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Executive Summary

The Bureau of Land Management (BLM) initiated a Remedial Investigation (RI) in 2009
to address contamination at the Red Devil Mine (RDM) site, Alaska. The RDM consists
of an abandoned mercury mine and ore processing facility located on public lands
managed by the BLM, near the village of Red Devil, located in southwestern Alaska on
the Kuskokwim River. The BLM performed this work pursuant to its delegated
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
lead agency authority. This RI report is part of the overall Remedial Investigation/
Feasibility Study (RI/FS) process that will result in a remediation approach for the site.

The purpose of the RI is to characterize areas of known or potential environmental
contamination at the site. The objectives of the RI/FS are to:

= Characterize the nature and extent of environmental contamination released
from the site.

=  Assess the magnitude of potential human health and ecological risks from
site-related contaminants.

= Evaluate potential remedial alternatives to reduce or eliminate human health
and ecological risks posed by site contamination. This evaluation will be
presented in the Feasibility Study Report under separate cover.

For this RI/FS, the RDM encompasses the areal extent of contamination and all suitable
areas in very close proximity to the contamination necessary for implementation of a
response action. Based on the location of tailings and other features, RI objectives and
associated data collection pertain to each of the following areas:

= The Main Processing Area.

= Red Devil Creek, extending from a reservoir upstream of the Main Processing
Area to the creek’s delta at its confluence with the Kuskokwim River.

= The area west of the Main Processing Area where historical surface
exploration and mining occurred, referred to as the Surface Mined Area. The
Surface Mined Area is underlain by the area of underground mine workings.
The “Dolly Sluice” and “Rice Sluice” and their respective deltas on the bank
of the Kuskokwim River are associated with the Surface Mined Area.

= Sediments in the Kuskokwim River.

The primary field investigations at the RDM were conducted during the 2010 and 2011
field seasons. Additional fieldwork was conducted at the site during the 2012 field season
to supplement findings from the previous seasons. Collectively, the field investigations
included the following activities:

= Surface soil sampling to determine the nature and lateral extent of
contamination from tailings and waste rock in the Main Processing Area, near
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the Kuskokwim River, and on roads within the site, and extending from the
site toward Red Devil village.

= Subsurface soil sampling to determine the nature and lateral and vertical
extent of contamination from tailings and waste rock in the Main Processing
Area, near the Kuskokwim River, and in the Surface Mined Area.

=  Groundwater sampling to determine the nature and extent of contamination in
existing and newly installed monitoring wells in the Main Processing Area,
near the Kuskokwim River, and in the Surface Mined Area.

= Surface water sampling in Red Devil Creek to determine the nature and extent
of contamination that exists in the creek and is being discharged to the
Kuskokwim River.

= Sediment sampling in Red Devil Creek to determine the nature and extent of
contamination that exists in the creek and is being discharged to the
Kuskokwim River.

= Sediment sampling in the Kuskokwim River to estimate the nature and extent
of solid phase contamination that has migrated offsite into the river.

=  Vegetation sampling to determine the nature of contamination in onsite plants
and berries.

=  Monitoring well water level measurements and Red Devil Creek discharge
measurements to characterize site hydrogeology and surface water hydrology.

= Evaluation of the fate and transport of contaminants in affected site media.

= Analysis of selected soil and waste samples to determine contaminant
mobility and bioavailability.

= Sampling of soil, sediment, groundwater, and surface water to assess
background concentrations of inorganic elements.

The results of the RI site characterization indicate that onsite tailings and waste rock are a
source of heavy metals contamination of soils, surface water, and groundwater, and
sediments in Red Devil Creek and the Kuskokwim River. Antimony, arsenic, and
mercury are the metals most frequently detected at levels above observed background
concentrations at the site. Several organic compounds, including polycyclic aromatic
hydrocarbons and petroleum hydrocarbons, were detected locally in soils above
regulatory criteria.

Inorganic element concentrations that exceed background values are considered
“contamination.” Many of the same inorganic elements that comprise contamination,
notably including antimony, arsenic, and mercury, also occur naturally in native bedrock,
soil, and sediment, and groundwater and surface water that flow through them. Such
naturally occurring concentrations represent pre-mining “background” conditions. It has
not been possible with available RI data to determine the extent and concentrations of
naturally mineralized soil at the RDM. As a result, the background levels used in this RI
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likely underestimate pre-mining background concentrations of inorganic elements
associated with natural mineralization in various media. Distinguishing between naturally
elevated concentrations of inorganics in various media and contamination resulting from
mining-related activities is complicated by the superposition of mining-related impacts on
natural bedrock and native soils and the physical hydrogeologic conditions within them.

Tailings and waste rock cover an area making up most of the Main Processing Area and a
corridor along Red Devil Creek that extends to the creek’s delta in the Kuskokwim River.
Tailings and waste rock have also been used for road ballast west of the site. The tailings
and waste rock deposits are deepest within the Main Processing Area and extend to a
maximum depth of approximately 24 feet. Groundwater contamination is also present in
the Main Processing Area down to the mouth of Red Devil Creek.

Surface water has played a significant role in distributing tailings and waste rock.
Tailings and waste rock have been disposed of, eroded into, and transported down the
channel of Red Devil Creek to the Kuskokwim River, where they accumulated in a delta.
In the Surface Mined Area, sluicing of overburden created the Dolly and Rice Sluices.
Sluiced overburden has accumulated in deltas in the Kuskokwim River. Materials
deposited in the Red Devil Creek delta and sluice deltas may be subject to further erosion
and transport.

Migration of contaminants to groundwater occurs principally via leaching from tailings,
waste rock, and, to a lesser extent, flotation tailings and other soils. Leaching of inorganic
elements from naturally mineralized bedrock and soil and migration via groundwater and
surface water also is occurring at the RDM. Leached inorganic elements enter
groundwater where and when groundwater immerses these source materials and by
leaching and downward transport from spring snowmelt and precipitation. Inorganic
elements may also enter groundwater as a result of flow through bedrock and
underground mine workings. Contaminants are migrating via groundwater pathways into
Red Devil Creek surface water along gaining reaches and are being transported
downstream.

A human health risk assessment (HHRA) was conducted for the RDM site in accordance
with Alaska State and U.S. Environmental Protection Agency (EPA) human health risk
assessment guidance. Receptors evaluated included future onsite resident, current and
future recreational or subsistence user, and future mine worker. The HHRA assessed
exposure to contaminants of potential concern (COPCs) from the following pathways:

= Dermal (skin) contact with surface water from Red Devil Creek.

= Dermal (skin) contact with sediments from Red Devil Creek and the near-
shore of the Kuskokwim River.

= Ingestion of and dermal contact with groundwater or surface water.

= Incidental ingestion of and dermal contact with soil.
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= Ingestion of native wild foods.
= Inhalation of dust or volatile chemicals from soil.

= Inhalation of volatile chemicals in groundwater.

The potential cancer risks at the site exceed both Alaska Department of Environmental
Conservation and EPA criteria for all receptors assessed. In general, exposure to arsenic
in soil, groundwater, and fish posed greatest risk. Likewise, the potential toxic hazards at
the site exceed both Alaska Department of Environmental Conservation and EPA criteria
for all receptors evaluated in the HHRA. In general, exposure to antimony, arsenic, and
mercury in soil, groundwater, and fish posed the greatest hazard. Cancer risks and toxic
hazards were the highest for future residents potentially exposed to COPCs.

The HHRA included several areas of uncertainty. Specifically, the following areas
provided source of significant uncertainty in the HHRA:

= Modeled concentrations of COPCs in some wild food, including fish, birds,
and berries.

= Estimating consumption of wild food and assuming residents harvest
consumed wild food from the site.

= Characterization of true background levels in the mineralized area.

Potential human health risk-based cleanup levels (RBCLs) were proposed for the
contaminants of concern (COCs) and determined in the HHRA. RBCLs were developed
for arsenic, antimony, and mercury in a number of media including soil, groundwater and
biota. RBCLs also were developed for other COCs at the RDM site for media of concern.
Several contaminants identified as COCs occur naturally at the RDM site.

An ecological risk assessment was conducted for the RDM site in accordance with
Alaska State and EPA ecological risk assessment guidance. A range of ecologically
relevant assessment endpoints were evaluated, including terrestrial plants, soil
invertebrates, fish, benthic macroinvertebrates and other aquatic biota, terrestrial wildlife,
and aquatic-dependent wildlife. For all receptor groups, with the exception of semi-
aquatic avian herbivores and avian piscivores, estimated potential risks were above
Alaska Department of Environmental Conservation and EPA criteria. Antimony, arsenic,
and mercury yielded the highest ecological hazard quotient values for most receptors.

This RI report presents conclusions that are based on 27 key study questions developed
through the data quality objectives process. In general, the answers to these questions
form the following conclusions:

= The RDM is a source of heavy metals contamination to site soils,
groundwater, surface water, and sediments. Antimony, arsenic, and mercury
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are the heavy metals of greatest concern. The site is also a source of organic
contaminants to soils and groundwater.

= Contaminants from onsite waste sources are migrating to offsite locations
through groundwater and surface water transport. Transport of contaminated
sediments in Red Devil Creek has affected sediments in the Kuskokwim
River.

= Potential human cancer and toxic hazard risks at the site exceed regulatory
criteria for all receptors assessed. Modeled risks and hazards were the highest
for the future residents scenario.

= Potential risks to terrestrial plants, wildlife, and aquatic biota were identified
at the site. Ecological risks are greatest in the areas where tailings and waste
rock are present on the surface and in surface water.
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Abbreviations, Acronyms, and Glossary

Acronym/Abbreviation Definition

°C degrees centigrade

°F degrees Fahrenheit

(mg/kg-day)” risk per milligram per kilogram per day

(ug/m’)"! risk per microgram per cubic meter

pg Pb/dL micrograms of lead per deciliter

ug/dL micrograms per deciliter

ng/kg micrograms per kilogram

ug/L micrograms per liter

png/m’ micrograms per cubic meter

AAC Alaska Administrative Code

ABSgermal dermal absorption

ADAF age-dependent adjustment factor

ADEC Alaska Department of Environmental Conservation

ADF&G Alaska Department of Fish and Game

AF adherence factor

ANHP Alaska National Heritage Program

As,05 arsenic trioxide

As,S; arsenic sulfide (orpiment)

AssSy arsenic sulfide (realgar)

AST aboveground storage tanks

AT averaging time

ATV all-terrain vehicle

BCF bioconcentration factor

BEI Burlington Environmental, Inc.

BERA baseline ecological risk assessment

bgs below ground surface

BLM Bureau of Land Management

BMD benchmark dose

BMI body mass index

BOM United States Bureau of Mines

BRA Baseline Risk Assessment

BSAF biota-soil accumulation factor

BTEX benzene toluene, ethylbenzene, xylenes

BW body weight

CERCLA Comprehensive Environmental Response, Compensation, and
Liability Act

cfs cubic feet per seconds

CIS Community Information Summaries

cm centimeters

cm’ square centimeter
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Ca
COoC
COPC
CSIS
CSM
CU3ASS4
DA
DBH
DMA
DOI
DOM
DQO
DRO
E&E
EC

ED
EER
EEsoil/sed
EEtotal
EF

EF
ELCR
EPA
EPC
ERA
ERAGS

ERS

FCM

FeAsS

F682

FI

Fy

FS

FSP

FW

g/m*-s per kg/m’
GI

GPS

GRO

H;PO,4

HA

HEAST
Hg3S2CI12
HgS
HgS04-H20
HHRA

chemical concentration in food item n
contaminant of concern

contaminant of potential concern
Community Subsistence Information System
conceptual site model

enargite

Red Devil Creek Downstream Alluvial Area (exposure unit)
diameter at breast height

dimethylarsinic acid

Department of the Interior

dissolved organic matter

Data Quality Objective

diesel range organics

Ecology and Environment, Inc.,

exposure concentration

exposure duration

estimated energy requirement

estimated exposure from incidental soil/sediment ingestion
total exposure

exposure frequency

exposure frequency

excess lifetime cancer risk

U.S. Environmental Protection Agency
exposure point concentration

ecological risk assessment

United States Environmental Protection Agency Ecological Risk
Assessment Guidelines for Superfund
Alaska Energy Recovery Services, Inc.

food chain multiplier

arsenopyrite

pyrite

fraction ingested

fraction of diet represented by food item n
Feasibility Study

Field Sampling Plan

fresh weight

grams per square meter per second, per kilograms per cubic meter
gastrointestinal

global positioning system

gasoline range organics

phosphoric acid

hectare

Health Effects Assessment Summary Tables
corderoite

mercury sulfide(cinnabar)

schuetteite

health risk assessment
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Abbreviations, Acronyms, and Glossary (cont.)

HI
HLA
HQ
IDW
IEUBK
IR

IR

IUR

kg

km
L/day
L/min
LADI
LEL
LOAEL
LPAH
LSE

M

m

m/s
MACTEC
MCL
MDL
mg
mg/day
mg/kg
mg/kg-wet
mg/L
mg/m’
mg’/kg
m-HgS
mm
MMA
MPA
NAD
ND

ng

ng/g
NOAEL
NTCRA
ORNL
PAH
PCB
PEF
ppm
RAGS
RAO

hazard index

Harding Lawson Associates

hazard quotient

Investigation-Derived Waste
Integrated Exposure Uptake Biokinetic
ingestion rate of receptor
soil/sediment ingestion rate of receptor
inhalation unit risk

kilogram

kilometer

liters per day

liters per minute

lifetime average daily intake

low effect level

lowest observed adverse effect level

low molecular weight polycyclic aromatic hydrocarbons

Limited Sampling Event

molar

meters

meters per second

MACTEC Engineering and Consulting
Maximum Contaminant Level
method detection limit

milligrams

milligrams per day

milligrams per kilogram

milligrams per kilogram wet weight
milligrams per liter

milligrams per cubic meter

cubic meters per kilogram
metacinnabar

millimeters

monomethylarsonic acid

Main Processing Area (exposure unit)
North American Datum
nondetected value

nanograms

nanograms per gram

no observed adverse effect
non-time critical removal action
Oak Ridge National Laboratory
polycyclic aromatic hydrocarbons
polychlorinated biphenyl
particulate emission factor

parts per million

Risk Assessment Guidance for Superfund

remedial action objective
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Abbreviations, Acronyms, and Glossary (cont.)

RAWP
RBCL
RBSC
RCRA
RDM
redox
RfC
RfD
RI Report
RI
RME
ROS-
RRO
RSL
SA
Sb,S;
SF

SI
SLERA
SMA
SPLP
SSE
SUF
SVOC
TAL
TCLP
TDS
TOC
TRV
TSC
TSS
TWA
UCL
UPL
USGS
UST
Wilder
WOE
Work Plan

WQC
X As
XASO3Y
XASO4Y
X AsS
XRF
YKHC

Risk Assessment Work Plan

risk-based cleanup level

risk-based screening concentration
Resource Conservation and Recovery Act
Red Devil Mine

oxidation-reduction

reference concentration

reference dose

Remedial Investigation Report

Remedial Investigation

reasonable maximum exposure
regression on order statistics

residual range organics

Regional Screening Level

skin surface area

antimony sulfide (stibnite)

slope factor

site inspection

screening level ecological risk assessment
Surface Mined Area (exposure unit)
synthetic precipitation leaching procedure
selective sequential extraction

site use factor

semi-volatile organic compounds

target analyte list

toxicity characteristic leaching procedure
total dissolved solids

total organic carbon

toxicity reference value

tissue screening concentration

total suspended solids

time-weighted average

upper confidence limit

upper prediction limit

U.S. Geological Survey

underground storage tank

Wilder Construction Company

weight of evidence

Red Devil Mine Remedial Investigation/Feasibility Study Work

Plan

water quality criteria

arsenides

arsenites

arsenates

arsenic sulfides

x-ray fluorescence

Yukon-Kuskokwim Health Corporation

XxXvii



Abbreviations, Acronyms, and Glossary (cont.)

Glossary of Selected Mining and Geological Terms Used in the Remedial
Investigation Report

Adit. A horizontal opening into an underground mine.

Calcine. By heating, to expel volatile matter as carbon dioxide, water, or sulfur, with or without
oxidation; to roast or burn; the waste material left by calcining.

Crosscut. A horizontal underground mine passage driven from one ore body to intersect another
ore body.

Dip. The angle at which a bed, stratum, or vein is inclined from the horizontal, measured
perpendicular to the strike and in the vertical plane.

Drift. A horizontal passageway driven into or along the path of a vein.

Epithermal. Of or pertaining to a hydrothermal mineral deposit formed within about 1 kilometer
of the earth's surface and in the temperature range of 50 to 200 degrees Celsius, occurring mainly
as veins.

Flotation. A method of mineral separation in which a froth created in water by various reagents
floats some finely crushed minerals that are skimmed off, while others sink and are drained off.

Gangue. The non-metallic or low-value metallic minerals in an ore; that part of an ore that is not
economically desirable but cannot be avoided by mining. It is separated from desirable ore
minerals during concentration.

Hydrothermal. Of or pertaining to hot water, to the action of hot water, or to the products of this
action, such as a mineral deposit precipitated from a hot aqueous solution.

Level. A main underground passage driven along a level course to provide access to stopes or
workings and to provide ventilation and a haulageway for the removal of ore. Levels are
commonly spaced at regular depth intervals and are either numbered from the surface or
designated by their elevation below the top of the shaft.

Mineralization. The process or processes by which a mineral or minerals are introduced into a
rock, resulting in a valuable or potentially valuable deposit.

Ore. The naturally occurring material from which a mineral or minerals of economic value can
be extracted profitably.

Portal. The surface entrance to a drift, tunnel, adit, or entry.

Raise. A vertical or inclined mine opening driven upward a level to connect upper levels or
explore areas above a level.
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Abbreviations, Acronyms, and Glossary (cont.)

Retort. A vessel used for the distillation of volatile materials, as in the separation of some
metals.

Rotary Kiln. A large furnace used for calcining ores.

Shaft. A vertical or downward slanting opening into an underground mine.

Ore Shoot. An elongate pipe-like, ribbon-like, or chimney-like mass of ore within a deposit

(usually a vein), representing the more valuable part of the deposit.

Skip. A small rail-mounted, side- or end-tipping ore carts used for conveying ore or waste rock
from a workface to the surface of a mine.

Slag. A vitreous substance formed in any one of several ways by chemical action and fusion at
furnace operating temperatures.

Sluice. To mine using a hydraulic mining method consisting of excavating alluvial or other
mineral

deposits by means of high-pressure water jets; an opening in a structure for passing debris with
the aid of flowing water.

Slusher. A mechanical dragshovel loader.

Stockwork. A mineral deposit consisting of a three-dimensional network of planar to irregular
veinlets closely enough spaced that the whole mass can be mined.

Stope. An underground cavity made by the removal of ore above or below a drift or working
level; to remove ore by excavating a stope.

Strike. The trace of a mineral deposit, vein, or fault on the horizontal plane, at right angles to the
direction of dip.

Stull. A support or framework within a mine used to prevent cave-ins.

Tailings. The gangue and other waste material resulting from the washing, concentration, or
treatment of

ore, including flotation tailings; a term sometimes used to describe calcined mercury ore.

Vein. A mineral filling of a fault or other fracture in a host rock, in tabular or sheetlike form.

Waste Rock. Barren or submarginal rock or ore that has been mined, but is not of sufficient
value to warrant treatment and is therefore removed ahead of the milling processes.

Winze. A mine opening sunk downward from inside to connect lower levels of explore areas

beneath a
level.
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Introduction

This Remedial Investigation Report (RI Report) addresses contamination at the
Red Devil Mine (RDM) site. This report documents the results of the Remedial
Investigation (RI) conducted at the RDM.

The RDM consists of an abandoned mercury mine and ore processing facility
located on public lands managed by the Department of the Interior (DOI) Bureau
of Land Management (BLM) in southwest Alaska (see Figure 1-1). Historical
mining activities at the site included both underground and surface mining. Ore
processing included crushing, retorting/furnacing, milling, and flotation. Ecology
and Environment, Inc., (E & E) has prepared this RI Report on behalf of the BLM
under Delivery Order Number LO9PD02160 and General Services Administration
Contract Number GS-10F-0160J.

The BLM initiated an RI/Feasibility Study (FS) at the RDM in 2009 pursuant to
its delegated Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) lead-agency authority. The RI/FS is being performed per
applicable CERCLA statutes, regulations, and guidance This RI/FS is being
performed per applicable CERCLA guidance. In addition, planning and
implementation the RI/FS is being performed in a manner consistent with
regulations for contaminated site cleanup promulgated by the State of Alaska.

1.1 Purpose and Objectives

The purpose of the RI is to characterize the RDM physical setting and areas of
known or potential environmental contamination at the site. The objectives of the
RI/FS are to:

= Characterize the nature and extent of environmental contamination
released from the site.

= Assess the magnitude of potential human health and ecological risks
from site-related contaminants.

= Evaluate potential remedial alternatives to reduce or eliminate human
health and ecological risks posed by site contamination. This evaluation
will be presented in the FS Report under separate cover.

The BLM performed a non-time critical removal action (NTCRA) during the
summer of 2014 to address threats posed by the migration of tailings into the
Kuskokwim River via Red Devil Creek. The NTCRA activities locally modified
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the conditions at the RDM. The site conditions documented in this report are
based on data gathered prior to implementation of the NTCRA.

1.2 Definition of the Site

The RDM encompasses the areal extent of contamination and all suitable areas in
very close proximity to the contamination necessary for implementation of a
response action. Historical mining operations left tailings and other remnants that
have affected local soil, surface water, sediment, and groundwater. Based on the
location of tailings and other features, RI objectives and associated data collection
pertain to each of the following areas:

* The Main Processing Area.

= Red Devil Creek, extending from a reservoir upstream of the Main
Processing Area to the creek’s delta at its confluence with the
Kuskokwim River.

= The area west of the Main Processing Area where historical surface
exploration and mining occurred, referred to as the Surface Mined Area.
The Surface Mined Area is underlain by the area of underground mine
workings. The “Dolly Sluice” and “Rice Sluice” and their respective
deltas on the bank of the Kuskokwim River are associated with the
Surface Mined Area.

= Sediments in the Kuskokwim River.

Figure 1-2 illustrates the area encompassed by the RI and the major features
identified above based on aerial photographs taken in 2010 (Aero-Metric, Inc.
2010a) and 2001 (Aero-Metric, Inc. 2010b).

The Main Processing Area contains most of the former site structures and is
where ore beneficiation and mineral processing were conducted. The area is split
by Red Devil Creek. Underground mine openings (shafts, adits, and stopes to the
surface) and ore processing and mine support facilities (housing, warehousing,
and so forth) were located on the west side of Red Devil Creek until 1955. After
1955, all ore processing was conducted at structures and facilities on the east side
of Red Devil Creek. The Main Processing Area includes three monofills. The
monofills are essentially landfills that contain demolished mine structure debris
and other material. Two monofills are unlined (Monofills #1 and #3). Monofill
#2, on the east side of Red Devil Creek, is an engineered and lined containment
structure for building debris and materials from the demolished Post-1955 Retort
structure.

The east side of Red Devil Creek is also the former location of petroleum
aboveground storage tanks (ASTs), which were used to store fuel for site
operations; however, the AST area itself is not included in the RI (see Section
1.4.2.4). The AST area is the subject of a separate investigation (Marsh Creek
2010).
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Figure 1-3 illustrates the main historical and current features in the Main
Processing Area. Underground and surface mining operations and ore
beneficiation and mineral processing are discussed further in Section 1.4.2.

1.3 Document Organization
The RI Report is organized into the following chapters:

Chapter 1, Introduction — Describes the purpose and objectives of the
RI/FS; defines the site; describes the project location and regional setting,
the operational history of the RDM, the site’s environmental setting,
previous investigations of the RDM, and previous removal and cleanup
actions at the site; and provides a summary of the Data Quality Objectives
(DQOs) presented in the Final RI/FS Work Plan (Work Plan).

Chapter 2, Study Area Investigations — Describes the timing, methods,
and locations of the RI field investigations and includes summaries of
environmental samples collected and their analytical requirements.

Chapter 3, Physical Characteristics of the Study Area — Summarizes
the results of field investigations intended to characterize physical
components of the media of interest at the site.

Chapter 4, Nature and Extent of Contamination — Summarizes the
results of field investigations intended to characterize the presence, nature,
and extent of chemical contamination in media of interest at the site.

Chapter 5, Contaminant Fate and Transport — Describes the routes and
mechanisms of contaminant migration at and from the site, the
environmental fate of site contaminants based on data and information
obtained during the RI field investigations, and the major contaminant
transport pathways.

Chapter 6, Baseline Risk Assessment — Presents quantitative cancer and
non-cancer human health risks, and ecological risks, posed by the site
based on data collected during the RI field investigations and other
investigations at the site.

Chapter 7, Summary and Conclusions — Summarizes the results of the
RI field investigations and risk assessment and provides preliminary
recommendations for remedial action objectives for the site.

Chapter 8, References — Lists the guidance documents and literature
resources cited in this document.

Appendices
o A. 2012 Red Devil Mine Baseline Monitoring Report
o B. Soil Types
o C. Data Validation Reports
o D. ProUCL Input and Output Data

1-3
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E. Summary of Surface Soil, Subsurface Soil, and Groundwater
Data

@)

o F. Summary of Surface Soil, Subsurface Soil, and Groundwater
Data

o G. Proposed Approach to Evaluating Consumption of Wild Foods
at the Red Devil Mine Site, Alaska, Version 2 and Response to
Agency Comments

o H. Human Health ProUCL Inputs and Outputs

o L. Sculpin Metals Data

o J.Human Health Risk Assessment Risk Hazard Tables
o K. Lead Model

o L. Alaska National Heritage Correspondence

o M. Revised Screening Level Ecological Risk Assessment for the
Red Devil Mine Site

o N. Benthic Macroinvertebrate Data (sample description and metals
results)

o 0. Baseline Ecological Risk Assessment ProUCL Output
Summary

o P.BLM Data Used to Calculate Benthic Biota Sediment
Accumulation Factors

1.4 Site Background

1.4.1 Project Location and Regional Setting

The RDM is approximately 250 air miles west and 1,500 marine/river barge miles
from Anchorage, Alaska. The mine site was established on the southwest bank of
the Kuskokwim River approximately 2 miles from the village of Red Devil, and
approximately 8 miles from the village of Sleetmute. The Red Devil mine is
generally located on the Kuskokwim River in Township 19 North, Range 44
West, within the southwest quarter of Section 5, southeast quarter of Section 6,
northeast quarter section 7 and northwest quarter of section 8, Sleetmute D-4,
Seward Meridian. The RDM site’s approximate coordinates are 61° 45” 38.1”
north latitude and 157° 18°42.7” west longitude (North American Datum 27).

The RDM site is in a remote location with no road or rail connection to any
community. The site is accessed by boat or barge on the Kuskokwim River or by
means of an airstrip at the nearby village of Red Devil.

1.4.2 Operational History

This section summarizes available information on the history of the RDM.
Existing historical documents do not provide complete clarity on ownership and
other topics related to the mine’s history. The ore minerals at the RDM consisted
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of cinnabar (mercury sulfide [HgS])—the primary mercury ore mineral—and
stibnite (antimony sulfide [Sb,S;]). Some realgar (arsenic sulfide [As4S4]),
orpiment (arsenic sulfide [As,S3]), and secondary antimony minerals were locally
associated with these ore minerals.

1.4.2.1 Mining Operations

In 1933, Hans Halverson discovered mercury ore
in Red Devil Creek and staked the original claim
for the RDM. By 1939, there were four claims,
Red Devil numbers 1 through 4 (Roehm 1939).
Ore was obtained from creek float (sediment)
and overburden (Webber et al. 1947).

In 1941 and 1942, the operators sluiced the
overburden from the southeast extremity of the
ore zone, as then delineated, leaving a
considerable depth of bedrock rubble. Ore from
this loose material yielded much of the early production. Surface exploration by
the United States Bureau of Mines (BOM) in 1942 consisted of more than 2,000
feet of bulldozer and hand trenching (Wright and Rutledge 1947).

In 1941, underground mine workings consisted of two adits and a shaft. The first
adit, reported to be at an elevation of 311 feet above sea level, is referred to in this
document as the 311 Adit. A second adit was started approximately 70 feet north
of the portal of the 311 Adit and at a reported elevation of 325 feet. This second
adit is referred to as the 325 Adit in this document. The main shaft, located
approximately 55 feet southeast of the 311 Adit portal, was sunk to a depth of 30
feet on a 59-degree incline (Wright and Rutledge 1947).

In 1941, Harold Schmidt and L.J. Stampe secured a lease on the claims. The New
Idria Quicksilver Mining Company entered into a sublease agreement with
Schmidt and Stampe. The New Idria-Alaska Quicksilver Mining Company was
formed and installed new thermal processing equipment for mercury, including a
40-ton rotary kiln (Wright and Rutledge 1947). Production as of June 30, 1944,
amounted to 1,096 flasks of mercury recovered from 2,652 tons of ore. Most of
the ore was recovered from stopes above the 325 Adit and the 276-foot level
(Wright and Rutledge 1947). Ore processing during this time and subsequent
operations is discussed in Section 1.4.2.2.

The price of mercury fell in 1944 and the New Idria Quicksilver Mining
Company shut down mining operations and subsequently subleased its interest in
the mine to the Kuskokwim Mining Company. The Kuskokwim Mining Company
operated the mine for two seasons in 1945 and 1946 (Webber et al. 1947). In
1946, the price of mercury fell again and the Kuskokwim Mining Company shut
down its operation. Harold Schmidt and C. J. Stampe bought out the New Idria
Quicksilver Mining Company lease, including all the mining equipment. Robert
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Lyman also held a lease on the mine in 1946 and produced 491 flasks of mercury,
although Mr. Lyman’s relationship to the other owners at this time is unclear
(MACTEC 2005).

As of 1947, the ore recovered was reported to be soft and friable and to break free
from the walls. The country rock was reported to be weak and to require close
spacing of stulls for support of stope walls and drifts. All ore was mined from
stulled stopes. Broken ore was trammed to the shaft on the 276-foot and 236-foot
levels and to the storage bin on the 375-foot level. As of 1947, power for the
reduction plant and mine was generated by two Caterpillar 46-30 diesel-electric
units. Water was pumped from the mine at the rate of 100 gallons per minute with
a 2-inch centrifugal pump (Wright and Rutledge 1947).

Between 1947 and 1951, the mine was not in operation (MACTEC 2005). In
1952, the DeCoursey Mountain Mining Company leased the mine. Various
organizational changes in the operating companies occurred subsequently. As of
1962, the operating unit was called Alaska Mines and Minerals, Inc.

In 1952, DeCoursey Mountain Mining Company dewatered the mine workings
and resumed production. In October 1954, a fire destroyed a large portion of the
mine surface structures and equipment. The Pre-1955 Retort and the Pre-1955
Rotary Furnace facilities were rendered unusable by the fire. Some of the mine
camp buildings were also damaged by the fire, but it is unknown if they were
destroyed or repaired (Malone 1962).

Following the 1954 fire, DeCoursey Mountain Mining Company rebuilt a modern
plant, including an airfield, a camp with bunkhouses, a commissary, a mess hall,
offices, shops, warehouses, a diesel electric power station, and a modern furnace
(Malone 1962). Extensive surface exploration and mining took place at the mine
sometime after 1956. The reservoir was created after 1956 by constructing an
earthen dam across Red Devil Creek. Aerial images indicate that soils from the
hillsides adjacent to the reservoir dam were scraped and used for dam material.
The reservoir may have been constructed to provide a source of water for the
hydraulic sluicing operations such as those conducted at the Dolly Sluice Area,
where loose overburden was sluiced away to expose ore zones in the underlying
bedrock. The waste material from the sluice operation was washed down a gully
toward the Kuskokwim River. This resulted in the formation of the Dolly Sluice
delta on the Kuskokwim River at the base of the gully (MacKevett and Berg
1963).

As of 1963, the underground workings consisted of approximately 9,600 feet of
shafts, adits, crosscuts, drifts, raises, and winzes, with workings on five levels. As
indicated above, the underground mine workings began with the 311 Adit and 325
Adit. Later, the Red Devil inclined shaft (referred to in this document as the main
shaft) was sunk with stations at the 33, 73, 150, 300, and 450 levels. The Dolly
shaft was connected with the main shaft on the 300 level (Malone 1962). Other
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mine openings documented as of 1963 are the “F” Zone shaft and a caved shaft
located northwest of the main shaft.

In a description of mine operations as of 1962, ore shoots were characterized as
extremely short in strike length but locally persisting along the plunge for several
hundred feet. Strike lengths ranged from 6 to 30 feet and vein widths from 3 to 10
inches. The ore shoots plunge at an average of 39 degrees. The combination of
short strike length, narrow width, and low-angle plunge resulted in high mining
costs. After a level had been opened for mining, raises were driven on the ore
shoots. Stoping proceeded from the top down; the stope width was controlled by
the closest convenient hanging wall that would stand until it could be supported.
Stope widths ranged from 3 to 6 feet. Stulls and headboards were used for
support. Muck from the stopes would not run by gravity, and the relatively small
tonnage from a stope did not warrant installing slusher setups. Hence, mucking to
the level was accomplished by hand, assisted with water run in from above.
Where ore could not be moved economically by raises, slusher crosscuts were
used to transfer muck to shafts, winzes, or ore passes. The scraper dumped
directly into skips or into ore passes to the haulage level. Drifts and crosscuts
were 5 by 7 feet in the clear (Malone 1962).

A large part of the 200 level and most of the shallower workings were driven
during the early period of mining, and the rest of the workings present as of 1962
were excavated after 1953. The most extensive workings were near the main
shaft, the portal and headworks of which were located in the vicinity of what have
been referred to in previous investigations as Shop Pad A and Shop Pad B,
respectively. Five main levels connect with the main shaft. The Dolly series of ore
bodies was discovered in 1957. By 1963, underground workings in the vicinity of
the Dolly shaft had been extensively developed and the surface had been mined
by sluicing.

As of 1962, the Rice series of ore bodies had been explored by shallow trenches
and pits (MacKevett and Berg 1963) and was being explored by a shaft sunk
along the plunge of the strongest surface showing of ore revealed by the surface
exploration, with a shaft sunk to 84 feet deep on the plunge of the shoot (Malone
1962).

The approximate locations of underground workings and associated mine
openings as of 1962 are illustrated in Figure 1-4. As of 1963, many of the older
shallow workings were caved and inaccessible (MacKevett and Berg 1963). It
should be noted that nomenclature of the underground workings varies depending
upon the report, potentially resulting in confusion as to the identification and
depth of several mine levels. For example, Wright and Rutledge (1947) and
Webber et al. (1947) refer to adits driven at the 311- level and 325-foot levels and
report that these adits were driven at 311 and 325 feet above sea level,
respectively. These two adits are referred to in one subsequent report as the 311
Adit and 325 Adit (MacKevett and Berg 1963) and in another report as the 1311
Adit and 1325 Adit (Malone 1962). Furthermore, several levels referred to in

1-7



9

ecology and environment, inc.

1. Introduction

earlier reports, such as the 236-foot level and 276-foot level, are not reported in
subsequent reports (e.g., MacKevett and Berg 1963 and Malone 1962), likely
because the levels were assigned different identifiers at later stages of mine
development. The underground mine workings as presented in Figure 1-4
represent a combination of information presented in Malone (1962) and
MacKevett and Berg (1963). Mine openings documented as of 1962 are:

= 311 Adit.

= 325 Adit.

= Main Shaft.

= “F” Zone Shaft.

= (Caved shaft located southeast of the “F” Zone Shaft.
=  Dolly Shaft.

= Rice Shaft.

= Two stopes that reached the surface from the 325 Adit level
approximately 300 feet northwest of the 325 Adit portal.

= Two stopes that reached the surface from the 503 Crosscut (“D-3" and
“D-4” Stopes) and one stope that reached the surface from the 507
Crosscut southeast of the Dolly Shaft.

In 1963, a new adit was reportedly driven on the “left limit of Red Devil Creek
gulch an estimated 100 feet to mine a faulted ore-body segment in the vicinity of
the mine shaft,” and 40 tons of high-grade ore were stockpiled from that effort
(Jasper 1964). The specific location of this adit is not known. Production in 1963
and 1964 was minimal. The mine was subsequently shut down and allowed to
flood, and equipment was removed from the site. The mine remained inactive
until 1969.

