmental Qudity to establish, operate, maintain or substantialy dter, expand,
improve or close adisposal Ste.
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Cost - Thecost of designing and congtructing an off-Site repogitory, and trangporting the tailings to the
facility would be greater than that of the on-gte facility. Cyde timesfor hauling materia would
ggnificantly increase, resulting in cost increase of up to 50% for each additiond mile from the Site.
Long-term ingpection and maintenance of the repository cover would be required. Operation and
maintenance costs would be similar as those for the on-gite facility.

Due to the short-term impacts to loca resdents, potentid Siting considerations, the administrative
requirement of permitting the facility and the increased cog, the off-gte repository dternative is
eliminated from further consideration.

7.3.6 Alternative 7 - Remove Tailingsto a Hazardous Waste L andfill

Effectiveness -Alternative 7 is protective of human hedlth and the environment and satisfies ARAR.
Pacement of mill tailings in a hazardous waste landfill will isolate the wastes, prevent human and
ecologica contact, and prevent airborne migration of contaminants. The tallings will be removed from
Slide and Bam Creek watershed area away from the 100-year flood plain, eiminating erosion of tailings
materid and leaching of associate metdsinto the creek.  Although toxicity and volume of contaminates
would remain the same, the mobility of the contaminants would be reduce through disposa in aRCRA
Subtitle C treatment, storage and disposa facility (TSDF). Short term air quality impacts may occur
during excavation activities but these impacts could be minimized usng sandard dust suppression
techniques. Thisdternative involves a substantid amount of congtruction-rdated activity and traffic on
public roads. Continuous truck traffic during work hours could impact loca residents dong the haulage
route. Baker City and surrounding communities would be impacted by increased truck traffic, noise,
dust and public road degradation. Potentia risksto ste workers would include risks from the
performance of construction activities and potentia exposure to contaminants in the tailings and waste
rock. These risks will be minimized through the development and implementation of the Ste-gpecific
hedth and safety plan.

Implementability - It istechnicaly feasble to implement this dternative using conventiond heavy
equipment for excavation of the tailings and trangportation of materia to the hazardous waste landfill.
Implementation of this aternative would require coordination with appropriate state and loca agencies.
Trangportation of tailings on public highways may require communication with the Oregon Department of
Trangportation and Oregon Department of Environmental Qudity, local agencies and the community.

Cost - The cost for dternative 7 is estimated to be $7,500,000. No operation and maintenance costs
would be imposed for the disposad of thetailings at a TSDF.

80 COMPARATIVE ANALYSISOF RETAINED ALTERNATIVES
The Guidance on Conducting Non-Time Critical Removal Actions Under CERCLA dates that the
purpose of the comparative andyss of the remaining dterndivesisto “identify the advantages and

disadvantages of each dternative relative to one another.” The aternatives consdered here are:

. Alternative 3: In-Situ Stabilization and Surface Water Diverson
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. Alternative 4: On-Site Repository
. Alternative 7: Remova to a Hazardous Waste Landfill

Alternatives 4 and 7 do not address waste rock or shaft water. |If Alternative 4 or 7 are sdlected for
management of dl tallings, it islikely that they would be used in combination with part of Alternaive 3in
the remediation of the Site.

A relative comparison of each dternative is completed for each of the evauation criteria.
8.1  Effectiveness

Overdl protection of human hedth and the environment.

The three dternatives offer amilar levels of protection of human health and the environment for tailings
management. Alternative 7 would be the most protective for management of tailings as the materia
would be placed in a RCRA-compliant Subtitle C hazardous waste facility. Alternative 3 would be the
least protective asthereis agreater potentid for infiltration of water in the form of seeps or surface
water. Additional consderations are:

. Leaving the tallings in-place would likely be less protective than removing the tailings from the
area surrounding the creek.

. Hauling the tailing off-dte would have a gregter potentia of impacting public hedth than
managing the waste on-site,

Compliance with ARARs and TBC.