In 1969, Alaska Mines and Minerals, Inc., resumed operations at the mine.
Mining operations included open pit and underground mining (Buntzen and
Miller 2004). Information on the location of the underground workings from this
period is not available. Surface mining was conducted over a large area on the
hillside west of the Main Processing Area by trenching, bulldozing, pit
excavation, and, possibly, sluicing. The surface expression of these features is
visible in aerial images dated 1974 and illustrated in Figure 1-5. Based on aerial
photos dated 1953 and 1955 and a surficial geologic map (MacKevett and Berg
1963), most of the surface exploration and mining that had been conducted prior
to 1974 lies within the footprint of the post-1969 surface mining activities.

Cinnabar and stibnite concentrates were produced after 1969 using flotation and
were reportedly shipped to Japan. In addition, some mercury was also reported to
be retorted at the mine. The flotation mill operated for most of 1970, and the mine
closed in June 1971 due to a sharp drop in the price of both mercury and
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antimony. There has not been any production since that time (Buntzen and Miller
2004).

On June 1, 1971, the mine owner,
Alaska Mine and Minerals, Inc., ceased
operations at the mine. Dewatering of
the underground mine workings
continued, with the intent that the
disruption in mine operations would be
temporary. In 1982, the mine was
permanently closed and dewatering
operations ceased (MACTEC 2005).

[re

e
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urface

Red Devil Mine in 1971, including the S
Mined Area on upper left.

1.4.2.2 Ore Processing

Early production from the mine used a Johnson-McKay retort to process the ore
(Webber et al. 1947). The location of early retorting operations is unknown.

Two “D” retorts were used to process ore beginning in 1940 (Webber et al. 1947);
these retorts are assumed to have been constructed within the Pre-1955 Retort
Building.

In 1941, the New Idria Quicksilver Mining Company installed a 40-ton rotary kiln
(Wright and Rutledge 1947). In 1943, the New Idria-Alaska Quicksilver Mining
Co. installed modern equipment for furnacing and retorting the Red Devil ore.
The reduction plant was equipped with a 50-ton fine ore bin, a 12-ton burned ore
bin, a 36-inch by 40-foot rotary kiln, Sirocco dust collectors, a fan, condensers,
and redwood tanks. A jaw crusher reduced the ore to less than 2 inches (Webber
et.al. 1947). Wood was used for furnace fuel from 1943 to 1946. In 1947, the
furnace was equipped with a burner, and diesel oil was used thereafter (Wright
and Rutledge 1947). It is assumed that this rotary kiln was installed in the
structures labeled “Pre-1955 Rotary Furnace Shop/Building” in Figure 1-3. The
term “Pre-1955 Rotary Furnace” is retained for the purpose of this report to
maintain consistency with previous reports.

The 1954 fire destroyed several mine
structures and processing facilities,
including the Pre-1955 Retort and the
Pre-1955 Rotary Furnace facilities. In
1956, a new processing facility and
other plant facilities were built on the
east side of Red Devil Creek. A
modified Herreshoff furnace was
installed (Malone 1962); the location of
The Pre-1955 Main Processing Area, showing this newly installed furnace was the
headworks and support buildings. The post- Post-1955 Retort building (MACTEC
1955 mill is in the background. 2005). The thermal ore processing
equipment installed in the Post-1955
Retort building is believed to consist of the Herreshoff furnace rather than a retort.
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The term “Post-1955 Retort” is retained for the purpose of this report to maintain
consistency with previous reports. In 1955, five diesel ASTs were installed on a
road northeast of the Post-1955 Retort building.

Sometime after production resumed in 1969, a flotation mill was installed within
an addition to the northern end of the Post-1955 Retort building to produce
cinnabar and stibnite concentrates. A ball mill was used to mill the ore. Various
materials, including pine oil and Dowfroth 250 (frothers and flotation agents),
lead acetate (activator for stibnite), and other chemicals may have been used as
part of the flotation process.. Tailings from the flotation unit were sluiced from
the flotation mill into the three settling ponds via a wooden chute (TNH 1987).

Processing of mercury ores at the RDM
by thermal methods (in retorts, kilns,
and furnaces) was greatly complicated
by the close association of stibnite
(antimony sulfide) and realgar and
orpiment (arsenic sulfides) with the
cinnabar in the ore. The antimony
content of RDM ores was locally many
times that of the mercury content and
The Main Processing i 96, sowing averaged m0'r6 than QOuble the mercpry
the flotation mill added to the post-1955 mill  content (particularly in the deeper mine
building, and the settling ponds. levels). Various remedies, most of them
aimed at eliminating the stibnite before
thermally processing the cinnabar, had been proposed over the course of mine
operations (e.g., Webber et al. 1947, Wright and Rutledge 1947), but none had
been considered sufficiently promising to justify installing special equipment as
of 1962. The installation of the flotation mill in 1969 was likely intended to
eliminate the problems encountered over the previous decades of thermal ore
processing (Webber et al. 1947; Wright and Rutledge 1947; Malone 1962).

The operational difficulties encountered as a result of furnacing mixed stibnite
and cinnabar ores are summarized below based on a description by Malone
(1962).

Like cinnabar, stibnite breaks down at a relatively low temperature. Its rate of
reaction is similar to that of cinnabar within the operational temperature range of
furnacing practices. There are, however, two differences in the way stibnite and
cinnabar react during thermal treatment. First, unlike cinnabar, which transitions
directly from solid to gaseous phase, stibnite passes through a liquid state.
Second, the newly liberated antimony combines with oxygen to form oxides of
antimony, particularly antimony trioxide, within the temperature range of mercury
furnacing. These differences allowed some separation of the mercury from
stibnite ore during the furnacing operations. However, in practice at the RDM,
such separation was limited (Malone 1962).
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Burning of stibnite in the furnaces caused problems throughout the process.
Antimony oxides were transported by the furnace gas flow and rabble arms,
“slagging” with the dust and adhering to the inside of the furnace. The burner
blocks and drop holes required frequent cleaning to keep them from plugging with
antimony glass, and periodic shutdowns were required to clean the entire inside of
the furnace. A portion of the antimony oxide passed into the condensing system
with the mercury-laden gases through a cyclone dust collector. A cyclone was
ineffective at separating most of the antimony oxide materials due to the small
particle size. For the same reason, a cyclone also was ineffective at separating
arsenic trioxide, which resulted from furnacing of the arsenic sulfides that also
were associated with the cinnabar ore. Within the furnace, the arsenic fumes were
mostly vapor. The antimony and arsenic oxides in the cyclone and associated
ducts resulted in coating of the surfaces, requiring daily blowing with compressed
air and hammering with a rubber mallet to keep these components clean (Malone

1962).

When the furnace gases bearing antimony oxide and arsenic oxide reached the
condensers, some of the oxides fell out as a result of the reduced gas flow
velocity. Much of the oxide was so finely divided that it never settled, and it
passed through the condenser and out the stack. Some of the oxides, however,
settled into the launders, where the recovered mercury also accumulated, thus
diluting the condenser mud, also commonly referred to as soot. This made the
process of removing the mercury from the soot much more difficult than at most
other mercury mines at that time. At most mines, up to 80 percent free mercury
was recovered from the soot by simply settling and pouring off the mercury from
under the soot, with the remainder dumped on an inclined metal hoe table and
worked over by hand. At the RDM, the soot showed no visible mercury, and free
metal did not separate from the mud without treatment. At the RDM, the soot was
worked both wet and dry by hoeing, paddling, pushing, agitating, stirring,
scraping, vibrating, rolling, pressing, raking, and jigging, with or without various
additives (Malone 1962).

At times during the mine’s operations, the impoverished soot from the hoeing
table was returned to the furnace. This resulted in considerable recycling of the
antimony and arsenic oxides and the coating issues discussed above. Retorting the
worked-over soot was found to be not only unsatisfactory but expensive and
hazardous because, unless a large amount of lime was added to the soot before
retorting, the charge fused into an antimonial-arsenical glass, which boiled and
frothed in the retort, resulting in molten oxide glass sticking to the retort charging
pans as well as condensing of the oxides in the head of the retort and in the
condenser pipes, thus sealing them (Malone 1962).

The practice of hoeing the mud/soot in a mechanical hoeing machine with
quicklime was used at the RDM until late 1959. In November 1959, equipment
was installed to treat the condenser mud by a wet method, in which mercury was
separated from the mud by (1) agitating and aerating the heated mud and (2)
centrifuging with a wet cyclone. This process resulted in a residual mercury
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content of less than 2 percent, and treatment time was reduced to about 5 percent
of that formerly needed with the hoeing machine. As of 1962, the tailings were
dried and fluxed with lime for refurnacing (Malone 1962).

The processes and operational difficulties summarized above based on Malone
(1962) pertain to the Herreshoff furnace. Similar operational difficulties were
described for the rotary kiln (Webber et al. 1947; Wright and Rutledge 1947).

1.4.2.3 Mining and Ore Processing Wastes

Wastes generated during the mine operations consisted primarily of waste rock
and tailings. These and other mining and mineral processing wastes at the RDM
are discussed further below.

Dozed and Sluiced Overburden

Surface mining operations entailed dozing and sluicing of overburden soils,
trenching, and open pit mining. Much of the early exploration at the mine was
performed by trenching, resulting in trenches and associated spoils piles. During
early mine operations, overburden on the southeast-facing slope above Red Devil
Creek was sluiced downhill, with some of the sluiced overburden likely washing
into Red Devil Creek and downstream to the Kuskokwim River. During the later
surface mining activities, overburden was locally bulldozed into overburden
dumps northwest of the Main Processing Area. Overburden also was sluiced from
the Dolly and Rice ore zone areas via bermed and naturally developed gullies
down to the Kuskokwim River. Sluiced overburden was deposited in fans, or
deltas, along the Kuskokwim River shoreline, referred to herein as the Dolly
Sluice delta and Rice Sluice delta. These features are illustrated in Figure 1-5.

Waste Rock

Waste rock included sub-ore grade material generated during underground and
surface mining activities. The disposal of the all of the waste rock generated
during underground mining activities is not documented, but can be inferred from
historical reports and photographs. Based on a 1941 photograph (Cady 1941a), at
least some waste rock generated was disposed of in dumps near the 311 Adit and
325 Adit portals. At least some of the waste rock was likely deposited in the Red
Devil Creek drainage. Based on a 1941 photograph (Cady 1941b), at least some
waste rock generated at that time was disposed of in a dump northeast of the 311
Adit portal. By 1943, the Main Shaft had been installed. A 1943 photograph
shows a waste rock dump immediately east of the Main Shaft headworks (Cady
1943). That dump sloped down to the Red Devil Creek drainage. A 1963 geologic
map (MacKevett and Berg 1963) shows a large dump, labeled “Saw dust dump”
between the Main Shaft and Red Devil Creek.

As of 1962, ore processing was conducted on the Post-1955 Main Processing
Area. Some segregation of ore and waste rock was likely conducted at the Post-
1955 furnace area prior to thermally processing the ore. Coarse ore material was
reportedly passed over a 1.5-inch screen. The ore material that passed through the
screen was conveyed to the furnace. The material retained by the screen was
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passed over a sorting table to segregate the material to be furnaced from waste.
The waste rock was conveyed via a 24-inch by 20-foot conveyor to a dump
(Malone 1962). The location of the dump is not specified, but was likely in the
vicinity of the Post-1955 furnace area.

Tailings

Tailings consisted of thermally processed ore, also variously referred to as
calcines, burnt ore, and retorted ore. Such tailings resulted from the thermal
treatment processes (retorting and furnacing) that were employed over the history
of the site. Historical aerial images and historical documents indicate that over
much of the history of mining and ore processing at the site, tailings were sluiced
or bulldozed into the channel of Red Devil Creek from the ore processing areas
and dozed into dumps. Tailings also were used for road ballast or surfacing
material (Malone 1962).

A 1941 photograph illustrates the Pre-1955 Retort building and apparent tailings
and/or waste rock deposited east of the retort building (Cady 1941c). This
tailings/waste rock pile is evident in subsequent photographs and maps (Cady et
al. 1955; MacKevett and Berg 1963).

A geologic map illustrating underground mine workings and surface features,
including ore processing buildings, indicates the presence of a “Burnt Ore
Disposal Tunnel” that apparently discharged calcines from the Pre-1955 Furnace
building to the Red Devil Creek drainage (Cady et al. 1955).

As of 1962, disposal of calcines generated at the Post-1955 Retort building was
accomplished by sluicing and bulldozing. A 7-inch by 10-inch sluicebox, at a
slope of 2 inches per foot, extended from under the burned-ore bin to a waste
dump 100 feet away. From there, the calcines were reportedly bulldozed away
every second day. A 1963 geologic map (MacKevett and Berg 1963) shows an
area labeled “Tailings” between the Post-1955 furnace and Red Devil Creek.
When road surfacing material was needed, it was sometimes loaded directly into a
truck spotted under the sluiceway (Malone 1962). Information on the location of
placement of the calcines for road-surfacing is not available.

The tailings are likely mixed with waste rock locally in both the Pre-1955 and
Post-1955 Processing Areas.

Flotation Tailings

From 1969 through 1971, a flotation mill was operated at the site to process ore
into cinnabar and stibnite concentrates for shipment to Japan. The resulting
flotation tailings consist of the fraction of milled ore remaining after selected ore
minerals are separated from the bulk ore slurry using water and flotation agents.
These flotation tailings were discharged into the settling ponds north of the Post-
1955 Retort building area. Various chemicals (pine oil, Dowfroth 250, and lead
acetate) may have been used as part of the flotation process (BLM 2009).
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Although these materials were likely recycled to some extent, some quantities of
the materials potentially were discharged to the settling ponds.

Other Mine Wastes

Other wastes generated during mining
operations include the dust and oxide
glasses generated during the furnacing
operations, as discussed in Section
1.4.2.2. Dust generated from the
cyclone-dust bin was reportedly
discharged with the aid of several water
jets and discharged to the tailing
sluicebox (Malone 1962).

Overview of the Main Processing Area in 1969
or 1970 from the southeast.

Based on review of historical and recent
aerial photographs, land-based photographs, and records of mine operations
summarized above, the general locations where mining and ore processing wastes
were disposed of at the site during mine operations have been approximated, as
illustrated in Figure 1-6.

1.4.2.4 Petroleum-Related Wastes

As noted previously, thermal ore processing equipment, generators, and the on-
site powerhouse were fueled with diesel stored in five ASTs located northeast of
the Main Processing Area (see Figure 1-2).

The five ASTs had the following storage volumes:

= AST 1: 84,000 gallons
= AST 2: 52,000 gallons
= AST 3: 125,000 gallons
= AST 4: 52,000 gallons
= AST 5: 52,000 gallons

Petroleum contamination in subsurface soil was present at the AST area and was
partially removed in 2006, and further remediated in 2010 (Marsh Creek 2010).
The ASTs provided fuel for the Post-1955 Retort and the powerhouse, which was
conveyed by a buried fuel line running along the AST access road. Petroleum
contamination was encountered in subsurface soil along the pipeline route in 2006
(Wilder/URS 2007). Any residual petroleum contamination will be addressed as
part of the site-wide remedial action phase of this project.

1.4.3 Environmental Setting
1.4.3.1 Climate

The RDM is located in the upper Kuskokwim River Basin and lies in a climatic
transition between the continental zone of Alaska’s interior and the maritime zone
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of the coastal regions. Average temperatures can vary from 7 to 65 degrees
Fahrenheit (°F). Annual snowfall averages 56 inches, with a total mean annual
precipitation of 18.8 inches.

1.4.3.2 Geology

The RDM site is located within the central Kuskokwim region, which contains a
mobile belt of mountain building and volcanic activity. The regional geology is
dominated by a thick sequence of folded sedimentary rocks of Cretaceous age
known as the Kuskokwim Group (MacKevett and Berg 1963). Pre-RI information
on geology of the RDM is summarized below. Additional detailed information
and geological data gathered during the RI are presented in Section 3.1 and 4.1.7.

Lithologic Units

The Kuskokwim Group generally contains a very thick sequence of interbedded
sedimentary rocks consisting of graywacke and argillaceous rock. The graywacke
beds, which commonly are 2 or 3 feet thick, range in thickness from half a foot to
about 20 feet. The graywacke is a medium- or dark-gray rock that weathers brown
and is fine grained and well indurated. Its fine-grained character makes
macroscopic identification of its minerals and textures difficult. Descriptions of
similar graywackes from throughout the central Kuskokwim region indicate that
many of them contain a variety of detrital rock fragments. Microscopic
examination reveals that the graywacke is poorly sorted and composed of
subrounded to angular lithic fragments and mineral grains ranging from less than
0.001 to 0.5 millimeters (mm) in average diameter. The larger and more abundant
minerals consist of quartz, muscovite, pyrite, plagioclase, and calcite. These
minerals and the lithic fragments, which were principally derived from slate,
schist, and volcanic rocks, are surrounded by very fine-grained assemblages of
quartz, calcite, plagioclase, muscovite, clay minerals, epidote, and chlorite.
Calcite is the dominant cementing mineral, and it also forms veinlets (MacKevett
and Berg 1963).

The very fine-grained argillaceous rocks of the Kuskokwim Group are dark gray
or black and weather brown. Most of these rocks that are exposed underground
are argillites, but some of their surface and near-surface counterparts are shales.
Discrete argillaceous beds are commonly a few inches thick, but locally they have
a cumulative thickness of 20 or 30 feet. Commonly, the argillaceous rocks are
well indurated. Some of them are fissile, and many tend to fracture
subconchoidally. The argillites are flecked with fine crystals of muscovite, the
only megascopically visible mineral. The argillaceous rocks are similar to the
graywackes in composition. A typical argillite from the RDM consists of
subangular grains of quartz, epidote, muscovite, and pyrite that are less than 0.03
mm in average diameter, associated with clots and lamellar aggregates of very
fine-grained clay minerals and mica (MacKevett and Berg 1963).
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The Kuskokwim Group sedimentary
rocks are tightly folded and intruded by
hydrothermally altered dikes composed
of quartz basalt (MacKevett and Berg
1963). The dikes range from 1 foot to
about 14 feet in thickness. The main
dike at the RDM has a few plug-like and
sill-like offshoots and a few small
discontinuous branching dikes. In
underground exposures, the dikes are
light gray. At the surface, the dikes are
masked by pervasive hydrous iron
oxides and are difficult to distinguish from similarly weathered graywacke. The
dikes consist entirely of fine-grained and very fine-grained masses of calcite,
chalcedony, limonite, and sericite, and subordinate amounts of quartz, hematite,
and clay minerals. Small relict phenocrysts are largely replaced by calcite in a
very fine-grained groundmass. A few veinlets composed of calcite and minor
amounts of quartz cut the dikes. As of 1963, surface exposures of bedrock at the
RDM were largely confined to road cuts, stripped areas, and trenches (MacKevett
and Berg 1963).

N R R
Kuskokwim group

The Kuskokwim Group and dikes are locally overlain by surficial deposits of
loess and alluvium that consist of fluvial deposits associated with the Kuskokwim
River, Red Devil Creek, and slope wash (MacKevett and Berg 1963). The loess
deposits are buff colored and friable, range from a few inches to about 30 feet in
thickness, and commonly lack bedding. The fluvial deposits include gravel, sand,
and silt that have been deposited on the flood plains of the Kuskokwim River. The
oldest of these deposits is locally overlain by the loess, but most of the fluvial
deposits postdate the loess. In some places, as much as 20 feet of the fluvial
deposits are exposed. The loess commonly overlies rocky soil derived from
weathering of the Kuskokwim Group bedrock. Minor quantities of recently
deposited alluvium, including slope wash, are exposed on the lower slopes of
some of the hills, in the valley of Red Devil Creek and along the Kuskokwim
River (MacKevett and Berg 1963).

Surficial geology, as mapped by MacKevett and Berg (1963), is illustrated in
Figure 1-7. It should be noted that much of the area shown in the geologic map
overlay in Figure 1-7 west of the Main Processing Area has been modified by
surface mining operations subsequent to the geologic mapping.

Structure

The RDM is located on the southwest limb of the Sleetmute anticline and contains
multiple northeastward-trending faults that are cut by northwestward-trending
faults that are exposed in some areas of the underground workings. The bedding
of the Kuskokwim Group in the RDM area strikes from between N. 10° W to N.
60° W., but strikes predominantly from N. 30° W. to N. 45° W. The bedding dips
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toward the SW, predominantly from 45° to 60° SW. The chronological sequence
of structural events is as follows (MacKevett and Berg 1963):

1. Folding of the sedimentary rocks forming the Sleetmute anticline and
the probable concurrent development of steep, northeastward-striking
tensional joints, which are best developed in the comparatively brittle
greywacke beds.

2. Intrusion of dikes into a few of these joints.

3. Development of steep, northwestward-trending faults that offset the
dikes right laterally.

4. Minor strike-slip movement of some of the northwestward-trending
faults, caused by gravitational adjustments.

Ore and Mineralization

The RDM ore consists of discrete ore bodies localized along and near
intersections between the northeastward-trending altered dikes and the many
northwestward-trending faults. The ore bodies are crudely prismatic and range
from a few inches to about 2 feet in thickness and from 1 foot to 30 feet in length
along strike. Although some of the ore bodies diminish in size or pinch out with
increasing depth, most of them continue to depths beyond the limits of
exploration (as of 1962). The longest known ore bodies, of the Dolly series,
extend from the surface at least to the 450 level (MacKevett and Berg 1963).

Some of the RDM ore is exceptionally high grade and contains as much as 30
percent mercury, but most of the ore contains between 2 and 5 percent mercury.
Cinnabar, the primary mercury ore mineral, is associated with abundant stibnite;
some realgar, orpiment, and secondary antimony minerals; and minor amounts of
iron minerals, in a quartz, carbonate, and clay gangue. The stibnite is commonly
more abundant than cinnabar (MacKevett and Berg 1963). The only sulfides
found throughout the deposit at the RDM are stibnite and cinnabar; small amounts
of orpiment and realgar are present locally. Rare local pyrite films on joints are
probably due to migration and redeposition of authigenic pyrite during ore
deposition (Malone 1962).

The dominant process of ore formation was open-space filling, although some of
the rich ore bodies were probably formed partly by replacement. Cinnabar and
stibnite have locally replaced parts of the altered dikes. The high-grade ore
typically consists of masses of intimately associated cinnabar and stibnite. Much
of the ore consists of closely spaced intricate networks of veinlets, breccia
cemented by vein minerals, and cinnabar-bearing incrustations. Some of the
veinlets contain numerous vugs (MacKevett and Berg 1963).

1.4.3.3 Hydrogeology

Limited existing information is available about the hydrogeology within the RDM
site. The information below is augmented with site-specific data and observations
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collected during the RI field investigations (see Section 3.2).

A bedrock aquifer is likely hydraulically connected to a shallow aquifer within
surficial deposits at the site. Seven soil borings were drilled with the intent of
installing monitoring wells during the August 2000 field work for the Red Devil
Mine Retort Building Demolition and Limited Site Investigation. Groundwater
was encountered in five of these soil borings at depths ranging from
approximately 16 to 25 feet below ground surface (bgs); monitoring wells (MW-
I, MW-3, MW-4, MW-6, and MW-7) were constructed in these boreholes. The
groundwater in these wells was encountered within unconsolidated materials
described as tailings and mixtures of gravel, sand, and silt (HLA/Wilder 2001).
Available information on groundwater levels in the existing monitoring wells at
the site includes water depth measurements on the following dates: August 14,
2000 (HLA/Wilder 2001); September 5, 2007; September 18, 2008; June 19,
2009; October 6 and 7, 2009; and September 20 and 21, 2010. For these
monitoring events, measured depths to groundwater in these wells ranged from
approximately 18 to 28 feet bgs. Seasonally, depth to groundwater varied by as
much as 3.5 feet, with the highest recorded groundwater elevations occurring in
June 2009 and the lowest recorded elevations occurring in October 2009 or
August 2000.

Based on the groundwater elevation from the existing monitoring wells and an
assumption that Red Devil Creek is a gaining stream in the vicinity of the site, it
appears that the general direction of groundwater flow is toward Red Devil Creek
locally, and the Kuskokwim River on a more regional scale, generally mimicking
topography. Groundwater elevations measured in September 2008 were similar to
those observed in August 2000 and indicate groundwater flow in a generally
north-northeast direction (Shannon and Wilson 2008).

A spring is located along the western bank of Red Devil Creek at the base of a
bench comprising tailings/waste rock in the Main Processing Area. The
underlying bank and stream bed is coated with “yellowboy,” an iron oxide
flocculant (see Section 4.5).

Groundwater may migrate through the mine workings. It is possible that
groundwater within the mine workings may discharge from former mine openings
and/or interconnected bedrock fractures through overlying surface soils, alluvium,
or tailings. Such groundwater could discharge to surface waters. The spring along
Red Devil Creek could represent localized preferential flow of groundwater
originating from underground mine workings.

There is one private drinking water well within a 1-mile radius of the site; it is
located at a cabin near the mouth of McCally Creek, approximately 0.6 miles
from the mouth of Red Devil Creek. Construction details of this well are
unknown. Nineteen private drinking water wells were installed in Red Devil
Village in 2004 by the Alaska Village Safe Water Program. These wells range in
depth from 28 to 172 feet bgs. Some of the wells have been sampled for class A
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drinking water analyses. The analytical results for samples collected from wells in
the community of Red Devil are unavailable (Wilson, personal communication,
2010).

Permafrost was not observed during mining (MacKevett and Berg 1963).

1.4.3.4 Surface Water Hydrology

Red Devil Creek is a tributary of the Kuskokwim River and has a basin of about
687 acres (HLA/Wilder 2001). Red Devil Creek feeds into the Kuskokwim
River less than 1,000 feet from the main portion of the mine site. During the
1999 investigation, Red Devil Creek was reported to have a flow of 0.5 cubic
feet per second (cfs) and to vary significantly seasonally (HLA/Wilder 1999).
Stream discharge data collected in Red Devil Creek in 2011 and 2012 confirm
this (see Chapter 3). The Kuskokwim River is generally ice-free from mid-June
through October.

The Kuskokwim River drains an area of approximately 130,000 square kilometers
and flows approximately 1,130 kilometers (700 miles) from interior Alaska to the
Bering Sea. At the RDM site, the Kuskokwim River is more channelized than in
up-river locations as it bisects the Kuskokwim Mountains. Flow in the river near
the RDM site has been reported at 1,102 cubic meters per second (38,916 cfs).
Sediment samples collected from the Kuskokwim River near the RDM site
contained fine grained particles (<62 micrometers) ranging from 15 to 22 percent
(USGS 1999).

1.4.3.5 Ecology

The vegetation around the RDM is characterized by spruce-poplar forests and
upland spruce-hardwood forests. There are no known rare plants in the area of the
mine site, but there is a lack of survey data for a complete evaluation. Aphragrnus
eschscholtzianus, Thlaspi arcticum, and Arnica lessingii ssp. norbergi, all rare or
sensitive plant species, are found in the region (HLA/Wilder 1999).

Fish found in the Kuskokwim River in the vicinity of the RDM include whitefish,
grayling, sheefish, dolly varden, and Northern pike, as well as chinook, sockeye,
coho, and chum salmon (HLA/Wilder 1999). Red Devil Creek was nominated for
the Alaska anadromous waters catalogue by the BLM based on the observed
presence of juvenile chinook and coho salmon in the creek in 2010. Moose,
wolves, black bears, brown bears, lynx, martens, foxes, beavers, minks, muskrats,
otters, and various small rodents are known to inhabit in the area.

The bird species that migrate through the area are olive-sided flycatcher, gray-
cheeked thrush, Townsend’s warbler, blackpoll warbler, and Hudsonian godwit
(HLA/Wilder 1999). A raptor survey conducted on the Kuskokwim River in July
2000 found an active peregrine falcon nest 7 miles downstream of the RDM site
(BLM 2001a). Both the arctic peregrine falcon and American peregrine falcon are
listed as Alaska species of special concern. However, no data could be found to
indicate what kind of peregrine falcon was observed in 2000.
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1.4.3.6 Demographics

The community of Red Devil is approximately 2 miles northwest of the RDM,
and the community of Sleetmute is approximately 8 miles southeast of the RDM.
Subsistence activities are practiced by many members of both communities.
During their respective seasons, salmon, bear, moose, caribou, rabbit, and
waterfowl are caught and wild berries are harvested (ADC 2010). The
Kuskokwim River is used for transportation for both communities; boats are used
in the summer and snow machines in the winter. The river is generally ice-free
from mid-June through October. Both communities have gravel airstrips that
planes can use year-round.

According to the Alaska Community Database Community Information
Summaries (CIS), there were 23 housing units in the community of Red Devil, 12
of which were occupied. Its population was 43.5 percent American Indian or
Alaska Native, 17.4 percent white, and 39.1 percent with multi-racial
backgrounds. The per-capita income for Red Devil was $6,335 in 2010 (ADC
2012).

Sleetmute is a larger community than Red Devil and was founded by Ingalik
Indians. Sleetmute remains an Ingalik Indian village, with 76.7 percent of the
population identifying as Alaskan Native. According to the Alaska Community
Database CIS, the population in 2008 was 70 people. The 2010 census found that
33 people in the community were employed and that 10.4 percent of the
individuals in the community were below the poverty level. One school serves all
students in the community (ADC 2012).

1.4.4 Previous Investigations

Regional studies, contaminant investigations, and sampling programs associated
with cleanup activities have been conducted at and near the RDM over the past 40
years. The history of environmental sampling and monitoring at the RDM is
described below. Table 1-1 provides a chronological summary. Refer to Figure
1-3 for the locations of features discussed in this section.

1971 EPA Study. While the flotation mill was operating, the U.S. Environmental
Protection Agency (EPA) collected surface water samples for mercury and arsenic
analyses. One background water sample from Red Devil Creek was collected
above the mine and mill. It contained 0.3 micrograms per liter (ug/L) mercury.
Arsenic and mercury concentrations in Settling Pond #1 contained 12,850 pg/L
mercury and 85,000 pg/L arsenic. A water sample collected from Red Devil
Creek below Settling Pond #1 contained 265 pg/L mercury and 39,000 pg/L
arsenic. Two water samples were collected from the Kuskokwim River, one
upstream of Red Devil Creek and one downstream, near the Red Devil Airstrip.
The upstream sample contained 1.7 pg/L mercury and 56 pg/L arsenic, and the
downstream sample contained 1.0 pug/L mercury and 32 pg/L arsenic (EPA 1971).
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1979 EPA Study. The EPA collected five surface water samples and one
sediment sample at the site. Two background sites were sampled; one water
sample in Red Devil Creek from above the mine workings contained 0.21 pg/L
mercury. Two water samples collected from Red Devil Creek below the settling
ponds both reportedly contained 0.14 pg/L mercury. Two water samples were
collected from the Kuskokwim River, one upstream of Red Devil Creek and one
downstream. Mercury was detected in the upstream sample at 0.28 ug/L, and the
downstream sample contained 0.14 pg/L mercury (EPA 1979).

It should be noted that for this study and the 1971 study summarized above,
metadata were not available to evaluate the accuracy and precision of the
laboratory data. Any comparison to more recent data sets should acknowledge the
quantitative uncertainty that would result from comparing historic data of
unknown quality to more recent data of known quality.

1985 Alaska Department of Environmental Conservation Well Sampling. In
October 1985, the Alaska Department of Environmental Conservation (ADEC)
sampled two residential wells in Red Devil Village. The identity of the well
owners was confidential, so the exact locations are unknown. Neither well sample
contained detectable levels of mercury or arsenic; however, one of the two wells
tested “extremely high” for zinc (ADEC 1987).

1-21



@em}g& and environment, inc.

Table 1-1 Summary of Previous Investigations

Year

1971

EPA

Agency

Reference

EPA 1971

1. Introduction

Major Findings

Mercury and arsenic were detected in surface
water samples collected at and near the RDM.

1979

EPA

EPA 1979

Mercury and arsenic were detected in surface
water samples collected at and near the RDM.

1985

ADEC

ADEC 1987

Two residential use wells in Red Devil Village
were sampled; neither well had detectable
concentrations of mercury or arsenic.

1988

BLM

Unpublished

Mercury was detected in Red Devil Creek
surface water and sediment and in a sample of
tailings.

1989

BLM

Weston 1989

Antimony, arsenic, and mercury were detected
in Red Devil Creek surface water and sediment,
in the settling ponds, and in tailings samples.

1997

USGS

Bailey and Gray 1997

Elevated levels of total mercury and
methylmercury in soil and vegetation samples
were found at the RDM compared with
background locations.

1997

USGS

USGS 1999

Water sample in Red Devil Creek contained
arsenic, antimony, copper, chromium, and zinc.

1999

BLM

HLA/Wilder 1999

Antimony, arsenic, lead, and mercury were
detected in soil samples collected near site
sources in the Main Processing Area. Benzene
was detected in soil at the Gravel Pad.

2001

BLM

HLA/Wilder 2001

Monitoring wells were installed at the site.
Visible elemental mercury was observed in
subsurface soils adjacent to the Post-1955 Retort
slab. Groundwater samples contained antimony,
arsenic, lead, and zinc at concentrations above
federal MCLs.

2002

BLM

Wilder/URS 2003

Construction of Monofill #1 and Monofill #2.
No environmental sampling was performed.

2002

USGS

Bailey et al. 2002

Elevated levels of total mercury and
methylmercury in soil and vegetation samples
were found at the RDM compared with
background locations.
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Year

2004

BLM

Agency

Reference

MACTEC 2004

1. Introduction

Major Findings

Construction of Monofill #3. Petroleum Release
Investigation detected hydrocarbons (DRO) in
subsurface soil at the AST area. Samples from
existing monitoring wells contained antimony,
arsenic, and mercury above ADEC groundwater
cleanup levels.

2005

BLM

MACTEC 2005

Pre-1955 ore processing structures were located
through research and subsurface exploration.
Mercury and arsenic were detected in surface
and subsurface soil samples within and around
the historical structure footprints.

2005, 2006

BLM

Wilder/URS 2007

Petroleum-contaminated soil from the former
AST area was excavated and stockpiled.
Existing monitoring wells were sampled and
contained antimony, arsenic, and mercury above
ADEC groundwater cleanup standards.

2007, 2008,
2009

BLM

Shannon & Wilson, Inc. 2008

Groundwater monitoring events of the existing
monitoring wells showed continued presence of
antimony, arsenic, and mercury in groundwater.

2009

BLM

E & E2010a

Groundwater monitoring event of the existing
monitoring wells showed continued presence of
antimony, arsenic, and mercury in groundwater.
Groundwater samples collected in October 2009
showed lower concentrations of metals, likely
due to the use of low-flow groundwater
sampling methods.
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Table 1-1 Summary of Previous Investigations

1. Introduction

Year Agency Reference Major Findings

A geophysical survey was conducted at the site
using direct-current resistivity and
electromagnetic induction surface methods.
Based on the geophysical data and existing soil

2010 USGS and BLM Burton and Ball 2011 borings, there was not sufficient electrical or
electromagnetic contrast to confidently
distinguish between tailings, waste rock, and
weathered bedrock. However, a water table was
interpreted based on a correlation with the
existing monitoring wells.
Data were collected to characterize the nature
and extent as well as the fate and transport of

2010 BLM E & E 2010b COPCs at and near the siFe; to.provide data for
human health and ecological risk assessments;
and to provide data and information for use in
the analysis of remedial alternatives.

Key:

ADEC Alaska Department of Environmental Conservation

AST aboveground storage tank

BLM Bureau of Land Management

COPC contaminant of potential concern

DRO Diesel range organics

E&E Ecology and Environment, Inc.

EPA Environmental Protection Agency

HLA Harding Lawson Associates

MACTEC MACTEC Engineering and Consulting

MCL Maximum Contaminant Level

RDM Red Devil Mine

TCLP toxicity characteristic leaching procedure

USGS U.S. Geological Survey
Wilder Wilder Construction Company
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1988 BLM Sampling Event. The BLM collected six surface water and 10
sediment and soil samples from Red Devil Creek, the settling ponds, and other
areas around the RDM site (Weston 1989). The results of the sampling indicated
the presence of mercury in Red Devil Creek water from 0.2 to 5.5 pg/L and in
Red Devil Creek sediments from 41 to 967 milligrams per kilogram (mg/kg). A
tailings pile near Settling Pond #1 contained 649 mg/kg mercury. Four
background soil samples were collected, which contained 0.2 to 8.0 mg/kg
mercury.

1989 Site Inspection. The BLM performed a CERCLA site inspection (SI) at the
RDM site during the 1988 field season. The objective of the SI was to
characterize conditions for the completion of a Hazard Ranking System score for
the site. The SI involved collection of samples from tailings, surface water, and
sediment in Red Devil Creek and sediment in the settling ponds. Soil, sediment,
and surface water samples were analyzed for a combination of analytes, including
arsenic, barium, cadmium, chromium, mercury, lead, antimony, selenium, and
silver. Dielectric fluid in the transformers and oil stained soil was sampled for
polychlorinated biphenyls (PCBs) using field test kits. Table 1-2 presents the
results of the 1989 SI samples for the applicable RI/FS contaminants of potential
concern (COPCs).

Table 1-2 Summary of 1989 Site Inspection Sample Results
m-mhmm
Sediment | Settling Pond #1 1,872 395 8,474 N/A 418.7 | mg/kg
Surface Above Settling

Water Pond #1 200U 0.4 200U 10U 200U | pg/L

Surface | g thern border 200 U 0.3 200U 10U 200U | pg/L

Water

Surface

Water Mouth of creek 278 0.4 244 10U 200U | pg/L

. Above Settling

Sediment Pond #1 3,450 29 2,449 25.9 480.7 | mg/kg

Sediment | Southern border 0.243U 0.6 165 17.7 261.7 | mg/kg

Sediment Bel";(v)sgtsﬂmg 4,015 4,120 3185 N/A N/A | mgke

Sediment | Mouth of creek 3,113 333 2,194 N/A N/A | mg/kg
. Settling

Soil Pond #2 872 550 8,053 N/A N/A | mg/kg
. Settling

Soil Pond #3 664 83 6,498 N/A N/A | mg/kg
. Pile above

Soil Settling Pond #1 7,074 787 8,024 N/A N/A | mg/kg
. Pile above

Soil Settling Pond #1 22,737 498 5,851 N/A 1391.1 | mg/kg

Key:

mg/kg milligrams per kilogram.

N/A not analyzed

U non-detect, value listed is the method detection limit
pg/L  micrograms per liter.

1-25



ecology and environment, inc.

1. Introduction

It was estimated that approximately 51,600 cubic yards of tailings are located at
the mine and mill area and an unknown quantity of tailings have been deposited in
Red Devil Creek (Weston 1989).

Bailey and Gray 1997. The U.S. Geological Survey (USGS) analyzed samples
from the RDM, Cinnabar Creek Mine, and regional background sites as part of a
study to characterize the geochemistry of southwestern Alaska and to evaluate
environmental conditions at abandoned mercury mines in the region. The study
was conducted for research purposes and was not intended to define the full
extent of heavy metals contamination from specific sites. The samples included
vegetation, surface water, and soil. Results of samples collected in the RDM area
are summarized in Table 1-3.

Table 1-3 Summary of Bailey and Gray 1997 Mercury and Methylmercury Data
for Vegetation at Red Devil Mine Site

Matrix Location z
Alder Retort area (unmined) 30 310 0.45 90
Willow Retort area (unmined) 30 330 - -
Black spruce Retort area (unmined) 40 370 - -
Blueberry Retort area (unmined) 30 330 2.60 2.76
Paper birch Retort area (unmined) 30 180 - -
Alder Mined area <20 900 0.54 0.87
Willow Mined area <20 560 2.73
White spruce Mined area 20 140 - -
Cottonwood Mined area 20 280 - -
Black spruce Mined areca 20 200 - -
Blueberry Mined area <20 150 - -
Paper birch Mined area <20 130 - -
Soil Retort area (unmined) 0.14 120 8.21
Soil Mined area 0.15 1,200 2.73 4.19
Water Red Devil Creek <0.10 0.28 - -
Source: Bailey and Gray 1997
Key:
Hg mercury.

MeHg  methylmercury.
ppb parts per billion.

The study concluded that vegetation and soil samples at the mine sites contained
significantly higher concentrations of total mercury and methylmercury than
background locations (Baily and Gray 1997).

1997 USGS Kuskokwim River Study. As part of a regional study to assess water
quality in the Kuskokwim River, suspended sediment and bed sediment samples
were collected from stations located on the river between the villages of McGrath
and Akiak. Three tributaries were sampled during the study, including Red Devil
Creek. A dissolved surface water sample was collected in Red Devil Creek at its
confluence with the Kuskokwim River. Mercury was not analyzed in the sample.
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Table 1-4 summarizes the results of selected inorganic elements from this sample
(USGS 1999).

Table 1-4 Summary of 1997 USGS Red Devil Creek Sample Results

Analyte (Dissolved) Concentration (ug/L)
Arsenic 180
Antimony 281
Copper 1.4
Chromium 1.6
Zinc <1
Source: USGS 1999
Key:
ug/L micrograms per liter

USGS  United States Geological Survey

1999 Limited Waste Removal Action. The BLM conducted an offsite waste
removal and a pre-remediation sampling investigation. This project included
collection of background soil samples and sampling of known contaminant source
areas in the Main Processing Area, Red Devil Creek, and the Kuskokwim River.

Contaminants were detected above Alaska soil cleanup standards (Method 2,
Table B1) in samples from multiple locations around sources in the Main
Processing Area (see Table 1-5). Surface water and sediment samples collected
from Red Devil Creek contained concentrations of metals including arsenic,
antimony, and mercury above background concentrations. Sediment samples
collected from the Kuskokwim River contained concentrations of arsenic,
antimony, and mercury above background concentrations (HLA/Wilder 1999).

Table 1-5 Summary of 1999 Limited Waste Removal Action Selected Soil
Sample Results at Source Locations
Contaminants Detected Concentrations

Source/Location Detected Above (mg/kg except where
Cleanup Levels otherwise noted)
Battery Pile Near Shop Pad A Lead 10,700-13,500
Antimony 529-1,520
West Side of Post-1955 Retort Building Arsenic 1,380-3,130
Mercury 445-1,090
East Side of Post-1955 Retort Building Mercury 3,330-23,800
Antimony 1,780
Tailings South of Settling Pond 1 Arsenic 2,280
Mercury 269
Benzene 98.8 ng/kg
Antimony 8.53
Gravel Storage Pad Arsenic 1,160
Mercury 88
Antimony 503-720
Chemical Storage Sheds (near south end | Arsenic 183
of Post-1955 Retort building) Chromium 255
Mercury 185-35,300
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Table 1-5 Summary of 1999 Limited Waste Removal Action Selected Soil
Sample Results at Source Locations
Contaminants Detected Concentrations

Source/Location Detected Above (mg/kg except where
Cleanup Levels otherwise noted)
Antimony 162 (J)-892
. Arsenic 2,450-3,680

Settling Ponds Chromium 27.1
Mercury 191 (J)-982

Key:

J Estimated concentration.

mg/kg milligrams per kilogram.

ng/kg micrograms per kilogram.

2001 Source Area Removal and Investigation. The BLM conducted asbestos
abatement, demolition of structures, plugging of mine shafts, offsite waste
removal, and environmental sampling in the Main Processing Area and the AST
area. Soil borings and monitoring wells were installed in the Main Processing
Area. Nine subsurface borings were drilled and sampled; five were completed as
monitoring wells. In addition, an extensive subsurface soil investigation was
conducted around the slab of the Post-1955 Retort Building.

Surface and near-surface soil samples collected from soil borings contained
antimony, arsenic, and mercury at concentrations exceeding background
concentrations (from the 1999 Limited Waste Removal Action sampling),
consistent with result of previous investigations. Concentrations of these metals
decrease significantly with depth.

The soils investigation around the Post-1955 Retort Building slab indicated the
presence of relatively high concentrations of arsenic and mercury in surface and
subsurface soils using x-ray fluorescence (XRF) field screening and fixed
laboratory methods. Elemental mercury was observed in samples from five soil
borings on the west side of the slab at depths between 2 and 6 feet bgs.

Groundwater samples collected after well installation contained concentrations of
antimony, arsenic, lead, and zinc above federal Maximum Contaminant Levels
(MCLs) (HLA/Wilder 2001).

2002 Debris Consolidation and Disposal Project. The BLM performed further
building demolition, debris segregation, and debris burial. This project involved
construction of Monofill #1 and Monofill #2. No environmental sampling was
performed during this project (Wilder/URS 2003).

Bailey et al. 2002. This USGS study conducted vegetation and soil sampling at
three abandoned mercury mines and at regional background sites in southwestern
Alaska. Total mercury and methylmercury concentrations were found to be higher
in the vegetation and soil samples from the mine sites compared to the samples
collected from the regional background sites. No correlation was found between
total mercury in soil and total mercury in vegetation or between total mercury and
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methylmercury. Results of samples collected in the RDM area are summarized in
Table 1-6.

Table 1-6 Summary of Bailey et al. 2002 Mercury and Methylmercury Data for
Vegetation at the Red Devil Mine Site
Total Mercu

Location n
Alder leaves Tailings ng/g 226 149-374 3 0.5 0.4-0.6 3
and stermns® Retort ng/g 310 -- 1 -- -- 0
Mined Area ng/g 211 24-900 10 0.3 0.1-0.7 7
Willow Tailings ng/g 350 346-353 2 1.6 1.4-1.8 2
leaves and Retort ng/g 166 74-330 19 1.8 0.4-3.4 6
stems” Mined Area ng/g 136 11-560 7 5 0.3-11 6
Tailings ug/g 970 12-1578 5 0.4 0.1-0.7 5
Soil Retort ug/g 8.5 0.05-120 | 21 33 0.7-8.2 8
Mined Area ug/g 210 6—1200 12 2.2 0.3-7.2 10

Notes:

Current year's growth.

®  Different units are used for vegetation (ng/g) and soil (ng/g).

Key:

- Not available or not relevant.

n Number of samples.

ng/g Nanograms per gram (parts per billion).

ug/s Micrograms per gram (part per million).

2003 Historic Source Area Investigation. The BLM conducted a literature
review, interviews of local persons knowledgeable about the mine history, and a
sampling investigation of the Pre-1955 Retort Building, the Pre-1955 Rotary
Furnace, the Pre-1955 Rotary Furnace Stack, and a “burnt ore” (tailings) disposal
pile located southeast of the Pre-1955 Retort Building (MACTEC 2005).

Pre-1955 Retort Building. Nine surface soil samples were collected from within
and around the historical structure footprint. Samples were analyzed for mercury
and arsenic. Mercury speciation analysis was also performed. Arsenic was
detected at concentrations from 89 to 1,250 mg/kg. Mercury was detected at
concentrations from 2.9 to 32.0 mg/kg. Mercury speciation indicated
methylmercury concentrations from 0.357 to 1.688 micrograms per kilogram

(ng/kg).

Pre-1955 Rotary Furnace. Eleven soil samples were collected around the
historical footprint of the structure. The samples were collected from the surface
to 2.7 feet bgs. Samples were analyzed for mercury and arsenic. Mercury
speciation analysis was also performed. Arsenic was detected at concentrations
from 38 to 2,000 mg/kg. Mercury was detected at concentrations from 2.5 to 140
mg/kg. Mercury speciation indicated methylmercury concentrations from 0.186 to
0.563 pg/kg.

Pre-1955 Rotary Furnace Stack. One surface soil sample was collected and
analyzed for mercury, arsenic, and mercury speciation at the site of the historical
rotary furnace stack. Arsenic was detected at a concentration of 118 mg/kg.
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Mercury was detected at a concentration of 3.4 mg/kg. Mercury speciation
indicated a methylmercury concentration of 0.050 ug/kg.

Pre-1955 Retort “Burnt Ore” Stockpile. One surface soil sample was collected
and analyzed for mercury, arsenic, and mercury speciation at the site of the “burnt
ore” (tailings) disposal pile southeast of the Pre-1955 Retort Building. Arsenic
was detected at 1,390 mg/kg. Mercury was detected at 940 mg/kg. Mercury
speciation indicated a methylmercury concentration of 0.445 pg/kg.

2004 AST/Ore Hopper Demolition and Petroleum Release Investigation. The
BLM demolished and disposed of the ASTs and ore hopper. This project involved
construction of Monofill #3. Environmental sampling, including 12 soil borings,
was conducted to characterize the AST area, and the existing monitoring wells
were sampled.

Soils investigations at the AST area detected petroleum hydrocarbons (diesel
range organics [DRO]) above ADEC cleanup levels in excavations and soil
borings. Groundwater samples collected from the existing monitoring wells
contained antimony, arsenic, and mercury at concentrations above ADEC cleanup
levels; DRO and residual range organics (RRO) were detected in groundwater
samples below ADEC cleanup levels (MACTEC 2004).

2005/2006 AST Soil Stockpiling and Debris Removal. The BLM excavated
petroleum-contaminated soil in the AST area and sampled the excavated soil prior
to placing the material in covered stockpiles. Environmental sampling was not
conducted except for the annual sampling of the five monitoring wells. Antimony,

arsenic, and mercury were detected in the groundwater samples above ADEC
cleanup levels (Wilder/URS 2007).

2007, 2008, and 2009 Monitoring Events. The monitoring wells were sampled
in 2000, 2003, 2005, 2006, 2007, 2008, and 2009. The 2007 and 2008 sampling
events were conducted by the BLM, and are summarized in groundwater
sampling reports for each year. The 2008 monitoring event also included one
sample taken from a hillside seep (Shannon & Wilson, Inc. 2008)

2009 Monitoring Event. The October 2009 sampling event was conducted by E
& E and included five surface water samples in addition to the monitoring well
samples (E & E 2010a). The October 2009 data are presented in Chapter 4 of this
report.

2010 USGS Geophysical Investigation. In August 2010, in cooperation with the
BLM and in conjunction with the RI/FS, the USGS conducted a geophysical
investigation at the RDM site using surface-based direct-current resistivity and
electromagnetic induction methods (Burton and Ball 2011). Eight two-
dimensional cross-sections and one three-dimensional grid of direct-current
resistivity data, and 5.7 kilometers of electromagnetic induction data, were
obtained along Red Devil Creek valley, from the Main Processing Area to Red
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Devil Creek’s confluence with the Kuskokwim River. Results of the geophysical
investigation indicate no significant contrast in resistivity between the tailings,
waste rock, and bedrock at the site. However, based on correlation with existing
monitoring wells, a water table was interpreted on the direct-current resistivity
cross-sections. Several anomalies were also identified in the direct-current
resistivity profiles and the three-dimensional grid. Down-hole geophysical logs
and analysis of soil and rock samples to determine how water content affects the
bulk resistivity values were recommended (Burton and Ball 2011).

1.4.5 Previous Removal and Cleanup Actions

The BLM performed five major removal/cleanup actions at the RDM between
1999 and 2006. These actions have included offsite disposal of hazardous waste
and materials and onsite consolidation of mine structure debris. To date, all mine
structures have been demolished, and three debris burial areas (monofills) have
been constructed.

1.4.5.1 Limited Waste Removal Action (1999)

In 1999, the BLM conducted limited waste removal and site characterization
activities to address the most hazardous conditions observed at the site during the
1988 SI (HLA Wilder 1999). The following subsections summarize the waste
removal activities conducted by waste type. Site features referred to within this
section are depicted in Figure 1-3.

Battery Storage Areas

Five EP-2 boxes of batteries (approximately 100 batteries) were removed from
the vicinity of the “Shop Building,” Shop Pads A and B, the Gravel Pad, and three
vehicles. The batteries were taken to Excide in Anchorage, Alaska, for recycling.
Following removal, two soil samples were collected from the battery storage
areas, and lead was detected at concentrations above the ADEC soil cleanup level
established in 18 Alaska Administrative Code (AAC) 75, Method 2, Table B1,
Under 40-Inch Zone, Most Conservative Pathway. Lead-contaminated material
was addressed during the 2002 debris consolidation and disposal project (Section
1.4.5.3), but it is unknown whether contaminated soil was addressed in these
areas.

Transformer Areas

Four 55-gallon drums were identified at the site. One 55-gallon drum containing
used oil was recovered from the Power Plant and transported to Alaska Energy
Recovery Services, Inc. (ERS), in Anchorage for recycling. Philip Services
Corporation tested the oil onsite and determined that it contained less than 50
parts per million (ppm) PCBs. One soil sample was collected near the Power
Plant, and no contaminants were detected at concentrations above the ADEC soil
cleanup levels.

After onsite testing indicated PCBs greater than 50 ppm, two 55-gallon drums

containing PCB-contaminated transformer oil were recovered from the Gravel
Storage Pad and transported to the Philips Burlington Environmental, Inc. (BEI),
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disposal facility in Georgetown, Washington. One 55-gallon drum containing
non-PCB-contaminated transformer oil (onsite testing indicated PCBs less than 50
ppm) was transported to ERS for recycling. One soil sample was collected from
the Gravel Storage Pad, and benzene was detected at a concentration above the
ADEC soil cleanup level. The emptied transformers were addressed during the
2002 debris consolidation and disposal project (Section 1.4.5.3).

Drum Areas

There were three main drum storage areas: an area north of the Post-1955 Retort
Building containing 89 drums, an area north of the Power Plant containing 92
drums, and an area near the Former Shop Pad containing 25 drums. Drums were
also found near the housing area and on the Gravel Storage Pad. Most of the
drums were empty. The contents of the drums were characterized by Philip
Services Corporation and bulked into a total of 23 drums for recycling or
disposal:

= Seventeen 55-gallon drums of used oil were transported to ERS for
recycling.

= Three 55-gallon drums of Stoddard solvent were transported to BEI for
disposal.

= Three 55-gallon drums of grease were transported to BEI for disposal.

Four soil samples were collected from the drum areas. Mercury, antimony, and
arsenic were detected at concentrations above the ADEC soil cleanup levels. The
emptied drums were addressed during the 2002 debris consolidation and disposal
project (Section 1.4.5.3), but it is unknown whether contaminated soil was
addressed in these areas.

Post-1955 Retort

HLA/Wilder removed mercury-contaminated material from the Post-1955 Retort
Building, including the exhaust port concrete base and ash. In addition,
approximately 5 pounds of free mercury was collected from the periphery of the
Post-1955 Retort Building and placed in one of the drums of mercury-
contaminated material. The mercury-contaminated material transported to BEI for
disposal consisted of:

=  Two 55-gallon drums of mercury-contaminated ash.

= Two 55-gallon drums of mercury-contaminated concrete (broken into
small pieces).

= Two Supersacks™ of mercury-contaminated ash.

»  Two Supersacks™ of mercury-contaminated personal protective
equipment and debris.
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Seven soil samples were collected around the Post-1955 Retort Building.
Mercury, antimony, and arsenic were detected at concentrations above the ADEC
soil cleanup level. This soil was addressed during the 2002 debris consolidation
and disposal project (Section 1.4.5.3).

Chemical Storage Areas

HLA/Wilder bulked chemicals from the two dilapidated chemical storage sheds
located south of the Post-1955 Retort Building. The East Chemical Storage Shed
contained potassium carbonate, and the West Chemical Storage Shed contained
copper sulfate, sodium hydroxide, and sodium dichromate dihydrate. The bulked
chemicals transported to BEI for disposal were:

=  Two 55-gallon drums of sodium dichromate dihydrate.

= Seven Supersacks'™ of potassium carbonate.

» Five Supersacks™™ of chemical-contaminated soil and debris.
=  Two Supersacks™ of sodium hydroxide.

=  Two 55-gallon drums of copper sulfate.

One soil sample was collected from each of the chemical storage sheds. Mercury,
antimony, arsenic, and chromium were detected at concentrations above the
ADEC soil cleanup levels. This soil was further characterized in 2001 and
addressed during the 2002 debris consolidation and disposal project (Section
1.4.5.3).

1.4.5.2 Post-1955 Retort Demolition (2000)

In 2000, the BLM demolished the Post-1955 Retort Building and West Chemical
Storage Shed (Wilder/HLA 2001). Mercury-impacted asbestos, soil, and “slag”
wastes generated during the demolition were transported offsite for disposal.
Demolition debris, including wood, steel, tin sheeting, bricks, retort chamber,
process piping, and miscellaneous equipment, was pressure-washed in a low area
of the retort building foundation. Wash water was collected with sump pumps and
discharged into a high-density polyethylene-lined holding pond. Approximately
1,067 cubic yards of washed demolition debris was staged in a pile on the
concrete retort building foundation. In addition, approximately 8 cubic yards of
furnace “slag” was stockpiled on a bottom liner adjacent to the concrete
foundation. The “slag” stockpiled adjacent to the Post-1955 Retort Building
concrete foundation was addressed during the 2002 debris consolidation and
disposal project (Section 1.4.5.3).

The headworks was also demolished, resulting in a debris pile of wood and steel
with a volume of approximately 175 cubic yards. The debris pile remained at the
headworks location and the debris was not sampled for contaminants.
Approximately 55 gallons of fuel from the fuel storage and distribution system
were recovered and transported to ERS in Anchorage for recycling.
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The entrances to five mine shafts and one adit were collapsed and backfilled.
Large rock debris was placed in each entrance, the entrance walls were collapsed,
and the material was compacted in place.

The BLM conducted source area investigations at the Post-1955 Retort Building
and fuel storage and distribution system, including collection of surface soil,
subsurface soil, and groundwater samples (see Section 1.4.4).

1.4.5.3 Debris Consolidation and Disposal (2002)

In 2002, the BLM demolished several onsite structures, most of which were
cleared of hazardous substances in 1999 (see Section 3.2.2). Wilder also
segregated and chemically treated debris and constructed Monofill #1 and
Monofill #2 (Figure 1-3). In addition, some lead-contaminated material was
removed from the vicinity of the houses and mess hall/bunkhouse. This material
included drainpipe, sewer pipe, and lead heat trace. No sampling for lead was
conducted in soils surrounding this removed debris; however, building materials
tested for lead did not exceed the toxicity characteristic levels established by the
Resource Conservation and Recovery Act (RCRA). One 55-gallon drum of
hydraulic fluid was recovered from the drum storage areas and transported offsite
for disposal. The debris consolidation and disposal work was intended to reduce
arsenic and mercury mobility (Wilder/URS 2003).

Monofill #1

Approximately 4,400 cubic yards of “inert debris” (as defined by ADEC, 18 AAC
60) was placed within Monofill #1. The debris placed in Monofill #1 consisted of
building debris, wood, concrete, scrap metal, 23 transformers (confirmed dry),
and Category I and II non-friable asbestos-containing material (Wilder/URS
2003).

Monofill #1 was constructed below grade, ranging in depth from 8 to 15 feet bgs.
Following placement of compacted inert debris, the debris was capped with at
least 2 feet of soil and contoured so that it blended with the existing grade. Soil
stockpiled during excavation of the monofill was used as void-filling and cap
material. The cap slope was less than or equal to 3 feet horizontal to 1 foot
vertical (3H:1V) (Wilder/URS 2003).

Monofill #2

Monofill #2 contains approximately 938 cubic yards of chemically treated
mercury- and arsenic-contaminated debris from the Post-1955 Retort Building. A
treatability study of the retort debris demonstrated that mercury and arsenic could
be stabilized to RCRA toxicity characteristic leaching procedure (TCLP) criteria
using chemical encapsulants. Reportedly, treatment of the debris with the
chemical encapsulants rendered the debris “inert”; however, there was no
confirmation sampling to determine that the treated material met the definition of
“inert” as defined by ADEC (18 AAC 60). In addition to the chemical
encapsulation treatments, an impermeable geomembrane liner was used in the
construction of Monofill #2 as a second precautionary measure (Wilder/URS
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2003). Monofill #2 was constructed above the Post-1955 Retort Building
foundation where elemental mercury was previously found in the subsurface (see
Section 3.1, 2001 Source Area Removal and Investigation). This mercury was not
removed or otherwise remediated prior to construction of the monofill.

The debris placed within Monofill #2 consisted of retort building debris, bricks,
and “slag”; tailings; and some arsenic-containing soil excavated from the vicinity
of the chemical storage sheds and mess hall/bunkhouse (arsenic was detected in
these areas at concentrations above RCRA TCLP criteria during sampling
conducted in 2001). The Gravel Storage Pad was used as a temporary staging area
for debris segregation and chemical encapsulation treatment. Prior to construction
of Monofill #2 above the concrete foundation, the mercury chemical encapsulant
was placed over the concrete foundation and inside the cracks, and mercury- and
arsenic-contaminated soil surrounding the foundation was also treated with
mercury and arsenic chemical encapsulants (Wilder/URS 2003).

Monofill #2 was constructed above-grade on top of the concrete foundation of the
Post-1955 Retort Building. All debris placed within Monofill #2 was first treated
with chemical encapsulants, as recommended in the treatability study. Monofill
#2 was lined with an impermeable geomembrane layered with geotextile on each
side for abrasion protection. The geotextile/geomembrane liner was installed
above and below the monofill debris and welded to seal the liner. Liner
installation and welding were supervised by qualified technicians, and Quality
Assurance/Quality Control reports were provided (Wilder/URS 2003). Tailings
treated with the arsenic chemical encapsulant were used as backfill material
above, below, and all around the geomembrane-lined portion of Monofill #2.
Treated tailings were also placed within the geomembrane-lined portion of
Monofill #2 in a 1-foot layer separating the liner from the compacted retort debris
to prevent protrusions from damaging the liner. Treated tailings were also used as
void-filling material within the geomembrane-lined portion of Monofill #2
(Wilder/URS 2003). The report is inconsistent in stating whether or not all
tailings used in the monofill construction were treated with the chemical
encapsulant.

Monofill #2 is approximately 9 feet high at the center. The depth of waste in
Monofill #2 is approximately 3 feet, and the treated tailings cap on top of the
debris is at least 3 feet thick. The cap slope is less than or equal to 5 percent. The
sidewall on the western side is approximately 50 percent. A crown was
constructed at the top to promote surface water drainage (Wilder/URS 2003).

1.4.5.4 Aboveground Storage Tanks/Ore Hopper Demolition (2003—-
2004)

In 2003 and 2004, the BLM conducted demolition and onsite consolidation of the

five fuel ASTs and the Ore Hopper and conducted an assessment of petroleum

contamination at the former AST sites. The debris was consolidated in the “AST

Metal Disposal Area” (MACTEC 2004). This feature is Monofill #3 (Figure 1-3).
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Approximately 12,700 square feet of tank metal was placed in the onsite disposal
area, which measured approximately 55 feet long, 15 feet wide, and 12 feet deep.
The ASTs were reportedly inspected and emptied during previous site activities.
Approximately 1,400 square feet of Ore Hopper metal, and less than 10 cubic
yards of broken concrete, was also placed in the disposal area. Most of the Ore
Hopper concrete structure was left in place and buried with tailings from the
bench above the Ore Hopper. The disposal area was capped with more than 3 feet
of soil that originated from the original excavation of the monofill pit and graded
to facilitate drainage (MACTEC 2004).

1.4.5.5 Contaminated Soil Stockpiling and Debris Removal (2005-
2006)
In 2005 and 2006, the BLM performed petroleum-contaminated soil excavation
and stockpiling, debris removal, and inspection/repair of monofill erosion/settling
problems. Approximately 3,306 cubic yards of petroleum-contaminated soil from
four of the 2003 AST excavation sites, the pipeline area, and the former fuel barge
area were excavated and stockpiled in two lined stockpiles. Prior to its placement
in the stockpiles, the contaminated soil was screened, and material larger than 2
inches in diameter (large cobbles and boulders) were segregated and used as cap
material for Monofill #3. Some AST wooden base debris was burned. The
following debris was added to Monofill #3 (Wilder/URS 2007):

= A 300-foot, 6-inch-diameter steel fuel delivery pipeline that connected
the AST farm to the fuel barge landing area (cut into pieces).

= Approximately 10 cubic yards of debris consisting mainly of empty
drums, cans, and boxes collected from a location near the former
location of AST 3.

= A collapsed mine portal iron gate.

Following placement of this miscellaneous debris in Monofill #3, the monofill
was capped with the material screened from the petroleum-contaminated soil
stockpiles (Wilder/URS 2007).

The BLM also performed monofill repair activities in 2005, including
(Wilder/URS 2007):

= Monofill #1 — Minor settling/erosion was noted at this monofill site. In
particular, the areas of concern were small surficial depressions, which
were regraded to prevent pooling of rain and runoff waters.

= Monofill #2 — Precipitation runoff was observed cutting into the
southwest corner of Monofill #2. This corner was regraded to stabilize
erosion. A runoff ditch was also re-worked to allow runoff to leave the
monofill cap in a direction that would prevent future erosion in that
area.
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1. Introduction

1.5 Summary of RI/FS Data Quality Objectives

The Work Plan includes a chapter dedicated to specifying DQOs (E & E 2011).
The DQO process specifies project decisions, the data quality required to support
those decisions, data types needed, and data collection requirements and ensures
that analytical techniques are used that will generate the specified data quality
(EPA 2000). The data types that pertain to this RI report should be analyzed using
the following key study questions:

Nature and Extent of Contamination
1. What COPCs, in addition to those identified in previous investigations,
exist at and near the site?

2. Do COPC concentrations differ in areas where different ore processing
operations were conducted?

3. Are COPC reporting limits sufficient to characterize human health and
ecological risks?

4. Is mercury present in an organic form at the site?

5. What is the areal and vertical extent of tailings, flotation tailings, and
waste rock?

6. Are soils in the area of former surface exploration and mining a source of
COPCs, and are metals in a mobile or bioavailable form?

7. Are roads at and to the site a source of COPCs?

8. Are the Dolly Sluice and possible Rice Sluice areas sources of COPCs?
9. What is the nature and extent of contamination in native subsurface soil?
10. What is the nature and extent of contamination in groundwater?

11. What is the nature and extent of contamination in aquatic biota?

12. What are the background concentrations of COPCs in native soils and in
groundwater, surface water, sediment, and biota in areas undisturbed by
mining activities?

13. Are the previous locations of transformers a source of COPCs?

14. What physical and chemical characteristics can be used to define a
difference between tailings, waste rock, and native soils at the site?

Fate and Transport of Contamination
15. Is contaminated groundwater impacting Red Devil Creek or the
Kuskokwim River?

16. Have tailings, flotation tailings, waste rock, and/or other site sources
impacted sediments, surface water, or aquatic biota in Red Devil Creek?

17. Have tailings, flotation tailings, waste rock, and/or other site sources
impacted sediments in the Kuskokwim River downriver of the mouth of
Red Devil Creek?
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18.

19.

20.

21.

22.
23.

24.

1. Introduction

Have tailings, flotation tailings, waste rock, and/or other site sources
impacted native subsurface soils at the site?

Has elemental mercury, previously documented in subsurface soil near
Monofill #2, mobilized and/or entered groundwater?

What is the leaching potential of COPCs in tailings and flotation tailings at
the site?

What is the fraction of mercury in tailings, flotation tailings, waste rock,
and contaminated soil that is available to chemically mobilize?

Are COPCs in waste rock and impacted soils leachable?

What is the fraction of arsenic in soil, sediment, surface water, and
groundwater that is bioavailable to humans?

Are the underground mine workings influencing the nature, extent, and
migration of COPCs in groundwater and surface water?

Human Health and Ecological Risk

25.

26.

What risks to human health under future residential, subsistence user, and
industrial land use scenarios are posed by COPCs at and near the site?

What risks to ecological receptors at various trophic levels are posed by
COPCs at and near the site?
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Study Area Investigation

This chapter describes the field investigations performed at the RDM during the
2010, 2011, and 2012 field seasons. It includes descriptions of the number, type,
location, and analytical requirements of samples collected; the location and
methods used for soil boring and monitoring well installations; and deviations
from the Work Plan. This chapter also identifies other studies that have been used
to characterize the site.

The primary field investigations were conducted during the 2010 and 2011 field
seasons. Additional fieldwork was conducted at the RDM during the 2012 field
season. This additional fieldwork included the following:

= Collection of Red Devil Creek water samples, measurement of Red
Devil Creek discharge, and collection of monitoring well groundwater
samples during the period of May 25 to May 31, 2012.

= Collection of Red Devil Creek water samples, measurement of Red
Devil Creek discharge, and collection of monitoring well groundwater
samples during the period of September 7 to September 21, 2012.

= Collection of blueberry samples, additional soil samples in the Surface
Mined Area, and additional sediment samples from the Kuskokwim
River during the period of September 7 to September 21, 2012.

The 2012 surface water sampling, groundwater sampling, and discharge
measurements are referred to as baseline monitoring because they establish the
first year of multiple sampling/monitoring events at designated locations to
characterize hydrologic conditions over time at the site. The baseline monitoring
fieldwork results are documented in the 2012 Red Devil Mine Baseline
Monitoring Report (E & E 2013), provided in Appendix A. Relevant
interpretations of the data are integrated into this report. The results of blueberry
sampling, additional soil sampling in the Surface Mined Area, and the additional
sediment sampling in the Kuskokwim River conducted in 2012 are incorporated
into the sections below.

2.1 Surface Soil

Surface soil samples were collected for XRF field screening and for laboratory
analyses. Surface soil samples were collected between September 12, 2010, and
September 24, 2010, and between July 28, 2011, and August 20, 2011.

2-1
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2. Study Area Investigation

The objective of the visual inspection and in-situ XRF field screening of surface
soils was to:

= Use visual characteristics and metals concentrations in surface
materials to determine the lateral surface extent of tailings/waste rock
at the site

The objectives for the data resulting from the surface soil samples collected for
laboratory analyses are:

= Characterization of the nature and extent of COPCs in surface soil.

= Provision of data supporting the delineation of the areal extent of
tailings/waste rock on the ground surface.

= Jdentification and characterization of possible tailings/waste rock at
the reservoir dam.

= Characterization of the soils within the Surface Mined Area.

= Characterization of soil characteristics that may affect contaminant
fate, transport, bioavailability, and bioaccumulation.

= Characterization of chemical and physical characteristics of soils in
background areas.

= Provision of data for the human health risk assessment (HHRA) to
assess potential exposure to COPCs through direct contact, inhalation,
and incidental ingestion.

= Provision of data for the ecological risk assessment (ERA) to assess
potential exposure of biota to COPCs through direct contact and
ingestion.

= Characterization of geotechnical properties of tailings/waste rock and
soils that may be subject to excavation.

= Characterization of geotechnical properties of soils at a potential site
for an onsite waste repository located within the Surface Mined Area
approximately 700 feet north of the Dolly Shaft Collar.

2.1.1 XRF Field Screening Samples

In 2010, areas where tailings/waste rock could be present at the surface based on
historical data, historical photographs, and aerial imagery were evaluated in the
field using a combination of visual observations and in-situ field screening for
total metals using a portable XRF device. In-situ XRF field screening results from
the 2010 Limited Sampling Event (LSE) (E & E 2010b) indicated that further
characterization during the 2011 field season was necessary to fully characterize
the lateral extent of tailings/waste rock at the site. Table 2-1 summarizes the
location, number, and objectives of the XRF screening locations.

2-2
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2. Study Area Investigation

Table 2-1 XRF Screening Sample Summa

General XRF Sample Number of Samples XRF Objectives of Samples
Location Screened
Main Processing Area Grid 45 Assess the presence of
Main Processing Area Transects 106 tailings/waste rock and
Surface Mined Area Grid 38 elevated concentrations of
Surface Mined Area Transects 42 metals in surface soil
Dolly Sluice 10 Assess the distribution of
Rice Sluice 12 metals in the sluice gullies
Assess whether
Roads and Abandoned Roads ’1 tailings/waste rock material
had been used as surface
material on roads
Assess the possibility that
Former Building Foundations 4 tailings/waste rock were
used as foundation material

Key:
XRF X-ray fluorescence

XRF field screening results and collocated laboratory sample results from the
2010 soil investigation were paired and a linear regression correlation coefficient
was calculated for all of the sample pairs. The calculated correlation coefficient
for antimony, arsenic, and mercury were R%= 0.9072, 0.9013, and 0.9209,
respectively. These R” values indicate that there was excellent comparability
between field and laboratory total metals data for these analytes.

XREF field screening was performed in-situ (on the soil surface) after removal of
any surficial detritus. At each XRF field screening location, three XRF readings
were taken at the corners of a one-meter (m) equilateral triangle. The lateral
coordinates of each field screening location were surveyed with global positioning
system (GPS) instrumentation as described in Chapter 8 of the Field Sampling
Plan (FSP), which is Appendix F of the Work Plan.