All dternatives would have smilar impactsto the riparian area and surface water during the remova of
tallings from the “Pond” and regrading of waste rock. All aternatives under consideration in this EE/CA
involve potentia impacts to culturd resources. The design and implementation of any of the dternaives
would seek to minimize the impact to these resources. The most visibly impacted historic resource
would be the headframe, which must be removed or stabilized. Building foundations may be covered
during regrading of the waste rock in dl dternatives and the regrading the tailings in Alternative 3.
Additiond condderations are:

. Only Alternative 7 would necesstate further evauation of hazardous waste regulations.
Additiona sampling may be required to further characterize the tailings prior to shipment to a
hazardous wadgte facility.

. Alternative 4 would require assessment of the Oregon solid waste regulations during design of
the repository to assure that substantive requirement are satisfied.
. All dternatives would require air monitoring during earthwork activities.

L ong-term effectiveness and permanence.

Aswadte rock will remain on stefor dl dternatives, the magnitude of the remaining risk should be
evauated after the completion of the remova action. Both dternatives 4 and 7 include removal of
tallings and placement in a designed fadility, but tallings will remain on BLM land in Alterndive 4.
Alternative 7 will assure long-term management of the waste in an off-dte commercia permitted facility.
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Both tailings disposd options have the waste isolated from populated aress.

Reduction of toxicity, mobility, or volume through trestment.

All dternatives would have smilar reduction of mobility of the contaminants through isolation of tailings
using a protective cover system and the potentiad use of a Sabilizing agent on waste rock. Alternatives 4
and 7 would be more protective than Alternative 3 astailings will be removed from the riparian area.
Alternative 7 would have some additiond reduction of mobility as the hazardous wadte facility utilizesa
liner and leachate collection system.

Short-term effectiveness.

All dternatives would be completed in a amilar amount of time, athough wegther restrictions would play
apart in the schedule for implementation. Alternative 3 and 4 would pose no additiona risk to the
community as actions will be taken at the Site. Alternative 7 would have consderable effects to the
surrounding communities through transportation of the waste dong public roads and highways by
increased truck traffic, noise, dust and toad surface degradation. Similar risks to workers would be
posed by al three dternatives, but Alternative 7 would require long haul trips for transportation of the
wagte to Arlington, Oregon. Potentia risks to workers will be reduced by development and
implementation of a Ste-gpecific Hedth and Safety Plan.

8.2  Implementability

Technicd feesibility.

It istechnically feasible to implement each of the dternatives. Waste remova and regrading can be
accomplished through standard congtruction techniques. Design and congtruction of a cover system and
repository and surface water diverson are proven technologies and easlly implemented. The terrain of
the area and limited access will have smilar effects on each dterndive.

Adminigrative feesbility.

Coordination with the appropriate state and local agencies and tribal governments will be required to

implement any of the dternatives. Vehicle permits may be required for transportation of the waste in

Alternative 7. Hauling waste off-gte to a hazardous waste landfill may require coordination with loca
government agencies concerning impacts to roads and traffic.

Availability of services and meterid.

The difference between Alternatives 3 and 4 and Alternative 7 is largdly related to the availability of
materid and expertise necessary for the congruction of cover systems and for the congtruction of the
repository. These differences are not considered a constraint as an appropriate Site has been located for
the repository and a source for borrow materia for additiona covers and reclamation activities has been
located on Ste across from site C.

State and community acceptance.
State and community acceptance will be addressed through the public comment period.

83 Cost

36



The cost for Alternatives 3, 4, and 7 are $902,000, $1,042,000, and $7,500,000, respectively. Each
dternative would require regrading of waste rock and surface water diversion and long-term
maintenance of the waste rock piles. This cost for waste rock management would be an additional cost
to the estimated cost for Alternatives4 and 7. The cost for Alternative 7 is substantialy greater than the
remaining two dternatives. Alternatives 3 and 4 require long-term maintenance of the cover sysem and
monitoring of groundwater (as required).

90 RECOMMENDED REMOVAL ACTION ALTERNATIVE

The dternatives evaluated in this EE/CA are Smilar when evaluated againg the criteria. Alternative 3 is
the only aternative that addresses waste rock and surface water diversion and will be retained in the
preferred dternative. The Bureau of Land Management has selected Alternative 4 for the management
dl tallings. The combined removd dternatives are effective, readily implementable and cost effective for
the contamination associated with the Poorman/Bam Creek Mine Site.
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