Grids were established in the Main Processing
Area and other locations to characterize the nature
and general extent of tailings/waste rock and to
characterize COPC concentrations (Figure 2-1). A
grid was established in the Surface Mined Area to
characterize COPC concentrations. One location
within each grid square was field screened with an
XRF, and visual observations of soil
characteristics were recorded. The XRF data
collected at each grid node form the bulk of the
data used to define the extent of tailings/waste rock and/or characterize the COPC
concentrations in the Main Processing Area, along lower Red Devil Creek and the
delta and in the Surface Mined Area.

Srfe soil samling for XRF
field screening.
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2. Study Area Investigation

To define the lateral surface extent of tailings/waste rock or areas of elevated
COPCs, a series of transects located around the perimeter of the expected edge of
tailings/waste rock was established (Figure 2-1). Each transect line was oriented
perpendicular to the expected lateral limit of tailings/waste rock, with one end
point located within the expected lateral limit (Transect Station A) and the other
end point located outside of the expected lateral limit of tailings/waste rock
(Transect Station B). Initially, field screening was performed at Station A and
Station B along each transect. If tailings/waste rock materials were identified at
the Station B location along any transect, the transect line was extended outward
from Station B and the soil was re-evaluated for the presence of tailings/waste
rock. Similarly, if it appeared that tailings/waste rock were not present at the
Station A position along a given transect, the transect line was extended inward
from Station A. This process was repeated until the lateral extent of tailings/waste
rock at each transect location was identified.

Another series of transects was established around the expected edge of extensive
surface mining (primarily bulldozing) in the Surface Mined Area (Figure 2-2). An
approach similar to that described for delineating the extent of tailings/waste rock
was followed.

XRF field screening was also performed to identify, delineate, and characterize
mine waste materials and COPC concentrations at the Dolly Sluice and Rice
Sluice. XRF field screening was conducted along the apparent centerline of the
Dolly Sluice and Rice Sluice areas and at locations on either side of the centerline
of each sluice gully (Figure 2-2).

XRF field screening was also performed to identify, delineate, and characterize
mine waste materials and COPC concentrations at former and present roads. Field
screening was performed at locations along the apparent centerline of the road and
on either side of the road outside of the apparent road surface (Figure 2-2).

Former building foundations in the residential area were XRF field screened to
assess the possibility that tailings/waste rock were used as foundation material
(Figure 2-2). Review of historical information and photographs indicate that soils
in this area have been disturbed as part of the building and road construction.

2.1.2 Laboratory Surface Soil Samples

Surface soil samples submitted for laboratory analysis are illustrated in Figures
2-3 and 2-4. Surface soil samples were collected from 0 to 6 inches bgs following
removal of surficial detritus on the ground surface.
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2. Study Area Investigation

All surface soil samples were analyzed for total
target analyte list (TAL) inorganic elements. A
subset of these samples was selected for analysis
for mercury selective sequential extraction
(SSE), arsenic speciation, arsenic bioavailability,
synthetic precipitation leaching procedure
(SPLP), TAL metals, RCRA metals TCLP, semi-

PR i : volatile organic compounds (SVOCs), PCBs,
Surface soil sample collection. DRO, and RRO. In addition, selected soil

samples were analyzed for geotechnical

parameters, including grain size/Atterburg limits, moisture content, compaction,
direct shear, and permeability. Table 2-2 lists the laboratory surface soil samples
and analytical parameters by general geographic area. In general, samples were
selected for the additional analyses to achieve the following:

= Provide broad areal distribution of data.

= (Obtain data for different tailings types (e.g., flotation tailings versus
thermally processed tailings, including pre-1955 thermally processed
tailings and post-1955 thermally processed tailings) that may be
discernible based on chemical or physical characteristics and/or
geographic position.

= (Obtain data on disturbed soils within the Surface Mined Area.

= (Obtain data for anticipated background locations.

Deviations from the Field Sampling Plan

The surface disturbance south of the power plant was found to be narrow, and the
transects established around the perimeter of the area provided adequate data for
the area; therefore, the grid point planned for the center of the area was not
collected.

Some features within the Surface Mined Area and the area of surface exploration
south of the Post-1955 Main Processing Area that were suspected to be roads
based aerial photographic review were either not located in the field or were
determined to be bulldozer paths rather than roads. The suspected roads in the
Surface Mined Area that were not located appear to have been subjected to
bulldozing. Planned road field screening locations that were determined in the
field to not be roads were therefore not field screened.

Locations of surface soil samples 11MP80SS, 11MP81SS, 11MP82SS,
11MP86SS, and 11MP87SS were modified in the field to coincide with locations
where transformers had been previously located.
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Table 2-2 Surface Soil Sample Summary

2. Study Area Investigation

General Total Atterberg
Geographic Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Area Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10RD14SS
Duplicate 10RD31SS 9/15/2010 X } - - - - - - - - - - _
10RD15SS 9/15/2010 X - - - - - - - - - - - -
. 1ORD16SS 9/15/2010 X - - - - - - - - - - - -
Backeround Red Devil Creek
g Alluvial Deposits 10RD17SS 9/15/2010 X ] ; ] ] _ ] ] ] ] ] ] ]
Areas
Upstream of Dam
1ORD18SS 9/15/2010 X - - - - X X X - X - - -
11RD18SS
Duplicate 11RD30SS 8/2/2011 B - - - - - - - - - - X _
10RD19SS 9/15/2010 X - - - - X X X - X - - -
10DS01SS 9/19/2010 X - - - - X X X - X X - -
; Dolly Sluice Delta
Dolly Sluice and 10DS02SS 9/19/2010 X - ; ; ] ] ] ] ] ] ] ] ]
Delta
Gulley 10DS03SS 9/16/2010 X - - - - - - - - - - - ;
10UPO1SS 9/17/2010 X - - - - - - - - - - - -
10UP02SS 9/23/2010 X - - - - - - - - - - - -
10UP0O3SS 9/23/2010 X - - - - - - - - - - - _
10UP04SS 9/23/2010 X - - - - - - - - - - - -
: . 10UPO5SS 9/23/2010 X - - - - - - - - - - - -
Soil derived from
bedrock 10UP06SS 9/23/2010 X - - - - - - - - - - - -
Pre-1955 .
(Kuskokwim
Group) 10UPO7SS 9/23/2010 X - - - - - - - - - - - -
10UPO8SS 9/23/2010 X - - - - - - - - - - - -
10UP09SS
Duplicate 10UP30SS 9/24/2010 X - - - - X X x - x - - -
10UP10SS 9/24/2010 X - - - - X X X - X - - -
11UP09SS 8/2/2011 - - - - - - - - - - - x _
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Table 2-2 Surface Soil Sample Summary

General

Geographic
Area

2. Study Area Investigation

Pre-1955
(cont’d)

Total Atterberg
Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
Red Devil Creek 10RD10SS 9/17/2010 X - - - - - - - - - - - -
Alluvial Deposits 10RD11SS 9/17/2010 X - - - - X X X - X - - -
Between Dam
and Main 10RD12SS 9/17/2010 X - - - - X X X - X - - -
Processing Area 10RD13SS 9/17/2010 X - - - - - - - - - - - -
: 11MP80SS 8/20/2011 - - - - - - - - - - - - X
Along Red Devil
Creek West of 11MP81SS 8/20/2011 - - - - - - - - - - - - x
Gravel Pad
11MP82SS 8/20/2011 - - - - - - - - - - - - X
Area between mine 10MP64SS 9/17/2010 X - - - - - - - - - - - -
access road and
Red Devil Creek 10MP65SS 9/17/2010 X - - - - - - - - - - - -
Area between Pre- 10MP61SS 9/16/2010 X - - - - - - - - - - - -
1955 Retort and
Red Devil Creek 10MP63SS 9/17/2010 X - - - - - - - - - - - -
Area between Pre-
1955 Retort and
Red Devil Creek /
Pre-1955 Rotary 10MP62SS 9/20/2010 X - X X X - - - - - - - -
Furnace Burnt Ore
Disposal Pile
10MP45SS 9/21/2010 X X - - - - - - X - - - -
Area near Monofill
#1 / Former Shop 10MP46SS 9/21/2010 X X - - - - - - X - - - -
Pad / Tailings
10MP47SS 9/20/2010 X X - - - - - - X - - - -
10MP48SS 9/16/2010 X - - - - - - - - - - - -
10MP49SS 9/16/2010 X - - - - - - - - - - - -
Area near Monofill .
11MP83SS Duplicate
#1 /Shqp Pad A/ 11MP92SS 8/15/2011 - - - - - - - - - - - - X
Tailings
11MP84SS 8/15/2011 - - - - - - - - - - - - X
11MP85SS 8/15/2011 - - - - - - - - - - - - X
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Table 2-2 Surface Soil Sample Summary

General

Geographic
Area

2. Study Area Investigation

Pre-1955
(cont’d)

Total Atterberg
Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10MP5051525354SS 9/19/2010 X - - - - - - - - X X - -
10MP50SS 9/19/2010 X - - - - - - - - - - - -
10MP51SS 9/19/2010 X - - - - - - - - - - - i
Area of Pre-1955 10MP52SS 9/19/2010 X - - - - X X X _ _ _ _ _
Furnace Building /
Tailings/Waste 11MP52SS 8/2/2011 - - - i, . } ) ) } i i < ]
Rock 10MP53SS 9/19/2010 X - - - - ; - ; ; ; - - .
10MP54SS 9/19/2010 X - - - - - - - - - - - i
11MP86SS 8/20/2011 - - - - - - - - - - - - X
11MP87SS 8/20/2011 - - - - - - - - - - - - X
10MP55565758SS 9/18/2010 X - - - - - - - - X X - -
10MP55SS 9/18/2010 X - - - - - - - - - - - i
Area of Pre-1955
Retort Building 10MP56SS 9/18/2010 X - - _ _ 3 ) ] i i . i ]
10MP57SS 9/19/2010 X - - - - X X X - - - - -
10MP58SS 9/19/2010 X - - - - - - - - - - - -
10MP59SS Duplicate
East of Pre-1955 10MP86SS 9/21/2010 X - - - - X X X - X X - -
Retort Building
11MP59SS 8/2/2011 - - - - - - - - - - - X -
Mine Access Road
/ Downgradient of
Pre-1955 10MP66SS 9/17/2010 X - - - - - - - - - - - -
Processing Area
Near spring in Red
Devil Creek /
Downgradient of 10MP60SS 9/20/2010 X - X X X - - - - - - - -
former mine
openings / Tailings
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Table 2-2 Surface Soil Sample Summary

2. Study Area Investigation

General Total Atterberg
Geographic Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Area Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10MP424344SS 9/19/2010 X - - - - - - - - X X - -
Surface of 10MP42SS 9/19/2010 X - - - - - - - - - - - -
Monofill #1
Pre-1955 10MP43SS 9/19/2010 X - - - - - - - - - - - -
(cont’d) 10MP44SS 9/19/2010 X - - - - - - - - - - - -
Area Upgradient of
Monofill #2 / Post-
1955 Retort 10MPO1SS 9/24/2010 X - - - - X X X - X - - -
Building
Area of Surface
Disturbance 11MP71SS 8/2/2011 X - - - - - X - - X - - -
Berm of Settling
Pond #2 10MP35SS 9/17/2010 X - - - - - - - - - - - -
Berm of Settling 10MP37SS 9/17/2010 X - - - - - - - - - - - -
Pond #3 10MP68SS 9/19/2010 X - - - - - - - - - - - -
Between Settling
Ponds #1 and Red 10MP38SS 9/17/2010 X - - - - - - - - - - - -
Devil Creek
Between Settling
Ponds #2 and Red 10MP39SS 9/17/2010 X - - - - - - - - - - - -
Post-1955 Devil Creek
Between Settling
Ponds #3 and Red 10MP40SS 9/17/2010 X - - - - - - - - - - - -
Devil Creek
Flotation Tailings, 10MP32SS 9/20/2010 X X X X - X X X X X X - -
Settling Pond #1 11MP32SS 8/2/2011 - - - - - - - - - - - X -
Flotation Tailings, 10MP34SS 9/20/2010 X X X X - X X X X X X - -
Settling Pond #2 11MP34SS 8/2/2011 - - - - - - - - - - - X -
10MP36SS
Flotation Tailings, |  Duplicate 10MP84SS 912012010 X X X x - X X x x x x - -
Settling Pond #3
11MP36SS 8/2/2011 - - - - - - - - - - - X -
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Table 2-2 Surface Soil Sample Summary

General

Geographic
Area

2. Study Area Investigation

Post-1955
(cont’d)

Total Atterberg
Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10MP23SS 9/18/2010 X - - - - - - - - - - - -
10MP24SS 9/18/2010 X - - - - - - - - - - - -
10MP25SS 9/18/2010 X - - - - X X X - X X - -
11MP25SS 8/2/2011 - - - - - - - - - - - X -
Gravel Pad 11MP76SS
(Duplicate 11MP91SS) 8/1522011 - - - - - - - - - - - - X
11MP77SS 8/15/2011 - - - - - - - - - - - - X
11MP78SS 8/15/2011 - - - - - - - - - - - - X
11MP79SS 8/15/2011 - - - - - - - - - - - - X
Location where the
single abandoned
drum was
identified during 11MP70SS 8/15/2011 X X - - R . . ) X ) ) ) i
the 2010 limited
sampling effort
Monofill #3 Area/ 10MP22SS 9/16/2010 X - - - - - - - - - - - -
Tailings
North of Monofill 10MP10SS 9/21/2010 X X - - - - - - X - - - -
#2 / Post-1955
Retort Building / 10MP19SS 9/23/2010 X X - - - - - - x - - - -
Drum Storage Area
Stockpiled ore .
upgradient from the 10MPO2SS Duplicate 9/18/2010 X - - - - - - - - X - - -
10MP81SS
Ore Hopper
10MP20SS 9/23/2010 X X - - - - - - X - - - -
10MP21SS 9/23/2010 X X - - - - - - X - - - -
Power Plant / 11MP72SS 8/15/2011 - - - - - - - - - - - - X
Former Drum
Storage Area 11MP73SS 8/15/2011 - - - - - - - - - - - - X
11MP74SS 8/15/2011 - - - - - - - - - - - - X
11MP75SS 8/15/2011 - - - - - - - - - - - - X
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Table 2-2 Surface Soil Sample Summary

General

Geographic
Area

2. Study Area Investigation

Post-1955
(cont’d)

Total Atterberg
Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
Red Devil Creek 10RDO06SS 9/17/2010 X - - - - X X X - X - - -
Alluvial Deposits
and/or Soil 10RDO07SS 9/17/2010 X - - - - - - - - - - - -
10MP11SS 9/19/2010 X - - - - - - - - - - - R
10MP12SS 9/18/2010 X - - - - - - - - - - - -
Road below
Monofill #2 / Post- 10MP13SS 9/18/2010 X - - - i, . . ) 3 3 ) ) )
1955 Retort 10MP14SS 9/17/2010 X - - - - - - - - - - - -
Building
10MP15SS 9/17/2010 X - - - - - - - - - - - R
10MP18SS 9/16/2010 X - - - - - - - - - - - -
10MP06070809SS 9/17/2010 X - - - - - - - - X X - -
Slope Below 10MP06SS 9/17/2010 x - - - - - - - - - - - -
Perimeter of
Monofill #2 / Post- 10MPO7SS 9/17/2010 X - - - - - - - - - - - -
1955 Retort
Blllldlng 10MPO8SS 9/17/2010 X - - - - - - - - - - - -
10MPO09SS 9/18/2010 X - - - - - - - - - - - -
10MP030405SS 9/18/2010 X - - - - - - - - X X - -
Surface Of 1OMPO3SS 9/18/2010 X - - - - - _ _ _ _ _ _ _
Monofill #2 10MPO04SS 9/18/2010 X - - - - - - - - - - - -
10MPO5SS 9/18/2010 X - - - - - - - - - - - -
10MP26SS 9/18/2010 X - - - - X X X - X X - -
10MP28SS 9/18/2010 X - - - - - - - - - - - R
Tailings 10MP29SS 9/20/2010 X - X X - X - X - X X - -
10MP30SS 9/18/2010 X - - - - - - - - - - - -
10MP67SS 9/18/2010 X - - - - X X - - - - - -
11MP17SS Duplicate
" 11MP90SS 8/2/2011 - - : - - . ; i i ] ] N )
Tailings Borrow
Area 10MP27SS 9/18/2010 X - - - - X X X - X X - -
100P01SS 9/18/2010 X - - - - X - X - X X - -
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Table 2-2 Surface Soil Sample Summary

2. Study Area Investigation

General Total Atterberg
Geographic Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Area Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10MP16SS Duplicate
Tailings borrow 10MP89SS 9/18/2010 X B } - - X X X - X X - -
area, near former :
chute LM T8 aplicate 9/20/2010 x ; x x - x X x i x X - -
Post-1955 p ;
(cont’d) Upgradient o ) i ) 3 i B _ - - . - -
Settling Pond #1 10MP31SS 9/18/2010 X
Upgradient of
Settling Ponds #2 10MP33SS 9/17/2010 X - - - - - - - - - - - -
and #3
Red Devil Creek 10RDO05SS 9/17/2010 X - - - - - - - - - - _ _
Alluvial Deposits
Between Main
Processing Area 10RD20SS 9/17/2010 X - - - - - - - - - - - -
and delta
Red Devil Creek
Delta 10RDO1SS 9/16/2010 X - - - - - - - - - - - R
Red Devil Creek 10RD02SS 9/16/2010 X - - - R . . } ) ) ) ) )
Delta 10RD03SS 9/16/2010 X ; i ) ] ] ] ] ] ] ] _ ]
10RD04SS 9/16/2010 X - - - - X X X - X - - -
10RDO08SS Duplicate
9/15/2010 X - - - - - - - - - - - R
Reservoir Dam Dam 10RD30SS
10RD09SS 9/15/2010 X - - - - X X X - X - - -
Gulley 10RS03SS 9/16/2010 X - - - - - - - - - - - _
10RS01SS 9/19/2010 X - - - - X X X - X - - -
Rice Slui d Rice Delta
Ce slmce an 10RS02SS 9/19/2010 X - - - - - - - - - - - -
Delta
Trenched Area
West of Residential 10SM30SS 9/19/2010 X - - - - - - - - - - _ _
Structures
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Table 2-2 Surface Soil Sample Summary

General

Geographic
Area

2. Study Area Investigation

Surface Mined
Area

Total Atterberg
Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10SM13SS 8/2/2011 X - - - - X X X - X - - -
11SM13SS 9/24/2010 - - - - - - - - - - - X -
10SM14SS 9/24/2010 X - - - - - - - - - - - R
10SM15SS 9/23/2010 X - - - - - - - - - - - -
Bulldozed Area
Away from Known 10SM16SS 9/23/2010 X - - - - - - - - - - - -
Ore Trend
10SM17SS 9/24/2010 X - - - - - - - - - - - -
10SM18SS 8/2/2011 X - - - - X X X - X - - -
11SM18SS 9/23/2010 - - - - - - - - - - X -
10SM 19SS 9/23/2010 X - - - - X X X - X - - -
Central Surface 10SM20SS 9/19/2010 X - - - - - - - - - - - -
Mined Area 10SM21SS 9/19/2010 X - - - - X X X - X - - -
10SMO04SS 9/24/2010 X - - - - - - - - - - - -
Dolly Ore Zone 10SMO5SS 9/24/2010 X - - - - X X X - X - - -
10SM06SS 9/24/2010 X - - - - - - - - - - - -
Northern Surface 10SM22SS 9/19/2010 X - - - - - - - - - - - -
Mined Area 10SM23SS 9/19/2010 x - - - - X x x ; X ; ] ]
10SMO01SS 9/24/2010 X - - - - - - - - - - - -
Originally Mined 10SMO02SS 9/24/2010 X - - - - - - - - - - - R
Ore Zone 10SM03SS Duplicat
uplicate
10SM41SS 912472010 X - - - - x x x : x ] ] )
Potential Site of 10SM10SS 9/21/2010 X - X X - - - - - - - - R
On-Site Repository
/ Bulldozed Area 10SM11SS 9/21/2010 X - X X - - - - - - - - -
Away from Known 10SM12SS Duplicate
Ore Trend 10SM40SS 9/21/2010 X - X X X X X X - X - - -
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Table 2-2 Surface Soil Sample Summary

2. Study Area Investigation

General Total Atterberg
Geographic Location TAL Diesel Range Moisture Grain Limits Total | Mercury | Arsenic Arsenic
Area Description Sample ID Date Sampled | Metals | Hydrocarbons Content Size Classification | Solids SSE Speciation | SVOCs | SPLP | TCLP | Bioavailability | PCBs
10SMO7SS 9/24/2010 X - - - - X X X - X - - -
Rice Ore Zone 10SMO08SS 9/24/2010 X - - - - - - - - - - - -
10SMO09SS 9/24/2010 X - - - - - - - - - - - -
10SM24SS 9/21/2010 X - - - - - - - - - - - -
Trenched Area 10SM25SS 9/21/2010 X - - - - - - - - - - - -
) West of Bulldozed
Surface Mined Area 10SM26SS 9/21/2010 X - - - - - - - - - - - -
Area
(cont’d) 10SM27SS 9/23/2010 X - - - - X X X - X - - -
10SM28SS 9/19/2010 X - - - - X X X - X - - -
Trenched Area
West of Residential 11SM28SS 8/2/2011 - - - - - - - - - - - X -
Structures
10SM29SS 9/19/2010 X - - - - - - - - - - - -
Upslope of Pre-
1955 processing 10MP41SS 9/19/2010 x : : : : x x x : x . . .
facilities and
Monofill #1
Key:
ID identifier
PCBs  polychlorinated biphenyls
SPLP  synthetic precipitation leaching procedure
SSE selective sequential extraction
SVOC  semi-volatile organic compound
TAL target analyte list
TCLP  toxicity characteristic leaching procedure
X A sample was collected for laboratory analysis
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2. Study Area Investigation

2.2 Subsurface Soil

Subsurface soil samples were collected between August 3, 2011, and August 27,
2011. Additional shallow subsurface soil samples were collected in the Surface
Mined Area in September 2012. Results of the additional subsurface soil
characterization performed in 2012 are provided in Appendix E.

Seventy-two borings were drilled within the study area. Twenty-six of the 72
borings were completed as monitoring wells. The location and identifiers of the
borings and monitoring wells are shown in Figures 2-5 and 2-6, and Table 2-3. A
total of 237 subsurface soil samples were collected from the borings, with sample
collection guided by on-site XRF screening and geological logging, and the
sample selection criteria described by the FSP. The data objectives of the soil
investigation are summarized below:

= Determine the nature and extent of COPCs in subsurface soil, including
tailings/waste rock and underlying native soil.

= Determine the depth of tailings/waste rock up to the total depth of the
boring.

= Identify and characterize possible tailings/waste rock at the reservoir dam.

= [dentify tailings/waste rock within alluvial deposits of Red Devil Creek,
including its delta in the Kuskokwim River up to the total depth of the
boring.

= Jdentify mining-related material (expected to consist of sluiced
overburden) within alluvial deposits of the Dolly Sluice delta and possible
Rice Sluice delta up to the total depth of the boring.

= Assess lithologic characterization of subsurface soils.

= Identify soil characteristics that may affect the fate and transport of
COPCs.

= Provide data for the HHRA to assess potential exposure to COPCs through
direct contact.

= Characterize the geotechnical properties of tailings/waste rock and soils
that may be subject to excavation.

= Characterize the geotechnical properties of the subsurface for use in the
FS.

Subsurface soil sampling was conducted with a CME 850 drill rig mounted to a
Nodwell (mobile tracked vehicle) operated by Discovery Drilling, Inc. The
drilling equipment/method varied depending on application and the type of
subsurface material encountered. In general, direct push equipment/method was
utilized for soft, shallow soils near the surface; hollow-stem auger equipment/
method was utilized for overburden soils deeper than approximately 15 feet; and
air rotary downhole hammer equipment/method was utilized for weathered
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2. Study Area Investigation

bedrock and competent bedrock. A 2-foot-long split spoon sampler was used for
all sampling occurring during direct push and hollow stem auger drilling.
Downhole hammer drilling is incompatible with split spoon sampling, and
therefore subsurface materials were not sampled when using this drilling method.
All drill pipe, split spoon samplers, and augers were decontaminated prior to
commencing drilling at a new soil boring location. Typically, a soil boring began
with a direct push drilling method, using the hydraulic hammer to drive the split
spoon sampler into the ground. If the boring extended beyond the depth at which
the boring could be expected to stay open on its own, augers were then drilled in
around the drill stem. During hollow stem auger drilling, the split spoon sampler
was advanced below the auger, and then after the sample was collected, an auger-
compatible tip was placed on the end of the drill string and advanced back to the
position of the auger head. The combined drill string and auger assembly was then
rotated downwards using a Kelly drive for 2 feet to the end of the split spoon
boring. This method was utilized for most of the borings that extended beyond
approximately 15 feet in depth. For locations where a monitoring well was to be
placed in the bedrock aquifer, the use of the air rotary downhole hammer was
necessary. The downhole hammer attaches directly to the drill string and uses
compressed air to drive an impact slide hammer while the drill string is being
rotated via the Kelly drive. The impact hammer has a face with buttons of
tungsten carbide and channels allowing air to pass out of the hammer and into the
annular space, effectively pulverizing the rock face and blasting the rock chips out
of the boring. Because the use of the downhole hammer precludes the use of the
split spoon sampler, efforts were made to pause the downhole hammer drilling
and collect a split spoon sample within the projected screened interval of the
monitoring well to be installed for lithological identification and geotechnical
sample collection.

Once a split spoon sample was collected, it was opened on site and geologically
logged by an E & E geologist. Particular attention was paid to the presence of
minerals and lithologies that signified the presence of tailings or waste rock. After
geological logging was completed the sample was collected and field screen with
an XRF. Split spoon samplers were decontaminated between each use. Samples
were processed and prepared for analysis in the field laboratory. Investigation-
derived waste (IDW) resulting from drilling or discarded sample intervals was
disposed of onsite in accordance with the Work Plan.

Subsurface soil samples were analyzed for total TAL metals, mercury SSE,
arsenic speciation, SPLP TAL metals, TCLP RCRA metals, SVOCs, DRO/RRO,
grain size, and a combined test of Atterberg limits and moisture content. Table
2-3 provides a summary of the analyses performed. In general, samples were
selected for the various analyses to achieve the following:
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2. Study Area Investigation

= Provide broad areal distribution of data.

= Obtain data from multiple depth intervals within tailings/waste rock to
assess vertical variability based on depth and/or lithologic characteristics.

= Obtain data for different tailings types (e.g., flotation tailings versus
thermally processed tailings, including pre-1955 thermally processed
tailings and post-1955 thermally processed tailings).

2012 Additional Subsurface Soil Characterization

In September 2012, 22 shallow subsurface soil samples were collected from the
Surface Mined Area (see Figure 2-6). The intent for these samples was to
characterize the extent and range of metals concentrations in naturally mineralized
soils associated with ore zones at the site. Four sampling areas were selected in
the Surface Mined Area. The specific sampling locations were selected based on
their comparatively higher potential for possessing demonstrably undisturbed
naturally mineralized soils. Stringent lithological and stratigraphic criteria were
established to determine whether overburden materials and Kuskokwim Group—
derived soils may be considered undisturbed. The results of the September 2012
effort did not meet the criteria specified in the work plan addendum, and
therefore, are not considered representative of undisturbed mineralized soil.
However, the samples provide additional site characterization data for the Surface
Mined Area. Table 2-3 includes the sample collection information for these
samples.

Deviations from the Field Sampling Plan
Several deviations from the FSP were made based upon field conditions and
evolving data needs, discussed below.

In order to gather information on vertical groundwater gradient in the vicinity of
Settling Pond #1, it was decided to install an additional soil boring MP91 and
monitoring well MW17 at a location paired with planned soil boring MP30 and
monitoring well MW 16.

Two shallow and deep monitoring well pairs were originally planned for locations
upslope of the Pre-1955 Main Processing Area at adjacent soil boring locations
MP41/MP89 and SM31/SM32. However, no shallow groundwater was
encountered during drilling at either of the paired locations. Therefore, only the
deep soil boring (MP41 and SM31) was installed at each location.

Soil borings RD08 and RD09 were planned for installation on the dam of the
reservoir. However, it was determined based on surface soil sample results,
lithological observations, and aerial photographic review that the dam was
constructed of locally-derived native soil rather than tailings/waste rock.
Therefore, these soil borings were not installed.

In general, soil boring locations were dependent on field conditions that affected
drill rig access. Actual soil boring locations are illustrated in Figures 2-5 and 2-6.
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Table 2-3 Subsurface Soil Collection Summary

Particle Size /
Atterberg
Limits (ASTM
General Soil D2487) and
Geographic Location Boring Depth Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Area Description Location (feet) Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
2-4 11MP01SB04
Upgradient MPO1 10 | IMPOISBIO (%%éﬁ%%igp‘hllv}%ﬁgg% lé 1 (AIIND) ! ! ; ; ; ! ;
Area 10-12 | 11MP01SB12 1203), 11MP01SB16) (11MPO1SB16) | (11MPO1SB16) (11MP01SB10)
Background 14-16 | 11MPOISBI6
Areas
2-4 11UP11SB04
Upland Area West of 3 (11UP11SB04) and 1 1 1 1
Surface Mined Area UPTl 4-6 | 1UPLISBO6 | yjp;1SBo6, 11UP11SBOS (11UP11SB04) | (11UP11SBO4) | (11UP11SBO4) - - (11UP11SB04) - -
6-8 11UP11SB08
2-4 11MP11SB04
3 (11MP11SB04, 11MP11SB06,
MP11 4-6 11MP11SB06 11MP11SB0S) - - -
6-8 11MP11SB0S8
4-6 11MP12SB06
6-8 11MP12SB0S8 1 5
MP12 10-12 11MP12SB12 3 (11MP1121§/][31§)162,SI];11\/2I)’128B12, (11121411\)/112.83308) (11MP12SB14, -
and MoIsture | 1\ p12SB16)
Post-1955 12-14 | 11MP12SB14 content
Main Road below Monofill 2 (11MP14SB04 1 2 2
Processin #2 / Post-1955 14-16 11MP12SB16 11MP12SB06) ’ (11MP11SB04) (11MP14SB04, | (11MP14SB04, -
& Retort Building 11IMP11SB04) | 11MP11SB04)
Area 2-4 11MP13SB04
MP13 3 (11MP13SB04, 11MP13SB06) - - -
4-6 11MP13SB06
2-4 11MP14SB04
2
68 11MP14SB0S8 (11MP14SBO0S,
3 (11MP14SB04, 11MP14SB58, 11MP14SB16) .
MP14 12-14 11MP14SB14 11MP14SB14) both with 2 (in bedrock) -
14-16 | 11MP14SB16 Moisture
Content
56-58 11MP14SB58
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Post-1955
Main
Processing
Area
(cont’d)

Particle Size /
Atterberg
Limits (ASTM
Soil D2487) and
Location Boring Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Description Location Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
2-4 11MP15SB04
3 (11MP15SB04, 11MP15SB06,
MP15 4-6 11MP15SB06 11MP15SB08) - - -
6-8 11MP15SB08
2-4 11MP16SB04
3 (11MP16SB04, 11MP16SB0S, 1
MP16 6-8 1IMP16SBO3 11MP16SB10) (11MP16SB04) ) )
Road below Monofill 8-10 11MP16SB10
#2 / Post-1955 2 | 2 2
Retort B -'ld’ 2-4 11MP17SB04 (11MP18SB04, (11MP18SB20) (11MP18SB04, | (11MP18SB04, 2
ctort Burding 11MP17SB14) 11MP18SB20) | 11MP18SB20) (11MP17SB28)
(cont’d) 12-14 | 11MP17SB14 | 3 (11MP17SB14, 11MP17SB04, 11IMP17SB30 | 11MP17SB30 Drv well. Onl
MP17 11MP17SB30 (DUPLICATE: Sent due to Sent due to - ;Zn . Oney -
11MP17SB34 @ 1642)) diesel odor diesel odor g
28-30 | 11MP17SB30 from screened
interval.
2-4 11MP18SB04
3 (11MP18SB20, 11MP18SB04,
MP18 8-10 11MP18SB10 11MP18SB10) - - - - -
18-20 11MP18SB20
2-4 11MP10SB04 1 (No diesel 1 (No diesel
MP10 3 (11MP10SB04, 11MP10SB06) ngc;rt:rott:t()llg ' OSV(;rt;Ott:Slg r ) )
4-6 11MP10SB06
Noll;th ?ti g/é(;n}({ﬁtll ::2 / 2 (11MP19SB06) | 2 2 encountered) encountered)
B°S.l'd. /De 0 Detection on 1 | IMP19SBo4) | (1IMP19SBO4, | (11MP19SBO4, -
‘;torl;gge A 24 | 1IMP19SB04 only ( )| 11MP10SB06) | 11MP10SB06) | 1 (No diesel 1 (No diesel
MP19 3 (11MP19SB04, 1 1MP19SB06) odor noted or |- odor noted or |y \p1 950 -
4-6 11MP19SB06 water table water table
encountered) encountered)
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Post-1955
Main
Processing
Area
(cont’d)

Location
Description

Soil
Boring
Location

Depth
(feet)

Sample ID

Total TAL Metals

2-4 11MP27SB04 3 (11MP27SB04, 11MP27SB06
Tailing Burrow Area MP27 (DUPLICATE: 11MP27SB08 @
4-6 11MP27SB06 1750)
2-4 11MP26SB04
3 (11MP26SB10, 11MP26SB04,
MP26 8-10 11MP26SB10 11MP26SB16)
14-16 11MP26SB16
4-6 11MP28SB06
3 (11MP28SB06, 11MP28SB08,
MP28 6-8 11MP28SB08 11MP28SB10 (DUPLICATE:
11MP28SB12 @ 1022)
8-10 11MP28SB10
4-6 11MP29SB06
6-8 11MP29SB0S8
8—10 11MP29SB10 3 (11MP29SB16, 11MP29SB06
MP29 (DUPLICATE: 11MP29SB28 @
Tailings / Waste Rock 14-16 1 IMP29SB16 1448), 11MP29SB10)
16-18 11MP29SB18
2022 11MP29SB22
N/A
MP91 N/A (not sampled) .
4-6 11MP30SB06
68 11MP30SB08
10-12 | 1IMP30SBI2 | 3 11\ p30SB06, 11MP30SB16,
MP30 11MP30SB12
12-14 11MP30SB14 )
14-16 11MP30SB16
16-18 11MP30SB18

Mercury SSE

3 (11MP30SB06,

11MP28SBO06,
11MP28SB08)

Arsenic
Speciation

2
(11MP28SBO06,
11MP29SB16)

SPLP TAL
Metals

3
(11MP30SB06,
11MP28SB06,
11MP29SB10)

TCLP RCRA
Metals

2
(11MP30SBO06,
11MP28SB06)

DRO/RRO

Particle Size /
Atterberg
Limits (ASTM
D2487) and
Moisture
Content

Grain Size
(ASTM D422)

Total Organic

Carbon

1

2
(L IMP29SB05) 1 (11MP29sBIS,
with Moisture 11MP29SB22)
Content
1 2
Cndmoistre. | (1IMP30SBI4,
U 11MP30SB18)
content
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Post-1955
Main
Processing
Area
(cont’d)

Location
Description

Soil
Boring
Location

Sample ID

Total TAL Metals

Mercury SSE

Arsenic
Speciation

SPLP TAL
Metals

TCLP RCRA
Metals

DRO/RRO

Particle Size /
Atterberg
Limits (ASTM
D2487) and
Moisture
Content

Grain Size
(ASTM D422)

Total Organic

Carbon

8-10 11MP23SB10 1 (No diesel 2 (No diesel
3 (11MP23SB20, 11MP23SB10, odor noted or odor noted or
MP23 12-14 1IMP23SB14 11MP23SB14) water table water table ) ) )
18-20 11MP23SB20 encountered) encountered)
2-4 11MP24SB04 2 1 (No diesel 1 (No diesel
MP24 10-12 11MP24SB12 3 (11MP24SB12, 11MP24SB04, b (11MP23SB20) odor noted or odor noted or ) ) )
11MP24SB18) 2 (1IMP235B20 (11MP23SB20) | High As and Hg water table water table
Gravel Pad 16-18 11MP24SB18 1(1 Ml\;)lg 4SB]?2 > | 1 (11MP23SB20) High As and in same sample encountered) encountered)
) Hg in same DUPLICATE:
14-18 11MP25SB14 sample 11MP23SB24
1748
18-20 11MP25SB20 @ ) 3
3 (11MP25SB26, 1 IMP25SB20, 2 (11MP30SB06 2
MP25 24-26 11MP25SB26 11MP25SB14 (DUPLICATE: (11MP28SB06, 1 1MP28SB06 > | (11MP30SB06, - -
11MP25SB38 @1200 11MP29SB16) : 11MP28SB06
28-30 | 11MP25SB30 @l200) 11MP29SB10) )
32-34 11MP25SB34
Monofil #3 2-4 11MP22SB04
onofi
Area / Tailings / Waste MP22 6-8 11MP22SB08 3 (11MP228B04, 1 IMP22SBO08, - - - - - - - - -
Rock 11MP22SB12)
10-12 11MP22SB12
4 1IMP20SBO4 | 3 1 1MP20SB04, 11MP20SBI2 ldajfl i‘ejelr 1d(1;13 ‘?ejelr 2 (no samples
MP20 (DUPLICATE 11MP20SB16 - - - - °w° t rot eblo odo ) roteblo - below water -
10-12 | 11MP20SB12 @1747), 11MP20SB08) atet fab’e watet tav-e table)
encountered) encountered)
Power Plant / Former
Drum Storage Area 24 11MP215B04 1 (No diesel 1 (No diesel
3 (11MP21SB04, MP21SB14, odor noted or odor noted or
MP21 68 1TMP21SBO3 11MP21SB08) . ) ) ) water table water table ) ) )
12-14 11MP21SB14 encountered) encountered)
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Post—1955
Main
Processing
Area

(cont’d)

Soil

Particle Size /
Atterberg
Limits (ASTM

D2487) and

Location Boring Depth Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Description Location (feet) Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
Upgradient of Settling 2 (no samples
MP31 2-4 11MP31SB04 3 (11MP31SB04) - - - - - - - below water -
Pond #1 table)
2-4 11MP32SB04
Flotation Tailings, MP32 46 LIMP32SBOg | 3 (11MP32SBO4, 11MP32SB0G, 1 1 1 1 2 1 1 i
Settling Pond #1 11MP32SB08) (11MP32SB08) | (11MP32SB06) | (11MP32SB06) | (11MP32SB06) | (11MP32SB04) | (11MP32SB04) | (11MP32SB04) )
6-8 11MP32SB08
. . 2 (no samples
Upgradient of Settling 3 (11MP33SB04) (DUPLICATE:
Ponds #2 and #3 MP33 24 1IMP33SB04 11MP33SB06 @ 1535) - - - - - - - bel‘;’avﬁkw)ater -
2-4 11MP34SB04
4-6 1IMP34SB06 | 3 (11MP34SB04,11MP34SB06) 5
Flotation Tailings, and 11MP34SB08 (DUPLICATE: 1 1 1 1 1 1
Settling Pond #2 MP34 6-8 11MP34SBO03 11MP34SB22 @ 1715) (mid- (11MP34SB04) | (11MP34SB06) | (11MP34SB06) | (11MP34SB06) (llllli\flf;fssgf;)’ (11MP34SB14) | (11MP34SB04) ) )
10-12 11MP34SB12 range)
12-14 | 11MP34SB14
4-6 11MP35SB06 5
Berm of S;;ﬂmg Pond | \ip3s 10-12 | 11MP35SBI12 | (11MP35SB12,11MP35SB16,11 - - - - - - - - -
MP35SB06)
14-16 | 11MP35SB16
24 11MP36SB04 2
(1LIMP36SBO8 | 4 11 \1p36SB0S
= 11MP36SB :
Flotation Tailings, MP36 6-8 36SBO8 | 5 (11MP36SB04, 11MP36SB0S | | 1 ! (ﬁgfl};gsffg' (DUPLICATE: | | AOJS’ 23“;*::;5 ) )
Settling Pond #3 and 11MP36SB16 (low-range) (1IMP36SB04) | (11MP36SB04) | (1IMP36SBO4) | (IIMP36SBO04) | o %50a” o 11MP36SB18 t;blg
14-16 | 11MP36SB16 Samples Above @ 1505))
Water Table)
4-6 11MP37SB06 3 | 1
Berm of S;;ﬂmg Pond | \ip3s 6-8 | 11mp37sBog | (1 IMP?Z%%@(S%IZT%CATE: ; ; - ; (11MP37SB16) | (11MP37SB16) ) ] ]
1416 | 11MP37SB16 | 1230),11MP37SB0S,11MP37SB16) Diesel Odor |~ Diesel Odor
8-10 11MP38SB10
Between Settling Pond 10-12 11MP38SB12 3 (11MP38SB10) and | | 1 2
#1 and Red Devil MP38 11MP38SB14, 11MP38SB16 - - - - (11MP38SB12, -
Crook 12-14 | 11MP38SB14 (mid and low-range) (11MP38SB10) | (11MP38SB10) | (11MP38SB10) 1IMP38SB14)
14-16 | 11MP38SB16

2-22



Table 2-3 Subsurface Soil Collection Summary

Particle Size /
Atterberg
Limits (ASTM
General Soil D2487) and
Geographic Location Boring Depth Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Area Description Location (feet) Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
4-6 11MP39SB06
Between Settling Pond 68 HMP39SBOS (llMP3l9SB06) 2
etween Settling Pon
Post_1055 #2 and Red Devil MP39 8-10 | 11MP39SBI10 3a(nl J%ﬁgiggg’é% 3_?;]32;‘) 1 (11MP39SBO08) | 1 (11MP39SB06) | (DUPLICATE ) ; ] ] (11MP39SB10, _
; Creek w-rang 11MP39SB16 11MP39SB14)
Main 10-12 | 11MP39SBI2 @1011)
Processing
Area 12-14 11MP39SB14
(cont’d) Between Setline Pond 46 | 11MP40SBO6 ,
ctween Setting fon 3 (11MP40SB0S, 11MP40SB06 1 1 1
#3 and Red Devil MP40 6-8 11MP40SB08 : ’ - - - - (11MP40SB10, -
Crook 11MP40SB10) (11MP40SB08) | (11MP40SB08) | (11MP40SBO8) 1 1MP40SBO6)
8-10 11MP40SB10
11MP60 2-4 11MP60SB04
(S(ﬁzlii‘;g) 12-14 | 11MP60SB14 | 3 (11MP60SB14, 11MP60SB04, 1 1 1 1 ) ) ) 2 )
Near spring in Red with 11MP60SB24) (11MP60SB14) (11MP60SB14) (11MP60SB14) | (11MP60SB14) (11MP60SB24)
Devil Creek / 1 1MP88) 22-24 11MP60SB24
Downgradient of
former mine openings / | 11MP88
Tailings/Waste Rock (Deep)
(Paired | N/A A (12?1; - ; ] ] ] ] ] ] ] ]
with P
11MP60)
Pre-1955
Main Area between Pre-1955 2-4 11MP63SB04
Processing Retort and Red Devil MP63 3 (11MP63SB04, 11MP63SB06) - - - - - - - - -
Area Creek 4-6 11MP63SB06
4-6 11MP66SB06
8-10 11MP66SB10 0 0
Mine Access Road / 14-16 11MP66SB16 | 3 (11MP66SB06, 11MP66SB18, (11MP66SB16) | (11MP66SB16) 2
Downgradient of Pre- MP66 11MP66SB10 (DUPLICATE: - - - - DUPLICATE DUPLICATE - (11MP66SB20, -
1955 Processing Area 16-18 11IMP66SB18 11MP66SB24@1050)) 11MP66SB26 11MP66SB26 11MP66SB22)
@ 1059 @ 1059
18-20 11MP66SB20
20-22 11MP66SB22
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Pre-1955
Main
Processing
Area
(cont’d)

Particle Size /
Atterberg
Limits (ASTM
Soil D2487) and
Location Boring Depth Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Description Location (feet) Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
24 11MP45SB04
3 (11MP45SB04, 11MP45SB10, 1 1
MP43 8-10 1IMP45SB10 11MP45SB12) B B ) ) (11MP45SB04) | (11MP45SB04) ) ) )
10-12 11MP45SB12
Area near Monofill #1 / 2-4 11MP46SB04 3 (11MP46SB04, 11MP46SB12) 1 (Petroleum | (Petroleum
Former Shop Pad / MP46 No major variabili ) ) ) ) odor not odor not noted) ) ) )
Tailings/Waste Rock 10-12 | 11MP46SB12 ) vy noted)
2-4 11MP47SB04 I (Petrol
etroleum
3 (11MP47SB04, 1 IMP47SB22, 1 (Petroleum
MP47 20-22 11MP47SB22 1 IMP47SB26) - - - - or(ll(())trelcllg)t odor not noted) - - -
24-26 11MP47SB26
2-4 11MP48SB04
3 (11MP48SB12, 11MP48SB08,
MP438 6-8 11MP48SB08 | IMP4SSBO4) | . - - - - -
Area near Monofill #1 / 10=12 11MP48SB12 (11MP48SB12 | (11MP48SB08
Shop Pad A / - - (DUPLICATE: | (DUPLICATE:
Tailings/Waste Rock 4-6 11MP49SB06 3 (11MP49SB06, 11MP48SB16 | 11MP48SB18
11MP49SB14(DUPLICATE: @1655)) @1700))
MP49 8-10 11MP49SB10 1 1MP49SB16@950), - - - - -
12-14 | 11MP49SB14 1IMP49SB10)
4-6 11MP89SB06
Ar Monodill #1 / 10-12 11MP89SB12 )
€a near ivlonori
Shop Pad B/ MP89 28-30 11MP89SB30 3 lMPfi91§/][3P3§)9,Sléls/g)’89SB12, - - - - - - - (11MP89SB34, -
Tailings/Waste Rock 11MP89SB37)
32-34 11MP89SB34
35-37 11MP89SB37
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Table 2-3 Subsurface Soil Collection Summary

Particle Size /
Atterberg
Limits (ASTM

General Soil D2487) and
Geographic Location Boring Depth Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Area Description Location (feet) Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon

2-4 11MP55SB04
MP55 3 (11MP55SB04, 11MP55SB06) 11MP55SB06 11MP55SB07 - - -
4-6 11MP55SB06

2-4 11MP56SB04

3 (11IMP56SB06, 11MP56SB10,

MP56 4-6 11MP56SB06 1 IMP56SB04) - - - - -
8-10 11MP56SB10 2 (11MP56SBO6,
Area of 2-4 11MP57SB04 3 (11MP56SB06, 11MP58SB04 3 3
Pre-1955 Retort 3 (11MP57SB04 (DUPLICATE: 11MP56SB10, (DUPLICATE: (11MP58SB08, | (11MP58SBO0S,
Building MP57 4-6 11MP57SB06 11MP57SB12@1450), 11MP58SB08) 11MP58SB16@1 11MP56SB06) 11MP56SB06) 11MP57SB06 11MP57SB06 - - -
11MP57SB08, 11MP57SB06) 030)

6-8 11MP57SB08

2-4 11MP58SB04
6-8 11MP58SB08 | 3 (11MP58SB04, 11MP58SBO0S,

1

MP58 11MP58SB12 (DUPLICATE: - - - -
Pre-1955 8-10 | 11MP58SBI0 11MP58SB16@1025)) (11IMP58SB10)
Main
Processing 10-12 | 11MP58SBI2
(c’;;‘t’?d) 24 | 11MP59SB04
10-12 11MP59SB12 3 (11MP59SB12, 11MP59SB04, 1 (IIMP598B0_4
Burnt Ore MP59 11MP59SB14 (DUPLICATE: | 1(11MP59sB12) | (DUPLICATE: ! ! ; ; ! - -
14-16 11MP59SB16
2-4 11MP61SB04 2 (Well not
Area between Pre-1955 3 (11MP61SB04 (DUPLICATE: indicated on
Retort and Red Devil MP61 11MP61SB08@1525), - - - - - - - figure or -
Creek 4-6 11MP61SB06 11MP61SB06) groundwater
table)
Area between Pre-1955 24 1 1MP62SBO4
Retort and Red Devil 12-14 11MP62SB14 2
Creek / Pre-1955 MP62 3 1MP612HSV][3}?642,S1];1;/‘[‘.I)’623B24, - - - - - - - (11MP62SB20, -
Rotary Furnace Burnt 18-20 11MP62SB20 11MP62SB24)

Ore Disposal Pile 2224 | 11MP62SB24
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Location
Description

Soil
Boring
Location

Sample ID

Total TAL Metals

Mercury SSE

Arsenic
Speciation

SPLP TAL
Metals

TCLP RCRA
Metals

DRO/RRO

Particle Size /
Atterberg
Limits (ASTM
D2487) and
Moisture
Content

Grain Size
(ASTM D422)

Total Organic

Carbon

MP50 2-4 11MP50SB04 3 (11MP50SB04) - - - - -
2-4 11MP51SB04
MP51 o HIMPSISBOS |3 (11MPS1SB4, 11MPSISBOG, 11MP51SB08 | 11MP51SB08 - - -
6-8 11MP51SB08 11IMP51SB14)
12-14 | 11MP51SB14
3 (11MP51SB04,
Pre-1955 4-6 11MP52SB06 11 2SB10 3
Main Area of Pre-1955 MP525B 3
p : F Building / 6-8 | IMP52SB08 (DUPLICATE: | 2 (11MP52SB06, | (11MP51SB06, | (11MP51SBO06, 2 (Bedrock, No
rogssmg ! ylljna07wu1 lleg Kk MP52 _ 3 (11IMP52SB06, 1IMP52SB10, | 11MP52SB28@1 | 11MP51SB06) | 11MP52SBI0, | 11MP52SBI10, | | Mps2SB26 | 11MP52SB26 1 samples from )
ea ailings/Waste Roc 810 1IMP52SB10 11MP52SB26) 445), 11MP52SB06) | 11MP52SB06) (11MP52SB08) screened
(cont’d) 11MP52SB06) interval)
2426 | 11MP52SB26
2-4 11MP53SB04
MP53 3 (11MP53SB04, 1 1IMP53SB08) - - - N -
6-8 11MP53SB08
2-4 11MP54SB04 0 0
MP54 3 (11MP54SB04, 1 1MP54SB06) - N -
46 11MP54SB06 (11MP54SB04) | (11MP54SB04)
24 11DS015B04 3 (11DS01SB06) and
4-6 11DS01SB06 11DS01SB10 (DUPLICATE: |
DS01 11DS01SB18 @ 1630), - - } -
8-10 | 11DSOISBIO |  11DS01SB16 (mid and low- 110 . (11DSO01SB04)
Dolly Sluice . range) 1 1
Dolly Sluice Delta 14-16 11DS01SB16 (DUPLICATE: -
and Delta - r— (11DS01SB06) (11DSOISBO6) | | hso1SBls
3 (11DS02SB04, 11DS02SB10 @ 1630)
DS02 8-10 11DS02SB10 (Duplicate 11DS02SB16 @ - - - - -
1335), 11DS02SB14)
12-14 11DS02SB14
2-4 11RS01SB04
RSO1 4-6 11IRS015B06 3 (11RSO1SB12) and ] ] 1 ] )
6.8 11RSO1SBOS 11RS01SB08, 11RS01SB04 (11RS01SB06)
Rice Sluice Rice Sluice 1 1 1
and Delta Delta 10-12 IIRSOISBI12 (11RS01SB12) (11RS02SB04) | (11RS01SBI2) )
2-4 11RS02SB04
3 (11RS02SB04) and
RS02 6-8 11RS025B03 11RS02SB08, 11RS02SB14 - - - - -
12-14 11RS02SB14
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Table 2-3 Subsurface Soil Collection Summary

General

Geographic

Area

Surface
Mined Area

Location
Description

2012 Background Soil
Study

Soil

Boring
Location

SM51

Depth
(feet)

Sample ID
12SM51SB06

Arsenic
Total TAL Metals Mercury SSE Speciation

TCLP RCRA

Particle Size /
Atterberg
Limits (ASTM
D2487) and
Moisture
Content

Grain Size Total Organic
(ASTM D422) Carbon

SM52

12SM52SB02

12SM52SB10

12SM52SB11

SM53

12SM53SB10

SM54

12SM54SB11

SM55

12SM55SB04

12SM55SB07

SM56

12SM56SB05

SM57

12SM57SB05

SM58

12SM58SB02

SM59

12SM59SB01

12SM59SB05

SM60

12SM60SB06

12SM60SB07

SM61

12SM61SB01

12SM61SB05

SM62

1.5-2

12SM62SB01

5.5-6

12SM62SB06

7.5-8

12SM62SB08

SM63

0-1

12SM63SB01

12SM63SB06

SM64

N/A

N/A (Not
Sampled)

SM65

1-2

12SM65SB12

SM66

N/A

N/A (Not
Sampled)
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Surface
Mined Area
(cont’d)

Particle Size /
Atterberg
Limits (ASTM
Soil D2487) and
Location Boring Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Description Location Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
2-4 11SM10SB04
4-6 11SM10SB06 3
3 (11SM10SB10) and
SM10 6-8 11SM10SB08 - (11SM10SB06, - -
11SM10SB04, 11SM10SB12 11SM10SBOS)
8-10 11SM10SB10
Potential Site of On- 10-12 11SM10SB12
Site Repository / 1 1 |
Bulldozed Area Away 2-4 11SM11SB04 -
from Known Ore (11SM10SB10) (11SM10SB10) (11SM10SB10)
Trend 6-8 11SM11SB08
3
8-10 11SM11SB10 | 3 (11SM11SB04, 11SM11SB14
SM11 (Duplicate 11SM11SB20 @ - (111158151411115113301;)’ - -
10-12 11SM11SB12 ’
1325), 11SM11SB16) 11SM11SB12)
12-14 11SM11SB14
14-16 11SM11SB16
1 1 1
SM31 4-6 11SM31SB06 | 3 (11SM31SB06) Only 1 sample (11SM31SB06) (11SM31SB06) | (11SM31SB06) - - - 2 (No Water) -
Upslope of Pre-1955 11SM32
processing facilities Shall
and Monofill #1 ((PZir(::‘éV) N/A N/A (Not ) ) ) 3 ) 3 3 ) )
. Sampled)
with
11SM31)
11MP41SB04
2-4 (11SM41SB0
4) 3 (11MP41SB06) and 1 1 1
MP41 11MP41SB04 (Only 2 samples in - - - 2 (No Water) -
11MP41SB06 borehole) (11MP41SB06) (11MP41SB06) | (11MP41SB06)
Upslope of Pre-1955 4-6 (11SM41SBO
processing facilities 6)
and Monofill #1
11MP90
(Deep)
(paired N/A i\:ﬁ (123; - - - - - - - - -
with P
11MP41)
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Table 2-3 Subsurface Soil Collection Summary

General
Geographic
Area

Red Devil
Creek

Particle Size /
Atterberg
Limits (ASTM
Soil D2487) and
Location Boring Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Description Location Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
1IRDOS |  N/A N/A (ot - - - - -
sampled)
Dam - - - -
1IRD09 | N/A N/A (ot - - - - -
sampled)
4-6 11RD05SB06
6-8 11RD05SB08 3 2 .
no samples
3 (11RD05SB08, 11RD05SB12, (11RDO05SBO06,
RDO5 10-12 11RD05SB12 11RDO5SB16) - 1 IRDO5SBOS, bel(;);f)lew)ater -
12-14 11RD05SB14 11RD05SB14)
16-18 11RD05SB16
2-4 11RD06SB04
3 (11RD06SB04, 11RD06SBOS,
RD06 6-8 1 1RDO6SB08 11RD06SB12) 2 (11RD20SB20, 2
Red Devil Creek 10-12 11RD06SB12 3 (11RD20SB20, 11RD05SB16 (11RD20SB20,
Alluvial Deposits 11RD20SB18, (DUPLICATE: Highest As and -
and/or Soil 2-4 11RD07SB04 11RD07SB12) 11RD05SB18 @ Hg in same
1900) sample) 3
RDO7 6-8 11RD07SBO8 3 (11RD07SB12) and ] (11RDO7SB04, ) )
210 | 11RDO7SBl0 | 11RD07SB04, 11IRDO7SB10) 11RD07SBOS,
11RD07SB12)
10-12 11RD07SB12
4-6 11RD20SB06 )
10-12 11RD20SB12 3 (11RD20SB18, 11RD20SB20) (11RD20SB12)
RD20 4 11RD20SB06 - Not enough -
16-18 11RD20SB18 an volume from
1820 | 11RD20SB20 other samples
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Table 2-3 Subsurface Soil Collection Summary

Particle Size /
Atterberg
Limits (ASTM
General Soil D2487) and
Geographic Location Boring Depth Arsenic SPLP TAL TCLP RCRA Moisture Grain Size Total Organic
Area Description Location (feet) Sample ID Total TAL Metals Mercury SSE Speciation Metals Metals DRO/RRO Content (ASTM D422) Carbon
2-4 11RD01SB04
3 (11RD01SB04, 11RD01SB10,
RDO1 8-10 11RD01SB10 11RDOISB14) - - - - -
12-14 11RD01SB14
2-4 11RD02SB04
3 (11RD02SB04) and
RDO2 4-6 I1RDO2SB06 11RD02SB06, 11RD02SB10) ) ) ) ) )
Red Devil 810 HRDO25B10 3 (11RD03SB06 (11 338 06,
ed Devi . , 11RD03SB06,
Creek Delta CIiedegvlltl 4-6 11RD03SB06 11RDO03SBOS, 21(1111DR]0)2OS31§(?4?§’ Highest As and -
Area cek elta 11RS03SB10) . Hg in same
RD03 6-8 | 1IRDO3SBO3 | 3 (11RD03SBO6, 11RDO3SBOS, sample) ] ] 3 ) )
8-10 | 11RDO3SBI10 11RS035B10) (11RDO03SB12)
10-12 11RD03SB12
2-4 11RD04SB04
3 (11RD04SB04, 11RD04SB08
RD04 6-8 11RD04SB08 (Duplicate: 11RD04SB16 - - - - -
@1545), 11RD04SB12)
10-12 11RD04SB12
2-4 11RD13SB04
4-6 11RD13SB06 3 (11RD13SB06,
Red Devil Creek 11RD13SB04, 3 5
Red Devil Alluvial Deposits RD13 6-8 | 1IRDI3SBO8 | 3 (11RD13SB06, 11RD13SBO4, 3 (ALND) 1IRDI3SB14 | (1IRDI3SBIO, ] ] ] ] (11RD13SB08 )
Creek Between Dam and 11RD13SB14) (DUPLICATE 11RD13SB06) >
A . 8-10 11RDI13SB10 11RD13SB12)
Main Processing Area 11RD13SBI18 @ | HgNon-Detect
10-12 11RDI3SBI2 1545)
12-14 11RD13SB14
Totals - 237 217 36 33 35 20 14 13 27 26 22
Additional Duplicates 23 1 4 3 2 2 2 0 0 3
Key:
DRO diesel range organics

RCRA  Resource Conservation Recovery Act
RRO residual range organics

SPLP synthetic precipitation leaching procedure
SSE selective sequential extraction

SVOCs  semivolatile organic compounds

TAL Target Analyte List

TCLP toxicity characteristic leaching procedure
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2. Study Area Investigation

2.3 Groundwater

In total, 31 monitoring wells have been installed at the RDM, 26 of which were
installed as part of the RI in 2011. The five pre-RI monitoring wells were installed
in 2000. All monitoring wells are shown in Figure 2-7. Groundwater samples
were collected in 2010 and 2011. Groundwater samples also were collected as
part of the Baseline Monitoring program in May and September 2012. Samples
were also collected from selected wells for PCBs in 2012.

The 2011 monitoring wells were constructed with 2-inch inside diameter PVC
inner casing. The screened interval in all wells was 10 feet long and consists of an
inner pipe surrounded by an outer pipe. The annular space is filled with a sand
pack that has been sized to match the width of the 0.010-inch slots machined into
the inner and outer pipes. This prefabricated screen is generically referred to as a
pre-pack and was used to ensure a consistent sand pack thickness throughout the
entire screened interval. The inner diameter of the screen section is consistent
with the pipe sections, and the outer diameter is 4 inches. A 1-foot-deep sump was
installed at the bottom of every pre-pack screen. Once the well casing and screen
were set in place, the boring was allowed to slough around the sump and pre-
pack. Colorado Silica Sand was installed in the annular space above to a depth of
approximately 2 feet above the top of the screen, and the upper section of the
annulus was sealed using hydrated bentonite chips. A steel above-ground
monument with lockable lid was installed over the inner casing and held in place
by a concrete surface seal. The casing of most of the monitoring wells extends
approximately 2 feet above the ground surface. Following installation, wells were
developed as described in the Work Plan.

The five pre-RI monitoring wells were sampled in 2010 on September 20 and
September 21.

Of the 31 monitoring wells, 26 were successfully sampled in 2011. Groundwater
samples were collected between August 24, 2011, and September 1, 2011. The
five wells that were not sampled were either dry or were not productive enough to
allow for low-flow sampling requirements at the time of sampling. These wells
included MW07, MW09, MW11, MW 13, and MW30. Monitoring wells MW09
and MW13 were subsequently sampled in 2012 as part of the baseline monitoring
events.

The 2012 baseline monitoring activities and results are presented in Appendix A.
Results of groundwater sampling for PCBs are presented in Chapter 4.

Results from the groundwater sampling are used to:

= Characterize the nature and extent of COPCs in groundwater.
= Determine if the monofills are a source of groundwater contamination.

= Characterize the cation-anion signature of the groundwater to assess
potential sources and migration patterns of groundwater and COPCs.
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2. Study Area Investigation

» Characterize groundwater depth, flow direction, gradient, and migration
patterns of COPCs.

= Assess groundwater—surface water interactions, including the potential for
COPCs in groundwater to enter surface water.

= Provide data for the HHRA to assess potential exposure to COPCs through
ingestion of drinking water.

Samples from wells with water levels less than
25 feet deep were collected with a peristaltic
pump outfitted with dedicated disposable Teflon
tubing. For deeper wells, samples were collected
using a decontaminated positive pressure Fultz
pump and dedicated disposable Teflon tubing. A
low flow purging and sampling method was
used. Water quality parameters were monitored
using a flow-through cell. Following stabilization
of water quality parameters (see Table 2-4), the groundwater sample was
collected. If, after an hour of purging, the target stabilization criteria were not
met, parameter measurements were documented and a sample was collected.
Samples were placed into sample containers that were pre-preserved as
appropriate by the subcontracted laboratory.

Groundwater sample collection.

Table 2-4 Water Quality Parameters Stabilization Criteria

Parameter Stabilization Criteria
pH +/- 0.1

Specific Conductance +/- 3%

Oxidation Reduction Potential +/- 10 mV

Turbidity +/- 10% (when turbidity is > 10 NTUs)
Dissolved Oxygen +/- 0.3 mg/L
Temperature +/-1°C

Key:

°C degrees Celsius

mg/L milligrams per liter

mV millivolts

NTU nephelometric turbidity unit

Teflon tubing was discarded after a single use, and the positive pressure pump
was decontaminated externally and internally between uses following Chapter 7
of the Field Sampling Plan.

Samples were variously analyzed for total TAL metals, dissolved TAL metals,
total low level mercury, dissolved low level mercury, methylmercury, arsenic
speciation, inorganic ions, silicon, total dissolved solids (TDS), total suspended
solids (TSS), nitrate and nitrite, carbonate and bicarbonate, SVOCs with
tentatively identified compounds (TICs), DRO and RRO, gasoline range organics
(GRO) and benzene, toluene, ethylbenzene, xylenes (BTEX), and PCBs. Table
2-5 identifies the analyses conducted for each groundwater sample.
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Table 2-5 Ground Water Sample Collection Summary

Sample

2. Study Area Investigation

Location ID
(Existing Total Dissolved Inorganic
General Monitoring Monitoring Total Dissolved Low Low lons Total Total SVOCs
Geographic Location Well or RI/FS Well TAL TAL Level Level Arsenic (Cl, F, Dissolved | Suspended | Nitrate / Carbonate, with DRO/ GRO/
Area Description Soil Boring) Designation Metals Metals Mercury | Mercury | Methylmercury | Speciation SO0y4) Solids Solids Nitrite Bicarbonate TICs RRO BTEX PCBs
UpgArf:alem 11MPO1 MWO08 8/30/2011 X X X X X X X X X X X - ; -
Background Upland Area
Areas West of
Surface Mined 11UP11 MW31 8/29/2011 X X X X X X X X X X X - - -
Area
) 11MP12 MWI11 Dry - - - - - - - - - - - - - -
ngrﬁff;eﬁﬁ 11MP14 MW10 8/29/2011 X X X X X X X X X X X ] ] ]
#2 / Post-1955 Recharge
Retort 11IMP17 MW09 too slow to i ) i i i i i i i i i ) ) )
Building collect
sample
11MP29 MW15 8/30/2011 X X X X X X X X X X X - - -
\;;;tlénﬁz é . 11MP30 MW16 8/30/2011 X X X X X X X X X X - - ;
11MP91 MW17 8/30/2011 X X X X X - X X X X X - - -
11MP25
(MS/MSD) MW14 8/31/2011 X X X X X - X X X X X - X X
Gravel Pad 11MP100
(Duplicate of - 8/31/2011 X X X X X - X X X X X - X X
Post.1955 11MP25)
ost-
. MW-01
Main Gravel Pad / .
Processing Downgradient (Existing well 9/20/2010
Area from previously MWO01 and X X X X X X X X X X X X X X
Monofill #3 referred to as 8/24/2011
MW-1)
11MP20 MW13 Dry - - - - - - - - - - - - - -
9/21/10:
partial
sample
collected
Downgradient i
fromgPower MW-07 prv1voer11t °
Plant / Former | (Existing well running
Drum Storage previously MWO07 drv. In X - X - - X - - - X - - -
A referred to as Iy
rea MW-7) 2011,
recharge
rate too
low to
collect
sample
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2. Study Area Investigation

Table 2-5 Ground Water Sample Collection Summary

Sample

Post-1955
Main
Processing
Area (cont’d)

Location ID
(Existing Total Dissolved Inorganic
General Monitoring Monitoring Total Dissolved Low Low lons Total Total SVOCs
Geographic Location Well or RI/FS Well Sample TAL TAL Level Level Arsenic (Cl, F, Dissolved | Suspended | Nitrate/ | Carbonate, with DRO/ | GRO/
Area Description Soil Boring) Designation Date Metals Metals Mercury | Mercury | Methylmercury | Speciation SO0y4) Solids Solids Nitrite Bicarbonate TICs RRO BTEX PCBs
Upgradient of
Settling (1\1/118541\5311)) MW18 8/31/2011 X X -
Pond #1
MW-03
Berm of (Existing well 9/21/2010
Settling previously MWO03 and - - -
Pond #1 referred to as 8/26/2011
MW-3)
Upgradient of
Settling Ponds 11MP33 MW19 9/1/2011 X X -
#2 and #3
Berm /
Downgradient |y pyg MW22 8/31/2011 X X -
of Settling
Pond #3
Downgradient
of Settling 11MP38 MW20 8/31/2011 X X -
Pond #1
Downgradient 11MP101
of Settling (Duplicate of - 8/31/2011 X X -
Pond #1 11MP38)
Downgradient
of Settling 11MP39 MW21 8/31/2011 X X -
Pond #2
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Table 2-5 Ground Water Sample Collection Summary

Sample

General
Geographic
Area

Pre-1955
Main
Processing
Area

2. Study Area Investigation

Location ID
(Existing Total Dissolved Inorganic
Monitoring Monitoring Total Dissolved Low Low lons Total Total SVOCs
Location Well or RI/FS Well Sample TAL TAL Level Level Arsenic (Cl, F, Dissolved | Suspended | Nitrate / Carbonate, with DRO / GRO/
Description Soil Boring) Designation Date Metals Metals Mercury | Mercury | Methylmercury | Speciation SO0y4) Solids Solids Nitrite Bicarbonate TICs RRO BTEX
Well pair near 11MP60 MW28 8/30/2011 X X X X X X X X X X - - - -
spring in Red
Devil Creek /
Downgradient 8/30/2011
of former mine 11MP88 MW27 and X X X X X X X X X X - - - X?
openings / 9/9/2012*
Tailings
Nelf‘; dsg‘)p 11MP89 MW25 8/30/2011 X X X X X X X X X X - - - -
. MW-04 9/21/2010,
Downgradient | (Existing well 8/22/2011
of Former previously MW04 and ’ X X X X - X X X X X X X - X*
Shop Pad referred to as a
MW-4) 9/10/2012
MW-06
Downgradient | (Existing well 9/21/2010
of Pre-1955 previously MWO06 and X X X X - X X X X X - - - -
Retort Area referred to as 8/24/2011
MW-6)
Downgradient
of Pre-1955 11MP66 MW23 8/30/2011 X X X X - X X X X X - - - -
Retort Area
Downgradient
of Pre-1955
Retort and Pre-
1955 Rotary 11MP62 MW24 8/30/2011 X X X X X X X X X X - - - -
Furnace Burnt
Ore Disposal
Pile
Area of Pre-
1955 Fumace 11MP52 MW26 8/302011 | X X X X - X X X X X - - - -
Building /
Tailings
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Table 2-5 Ground Water Sample Collection Summary

2. Study Area Investigation

Sample
Location ID
(Existing Total Dissolved Inorganic
General Monitoring Monitoring Total Dissolved Low Low lons Total Total SVOCs
Geographic Location Well or RI/FS Well Sample TAL TAL Level Level Arsenic (Cl, F, Dissolved | Suspended | Nitrate/ | Carbonate, with DRO/ | GRO/
Area Description Soil Boring) Designation Date Metals Metals Mercury | Mercury | Methylmercury | Speciation S0y) Solids Solids Nitrite Bicarbonate TICs RRO BTEX PCBs
11RDOS MW33 8/31/2011 X X X X X X X X X X X X 1 - -
Red Devil 11RD20 MW12 8/31/2011 X X X X X X X X X X X X X - -
Cre]gk All‘uV1al 11RD21
eposits (Duplicate of - 8/31/2011 X X X X X X X X X X X X X - -
Red Devil 11RD20)
Croch Red Devil
Creek Alluvial
Deposits
Between Dam 11RD10 MW32 8/31/2011 X X X X X X X X X X X X X - -
and Main
Processing
Area
Well pair 11MP41 MW29 9/1/2011 X X X X X X X X X X X - - - -
upgradient
from Main
Processing 11MP90 Not Installed - - - - - - - - - - - - - - - -
Surface Area
Mined Area Well pair 11SM31 MW30 Dry - - - - - - - - - - - - - - -
upgradient
from Main
Processing 11SM32 Not Installed - - - - - - - - - - - - - - - -
Area
Note:
: Samples for PCBs were collected during the fall 2012 baseline groundwater monitoring event.
Key:
BTEX benzene toluene, ethylbenzene, xylenes

Cl chloride

DRO

GRO

diesel range organic
F fluoride
gasoline range organics

ID identifier

PCBs
RI/FS

SVOC
TAL

polychlorinated biphenyls

remedial investigation/feasibility study
residual range organic
SO, sulfate

semi-volatile organic compound
target analyte list

TIC tentatively identified compound
X A sample was collected for laboratory analysis
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Deviations from the Field Sampling Plan
Several deviations from the FSP were made based upon evolving data needs and
the field conditions encountered, as discussed below.

In order to gather information on vertical groundwater gradient in the vicinity of
Settling Pond #1, it was decided to install an additional deep monitoring well
MW!17 at a location paired with planned shallow monitoring well MW 16.

Two shallow and deep monitoring well pairs were originally planned for locations
upslope of the Pre-1955 Main Processing Area at adjacent soil boring locations
MP41/MP89 and SM31/SM32. However, no shallow groundwater was
encountered during drilling at either of the paired locations. Therefore, only a
deep monitoring well was installed at each location. Deep well MW29 was
installed at soil boring location MP41, and deep well MW30 was installed at soil
boring location SM31.

In general, soil boring and monitoring well locations were dependent on field
conditions that affected drill rig access. Actual monitoring well locations are
illustrated in Figure 2-7.

2.4 Surface Water

Surface water samples were collected in Red Devil Creek on September 22, 2010,
and on August 26 and 27, 2011. Surface water samples also were collected as part
of the Baseline Monitoring program in May and September 2012 and those results
are included in Appendix A.

In 2010, surface water grab samples were
collected from eight locations along Red Devil
Creek between the creek’s mouth at the
Kuskokwim River and a location upstream of the
reservoir, and from a seep located on the north
bank of the creek. In 2011, surface water samples
were collected from the same locations as in 2010
< and from three additional locations to characterize
Surface water sample collectionin  the water at the location of the drum that was

Red Devil Creek. removed from the creek in October 2010 (RD10
and RD11) and to gather more information about surface water in the Main
Processing Area (RD12). Sample locations are illustrated in Figure 2-8, and the
sample locations monitored in 2010 and 2011 are identified in Table 2-6. Surface
water sample locations along Red Devil Creek were co-located with surface
sediment sample locations. Sample results will be used to:

= Characterize the nature and extent of COPCs in the surface water of Red
Devil Creek and a seep adjacent to Red Devil Creek in the Main
Processing area.
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= Characterize the cation-anion signature of the surface water to assess
contribution from groundwater sources.

» Characterize chemical attributes affecting contaminant fate and transport
of COPCs in the surface water Red Devil Creek.

= Provide data for the HHRA to assess potential exposure to COPCs through
direct contact and incidental ingestion.

= Provide data for the ERA to assess potential exposure of creek biota to
COPCs through direct contact and ingestion.

Surface water samples from Red Devil Creek were collected first from near the
confluence of Red Devil Creek and the Kuskokwim River. Sampling proceeded
upstream to avoid disturbing sediments that could impact turbidity and
contaminant concentrations in downstream locations. To the extent feasible,
surface water samples were collected from mid-depth water in the creek at a
single location. Samples were collected using a battery-operated peristaltic pump
with single-use silicone tubing and by hand-dipping the sample container directly
into the creek water. Preserved aliquots were collected using a peristaltic pump
outfitted with single-use silicone tubing. Dissolved metals aliquots were collected
following collection of the other aliquots using a dedicated in-line 0.45-
micrometer filter.

All of the Red Devil Creek surface water samples were analyzed for total TAL
inorganic elements, dissolved TAL inorganic elements, methylmercury, low-level
total mercury, low-level dissolved mercury, inorganic ions, nitrate/nitrite,
carbonate/bicarbonate, TDS, and TSS (Table 2-6). Selected surface water samples
were also analyzed for arsenic speciation and SVOC:s. Field measurements for
pH, temperature, specific conductance, oxidation-reduction potential, dissolved
oxygen, and turbidity were collected at each sample station.

No deviations from the FSP were necessary during surface water sampling.
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Table 2-6 Surface Water Sample Summa

2. Study Area Investigation

Sample Dissolved Inorganic Dissolved Total Total
Location Location Total TAL TAL Arsenic lons (CI, F, | Total Low- | Low-Level Dissolved Suspended Nitrate/ Carbonate,
Description ID Metals Metals Methylmercury | Speciation SO4) Level Hg Solids Solids Nitrite Bicarbonate
9/22/2010
S?r(ffnetrzf:gf)?in RDOI and 2021(())121nd X X X X X X X X X . X
8/27/2011
9/22/2010
?&fﬁ?eggzgf:rgjg RDO2 and X X X X X X X X X X . X
8/27/2011
Upstream from | Approximately 300 RDO03
Main Processin, feet upstream from (Duplicate 9/22/2010
& upstrean up and X X X - X X X X X X X X
Area the Main 11RD21SW 8/27/2011
Processing Area in 2011)
Upstream end of
the Main RD10 8/27/2011 X X X X X X X X X X X X
Processing Area
Downgradient from -
abandoned drum RDI11 8/27/2011 X - - - - - - - - X -
om where the 9/22/2010
RD04 and X X X X X X X X X X X X
access road crosses 8272011
Red Devil Creek
9/22/2010
ffﬁﬂé’%lgsff gf‘e“elf( RDOS and X X X X X X X X X X X X
8/27/2011
Within Red Devil
Main Processing | Creek, adjacent to RDI2 8/27/2011 X X X X X X X X X X X X
Area Main Processing
Area seep
RD09
Near Settling Pond (Duplicate 9/22/2010
and X X X - X X X X X X X X
#2 10RD20SW 2/26/2011
in 2010)
. 9/22/2010
Near Segng Pond RD06 and X X X X X X X X X X X X
8/26/2011
250 feet t
from confluence. 512212010
. . RDO7 and X X X - X X X X X X X X
with Kuskokwim
Downstream River 8/26/2011
from Main RDOS
Processing Area | Confluence of Red (Duplicate 9/22/2010
Devil Creek and | IISSZ 0SW and X X X X X X X X X X X X
Kuskokwim River . 8/26/2011
in 2011)
Key:
Cl chlorine SVOC  semi-volatile organic compound
F fluoride TAL target analyte list
ID identifier TIC tentatively identified compound
SO, sulfate X A sample was collected for laboratory analysis
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2.5 Sediment

Sediment samples were collected from Red Devil Creek, from the seep adjacent to Red
Devil Creek in the Main Processing Area along the shoreline of the Kuskokwim River, and
in off-shore locations in the Kuskokwim River.

2.5.1 Red Devil Creek Sediment Samples
Red Devil Creek sediment sampling was performed on September 24, 2010, and on
August 20, 2011.

A total of 11 sediment samples were collected from Red Devil Creek and one sediment
sample was collected adjacent to the seep in the Main Processing Area. One surface
sediment sample was collected upstream of the reservoir. The locations are co-located with
Red Devil Creek surface water locations and are shown in Figure 2-9. Results from
samples collected from Red Devil Creek are used to:

= Characterize the nature and extent of COPCs in Red Devil Creek sediment.

= Characterize chemical attributes affecting contaminant fate and transport of COPCs
in surface sediment.

= Characterize grain size distribution of sediment.

= Provide data for the HHRA to assess potential exposure to COPCs through direct
contact and incidental ingestion.

= Provide data for the ERA to assess potential exposure of creek biota to COPCs
through direct contact and ingestion.

Red Devil Creek sediment samples were
collected from the top 3 inches of the
sediment bed using a plastic scoop. Deeper
sampling depths were deemed unnecessary
because sediments in the creek, composed
largely of tailings/waste rock materials, are
homogenous, and deeper sampling depths
would be unlikely to yield significantly
different contaminant concentration ranges.
Each sample was then logged by a geologist,
placed into a disposable plastic mixing
container, and homogenized with the plastic scoop. The disposable plastic scoop was then
used to place the sample into the appropriate lab container. The aliquots for mercury SSE
were placed directly into the sample container and not homogenized in order to reduce
potential volatilization of any elemental mercury that could be present in the sediment
material.

Samples were selectively analyzed for total TAL metals, grain size, total organic content,
methylmercury, mercury SSE, and arsenic speciation. Table 2-7 identifies the analyses
conducted for each sample.

2-40



@em]ﬂgv and environment, inc.

Table 2-7 Summa

Sample

of Red Devil Creek Sediment Samples

Total

2. Study Area Investigation

SVOCs

Total

Location Location | Sample | TAL Arsenic | Mercury | Grain | with | Organic
Description ID Date Metals | Methylmercury | Speciation SSE Size | TICs | Carbon
50 fect upstream from |1 orpo1 | 92422010 | X X X X X . X
reservour
20 feet downstream I0RDO2 | 9242010 X X X . X . X
from reservoir dam
Approximately 300 feet
upstream from the Main | 10RD03 | 9/24/2010 X X X X X - X
Processing Area
Upstream end of the 1IRD10 | 8202011 | X X X X X X X
Main Processing Area
Downgradient from
abandoned drum
identified during the I11RDI11 | 8/20/2011 X - - - X X X
2010 limited sampling
effort
10 feet upstream from
where the access road |1 oppyoq | 9242010 | X X X X X - X
crosses Red Devil
Creek
10RDO05
iznggvﬁegjefk of | puplicate | 9/24/2010| X X X X X . X
10RD21SD
Within Red Devil
Creck, in mixingzone |y 1ppy1y | 02011 | X X X X X . X
adjacent to Main
Processing Area spring
Near Settling Pond #2 10RD09 | 9/24/2010 X X X - X - X
Near Settling Pond #3 10RD06 | 9/24/2010 X X X X X - X
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Table 2-7 Summa

Location

Description

Sample
Location
ID

Sample
Date

of Red Devil Creek Sediment Samples

Total
TAL
Metals

Methylmercury

Arsenic
Speciation

2. Study Area Investigation

Mercury
SSE

Grain

Size

SVOCs

with
TICs

Total
Organic
Carbon

250 feet upstream from

confluence with 10RDO7 | 9/24/2010 X X X - X - X
Kuskokwim River

Confluence of Red 10RDO08

Devil Creek and Duplicate | 9/24/2010 X X X X X - X
Kuskokwim River 10RD20SD

Key:

ID identifier

RRO residual range organic

SSE selective sequential extraction

SVOC  semi-volatile organic compound

TAL target analyte list

TIC tentatively identified compound

X A sample was collected laboratory analysis
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2.5.2 Kuskokwim River Shoreline Sediment Samples
Sediment sampling of the Kuskokwim River shoreline was performed on
September 23, 2010, and between September 21, 2011, and September 25, 2011.

A total of 17 sediment samples were collected from the shoreline of the
Kuskokwim River adjacent to the RI upland area (see Figure 1-2). Sample
locations are shown in Figure 2-10. Results from samples collected from the
Kuskokwim River are used to:

= Characterize the nature and extent of COPCs in river sediment.
= Characterize chemical attributes affecting fate and transport of COPCs.

= Provide data for the HHRA to assess potential exposure to COPCs
through direct contact, incidental ingestion, and consumption of fish.

= Provide data for the ERA to assess potential exposure of river biota to
COPCs through direct contact and ingestion.

Shoreline samples were collected from the
top 6 inches using a plastic scoop. Once
acquired, a sample was then described by a
geologist, placed into a disposable plastic
mixing container, and homogenized with a
disposable plastic stirrer. A disposable
plastic scoop was then used to place the
sample into the appropriate lab container.
The aliquots for mercury SSE were placed
directly into the sample container and not
-Kusk(;kwfm River off-shore sediment sample homqgem;ed in order to reduce potential
collection. volatilization of any elemental mercury that
could be present in the sediment material.

Samples were selectively analyzed for total TAL metals, grain size, total organic
content, methylmercury, mercury SSE, and arsenic speciation. Table 2-8 identifies
which analyses were conducted for each sample.

No deviations from the FSP occurred.
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Table 2-8 Kuskokwim River Shoreline Sediment Sample Summary

Station | TAL Metals | Grain size | TOC | Methyl Hg | Hg SSE | As Spec

11KRO1SD X X X X - X
11KR05SD X X X X - X
11KR06SD X X X X - X
11KRO8SD X X X X - X
11KR09SD X X X X - X
11KR12SD X X X X - X
11KR14SD X X X X - X
11KR15SD X X X X - X
11KR16SD X X X X - X
11KR17SD X X X X - X
10KR02SD X X X X X X
10KR03SD X X X X - X
10KR04SD X X X X X X
10KR0O7SD X X X X X X
10KR10SD X X X X - X
10KR11SD X X X X X X
10KR13SD X X X X - X
Key:

As Spec arsenic speciation

Hg mercury

SSE selective sequential extraction

TAL target analyte list

TOC total organic compound

X A sample was collected laboratory analysis

2.5.3 Kuskokwim River Off-Shore Sediment Samples

Sediment sampling at off-shore locations in the Kuskokwim River was performed
between September 21 and September 25, 2011. Additional off-shore sediment
sampling in the Kuskokwim River was conducted between September 16 and
September 19, 2012.

A total of 55 sediment samples were collected from the Kuskokwim River; their
locations are shown in Figure 2-11. Results from samples collected from the
Kuskokwim River are used to:

= Characterize the nature and extent of COPCs in river sediment.
= Characterize chemical attributes affecting fate and transport of COPCs.

= Provide data for the HHRA to assess potential exposure to COPCs
through direct contact, incidental ingestion, and consumption of fish.

= Provide data for the ERA to assess potential exposure of river biota to
COPCs through direct contact and ingestion.

= Develop estimates of the area and volume of tailings and/or
contaminated sediment in the Kuskokwim River that require
remediation.
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= Evaluate site-specific remedial technologies on potentially contaminated
sediment in the river.

The sampling vessel was a 20-foot aluminum skiff rented locally and operated by
Kinetic Laboratories, Inc., under subcontract to E & E. Sediment sampling was
performed using two different types of equipment/method depending on water
depth and river bottom substrate encountered at a given location. Where bottom
sediment was not dominated by gravel and cobbles, a Van Veen surface sediment
grab sampler was used. At many locations, the Van Veen sampler was ineffective
due to coarse sediment conditions. Therefore, at most locations, a hand auger was
used. The off-shore sediment samples were collected from within the top 4 inches
of the sediment bed.

Both the hand auger and Van Veen were decontaminated with phosphate-free
detergent and a de-ionized water rinse between uses.

For both hand augering and Van Veen sampling, the vessel was anchored on the
sampling if possible; however, at most locations the swift current and heavy
armoring of the river bottom prevented the anchor from holding, so the boat
operator held the vessel as stationary as possible under power against the river
current. Recovered sample material was described by a geologist and placed into
a disposable plastic mixing container and homogenized with a disposable plastic
stirrer. A disposable plastic scoop was then used to place the sample into the
appropriate lab container.

Samples were selectively analyzed for total TAL metals, grain size, total organic
content, and methylmercury. Table 2-9 identifies which analyses were conducted
for each sample.

Table 2-9 Kuskokwim River Off-Shore Sediment Sample Summary
Collection | Total TAL Grain

Station Method Metals size TOC | Methylmercury
11KR47SD HA X X X -
11KR46SD HA X X X -
11KR45SD HA X X X X
11KR44SD HA X X X -
11KR43SD HA X X X -
11KR42SD HA X X X -
11KR41SD HA X X X -
11KR40SD HA X X X X
11KR39SD HA X X X -
11KR38SD HA X X X -
11KR37SD \'A% X X X X
11KR36SD \'A% X X X -
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Table 2-9 Kuskokwim River Off-Shore Sediment Sample Summary
Collection | Total TAL

Station Method Metals TOC | Methylmercury
11KR35SD HA X X X -
11KR34SD HA X X X X
11KR30SD HA X X X X
11KR29SD HA X X X -
11KR28SD HA X X X X
11KR27SD HA X X X -
11KR26SD HA X X X -
11KR25SD HA X X X -
11KR24SD HA X X X X
11KR23SD HA X X X -
11KR22SD HA X X X -
11KR21SD HA X X X -
11KR20SD HA X X X -
11KR19SD HA X X X -
11KR18SD HA X X X X
0912KR81SD HA X X X -
0912KR80SD HA X X X -
0912KR79SD HA X X X -
0912KR78SD HA X X X X
0912KR77SD HA X X X -
0912KR76SD HA X X X -
0912KR75SD HA X X X X
0912KR73SD NS - - - -
0912KR72SD HA X X X -
0912KR71SD HA X X X -
0912KR70SD HA X X X X
0912KR69SD HA X X X -
0912KR68SD HA X X X -
0912KR67SD HA X X X -
0912KR66SD HA X X X X
0912KR65SD NS - - - -
0912KR64SD HA X X X -
0912KR63SD HA X X X -
0912KR62SD HA X X X X
0912KR61SD HA X X X -
0912KR60SD HA X X X -
0912KR59SD HA X X X -
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Table 2-9 Kuskokwim River Off-Shore Sediment Sample Summary

Station
0912KR58SD HA X X X X
0912KR57SD NS - - - -
0912KR56SD HA X - X -
0912KR55SD HA X X X -
0912KR54SD HA X X X -
Key:

HA Hand auger

NS Not sampled

\'AY% Van Veen

X A sample was collected laboratory analysis

Deviations from the Field Sampling Plan

Sediment samples planned for collection at stations KR57, KR65, and KR73 were
not collected because the river bed at those locations consisted of gravel and
cobbles, precluding collection of a sample with available equipment. At each of
these locations, multiple attempts were made before abandoning the station. At
several other planned sample stations it was necessary to revise the sample
location, also due to the presence of gravelly and cobbly conditions. Actual
sample locations are illustrated in Figure 2-11. Figure 2-11 also shows the
locations of abandoned stations KR57, KR65, and KR73.

2.6 Vegetation

Vegetation samples were collected between August 18 and August 23, 2011.
Additional vegetation sampling of blueberry fruit was conducted between
September 9 and September 11, 2012.

In 2011, 50 vegetation samples were collected. Seventeen of these samples were
spruce, 13 were green alder, 11 were blueberry leaves and stems, one was
blueberry fruit, and eight were pond vegetation. Blueberry plant occurrence is low
in the Surface Mined Area, and no blueberry plants were found in the Main
Processing Area. Due to seasonal environmental conditions, blueberry fruit was
very limited, and only one sample location in the upland area had enough fruit
available to sample. In 2012, an additional eight blueberry fruit samples were
collected. Vegetation sample locations are illustrated in Figure 2-12.

All plant tissue samples have been analyzed for total TAL metals. In addition,
selected plant tissue samples were analyzed for methylmercury and arsenic
speciation. Table 2-10 identifies which analyses were conducted for each sample.

The vegetation samples were co-located with the surface soil samples that were
collected during the 2010 LSE except for pond vegetation samples (Figure 2-12).
Target plant species were sampled within a 10-foot radius of these locations.
Composite samples were collected from one to five individual plants, depending
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on availability, and combined into a single sample. Each sample comprised
enough individual plants to achieve the required sample weight. Pond vegetation
samples were collected at locations within the target areas (the reservoir on Red
Devil Creek upgradient from the site and the settling ponds in the Post-1955 Main
Processing Area) where sufficient vegetation was available.

Samples were collected using stainless steel scissors, placed in two re-sealable
plastic bags, and placed on ice. Samples were variously analyzed for total TAL
metals, percent moisture, methylmercury, and arsenic speciation. Table 2-10
identifies which analyses were conducted for each sample.

Table 2-10 Vegetation Sample Summary

Geographic Area

Target
Plant

Location

Metals

Percent
Moisture

Arsenic

Pre-1955 Main
Processing Area

GAB

‘ Sample

11MP44GA

‘ TAL

Methylmercury | Species

WSN

11MP91WS

11MP66WS
(Duplicate of
11MPI1WS)

>

>~

Post-1955 Main
Processing Area

GAB

11MP34GA

11MP38GA

11MP20GA

11MP27GA

WSN

11MP34WS

11MP38WS

11MP31WS

11MP20WS

PVH

11MP84PV

11MP85PV

11MP86PV

11MP87PV

R F A Rl R Rl el Rl Rl e

R F A RN R A R el e Rl Rl e

11IMP8SPV
(Duplicate of
11MP87PV)

o

o

Surface Mined Area

GAB

11SM18GA

o

o

11SM11GA

11SM81GA
(Duplicate of
11SM11GA)

11SM07GA

WSN

11SMI18WS

11SM11WS

11SM82WS
(Duplicate of
1ISM11IWS)

11SMO7WS
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Table 2-10 Vegetation Sample Summary

Sample Percent Arsenic
Location Metals | Moisture | Methylmercu Species

BBF 12SM24BF
11SM18BL
11SM24BL
11RDI11GA
11RD12GA
11RD14GA
11RD18GA
11UPO2WS
11UPO1IWS
11UPO7WS
11UPOOWS
11RD11WS
11RDI2WS
11RD14WS
11RD18WS
12UP02BF
11UP04BF
12UP04BF
12UPO07BF
12UPO8BF
12RD12BF
12RD14BF
12RD18BF
11UP04BL
11UP02BL
11UPO7BL
11UPOSBL
11UPO9BL
BBL 11RD12BL
11RDI14BL
11RD18BL

11RD40BL
(Duplicate of
1IRD18BL)

11RD81PV
PVH 11RD82PV
11RD83PV X X - -

Geographic Area

>~
>~
>~
>~

BBL

GAB

WSN

|

il it
il lte

BBF

Background Area

A E A R N R R R Al A el R e e e e B e e e el e e R e e Ee i R A R e e
R F A Rl R Al e B R B e e e e R e e e e e e R e A Rl R R R e e

>
>

>~
>~
>~

>~
>~
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Table 2-10 Vegetation Sample Summary

blueberry fruit

blueberry leaves

green alder bark

pond vegetation, horsetail

target analyte list

white spruce needles

A sample was collected laboratory analysis

Results from the vegetation sampling are used to characterize the nature and
extent of COPCs in the vegetation in the RDM area.

Deviations from the Field Sampling Plan

This sampling event included several deviations from the FSP, based upon
evolving data needs and the field conditions encountered. White spruce sample
11MP91WS was collected at a location approximately 20 feet northeast of
location soil sample location 11MP66. This vegetation sample location was
adjusted to include a white spruce tree, since no white spruce trees were located
within 10 feet of soil sample location 11MP66. Based on field observations, the
soil at ITMP91WS is similar to that at soil sample location 11MP66.

Not all the planned blueberry plant samples were collected due to lack of
blueberry plants in the Surface Mined Area, Pre-1955 Main Processing Area, and
Post-1955 Main Processing Area.

Black spruce (Picea mariana) was sampled when white spruce (Picea glauca)
was not available at sample locations.

2.7 Other Studies

Several studies have been conducted at and near the RDM that supplement the RI
field investigations discussed above. These studies have been used to supplement
characterization of the site in subsequent chapters of this report, and are
summarized below.

2.7.1 2010 USGS Geophysical Study

As noted in Section 1.4.4, the USGS conducted a geophysical investigation at the
RDM site in 2010 using direct-current resistivity and electromagnetic induction
methods (Burton and Ball 2011). Eight two-dimensional cross-sections and one
three-dimensional grid of direct-current resistivity data, and 5.7 kilometers of
electromagnetic induction data were obtained along the Red Devil Creek valley,
from the Main Processing Area to Red Devil Creek’s confluence with the
Kuskokwim River. The results of the geophysical survey are used to augment the
interpretation of subsurface conditions and groundwater dynamics in Chapters 4
and 5 of this report.
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2.7.2 BLM Fish Tissue Sampling

In 2010 and 2011, the BLM, in coordination with the Alaska Department of Fish
and Game (ADF&G), sampled forage fish and top-trophic-level fish species in the
middle Kuskokwim River region and in eight tributaries, including Red Devil
Creek. Fish tissue samples were analyzed for 19 inorganic elements, including
total mercury and methylmercury (BLM 2012). Tissue data from forage fish
samples collected in Red Devil Creek are used in the HHRA and ERA (Chapter 6)
to establish exposure levels for human and ecological consumers.
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Physical Characteristics of the
Study Area

This chapter presents information on the physical characteristics of the media of
interest at the RDM based on field observations, measurements, and selected
chemical analyses, as well as topography, historical aerial and land-based
photographs, and other historical information. The information provided in this
section augments the background information presented in Section 1.4.3.

3.1 Soil

Native soils at the RDM site consist of loess, soils derived from Kuskokwim
Group bedrock and alluvial deposits associated with the Kuskokwim River and
Red Devil Creek. Non-native materials at the site comprise various types of
mining and ore processing wastes and fill. Mining waste at the site comprises
waste rock and dozed and sluiced overburden. Ore processing waste primarily
consists of tailings (here defined as thermally processed ore, also known as
calcines, burnt ore, and retorted ore) and flotation tailings. Native materials have
been removed, disturbed, relocated, covered, and/or mixed with other native soils
and/or mine waste and tailings and fill locally across the site. These native soils,
mine and ore processing wastes, and their distribution at the RDM are discussed
further below.

3.1.1 Native Soils

Soils derived from the weathering of
Kuskokwim Group bedrock contain
silt, sand, and gravel derived from the
underlying greywacke and argillite
bedrock. Soil derived from the
Kuskokwim Group is found in both
disturbed and undisturbed areas of the
site. Undisturbed occurrences of

Kuskokwim Group—derived soils are (%
d f“

present throughout much of the uplan ,
areas west of the Main Processing TN RS
Area. Kuskokwim Group—derived soil.

Loess commonly overlies soil derived from the Kuskokwim Group bedrock. The
loess deposits are buff, light brown, or gray colored and friable. Undisturbed
deposits were reported to range from a few inches to about 30 feet in thickness
and commonly lack bedding.
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Kuskokwim River alluvial deposits include
gravel, sand, and silt that have been
deposited on the flood plains of the
Kuskokwim River. The oldest of these
deposits is locally overlain by the loess, but
most of the fluvial deposits postdate the
loess. Kuskokwim River alluvium was also
encountered in RI soil borings beneath the
Red Devil Creek delta and the Dolly and
Rice Sluice deltas, as discussed further
below. Those soils are described in Section
3.1.3. Physical characteristics of
Kuskokwim River sediment from shoreline
and offshore locations are described in
Section 3.3.2.

Red Devil Creek alluvium occurs within the present Red Devil Creek channel, the
Red Devil Creek Delta, and floodplain upstream of the Main Processing Area, and
locally beneath or mixed with other soil types. Sediment in Red Devil Creek
within the Main Processing Area includes Red Devil Creek alluvium locally
mixed with mine and ore processing waste materials. Red Devil Creek alluvium is
composed of mixtures of silt, sand, and predominantly sub-angular to sub-
rounded gravel. Fine materials in the alluvium within the present Red Devil Creek
channel contain organic matter and display a medium to dark brown color. Soils
interpreted as Red Devil Creek alluvium were encountered in several Rl soil
borings within the Main Processing Area. These soils consist of mixtures of silt,
sand, and gravels with olive to brown color.

3.1.2 Mining and Ore Processing Wastes

Historical information on mine and ore processing waste types at the RDM is
presented in Section 1.4.2.3. Additional information gathered on these materials is
presented below.

Waste Rock

Waste rock was generated during underground mining. Much of the waste rock
generated during mining was separated from ore at the surface in both the Pre-
1955 and Post-1955 Main Processing Areas. Such waste rock was disposed of in
the Main Processing Area. Waste rock has not undergone thermal processing and,
as such, the common sulfide minerals at the RDM—cinnabar, stibnite, realgar,
and orpiment—are commonly observed in waste rock material. Waste rock at the
RDM typically consists predominantly of large angular gravel and sand composed
of Kuskokwim Group argillite and greywacke with lesser dike material.

Dozed and Sluiced Overburden

Overburden was sluiced from the Dolly and Rice ore zone areas via bermed and
naturally developed gullies down to the Kuskokwim River. Sluiced overburden
was deposited in fans, or deltas, along the Kuskokwim River shoreline, referred to
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herein as the Dolly Sluice delta and Rice Sluice delta. Material observed in the
deltas consists of mixtures of silt, sand, and gravel. Gravel consists of clasts of
greywacke and argillite of the Kuskokwim Group. Early mining operations
consisted of sluicing of overburden from areas west of the Pre-1955 Main
Processing Area. Sluiced overburden was likely washed into the Red Devil Creek
valley.

Tailings

Thermally processed mercury ore is often a rusty red color due to oxidation of
iron within the rock. Review of historical photographs also suggests that not all
tailings (also referred to as calcines) at the RDM may possess the rusty red color.
Historical photographs of the Post-1955 furnace area show small piles of rusty red
materials that are believed to be tailings. A remnant pile of rusty red rock in the
Post-1955 Main Processing Area was examined during the RI. In addition to the
distinctive rusty red color, some fragments of the material exhibit visible porosity.
Presence of similar rusty red porous rock (hereafter referred to as red porous rock)
and/or rock fragments with a distinctive red oxidation rind elsewhere at the RDM
is interpreted to indicate the likely presence of tailings.

Flotation Tailings

Flotation tailings at the RDM were observed in Settling Ponds #1, #2, and #3, and
consist predominantly of light to dark gray or brown silt and very fine to fine
sand.

Other Mine Wastes

Other wastes generated during mining operations include the dust and oxide glass
generated during the furnacing operations, as discussed Sections 1.4.2.2 and
1.4.2.3. Brown vitreous material fused to red porous rock (tailings) and other rock
materials were identified during the RI. No dust materials were observed during
the RI. Mercury vapor and particulates that did not accumulate in the furnaces,
condensing system, or other components of the processing system may have
discharged from the stack and precipitated in the vicinity of the mine. According
to the 1999 Limited Waste Removal Action Report, the highest mercury
concentrations were identified in the vicinity of the retort exhaust port
(HLA/Wilder 1999).

3.1.3 Identification and Present Distribution of Soil Types

The distribution and arrangement of soils and mine and ore processing wastes at
the site plays a significant role in determining the nature and extent of
contamination, and the fate and transport of contaminants in the environment at
the RDM. The identification and extent of soils and mine and ore processing
waste types at the RDM are confounded by the mixing of mine and ore processing
waste, and removal, disturbance, redistribution, and covering of materials of
various types across much of the site. Tailings and waste rock were deposited at
various locations at the site during mining and mineral processing operations and
subsequently redistributed for disposal or use as construction fill and road base.
For much of the mine’s operational history, it appears that waste rock and tailings
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were generated and disposed of in close proximity at the ore processing facilities.
As a result, with few exceptions, tailings and waste rock appear commonly to be
mixed within the disposal areas on both the Pre-1955 and Post-1955 Main
Processing Areas.

Native soils have been removed by mining; disturbed, redistributed, and mixed by
dozing, trenching, and road and building construction; covered by other native
soils or mine waste; and sluiced. Both native soils and mine wastes are also
subject to redistribution by erosion and transport downslope and by alluvial
processes in Red Devil Creek and the Kuskokwim River. In addition to the
complexities introduced by the reworking of soils and mine wastes, waste rock
and portions of tailings, which ultimately derive from Kuskokwim Group
bedrock, share characteristics of native soils and sediments that are also derived
from Kuskokwim Group bedrock.

Given the complexities outlined above, multiple lines of evidence were required
in order to identify soil types and define their extent. These lines of evidence
consist primarily of:

= Analysis of historical and recent aerial and land-based photographs.
= Analysis of historical and recent (2001) topography.

= Review of historical geologic and other maps.

= Review of reports of historical mining and ore processing activities.
= Lithological analysis of soil samples.

= XRF and laboratory analysis of metals concentrations.

= Results of a geophysical survey completed by the USGS (Burton and Ball
2011).

Detailed lithological analysis was performed for laboratory samples and at XRF
field screening locations. In addition to typical lithological description
characteristics, the presence or absence of key minerals or materials was noted.
These key components include red porous rock and rock with a distinctive rust-
colored oxidation rind (tailings indicator); cinnabar, stibnite, realgar, and
orpiment (indicative of waste rock where it occurs in mine waste and where
tailings are absent); and vitreous material (associated with tailings). As noted
above, tailings and waste rock appear to be mixed at many locations within the
disposal areas on both the Pre-1955 and Post-1955 Main Processing Areas.

Each surface and subsurface soil sample collected as part of the RI was assigned a
site-specific soil type (hereafter, soil type). The assigned soil types for each
sample are summarized in Tables B-2 through B-9 (Appendix B). The generalized
distribution of soil types on the surface is illustrated in Figure 3-1. A cross-section
reference map is presented in Figure 3-2. Geologic cross-sections illustrating soil
type and other geologic features in the subsurface are presented in Figures 3-3
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through 3-8. The soil types identified in Tables B-2 through B-9 and presented in
Figure 3-1 and the geologic cross sections are described in Table B-1.

Key observations regarding the distribution of mining and ore processing wastes
at the RDM are presented below:

Accumulations of tailings/waste rock materials are present in dumps in the
vicinity of both the Pre-1955 and Post-1955 Processing Areas (Figures 3-3
through 3-6), consistent with historical information regarding the locations
of such dumps.

Tailings and waste rock are largely mixed in the dumps at both the Pre-
1955 and Post-1955 Processing Areas. Dump material in a portion of the
Pre-1955 Processing Area appears to be waste rock with no discernible
tailings (Figures 3-5 and 3-6).

Tailings/waste rock material was identified in soil borings 11MP35SB and
11SB39SB (north of Settling Pond #2) and 1 1MP40SB (north of Settling
Pond #3. Tailings/waste rock in these areas is likely reworked material
originally deposited in the “Saw dust dump” identified in the 1963
geologic map (Figurel-7) associated with the Pre-1955 Processing Area
(Figures 3-3 and 3-7.

Material used to construct the berm of Settling Pond #1 appears to be
tailings/waste rock material, flotation tailings, and fill/debris (Figure 3-3).

Flotation tailings are largely limited to the basins of Settling Ponds #1, #2,
and #3 (Figures 3-3 and 3-7). Flotation tailings were tentatively identified
in a single subsurface soil interval in boring 1 1MP38 SB, located north of
Settling Pond #1.

Tailings/waste rock material, mixed to varying degrees with Red Devil
Creek alluvium and/or soil, is locally present in the Red Devil Creek
channel within and downstream of the Main Processing Area (Figures 3-4,
3-5, 3-7, and 3-8). Such materials are present in the Red Devil Creek delta
(Figures 3-3 and 3-8).

Sluiced overburden is present in fans or deltas in the Kuskokwim River at
the Rice Sluice Delta and Dolly Sluice Delta (Figure 3-8).

Dozed overburden consisting of soil derived from Kuskokwim Group
bedrock and/or loess is present in the Surface Mined Area (Figures 3-4
and 3-7).

3.2 Hydrogeology

Monitoring wells were installed during the RI to assess groundwater conditions at
the RDM. Monitoring wells were installed to depths ranging from 15 to 70 feet
below the top of well casings. Well construction information is summarized in
Table 3-1. Groundwater was observed during drilling in unconsolidated materials
and bedrock at the depths indicated in Table 3-1 and in the tables presented in
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Appendix F. Groundwater in bedrock occurs within fractures that include
bedding-parallel fractures, the steep, northeast-striking joints, and the steep
northwest-striking faults associated with the Red Devil fault. Groundwater also
occurs in mine workings within the bedrock.

Following well completion and development, static water levels were measured in
RI and existing monitoring wells. Static water levels were measured on two
occasions for each well during the 2011 field event: once on the day of
groundwater sampling immediately before sample collection, and again during a
site-wide water level measurement event on September 1, 2011. With the
exception of the pre-RI monitoring wells, the wells were sampled between August
29 and September 1, 2011. The pre-RI wells were sampled between August 22
and 26, 2011. Static water levels were measured in existing monitoring wells
during the 2010 LSE. Baseline monitoring, including measurement of static water
levels, was performed during the May and September 2012 monitoring events.
Static water levels range from approximately 4 to 63 bgs across the site. Measured
static water levels and elevations are summarized in Table 3-1.

Groundwater elevations during the May 2012 baseline monitoring event were
higher in all monitoring wells than in September 2011 (by 0.29 to 11.29 feet), at
an average of 3.9 feet higher across the site. Groundwater elevations during the
May 2012 baseline monitoring event were higher in all but one well (MW15) than
during the September 2012 baseline monitoring event (up to 8.55 feet), at an
average of 2.2 feet higher across the site. During the September 2012 baseline
monitoring event, groundwater elevations were higher in all but two monitoring
wells (MWO07 and MW25) than in September 2011 (up to 6.02 feet), at an average
1.8 of feet higher across the site. The largest differences in groundwater
elevations between monitoring events are generally seen in the wells that are
screened in bedrock. This i1s expected for aquifers in fractured bedrock in which
the matrix materials (including argillite) have low effective porosity. Notable
exceptions are wells MW 16 and MW 14, both of which are screened in
unconsolidated materials in the Post-1955 Main Processing Area near Red Devil
Creek, and in which the differences in water levels ranged as high as 8.73 and
5.61 feet (between May 2012 and September 2011).

Based on static water elevations, stream elevations, and discharge measurements
along Red Devil Creek, potentiometric surface maps were developed. These maps
were developed based on the assumption that groundwater within bedrock and the
overlying unconsolidated materials is generally hydraulically connected. There is
hydraulic segregation locally at the RDM. Information on localized hydraulic
compartmentalization and preferential groundwater flow paths is discussed in
Section 3.2.3. Maps for the September 2011, May 2012, and September 2012
monitoring events are presented in Figures 3-9, 3-10, and 3-11, respectively. For
all three monitoring periods, groundwater at the site generally flows toward Red
Devil Creek and the Kuskokwim River, with groundwater elevations generally
mimicking topography.
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3.2.1 Groundwater Flow

As noted above, groundwater at the site generally flows toward Red Devil Creek
and the Kuskokwim River, with groundwater elevations generally mimicking
topography. Groundwater in the Main Processing Area and much of the area
downstream of the Main Processing Area emerges into Red Devil Creek and
enters the Kuskokwim River as surface water rather than as groundwater. This
pattern was exhibited during the September 2011 RI monitoring as well as the
May 2012 and September 2012 baseline monitoring.

Locally, groundwater flow at the RDM is complicated due primarily to complex
modification of the natural hydrogeologic environment at the site, including
extensive surface and underground mining and disposal of mine waste. In order to
evaluate groundwater flow at the site, the following were evaluated:

Historical and recent aerial and land-based photographs.

Historical and recent (2001) topography.

Historical geologic maps.

Historical maps and sections of underground mine workings.

Reports of historical mining and ore processing activities.

XRF and laboratory analysis of metals concentrations of soil materials.

Data obtained during soil boring installation, including lithology and
moisture content.

Major ion chemistry of groundwater and surface water samples.
Trace element chemistry of groundwater and surface water samples.
Static water level measurements in monitoring wells.

Red Devil Creek stream elevations.

Red Devil Creek stream discharge measurements.

Results of a geophysical survey completed by the USGS (Burton and Ball
2011).

Seasonal differences in static water level measurements in monitoring
wells collected during Baseline Monitoring in May and September, 2012.

Specific aspects of the groundwater flow regime at the RDM are discussed below.
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GwW Static Water Level
Monitori . Screened . Casing Encountered
onitoring Soil Depth Elevation . ; Depth
Well ID Borina ID f I Interval (feet f Elevation During P
e oring (feet below bgs) (feet Drilling (feet (feet below Date
TOC) TOC)

18.62 9/9/2012 17:05
17.56 5/26/2012 14:32
19.55 9/1/2011 16:03
19.46 8/24/2011 16:38
20.04 9/20/2010 18:18

MWO01 N/A 29.70 19.0-29.0 254.51 257.51 17.8-TD
22.27 10/6/2009 17:30
19.62 6/19/2009 NR
22.16 9/18/2008 13:28
19.87 9/5/2007 13:15
21.72 8/14/2000 NR
17.24 9/9/2012 17:10
15.47 5/26/2012 15:17
19.96 9/1/2011 15:41
19.44 8/26/2011 10:18
20.95 9/20/2010 19:50

MWO03 N/A 27.73 14.5-25.5 228.37 230.77 19.0-TD
23.01 10/7/2009 13:20
19.51 6/19/2009 NR
22.57 9/18/2008 14:11
20.68 9/5/2007 14:40
22.28 8/14/2000 NR
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Table 3-1 Well Construction and Groundwater Depth Information

UEEI L Screened o g:sir? : EncoGu‘rl:::ered Static Hater Level
Monitoring Soil Depth Elevation '9 ; Depth
Well ID Borina ID feet bel Interval (feet f Elevation During p
illi eet below
€ oring ( et-_zlfog)ow bgs) NP(«\7I§t88) (feet Drilling (feet (feet bel
NAVD88) bgs) TOC)
23.72 9/10/2012 | 14:15
21.72 5/26/2012 | 16:47
25.99 9/1/2011 15:00
25.24 8/22/2011 | 16:02
26.79 9/20/2010 | 16:09
MWO04 N/A 32.9 20.0-30.0 239.92 242.12 25.3-TD
27.77 10/6/2009 | 18:55
25.43 6/19/2009 NR
26.82 9/18/2008 | 12:32
26.78 9/5/2007 12:25
27.77 8/14/2000 NR
18.29 9/9/2012 11:45
16.25 5/26/2012 | 16:02
18.70 9/1/2011 15:09
18.78 8/24/2011 | 14:56
19.03 9/20/2010 | 13:22
MWO06 N/A 26.14 13.0-23.0 214.99 217.49 20.0-TD
19.29 10/7/2009 | 17:25
17.90 6/19/2009 NR
19.08 9/18/2008 | 11:35
18.63 9/5/2007 15:30
19.29 8/14/2000 NR
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GwW Static Water Level
Monitori . Screened : Casing Encountered
onitoring Soil Depth Elevation - - Depth
. Interval (feet Elevation During p
Well ID Boring ID (feet below (feet — feet bel D
bgs) Drilling (feet | (feet below ate
TOC) NAVD88) TOC)
20.57 9/9/2012 16:45
19.68 5/26/2012 13:36
19.97 9/1/2011 16:14
1951 8/26/2011 | 9:12
20.40 9/21/2010 10:20
MWO07 N/A 23.70 11.0-21.0 278.39 280.89 14.8-TD
DRY 10/7/2009 NR
20.10 6/19/2009 NR
DRY 9/18/2008 NR
20.42 9/5/2007 14:00
DRY 8/14/2000 NR
12.74 9/9/2012 16:10
_ 11.64 5/26/2012 13:23
MWO08 11MPO1SB 16.0 5.0-15.0 328.92 331.32 2.540,105
D 13.65 9/1/2011 | 16:28
13.70 8/30/2011 9:21
27.81 9/11/2012 11:20
27.88 9/9/2012 15:30
MWO09 | 11MP17SB 31.0 20.0-30.0 27488 27728 o108, 26.67 52612012 | 14:04
28.11 9/1/2011 16:43
>31.56 8/29/2011 | 18:21
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GwW Static Water Level
Monitori . Screened . Casing Encountered
onitoring Soil Depth Elevation . ; Depth
Well ID Borina ID f I Interval (feet f Elevation During p
e oring (feet below bgs) (feet Drilling (feet | (feet below Date
TOC) TOC)

26.88 9/10/2012 | 11:35
26.39 9/9/2012 15:45

MW10 11MP14SB 61.0 50.0-60.0 274.31 276.21 48.0-TD 25.62 5/26/2012 | 14:14
20.17 9/1/2011 16:38
30.60 8/29/2011 | 16:15
24.24 9/9/2012 16:00
22.60 5/26/2012 | 14:24

MWI11 11MP12SB 23.0 12.0-22.0 268.70 271.30 dry DRY 9/1/2011 16:34

>

DRY 8/29/2011 12:00
3.30 9/9/2012 16:39
2.46 5/26/2012 | 11:04

MW12 11RD13SB 15.0 4.0-14.0 263.22 265.62 1.0-TD 370 912011 1620
3.72 8/31/2011 13:34
24.06 9/9/2012 16:50
18.41 5/26/2012 | 13:45

MW13 11MP20SB 32.0 21.0-31.0 274.30 276.70 27.0-TD 59,70 912011 16:09
30.05 8/30/2011 | 18:04
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GW Static Water Level
Monitori . Screened . Casing Encountered
onitoring Soil Depth Elevation . ; Depth
WellID | BoringID | (feetbelow | 'Mterval(feet | ™ ¢ ot AT During >
9 bgs) Drilling (feet (feet below Date
TOC) TOC)

27.34 9/10/2012 17:35
24.40 5/26/2012 14:45

MW14 11MP25SB 36.0 25.0-35.0 246.71 249.01 25.7-TD
30.01 9/1/2011 16:00
30.51 8/31/2011 10:05
18.3 9/8/2012 13:00
18.33 5/26/2012 14:56

MW15 11MP29SB 26.0 15.0-25.0 242.63 24493 16.2-TD
19.59 9/1/2011 15:56
19.64 8/30/2011 | 10:35
8.88 9/8/2012 14:30
6.17 5/26/2012 15:08

MW16 11MP30SB 22.0 11.0-21.0 226.09 228.09 16.0-TD
14.90 9/1/2011 15:50
13.84 8/30/2011 11:35
10.79 9/8/2012 16:20

25.0-33.0 8.20 5/26/2012 | 15:03
MW17 11MP91SB 52.5 41.5-51.5 226.36 228.66 . -
33.0-TD 13.78 9/1/2011 | 15:52

15.00 8/30/2011 9:20
24.83 9/9/2012 17:20
21.82 5/26/2012 13:10

MW18 11MP31SB 40.0 29.0-39.0 241.33 243.83 38.0-TD
29.87 9/1/2011 15:37
29.66 8/31/2011 15:47
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GwW Static Water Level
Monitori . Screened . Casing Encountered
onitoring Soil Depth Elevation - - Depth
WellID | BoringID | (feetbelow | 'Mterval(feet | ™ ¢ ot AT During >
9 bgs) Drilling (feet (feet below Date
TOC) TOC)
16.02 9/9/2012 17:25
11.54 5/26/2012 12:59
MW19 11MP33SB 43.0 32.0-42.0 237.70 240.00 39.0-TD
19.47 9/1/2011 15:32
19.38 9/1/2011 9:34
5.53 9/9/2012 10:10
4.82 5/26/2012 15:26
MW20 11MP38SB 15.5 4.5-14.5 212.90 215.20 6.5-TD
6.97 9/1/2011 15:43
6.89 8/31/2011 | 8:53
8.29 9/8/2012 17:35
7.91 5/26/2012 15:36
MW21 11MP39SB 17.5 6.5-16.5 208.23 210.13 7.0-TD
8.82 9/1/2011 17:10
3.80 8/31/2011 | 10:16
7.77 9/9/2012 17:35
5.55 5/26/2012 15:44
MW22 11MP40SB 15.5 4.5-14.5 203.10 205.10 7.8-TD
8.48 9/1/2011 17:04
8.20 8/31/2011 | 11:08
15.56 9/9/2012 17:47
14.60 5/26/2012 15:56
MW23 11MP66SB 29.0 18.0-28.0 201.96 204.16 20.0-TD
16.01 9/1/2011 15:14
16.02 8/30/2011 16:31
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GW Static Water Level
Monitori . Screened . Casing Encountered
onitoring Soil Depth Elevation . ; Depth
WellID | BoringID | (feetbelow | 'Mterval(feet | ™ ¢ ot AT During >
bgs) Drilling (feet (feet below Date
TOC) TOC)
16.45 9/9/2012 14:00
14.59 5/26/2012 16:15
MW24 11MP62SB 30.0 19.0-29.0 221.41 223.51 20.0 TD
17.61 9/1/2011 15:06
17.70 8/30/2011 14:51
33.87 9/9/2012 10:30
29.74 5/26/2012 16:22
MW25 11MP89SB 42.0 31.041.0 237.56 239.76 32.0-TD
31.88 9/1/2011 14:50
3185 8/30/2011 | 18:02
34.01 9/9/2012 17:55
32.76 5/26/2012 16:30
MW26 11MP52SB 43.0 32.0-42.0 244.03 245.93 34.0-TD
36.30 9/1/2011 14:47
36.25 8/30/2011 11:35
28.64 9/9/2012 12:50
26.28 5/26/2012 16:38
MWwW27 11MP60SB 34.0 23.0-33.0 241.04 242.94 29.0-TD
30.37 9/1/2011 14:58
30.30 8/30/2011 16:50
27.01 9/10/2012 15:43
24.19 5/26/2012 16:41
MW28 11MP88SB 64.0 53.0-63.0 239.94 241.94 49.0-TD
28.61 9/1/2011 14:53
25.50 8/30/2011 14:57
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Table 3-1 Well Construction and Groundwater Depth Information

Total Well Ground Top of GW Static Water Level
Monitori . Screened . Casing Encountered
onitoring Soil Depth Elevation - - Depth
Well ID Borina ID f I Interval (feet f Elevation During p
e oring (feet below bgs) (feet Drilling (feet (feet below Date
TOC) TOC)

61.20 9/9/2012 16:22
52.65 5/26/2012 | 17:09

MW29 11MP41SB 70.0 59.0-69.0 280.35 282.25 61.0-TD
63.21 9/1/2011 13:20
63.21 9/1/2011 13:28

nr 9/9/2012 nr

52.63 5/26/2012 | 16:58

MW30 11SM31SB 53.0 42.0-52.0 275.71 277.41 45.0-TD
53.53 9/1/2011 14:35
53 .44 9/1/2011 15:41
36.29 9/9/2012 18:10
34.12 5/26/2012 | 10:10

MW3l1 11UP11SB 44.8 33.8-43.8 495.79 497.99 34.0-TD
37.51 9/1/2011 14:05
37.75 8/29/2011 | 13:51
17.21 9/8/2012 15:40
16.71 5/26/2012 | 12:45

MW32 11RDO05SB 25.0 14.0-24.0 194.38 196.58 16.5-TD
18.86 9/1/2011 15:26
18.90 8/31/2011 15:55
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Table 3-1 Well Construction and Groundwater Depth Information
Total Well Ground D el GW Static Water Level

Screened Casing Encountered

Monitoring Soil Depth Elevation - - Depth
. Interval (feet Elevation During i
Well ID Boring ID (feet below bgs) (feet Drilling (feet | (feet below Date
TOC) TOC)
5.97 9/8/2012 | 12:30
3.98 5/26/2012 | 12:33
MW33 11RD20SB 23.0 12.0-22.0 176.62 178.92 10.5-TD
8.19 9/1/2011 15:20
8.14 8/31/2011 | 17:57
ASTS
MW34 MW1 NR NR 290.95 294.25 15.57 9/1/2011 16:49
ASTS
MW35 MW?2 NR NR 285.76 289.26 41.97 9/1/2011 16:55
ASTS
MW36 NR NR 286.33 290.03 35.81 9/1/2011 16:57
MW3
Notes

Elevation datum: NAVD8S calculated using GEOID09.
Top of casing (TOC) refers to the top of PVC inner casing.

Key

GW Groundwater

N/A Not Applicable

NR Not Recorded

TD Total depth of soil boring
TOC Top of Casing
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3.2.2 Stream Gain and Loss

On a site-wide scale, Red Devil Creek exhibits predominantly gaining conditions.
However, based on the groundwater elevations in monitoring wells, elevations of
Red Devil Creek, and stream flow gauging (see Section 3.3), Red Devil Creek
exhibits losing conditions locally.

Stream flow was measured at surface water monitoring stations on August 18,
2011, to provide additional information on groundwater-surface water
interactions. Static water level measurements taken in monitoring wells (on
September 1, 2011), stream elevation, and stream flow measurements (on August
18, 2011) collectively indicate that Red Devil Creek was a losing stream during
that period in the reach within the Main Processing Area that extends from a point
a short distance upstream of station RD04 down to a location near seep location
RDOS5. The lowermost section of Red Devil Creek at the delta also exhibited
losing conditions at that time. At the locations where Red Devil Creek is a losing
stream, surface water would flow from the creek and into groundwater within the
adjacent sediment and soil (which consists of tailings/waste rock in the reach
within the Main Processing Area and mixed alluvium and tailings/waste rock
within the Red Devil Creek delta). The water would subsequently re-emerge into
surface water at downstream locations. At any given locations, groundwater
would be expected to flow in a direction approximately perpendicular to the
potentiometric surface contour lines shown in Figures 3-9 through 3-11

For the May 2012 baseline monitoring, stream flow and groundwater elevations
were measured on May 26, 2012. For the September 2012 baseline monitoring,
stream flow was measured on September 12, and groundwater elevations were
measured between September 8 and 10, 2012. For both the spring and fall 2012
baseline monitoring events, the stream exhibited a pattern of gaining and losing
conditions similar to that seen in late August—early September 2011 (see Figures
3-10 and 3-11).

The losing reach in the RD04-RDO05 area occurs within a high gradient reach of
Red Devil Creek (see Figure 3-12). Stream gradient is discussed further in Section
3.3. The banks of Red Devil Creek in that area presently consist of steep
embankments of tailings/waste rock that extend approximately 15 feet above the
stream bed. Based on review of a historical photograph of the mine, this area
coincides with the area of a former bridge between the Pre-1955 and Post-1955
portions of the Main Processing Area during mining operations. The bridge was
apparently constructed of a large culvert covered with fill and wood planks. The
bridge collapsed after the mine was abandoned. This high gradient section of Red
Devil Creek is likely underlain by a wedge of material consisting of tailings/waste
rock that has slumped into the creek and possibly fill material that formerly
covered the culvert, and which is gradually being eroded and transported
downstream. This area is represented in geologic cross-section C-C’ (Figure 3-5).

Below the losing reach, the stream again exhibits gaining conditions. By surface
water station RD09, the stream appears to regain the lost flow. The flow in this
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section appears to be regained primarily through baseflow. Some of the flow in
this section could potentially be regained at the seep located on the northern bank
of the creek in the central portion of the Main Processing Area, at station RDOS.
The seep is approximately 3 feet above the creek level and discharges from coarse
gravelly material. The measured discharge at the seep was 0.18 cfs, comprising
only a small fraction of flow in this section of Red Devil Creek (see discussion of
stream discharge in Section 3.3). The hydrology in the vicinity of the seep is
complicated, however; the seep and baseflow in this reach appear to be influenced
by the underground mine workings and associated bedrock fractures (see Section
3.2.6).

The lowermost section of Red Devil Creek at the delta is likely a losing reach
during most times when Kuskokwim River stage is low. The decrease in
discharge between stations RD06 or RD07 and RDO08 suggests that that section
was losing at the time of the RI and baseline monitoring stream gauging events.

3.2.3 Hydraulic Segregation
Unconsolidated overburden and bedrock saturated zones appear to be in hydraulic
communication on a large scale, although some hydrologic hydraulic segregation
exists locally, as discussed below.

Thin perched groundwater zones above apparently low permeability
unconsolidated zones were identified during drilling at the following locations:

=  Boring MP01 / Well MW08
= Boring MP17 / Well MW09
=  Boring MP29 / Well MW 15
= Boring MP32
= Boring MP56

Monitoring well MW 15 was screened within a zone containing aquitard(s) and
associated perched saturated zone(s). For this reason, the static water level in this
well is disregarded in the potentiometric surface maps (Figure 3-9 through 3-11).
Wells installed in the other borings listed above were screened within deeper
saturated zones that are expected to be continuous.

Weathered bedrock locally exhibits clay and silt filling fractures. Where this
occurs, the top of weathered bedrock may comprise a low permeability zone
locally. For example, a thin saturated zone associated with such fracture filling
was observed during drilling at the contact between unconsolidated materials and
underlying weathered bedrock at soil boring MP14 / well MW10. Well MW10
was screened within a deeper saturated interval in bedrock. A similar situation
was observed during drilling boring MP30 / well MW16, in which the fractures
within the upper four feet of weathered bedrock (23 to 27 feet bgs) were filled
with silt and clay. This zone appeared to segregate the overlying saturated interval
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within native/disturbed native soil) from the underlying weathered bedrock
interval. Well MW 16 was screened at the top of the weathered bedrock surface.

In several cases, groundwater was observed in saturated zones overlying the
bedrock, but drilling was not advanced deeper than these zones. As such, it is not
known whether the saturated zones encountered are perched or in hydraulic
communication with bedrock at such locations, listed below:

= Boring MP25 / Well MW 14
= Boring MP34
= Boring MP35

3.2.4 Bedrock Fracture Flow

Groundwater within the Kuskokwim Group bedrock unit appears to occur
primarily within bedrock fractures, which are known to include bedding-parallel
fractures, steep, northeast-striking joints, and the steep northwest-striking faults
associated with the Red Devil fault. During drilling through Kuskokwim Group
bedrock, little or no groundwater was observed until a transmissive fracture was
penetrated. The depth of such fractures was commonly some depth below the
static water level in the completed monitoring wells. In the following soil
borings/wells that were screened within bedrock, the static water level on
September 1, 2011 was higher than the elevation of the groundwater encountered
during drilling:

= Boring MP14 / Well MW40
= Boring MP17 / Well MW09
= Boring MP31 / Well MW18
= Boring MP33 / Well MW19
= Boring MP62 / Well MW24
= Boring MP66 / Well MW23
= Boring MP88 / Well MW28
= Boring MP89 / Well MW25
= Boring MP91 / Well MW17
= Boring RD20/ Well MW33

During drilling of other soil borings in bedrock, the first occurrence of
groundwater occurred at elevations similar to the static water level in the
completed monitoring well. Such was the case for the following soil
borings/monitoring wells:
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= Boring MP20 / Well MW13
= Boring MP41 / Well MW29
= Boring MP52 / Well MW26
= Boring RD05 / Well MW32
= Boring UP11/ Well MW31

3.2.5 Vertical Gradient
Water levels for the following paired shallow and deep wells were evaluated to
assess vertical hydraulic gradient.

= MWI16 (shallow, screened in native/disturbed native soil) / MW17 (deep,
screened in bedrock)

= MW?27 (shallow, screened in native/disturbed native soil and weathered
bedrock) / MW28 (deep, screened in bedrock and suspected mine
workings cavity)

During the September 2011 RI monitoring, there was an upward gradient in both
the MW27/MW28 well pair and the MW16/MW 17 well pair (E & E 2013).
During the May 2012 and September 2012 monitoring events, there was an
upward gradient in the MW27/MW28 well pair and a downward gradient in the
MW16/MW17 well pair. The interpretation of vertical gradient in the
MWI16/MW 17 well pair is complicated by possible hydraulic segregation
(Section 3.2.3) and local losing conditions along Red Devil Creek (Section 3.2.2).
It is likely that along the axis of the Red Devil Creek valley, the vertical gradient
within bedrock is predominantly upward. Vertical groundwater flow and
contaminant migration is discussed in Chapter 5.

3.2.6 Underground Mine Workings

The presence of an extensive network of underground mine workings at the site
likely exerts a significant influence over groundwater flow at the RDM. The mine
workings appear to provide a highly transmissive groundwater flow network that
connects a large area west of and underlying the Main Processing Area.

As indicated in Figures 3-9 through 3-11, static water elevations are somewhat
depressed in the area of underground mine workings. This is likely attributable to
a draining effect of the mine workings. Groundwater within the mine workings
likely readily drains from the mine to the highest nearby base level, which is the
level of Red Devil Creek. Such groundwater migration would occur via the mine
workings network and bedrock fractures. A map illustrating the configuration of
the underground mine workings as of 1962 (Malone 1962 and MacKevett and
Berg 1963) is presented in Figure 1-7. Information from a 1962 mine workings
cross section (Alaska Mines and Minerals, Inc. and Decoursey Mountain Mining
Co., Inc., 1962) is projected onto geologic cross section B-B’ (Figure 3-4). These
historical mine documents indicate that overhand stopes were driven from the 200
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level (see Figure 1-7), also referred to as the 150 level (see Figure 3-4), to near the
surface in the vicinity of Red Devil Creek. Stoping followed the ore shoots, which
are associated with fracture systems. As such, bedrock fractures associated with
the stopes likely extend to the top of bedrock in this area. Groundwater from the
mine workings may be expected to migrate from the stopes up the fractures to the
top of bedrock. The 1962 mine workings map and cross section also indicate
stoping upward from the 73 level (Figure 1-7), also referred to as the 70 level
(Figure 3-4), to near the surface in the Pre-1955 Main Processing Area. These
mine workings also may represent preferential groundwater flow pathways.

Results of a geophysical survey conducted by the USGS (Burton and Ball 2011)
at the RDM site using surface-based, direct-current resistivity and electromagnetic
induction methods, strongly support the presence of near-surface stopes described
above. The resistivity results indicated the presence of several anomalies in the
subsurface along Red Devil Creek in the Main Processing Area, including two
anomalies that appear likely to be associated with underground mine workings.
Anomaly D is interpreted to be an elongate conductive anomaly that underlies
Red Devil Creek for a distance of at least approximately 200 feet. Anomaly E is
interpreted to be a “discrete, nearly vertical, conductive anomaly that extends to
within approximately 6 feet of the surface (anomaly E) that is closer to the creek
level and has a character more indicative of a point source” (Burton and Ball
2011). Anomaly E is in close proximity to the seep on the left bank of Red Devil
Creek. The approximate locations of these resistivity anomalies are shown in
geologic cross sections (Figures 3-4 and 3-5).

During both the 2010 and 2011 field seasons, yellowboy was present at the seep
location adjacent to Red Devil Creek. During the 2011 field season, yellowboy
was also observed on the stream’s northern bank between the seep and
approximately 20 feet upstream of the seep, suggesting that baseflow discharging
to the creek in this area contains a similar level of dissolved iron as the focused
flow at the seep. The source(s) of groundwater that emanates from the seep is not
clear, but may include groundwater flowing from the mine workings. The effect
of the underground mine workings on groundwater flow paths and chemical
conditions is discussed further in Chapter 5.

3.3 Surface Water Hydrology and Sediment

3.3.1 Red Devil Creek

As described in Section 1.4.3.4, Red Devil Creek drains an area of approximately
687 acres and is one of the smaller tributaries of the Kuskokwim River in the
region. The reach of the creek extending from the reservoir dam to the
Kuskokwim River is approximately 2,500 linear feet, varying with the stage of the
Kuskokwim River. A barge landing was constructed at the mouth of Red Devil
Creek when the mine was first developed extending into the channel of the
Kuskokwim River. The barge landing coincides with the Red Devil Creek delta.
The creek channel has evidently migrated over time due to emplacement of mine
waste materials into the stream bed in the Main Processing Area and other
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modifications. The channel has likely also migrated as a result of heavy sediment
loading downstream. Figure 1-7 illustrates the positions of the stream channel as
of 1963 (date of the geologic map overlay) and 2010 (date of the aerial
photograph).

Stream Gradient

Red Devil Creek has an average gradient of approximately 5 percent between the
reservoir dam and the Kuskokwim River. The elevation profile of Red Devil
Creek is illustrated in Figure 3-12. Key
features of Red Devil Creek are
illustrated on Figures 1-3, 1-5, and 3-12.
The creek’s gradient is generally
consistent between the reservoir and the
confluence with the Kuskokwim River,

{ with two noteworthy exceptions within
the Main Processing Area where gradient
the stream gradient flattens and then
abruptly steepens to approximately 10
percent. These sections are discussed
further below.

The upper of the two higher gradient
sections coincides with the losing reach in
the RD04-RDO05 area described in Section 3.2.2. As noted in Section 3.2.2, this
section of the creek is likely underlain by a wedge of material consisting of
tailings/waste rock that has slumped into the creek and possibly fill associated
with the former bridge which is gradually being eroded and transported
downstream.

A second, smaller section of comparatively higher gradient is located immediately
downstream of the road crossing through Red Devil Creek near station RD09 (see
Figure 3-12).

Stream Discharge
Discharge was measured on August 18,
2011, at locations along Red Devil
Creek that are collocated with sediment
and surface sampling stations. Stream
discharge also was measured during
May 2012 and September 2012 baseline
monitoring events to evaluate seasonal
variation. Table 3-2 summarizes the
discharge data for Red Devil Creek
during the 2011 and 2012 field events.

T Red Devil Creek delta on the Kuskokwim
River.
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Estimated Discharge (cfs

Table 3-2 Red Devil Creek Discharge — Upstream to Downstream Locations

Location August 18, 2011 May 26, 2012 September 12, 2012
RDI10 5.52 12.18 4.64
RD04 5.95 12.67 3.45
RDI13 Station not established 10.53 3.79
RD12 8.24 Station not monitored Station not monitored
RD09 5.98 13.36 3.40
RD06 6.81 14.47 3.80
RDO0S8 7.19 14.20 3.09

Key:

cfs

cubic feet per second

The 2011 calculated discharge rate at station RD12SW is believed to be
inaccurate. Station RD12SW is located at the road stream crossing (see Figure
3-12) where the stream is broad and shallow, making water velocity

measurements difficult and subject to error.

Measured stream discharge rates during

09.22.2010

September 2012 were between 20 and 60
percent lower than observed in August
2011, depending on monitoring location,
but generally exhibited similar trends of
gain and loss along the length of Red Devil
Creek (see Section 3.2.2 for discussion of
stream gain and loss). In May 2012,

The mouth of Red Devil Creek at the

Kuskokwim River, September 2010.

measured discharge values were between 2
and 2.2 times those observed during August
2011, and between 2.6 and 4.6 times as
high as those measured in September 2012.
The May 2012 discharge was measured a
short time after the beginning of breakup
and thus likely approximates high flow
conditions for the creek.

Review of 2012 snowpack data for the
middle Kuskokwim River region indicates

that May 2012 represented a period with above average snowpack depths and
average snow water content. This suggests that the spring sampling event in 2012
targeted a relatively high level of runoff during the breakup season (NRCS 2012).

Stream Gain and Loss
Stream gain and loss is discussed in Section 3.2.2.
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Stream Substrate

The substrate of Red Devil Creek upstream of the Main Processing Area is
composed primarily of natural alluvium. From the Main Processing Area
downstream to the Kuskokwim River, the creek substrate is dominated by the
tailings and waste rock. Table 3-3 presents the grain size distribution of sediment
samples collected from Red Devil Creek. Results are presented starting with
upstream samples and moving downstream.

Seep

During the 2010, 2011, and 2012 field seasons, yellowboy was present at the seep
location RDOS5. A sulfur odor is associated with the seep due to elevated sulfate
content (see Chapters 4 and 5). During the 2011 field season, yellowboy was also
observed on the stream’s northern bank between the seep and approximately 20
feet upstream of the seep, suggesting a relationship between baseflow in this area
and the focused flow at the seep. The source of groundwater that discharges from
the seep is unclear, but appears to be associated with the underground mine
workings (see Section 3.2.6 and Chapter 5).

During the spring 2012 field event, a significant accumulation of yellowboy was
present above the water line of Red Devil Creek and in the bed of the creek. Flow
from the seep was visually much greater than observed during previous sampling
events, but could not be measured due to high water levels.

During the fall 2012 field event, yellowboy was again present at the water line of
Red Devil Creek and in the creek bed. Flow from the seep was visually observed
to be significantly lower than the spring field event.

Table 3-3 Red Devil Creek Grain Size Data

Percent| Percent

1.2| Percent | Percent .
Percent” . Fine
Coarse | Medium . . .
Gravel Sand Sand |(silt and |Description
Identification| (4.75-75 (0.425-2 (0.075-
mm) : 0.425
mm)
10RD01SD 32.7 19.3 11.8 12 24.1 Gravelly Sand
10RD02SD 0.2 1.6 3.4 12.8 82 Sandy Silt
10RD03SD 34.7 16.1 20.4 10 18.8 Gravelly Sand
11RD11SD 0.3 0.1 3.5 63.9 30.3 Silty Sand
11RD10SD 71.6 10.9 9.83 5.68 2.12 Sandy Gravel
10RD04SD 14.8 40.8 35 2.5 6.8 Gravelly Sand
10RD05SD 43 2 5.4 3.8 84.8 Sandy Silt
11RD12SD 83.7 10.79 3.2 0.33 1.95 Sandy Gravel
10RD09SD 15.2 34.1 39.8 2.6 8.4 Gravelly Sand
10RD06SD 22.7 28.2 29.6 4.2 15.3 Gravelly Sand
10RD07SD 14.6 20.2 38 6.5 20.7 Silty Sand
10RD08SD 20.6 26.2 34.6 5.6 13 Gravelly Sand
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Table 3-3 Red Devil Creek Grain Size Data
Percent| Percent
Fine
Sand |(silt and |Description
0.075-
0.425
mm)

{12 Percent | Percent
Coarse | Medium
Sand Sand
(2-4.75 | (0.425-2 (
mm) mm)

Percen
Gravel

Identification| (4.75-75
mm)

Notes:

' Rocks and cobbles were removed from collected sample material which biases these results toward finer grain
size distributions.

? Grain size percentages may not total to 100% due to rounding error and different measurement methodology
used to determine percent fines.

Key:
mm millimeters

3.3.2 Kuskokwim River

Discharge in the Kuskokwim River at
the RDM site was not measured during
the RI field investigations. However,
the USGS maintains a river gauging
station at Crooked Creek, located
approximately 35 river miles
downstream of the RDM. The
discharge maximum during the 2011
summer season occurred on August 16,
2011, and was recorded at 99,200 cfs.
River discharge during the Kuskokwim
River off-shore sediment sampling S ;
event, conducted between September Kuskokwim River shoreline sediment.
21 and 25, 2011, ranged from 47,300 to

51,600 cfs, with river discharge levels decreasing during the sampling period
(Burton and Ball 2011).

During the 2011 Kuskokwim River off-shore sediment sampling events, river
depth soundings were collected to generate a bottom profile of the river in the
near shore zone adjacent to the RDM upland area. Figure 3-13 presents the near
shore bathymetry of the Kuskokwim River based on these data.

Table 3-4 presents the grain size distribution of sediment samples collected from

the Kuskokwim River. Results are presented starting with upstream samples
moving downstream.
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Table 3-4 Kuskokwim River Grain Size Data

Percent I
Percent'? Percent Percent Fines

Gravel Coarse Sand | Medium Sand F'(geoigfd (silt and | Description

Sample

Identification

(4.75-75 mm) | (2—4.75 mm) | (0.425-2 mm) 0.425 mm) clay >0.075
mm)

Shoreline Sediment Samples
11KRO1SD 73.2 11.96 6.62 6.06 1.66 Sandy Gravel
11KR12SD 63.55 8.37 6.85 5.66 17.93 Sandy Gravel
10KR13SD 17.2 6.6 4.9 28.5 42.8 Sandy Silt
11KR14SD 20.65 2.57 5.29 35.05 43.92 Sandy Silt
11KR15SD 59.77 10.61 8.34 9.32 13.29 Sandy Gravel
10KR02SD 11.2 19.7 41.7 9.3 18 Silty Sand
11KR16SD 0.01 0.08 1.06 15.9 98.32 Sandy Silt
10KRO3SD 0.4 0.2 0.3 6.8 92 Sandy Silt
10KR04SD 2.6 1.4 1.2 28.1 66.6 Sandy Silt
11KRO5SD 13.6 1291 11.55 36.16 26.63 Silty Sand
11KR0O6SD 0 0.33 0.92 39.06 70.13 Sandy Silt
10KRO7SD 6.3 21.6 32.8 17.9 21.5 Silty Sand
11KRO8SD 0.07 1.58 5.96 46.19 50.71 Silty Sand
11KR09SD 2.97 4.27 4.93 44.26 52.92 Sandy Silt
10KR10SD 23.1 159 13.9 239 23.2 Silty Sand
10KR11SD 6.9 4.7 2.2 44 .4 41.7 Silty Sand
11KR17SD 6.24 7.84 12.93 31.16 49.41 Sandy Silt
Off-Shore Sediment Samples
11KR48SD 61.37 4.52 4.13 19.06 12.36 Sandy Gravel
11KR49SD 77.58 5.97 3.05 12.99 1.26 Sandy Gravel
11KR50SD 59.73 7.87 5.68 20.04 7.31 Sandy Gravel
11KR51SD 60.66 11.28 8.73 13.45 6.37 Sandy Gravel
11KR53SD 0.12 3.86 12.70 41.25 45.53 Silty Sand
11KR18SD 42.46 3.68 2.43 13.74 41.56 Silty Gravel
11KR19SD 78.8 6.2 3.1 6.04 6.04 Sandy Gravel
11KR20SD 73.0 6.1 7.8 11.87 0.97 Sandy Gravel
11KR21SD 59.9 13.9 13.8 12.4 0 Sandy Gravel
11KR22SD 74.8 2.8 3.9 11.96 6.33 Sandy Gravel
11KR23SD 59.97 10.82 5.01 11.59 14.52 Sandy Gravel
11KR24SD 72.07 9.26 343 11.23 7.2 Sandy Gravel
11KR25SD 32.35 5.51 8.19 28.23 25.46 Gravelly Sand
11KR26SD 2.5 2.4 7.9 48.0 45.96 Silty Sand
11KR27SD 69.2 5.5 33 21.7 0.19 Sandy Gravel
11KR28SD 773 6.2 3.9 5.58 7.39 Sandy Gravel
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Table 3-4 Kuskokwim River Grain Size Data

1,2 Percent Pefce“‘
Sample Percent” Percent P_ercent Fine Sand Iflnes -
Identification Gravel Coarse Sand | Medium Sand (0.075— (silt and | Description
(4.75-75 mm) | (2—4.75 mm) | (0.425-2 mm) 0.425 mm) clay >0.075
mm)

11KR29SD 73.2 8.10 4.2 5.52 8.8 Sandy Gravel
11KR30SD 93.84 1.97 2.38 1.18 0.63 Sandy Gravel
11KR34SD 92.37 1.71 1.92 2.81 1.97 Sandy Gravel
11KR35SD 93.26 2.59 221 1.43 0.42 Sandy Gravel
11KR36SD 0 0 1.1 50.2 58.1 Sandy Silt
11KR37SD 0 0 1.0 46.4 56.94 Sandy Silt
11KR38SD 58.21 11.75 12.2 15.74 1.41 Sandy Gravel
11KR39SD 62.81 8.97 4.61 2.61 20.72 Silty Gravel
11KR40SD 60.9 3.9 2.1 15.2 21.34 Silty Gravel
11KR41SD 67.8 7.1 6.6 17.12 3.09 Sandy Gravel
11KR42SD 88.4 3.8 2.0 3.87 2.47 Sandy Gravel
11KR43SD 59.06 10.35 5.24 425 25.82 Silty Gravel
11KR44SD 65.8 12.4 4.9 13.06 4.77 Sandy Gravel
11KR45SD 12.7 2.6 13.0 35.8 41.3 Silty Sand
11KR46SD 77.86 7.9 3.8 4.66 5.77 Sandy Gravel
11KR47SD 67.49 10.26 6.54 5.68 11.47 Sandy Gravel
0912KR54SD 49.6 13.6 18.2 16.3 2.3 Sandy Gravel
0912KR55SD 68.4 9.6 10.1 10.3 44 Sandy Gravel
0912KR58SD 70.5 10 8.6 11 4.1 Sandy Gravel
0912KR59SD 73.7 11 6.3 11.4 44 Sandy Gravel
0912KR60SD 35.1 17.6 21.2 5.6 20.5 Sandy Gravel
0912KR61SD 73 11.5 9.3 11.7 5.5 Sandy Gravel
0912KR62SD 62 9.8 7.7 13.5 7.1 Sandy Gravel
0912KR63SD 63.2 13.6 11 10.1 2.1 Sandy Gravel
0912KR64SD 63.6 16 12.3 7.1 44 Sandy Gravel
0912KR66SD 52.1 11 8.3 15.8 12.8 Sandy Gravel
0912KR67SD 79.6 11.3 5.6 7.1 13.0 Sandy Gravel
0912KR68SD 58.4 14.8 14.8 10.9 4.8 Sandy Gravel
0912KR69SD 73 8 12.5 11.1 4.6 Sandy Gravel
0912KR70SD 62.9 13.4 11.1 7 5.5 Sandy Gravel
0912KR71SD 67.1 152 7.6 9.3 0.8 Sandy Gravel
0912KR72SD 31.5 11.9 14.2 6.5 35.9 Sandy Gravel
0912KR74SD 47.7 9 12.9 19.1 11.3 Sandy Gravel
0912KR75SD 382 12 15.7 244 9.7 Sandy Gravel
0912KR76SD 40.5 19.1 10.7 5.3 244 Sandy Gravel
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Table 3-4 Kuskokwim River Grain Size Data

Percent I

Sample Percent'? Percent Percent | _. o 4| Fines

IdentificF:)ation Gravel Coarse Sand | Medium Sand (0.075— (silt and | Description
(4.75-75 mm) | (2—4.75 mm) | (0.425-2 mm) , clay >0.075
0.425 mm)

mm)
0912KR77SD 54.5 14 9.1 12.4 10 Sandy Gravel
0912KR78SD 54.9 9.3 9.1 21.8 5.0 Sandy Gravel
0912KR79SD 75.8 8.6 5.6 12.9 2.9 Sandy Gravel
0912KR80SD 58 94 18.1 14.3 3.5 Sandy Gravel
0912KR&81SD 62.6 7 15.5 18 3.1 Sandy Gravel

Notes:

" Rocks and cobbles were removed from collected sample material which biases these results toward finer grain size distributions.

2 Grain size percentages may not total to 100% due to rounding error and different measurement methodology used to determine
percent fines.

Key:

mm millimeters
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Nature and Extent of
Contamination

This chapter presents the nature and extent (lateral and vertical) of contamination
at the RDM based on field investigation sample data collected during the 2010,
2011, and 2012 field seasons. The presentation of the nature and extent of
contamination is organized by media. For surface soil, subsurface soil, and
groundwater, the presentation is further organized by the general geographic areas
illustrated in Figure 4-1 and listed below:

= Pre-1955 Main Processing Area

= Post-1955 Main Processing Area

= Red Devil Creek Downstream Alluvial Area and Delta
» Surface Mined Area

= Dolly Sluice and Delta

* Rice Sluice and Delta

= Kuskokwim River

= Red Devil Creek Upstream Alluvial Area

= Upland background areas

=  Roads and abandoned roads

Within any given general geographic area are various site features or sub-areas
that were targeted for characterization in the RI. These specific features are
identified in the sample collection summary tables presented in Chapter 2. The
general geographic areas and features and sub-areas targeted for characterization
were defined based on knowledge of mine operational history and results of
previous investigations and removal and cleanup actions. Boundaries of
geographic areas are estimated based on this knowledge as well as information
from historical and recent aerial and other photographs, historical geologic and
topographic maps, field observations of localized topography and vegetation
patterns, and soil type (see Chapter 3).
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For the purposes of this chapter, background concentrations of inorganic analytes
are used to determine chemical concentrations representing “contamination” and
the lateral and vertical extents of contamination. Accordingly, inorganic element
concentrations that exceed background values presented in Section 4.1 are
considered “contamination.” In several instances, the concentrations of a given
inorganic element in background samples are below detection limits; in such
cases, site samples with detected concentrations of those analytes also are treated
as contamination in this report. The analytes aluminum, calcium, iron,
magnesium, potassium, and sodium are common earth crust elements. Based on
EPA, Region 10 policy, these common earth crust elements are not discussed in
this chapter; however, the sample results are presented in the data presentation
tables presented at the end of this section for reference.

For organic analytes, all positive detections are considered to represent site-
related “contamination” because there are no nearby offsite sources of organic
contaminants that are expected to contribute to onsite contamination.

Analytical results for arsenic and mercury speciation, as well as other analyses,
are included in this chapter’s data presentation tables. Interpretation of these
analytical results is provided in Chapter 5, Contaminant Fate and Transport, and
Chapter 6, Baseline Risk Assessment. Results of arsenic bioaccessibility testing
also are included in this chapter’s data presentation tables; interpretation of these
results is presented in Chapter 6.

The data used to characterize the nature and extent of contamination are presented
in tabular format in this chapter. Analyte concentrations representing
contamination are highlighted in the analytical data summary tables. Graphic
representations are used to illustrate the distribution and trends of contamination
at the site.

Analytical data generated from the RI samples collected in 2010, 2011, and 2012
were validated by E & E chemists in accordance with following:

= Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review (EPA 2010a).

= Contract Laboratory Program National Functional Guidelines for
Organic Data Review (EPA 2008a).

* Guidelines for Data Reporting, Data Reduction, and Treatment of Non-
Detect Values (ADEC 2008a).

= (Quality assurance guidelines in Standard Operating Procedure BR-0013
for mercury selective sequential extraction analyses (Brooks Rand 2010).

= (Quality assurance guidelines in EPA Method 1632 for arsenic speciation
analysis (EPA 1998a).

= (Quality assurance guidelines in EPA Method 9200.1-86 for soil
bioaccessibility assays (EPA 2008b).
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The results of data validation are presented in Analytical Data Review Summary
memoranda for each laboratory data deliverable and are contained in Appendix C.
In general, all data generated for the RI are considered usable, with qualifications,
for evaluation of the nature and extent of contaminants and for both human and
ecological risk assessments.

4.1 Background Value Estimation

EPA’s ProUCL program, Version 4.1.00 (EPA 2010b was used to calculate
background values for inorganic analytes, consistent with EPA guidance (EPA
2010b, 2010c¢). ProUCL 4.1.00 includes goodness-of-fit tests (e.g., normal,
lognormal, and gamma) for data sets with and without nondetected values (NDs).
For data sets with NDs, ProUCL 4.1.00 can create additional columns to store
extrapolated values for NDs obtained using regression on order statistics (ROS)
methods, including normal ROS, gamma ROS, and lognormal ROS (robust ROS)
methods. ProUCL 4.1.00 also has parametric (e.g., maximum likelihood
estimate, t-statistic, gamma distribution), nonparametric (e.g., skewness-adjusted
central limit theorem, Kaplan-Meier), and computer intensive bootstrap (e.g.,
percentile, bias-corrected accelerated) methods to compute background values for
uncensored data sets and also for data sets with ND observations.

The background data sets consisted of results for selected background samples for
each of the media for which it was possible to collect background samples. The
background data sets were pre-processed with the most conservative field
duplicate result retained (e.g., the lowest concentration). NDs were assigned the
method detection limit and flagged with a “U.” As mentioned above, ProUCL
4.1.00 was used to extrapolate values for NDs used in the calculation of the
background value, consistent with ADEC (2008a) guidelines. Tables summarizing
ProUCL input and output values are provided in Appendix D.

4.1.1 Surface Soil

Table 4-1' presents the results of the background surface soil samples selected for
surface soil background value estimation. Soil samples were collected as part of
the 2010 field sampling event. Historical information reviewed as part of RI work
planning indicates that there are three main soil types on the mine site:
Kuskokwim Group—derived soils, alluvial soils within the Red Devil Creek
drainage, and loess. Kuskokwim Group—derived soils and Red Devil Creek
alluvial soils are formed locally. Loess comprises wind-deposited silt and sand
derived from non-local sources. Surface soil samples of Kuskokwim Group—
derived soils and Red Devil Creek alluvial soils were collected. No loess soils
were encountered within the selected background soil sampling area. Locations of
surface soil samples selected for background value estimation are illustrated in
Figure 2-4.

1 All tables for Chapter 4 are provided at the end of the chapter.
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Ten surface soil samples plus one duplicate sample were collected from alluvium
within the Red Devil Creek Upstream Alluvial Area, and 10 surface soil samples
plus one duplicate sample were collected from Kuskokwim Group—derived soils
within the Upland Background Area to generate the background concentrations.
ProUCL was first used to determine outliers for the potential site-related
chemicals, arsenic, mercury, and antimony. Antimony was not tested for outliers
due to the low number of detected results. Q-Q plots were used for mercury or
arsenic to determine potential outliers. Q-Q plots for mercury showed two
potential outliers, 6.6 mg/kg (10RD11SS) and 6.4 mg/kg (10RD10SS). When
these two data points are removed, the data set shows non-parametric distribution.
The applicable ProUCL outlier test, the Dixon test for sample size less than 25,
assumes normal distribution. Although the data show non-parameteric
distribution, the Dixon test did support identification of these two data points as
outliers. The Q-Q plot for arsenic showed a single potential outlier of 220 mg/kg
(10RD10SS). With the outlier point removed, the remaining data set showed
gamma distribution. Although the Dixon test assumes normal distribution, it did
support identification of this point as an outlier. Based on the Q-Q plots, and since
arsenic and mercury are potentially site-related chemicals, these two samples
(10RD11SS and 10RD10SS) were removed from the surface soil background data
set prior to determination of the background values.

ProUCL was also used to determine potential outliers for the additional chemicals
by evaluating the Q-Q plots. The Q-Q plots are provided in Appendix D. Where
potential outliers were identified through Q-Q plots, outlier tests were run using
ProUCL. Most potential outliers were associated with samples 10RD10SS and
10RD118SS, further confirming the appropriateness of eliminating these samples
from the background data set. The additional outlier not found in these two
samples was 816 mg/kg for manganese. Although this sample set does not show
normal distribution, the Q-Q plots, as well as results of the Dixon test, supported
elimination of this single point from the manganese background data set.

ProUCL was then used to conduct a two-sample hypothesis test comparing
concentrations of the two different soil types consistent with EPA guidance (EPA
2010b). Arsenic and mercury results were used as indicators for this test. Again,
antimony was not investigated due to the high number of non-detected results.
The data were tested for distribution with the two known outliers (10RD10SS and
10RD11SS) removed, and the Wilcoxon-Mann-Whitney test was used to
determine that the means of the two populations (samples from the two soil types)
were equal; therefore, the two soil type samples were combined to represent
background surface soil.

Once the results from the soil types were combined and the outliers removed,
ProUCL was used to determine distribution of the data and to calculate
background values for all inorganic elements. When possible, the upper prediction
limit (UPL) associated with the known distribution was used as the background
value, consistent with the recommendations of the EPA Technical Guide (EPA
2010b). If the background and site contaminant distributions are comparable, then
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a typical site observation should lie below a 95-percent UPL based upon a
background data set with probability 0.95. A site observation exceeding the
background 95-percent UPL can be considered as providing some evidence of
contamination due to site-related activities (EPA 2010a). In general, this value is
slightly below the maximum detected concentration with outliers removed. For
gamma distributed data, the 95-percent Kaplan Meier UPL was chosen as the
background threshold value for data sets with non-detected values and the 95-
percent Chebyshev UPL was chosen for data sets without non-detected values. If
the UPL is greater than the maximum detected concentration, the maximum
detected contract was used as the background value.

Table 4-2 presents the summary statistics and recommended background levels
for inorganic analytes. The ranges in concentrations observed in the selected
background soil samples are likely attributable to geologic variability. Geological
factors controlling contaminant concentrations are discussed in Section 4.1.7.

4.1.2 Subsurface Soil

Table 4-3 presents the results of the subsurface soil samples used for background
estimation. Seven subsurface soil samples were collected from two borings
installed in background locations; one within the Red Devil Creek Upstream
Alluvial Area and one within the Upland Background Area. Locations of soil
borings selected for subsurface soil background value estimation are illustrated in
Figure 2-6. There were an insufficient number of samples to run background
statistics. EPA (2010a) suggests avoiding the use of statistical methods to estimate
the background values on data sets with fewer than four to six detected values.
Although there are more than six samples, they represent only two separate boring
locations. Therefore, it is recommended that the maximum detected concentration
as the background value be used for subsurface soils. These results for the
background subsurface soil samples are presented in Table 4-4. The ranges in
concentrations observed in the selected background soil samples are likely
attributable to geologic variability. Geological factors controlling contaminant
concentrations are discussed in Section 4.1.7.

4.1.3 Groundwater

Table 4-5 presents the results of the background groundwater samples. Two
background groundwater samples were collected—11RD13GW (from MW12,
located within the Red Devil Creek Upland Alluvial Area) and 11UP11GW (from
MW?31, located within the Upland Background Area). Locations of monitoring
wells selected for groundwater background value estimation are illustrated in
Figure 2-7. Table 4-6 presents the recommended background levels for inorganic
analytes in groundwater.

4.1.4 Red Devil Creek Surface Water and Sediment

Table 4-7 presents the results of the Red Devil Creek background surface water
and sediment samples. The background value for surface water is based on two
samples collected from the same location (RDO1SW), one in 2010 and one in
2011. The sediment sample was collected in 2011 from a location (RD01SD)
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collocated with the surface water samples. Locations of RDO1SW and RD0O1SD
are illustrated in Figure 2-8 and 2-9, respectively. Detected values only are
presented in Table 4-8 in a format that is consistent with other samples to
facilitate comparison.

4.1.5 Kuskokwim River Sediment

Table 4-9 presents the results of the background Kuskokwim River sediment
samples. Thirteen Kuskokwim River sediments samples (one sample was
collected in 2010 and 12 in 2011) plus three duplicate samples were analyzed for
inorganic analytes. Locations of sediment samples selected for background value
estimations are illustrated in Figures 2-10 (shoreline samples) and 2-11 (offshore
samples). Samples collected near the Holitna River in 2011 were not included in
the background assessment. ProUCL Q-Q plots were used to determine outliers
for any mercury, arsenic, or antimony results. No results were identified as
outliers for antimony. The mercury result of 0.374 mg/kg from 11KR12SD and
the arsenic result of 15 mg/kg from 10KR13SD were identified as outliers in the
Q-Q plots and confirmed using the Dixon test. These samples were removed from
the Kuskokwim River sediment background data set prior to calculating the
background values. Q-Q plots were used to identify potential outliers for the other
chemicals, and the Dixon test was used to confirm the presence of outliers.
Individual data points that were confirmed as outliers were removed from the data
set. Once the outliers were removed, ProUCL was used to determine distribution
of the data set and calculate the background value for all inorganic analytes. The
recommended background value and summary statistics for the background
Kuskokwim River sediment are presented in Table 4-10.

4.1.6 Vegetation

Table 4-11 presents the results of the background vegetation samples.
Background vegetation samples were collected and analyzed for inorganic
elements during the 2011 sampling event. In 2012, another attempt was made to
collect blueberry fruit. The number of background samples collected for the
following vegetation types include: blueberry fruit (n=8; one from 2011 and seven
from 2012), blueberry leaves and stems (n=8 plus one duplicate), green alder bark
(n=4), horsetail pond vegetation (n=3), and white spruce needles (n=8). Locations
of vegetation samples selected for background value estimations are illustrated in
Figure 2-12. For green alder bark and horsetail pond vegetation, sample numbers
were too small to perform statistical analysis and derivation of background values
using ProUCL. Although the sample number of blueberry fruit is appropriate,
statistical analysis for background levels in blueberry fruit was not performed due
to the high rate of non-detections. For these samples, the maximum detected
concentration of inorganic elements in the vegetation is recommended for
comparison to site samples. For blueberry leaves and stems and white spruce
needles, ProUCL was used to determine the distribution of the data set and
calculate the background value for all metals. The recommended background
value and summary statistics for the background vegetation samples are presented
in Tables 4-12 through 4-16.
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4.1.7 Natural Mineralization

In accordance with the RI Work Plan (E & E 2011), samples used for background
value estimation were collected from locations outside of and upgradient of the
areas recognized as potentially impacted by mining, ore processing, waste
disposal operations, and potential deposition of emissions from thermal ore
processing. These background areas are located within the Upland Background
Area and Red Devil Creek Upstream Alluvial Area for all media except
Kuskokwim River sediment. Soil concentration trends in the RI data, combined
with available geological information, indicate that the Upland Background Area
and Red Devil Creek Upstream Alluvial Area lie within a zone that exhibits little
natural mineralization compared to parts of the RDM. The Upland Background
Area is underlain by soils derived from the clastic sedimentary rocks of the
Kuskokwim Group, and the Red Devil Creek Upstream Alluvial Area is underlain
by alluvium derived from the Kuskokwim Group bedrock unit. The Kuskokwim
Group consists of interbedded graywacke and argillite. The argillite comprises
slightly metamorphosed organic-rich marine shale. As is typical for organic-rich
marine shales, the argillite of the Kuskokwim Group bedrock is enriched in
mercury and other inorganic elements relative to global averages in crustal rocks.
This is evident in results of area-wide sampling (e.g., Bailey and Gray 1995; Gray
et al. 2000) as well as RI sampling. Mercury concentrations in RI background
surface and subsurface soil samples, which were collected from areas with soil
derived from Kuskokwim Group bedrock, span an order of magnitude (0.13-3.92
mg/kg). This heterogeneity in soil mercury concentrations may be attributable to
the influence of one or the other primary rock types that the soil at any specific
location is derived from. As such, soil materials derived from argillitic bedrock
would be expected to have higher mercury concentrations than soils derived from
graywacke. Mobilization, migration, and deposition (via adsorption or
precipitation) of mercury originally present in soil materials also would be
expected to affect the amount of mercury contained within different soil samples.
These factors are discussed further in Chapter 5.

Superimposed on the area-wide enrichment of mercury and other inorganics in the
Kuskokwim Group bedrock is the mineralization that gave rise to the mercury ore
deposits at the RDM, as well as other mercury deposits within the southwestern
Alaska mercury belt (e.g., Bailey and Gray 1995; Gray et al. 2000). The Red
Devil and other regional mercury deposits are epithermal hydrothermal deposits.
These deposits resulted from mobilization of mercury and other inorganics from
the argillite/shale beds of Kuskokwim Group as a result of emplacement of
igneous intrusions locally within the Kuskokwim Group host rock. Mercury and
other inorganics were mobilized from the argillite/shale rock and migrated with
the hydrothermal fluids to where they locally were deposited as sulfide minerals
and possibly other species. The locations where the inorganics concentrated
comprise the ore deposits and associated sub-ore grade mineralized zones of the
RDM and other mineral deposits in the epithermal hydrothermal deposits in the
region. The mercury concentrations in the RDM ore typically ranged from 2 to 5
percent, but ranged as high as 30 percent (MacKevett and Berg 1963).
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Emplacement of ore and associated sub-ore grade mineralization is discussed
further below.

Although the ore bodies mined for cinnabar ore over the course of the RDM’s
history are largely discrete localized ore zones, natural mineralization associated
with the epithermal hydrothermal ore deposits in the RDM area extends beyond
those areas that were mined. The extent of such natural mineralization is not
known, but includes areas within the footprint of surface mining and exploration
in the Surface Mined Area and ore processing activities that took place in the
Main Processing Area. Available information on natural mineralization at the
RDM is discussed further below.

Ore Geology
This subsection summarizes key information pertaining to Red Devil ore geology.

The Red Devil ore bodies are epithermal hydrothermal deposits (Gray et al.
2000). The ore minerals are cinnabar (mercury sulfide) and stibnite (antimony
sulfide). Other sulfide minerals locally present are realgar and orpiment (arsenic
sulfides) and pyrite (iron sulfide). The mineral-laden hydrothermal solutions were
derived from dehydration of hydrous minerals in the argillite/shale and
mobilization of formation waters of the Kuskokwim Group host rock by heat from
igneous plutons that locally intruded the host rock. The hydrothermal solutions
migrated through permeable rocks and along fractures and faults (e.g., Gray et al.
2000). Such faults include the northwest-trending Red Devil fault and associated
faults that run through the RDM area. Sulfide minerals and possibly other species,
along with quartz, carbonate, and clay gangue, were deposited where the chemical
and physical conditions favored their formation.

As noted above, concentrations of mercury in the RDM ore were typically 2 to 5
percent (20,000 to 50,000 ppm) and ranged as high as 30 percent (300,000 ppm).
The richest ore mined at the RDM consisted of numerous discrete elongate bodies
(ore shoots) that are mainly localized along and near intersections of several
igneous dikes (average strike and dip of North 37° East, 63° Southeast) and
numerous right lateral faults associated with the Red Devil fault (average strike
and dip of North 40° West, 60° Southwest), which cut the dikes into segments.
The intersections of the dikes and faults, and thus the main ore shoots, plunge on
average approximately 39° on a bearing of South 10° East (Malone 1962). The
main ore shoots that were mined are associated with two dikes: the Dolly dike and
the “F” zone dike. The right lateral slip along the numerous faults that cut these
dikes result in two arrays of ore shoots that comprise the ore zones that were
targeted during mining: the zone associated with the Dolly and Rice ore shoots
and the zone associated with the “F” ore zone shoots (Malone 1962). Stopes were
driven along these ore shoots, and locally reached the surface or were terminated
a short distance below the ground surface. Stope surface openings and other mine
openings generally mark the locations where the ore zones reached the top of the
bedrock and illustrate the west-northwest-trending alignments of the two primary
ore zones (see Figures 1-4 and 1-7). The surface expression of the “F” ore zone is
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approximated by the “F” Zone Shaft Collar, 325 Adit and 311 Adit Portals, the
Main Shaft Collar, and intervening stope surface openings. The surface
expression of the Dolly and Rice ore zone is approximated by the Dolly Shaft
Collar, the Rice Shaft Collar, and intervening stope surface openings (MacKevett
and Berg 1963; Malone 1962).

The extent of the ore-grade mineralization at the RDM is not clear. Ata
minimum, the extent of ore-grade mercury mineralization would be defined by the
extent of mining; however, high concentrations of cinnabar (and associated
minerals) that were not economically recoverable likely are present beyond the
extent of mining. The most recent available maps of underground mine workings
were based on the mine development that had taken place as of 1962 (MacKevett
and Berg 1963; Malone 1962); these maps were used to develop Figures 1-4 and
1-7. However, underground mining occurred after 1962 (see Section 1.4.2.1).
Therefore, the extent of ore zones illustrated in Figures 1-4 and 1-7 represents the
minimum extent of the mercury ore zones.

The “F” ore zone extends to the southeast beyond the Main Shaft Collar at least as
far as the center of the Main Processing Area, as evidenced by the stopes that
branch off the 200 level and approach the surface beneath Red Devil Creek in the
vicinity of the seep (see Figures 1-4, 1-7, and 3-4). The ore shoots that these
stopes followed likely extend to the top of bedrock in this area. However, unlike
some of the stopes in the Surface Mined Area, upward advancement of the stopes
within the Main Processing Area was probably discontinued at a safe depth below
the surface due to operational considerations that included the presence of the
creek and the ore processing infrastructure, which was established prior to
development of the underground workings in that part of the mine.

Mineralization Peripheral to the Ore Zones

Existing information on local geology and mine operations and RI soil data
indicate the presence of mineralization associated with, but beyond the extent of,
the mercury ore zones targeted by mining. The rich ore shoots exploited during
mining grade along the northwest-trending faults and associated fractures into
zones characterized by networks of closely spaced cinnabar-bearing veinlets,
widely spaced veinlets that form protore containing less than 1 percent mercury,
and more distally into a peripheral zone of “barren veinlets” and clay alteration
(MacKevett and Berg 1963; Malone 1962). Sub-ore grade mineralization also
extended some distance laterally (i.e., toward the northeast and southwest) from
the ore zones. Such sub-ore grade mineralization is discussed further below.

For simplicity, the mercury ore zones and the associated zones of sub-ore grade
mercury deposits and deposits of other sulfide minerals are collectively referred to
as the “mineralized zone” in this report. The extent of the mineralized zone and
the distribution of inorganic element concentrations within the zone are not well
understood. Information on the extent and distribution of sub-ore grade
mineralization at the RDM is limited. This is likely because during mine
exploration and development little information was gathered regarding the extent
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of mineralization at levels below ore grade. Compounding the lack of historical
information, the intensive surface mining and exploration activities that took
place within the Surface Mined Area and the disposal of tailings and waste rock
throughout the Main Processing Area make it difficult to characterize pre-mining
conditions in these areas at the present time. Nonetheless, some information
regarding the mineralized zone is available. Pertinent available information is
summarized below.

Surface exploratory work performed by the United States Bureau of Mines in the
1940s includes mapping of target mineral concentrations in trenches arrayed
across and roughly perpendicular to the ore zones. Sub-ore grade concentrations
of mercury and antimony up to several hundred ppm were reported at locations
more than 150 feet laterally away from the “F” ore zone. No information on
arsenic sulfide concentrations is provided (Webber et al. 1947).

The presence of mineralization outside of the ore zones also is indicated by RI
soil data. At RI soil borings 11SM10SB and 11SM11SB, located in the Surface
Mined Area approximately 400 feet northwest of the Dolly Shaft (the
northwestern-most known underground mine workings), subsurface soil
consisting of weathered Kuskokwim Group bedrock contains arsenic
concentrations up to two orders of magnitude higher than the calculated
background concentrations presented in Section 4.1.2. Mercury concentrations in
this weathered bedrock are higher than the calculated background concentrations
by up to approximately one order of magnitude. Further information on
subsurface soil at the RDM is provided in Section 4.3. Additional information on
the mineralized zone is summarized below.

Characterization of the Mineralized Zone

Collectively, the historical mining information and RI data indicate that the
natural mineralized zone (including the mercury ore zones and associated sub-ore
grade deposits of mercury and deposits of antimony and arsenic sulfides and other
minerals) lies within an elongate area that trends approximately west-northwest,
perpendicular to the Red Devil Creek valley. This mineralized zone underlies part
of the Main Processing Area as well as the Surface Mined Area.

Historical site information indicates that naturally mineralized Kuskokwim Group
bedrock and soils derived from it occurred locally at the surface prior to mine
development. As evidenced by the incised nature of the Red Devil Creek valley,
Red Devil Creek has eroded into the bedrock, exposing the ore and mineralized
zones in the Main Processing Area and transporting eroded ore and other
mineralized rock and soil downstream. This is indicated by reports on the early
mine history—the mine was discovered when cinnabar float was found in the
creek bed. The cinnabar float was followed upstream to the lode, described as
being located approximately 1,000 feet up Red Devil Creek from the Kuskokwim
River (Webber et al. 1947). This description corresponds to the location where the
“F” ore zone intercepts the creek (see Figures 1-4, 1-7, and 3-4). Cinnabar float in
the Red Devil Creek alluvium and other soils in the area of the discovery,
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described as “detritus material in the vicinity of the lode” (interpreted here to be
slope wash or other soils derived from mineralized Kuskokwim Group bedrock),
were the source of cinnabar ore during the initial mining (Webber et al. 1947).

As a result of the exposure and erosion of the ore and mineralized zones, the
alluvium adjacent to and downstream of the mineralized zone would contain
higher natural concentrations of mineralization-related inorganic elements than
alluvium found upstream of the ore and mineralized zones. Similarly, soils
derived from mineralized Kuskokwim Group bedrock, including colluvium and
slope wash transported downslope into Red Devil Creek valley, would contain
higher natural concentrations of inorganic elements than Kuskokwim Group—
derived soils from areas outside of the ore and mineralized zones.

Naturally mineralized geologic materials, including mineralized Kuskokwim
Group bedrock and soils and alluvium derived from it that underlie portions of the
Main Processing Area and Surface Mined Area, pre-date mining activities. As
such, the natural mineralization of these materials represents pre-mining
“background” conditions for those areas that are mineralized. Historical mining
and ore processing activities, including disposal of the tailings and waste rock,
occurred within the Main Processing Area, coinciding with part of the area where
the naturally mineralized zone is expected to be present in the shallow subsurface.
The presence of tailings/waste rock throughout most of the Main Processing Area
makes characterization of naturally mineralized soil conditions in this part of the
site difficult because of elevated concentrations of inorganic elements in these
mine waste materials, which may leach from the waste materials and be deposited
in the native soils. Such processes are discussed in Chapter 5.

Within the Surface Mined Area, varying degrees of disturbance by exploration
and mining activities have occurred. This disturbance makes it difficult to
positively identify naturally mineralized conditions because potential impacts of
mining-related disturbance on underlying soils cannot be ruled out, and available
information does not readily facilitate differentiation between the natural
mineralization and such mining-related impacts on inorganic element
concentrations. Additional subsurface soil characterization was conducted in
September 2012 in an attempt to identify and characterize areas of natural
mineralization in the Surface Mined Area.

The September 2012 sampling event followed the approach specified in the work
plan addendum (E & E 2012b). Four general sampling areas were selected based
on review of previously collected RI soil data, geological information, and
understanding of mining operational history. The sampling areas were located in
the general proximity of the Dolly and Rice ore zone and the “F” ore zone, either
along the trend of or lateral to the trend of these ore zones. The areas targeted for
sampling were selected based on their general proximity to known ore zones, but
also on their locations that appeared to be undisturbed by the surface mining
activities.
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Stringent criteria were established in the work plan addendum for the potential
use of newly gathered Kuskokwim Group soil data to characterize naturally
mineralized soils. The criteria are:

* The Kuskokwim Group soils appear to be undisturbed based on
information on mining operations, historical aerial photographs,
topography, and lithological observations.

= The Kuskokwim Group soils do not appear to be affected by downward
migration and deposition of metals leached from overlying overburden
soils based on total inorganic element concentrations, such that the
concentrations in overlying soils are lower than those in the undisturbed
Kuskokwim Group soils.

In accordance with the work plan addendum, 16 soil borings were investigated
within four general areas. Soil boring locations are illustrated in Figure E-1,
Appendix E. Specific boring locations were selected in the field. Borings were
advanced to depths ranging from 54 to 144 inches bgs using hand augers. Soil
samples were characterized lithologically and screened by XRF for total inorganic
elements in the field. Based on lithological interpretations made in the field,
selected samples were submitted for laboratory analysis for total inorganic
elements and total organic carbon (TOC). Based on further review of field
lithological descriptions, the interpreted soil types were refined. Lithological
descriptions, final interpreted soil type, and XRF field screening data are
summarized in Table E-1, Appendix E. Laboratory results of total inorganic
elements and TOC analyses are presented in Table E-2, Appendix E.

In general, the objectives specified in the work plan addendum were not met with
the data collected during the September 2012 sampling event. The
characterization results with respect to the overall project objectives are
summarized below:

= Kuskokwim Group soil appears mineralized but is not demonstrably
undisturbed (locations12SM51SB, 12SM52SB, 12SM55SB, and
12SM62SB).

= Kuskokwim Group soil was not encountered in the soil boring (location
12SM63SB).

= Kuskokwim Group soil appears non-mineralized and undisturbed
(locations 12SM58SB, 12SM59SB, 12SM60SB, and 12SM61SB).

= Kuskokwim Group soil appears non-mineralized and is not demonstrably
undisturbed (locations12SM53SB, 12SM54SB, 12SM55SB, 12SM56SB,
and 12SM57SB).

=  No Kuskokwim Group soil was recovered in the soil boring; however,
the presence of undisturbed KG soil beneath the loess overburden is
likely (locations 12SM64SB and 12SM66SB).
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* Only mixed loess/ Kuskokwim Group soil was recovered in the deepest
soil sample (12 feet bgs); however, the presence of undisturbed
Kuskokwim Group soil beneath the loess overburden is likely, and the
Kuskokwim Group soil is likely mineralized based on inorganic element
concentrations in the mixed loess/ Kuskokwim Group soil sample
(12SM65SB).

Only total inorganic element concentrations were evaluated as part of the
September 2012 additional soil characterization. The effort did not entail
collection and analysis of samples specifically for the purpose of assessing
speciation of the inorganics elements (e.g., As*" or As”"; Hg”", Hg'", or Hg");
mineralogical or chemical form in which the elements occur (e.g., sulfide mineral,
iron oxide or oxyhydroxide); or location of occurrence (e.g., within sulfide
mineral lattice within hydrothermal vein, sorbed to iron oxyhydroxide coating on
exterior of soil grain).

Since it is has not been possible to determine naturally mineralized soil
concentrations with available RI data, the data collected from the Upland
Background Area and Red Devil Creek Upstream Alluvial Area were used to
develop the background values for surface and subsurface soil, as well as
groundwater, Red Devil Creek sediment and surface water, and vegetation. As
such, the background levels presented in Section 4.1, particularly those for
subsurface soil and groundwater, are considered to be conservative and likely
underestimate pre-mining background concentrations of inorganic elements
associated with natural mineralization that exists at part of the RDM that is likely
subject to remediation. Furthermore, existing information is insufficient to
determine the depth of subsurface soil contamination at parts of the RDM based
on comparison to the calculated background levels.

4.2 Surface Soil

The following subsections present a summary of the nature and extent of
contamination in surface soil. The distribution and arrangement of soils and mine
and ore processing wastes at the site play a significant role in determining the
nature and extent of contamination as well as the fate and transport of
contaminants at the RDM. Results of the identification and distribution of soil and
mine waste material types at the RDM are presented in Section 3.1.3. The
generalized areal extent of the various soil types at the surface is illustrated in
Figure 3-1 and each of the figures presented in this section.

Data for inorganic elements and organic compounds are organized by geographic
area. Results are provided in Tables 4-17 through 4-23. The tables for each
geographic area present the number of samples per analysis, the number of
detections per analysis, the number of samples exceeding the recommended
background value per analysis, and maximum and minimum concentrations per
analysis. The tables also identify soil type for each sample.
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Results for selected total inorganic elements for samples within the Main
Processing Area are illustrated in Figures 4-2 through 4-4. TCLP and SPLP
results for selected inorganic elements for samples within the Main Processing
Area are illustrated in Figures 4-5 and 4-6, respectively. Results of mercury SSE
and arsenic speciation analysis for samples within the Main Processing Area are
illustrated in Figures 4-7 and 4-8, respectively.

Results for selected total inorganic elements for samples outside the Main
Processing Area are illustrated in Figures 4-9 through 4-11. SPLP results for
selected inorganic elements for samples within the Main Processing Area are
illustrated in Figure 4-12. Results of mercury SSE and arsenic speciation analysis
for samples outside the Main Processing Area are illustrated in Figures 4-13 and
4-14, respectively.

Locations of surface soil samples (and subsurface soil samples) with detected
concentrations of organic compounds are illustrated in Figure 4-15.

Results of XRF field screening for selected total inorganic elements of the roads
are illustrated in Figure 4-16.

Results are briefly summarized below.

4.2.1 Pre-1955 Main Processing Area

Laboratory analytical data for the Pre-1955 Main Processing Area surface soil are
presented in Table 4-17. Additional information, including XRF field screening
results for surface soil in the Pre-1955 Main Processing Area, is presented in
Table F-1, Appendix F.

Soil types identified in the surface soil samples in the Pre-1955 Main Processing
Area are: tailings/waste rock, waste rock, fill, and native/disturbed native soil.
Tailings/waste rock lies at the surface throughout most of the Pre-1955 Main
Processing Area. Waste rock was identified locally in the Pre-1955 Main
Processing Area surface soil at location MP59. Fill was identified in the Pre-1955
Main Processing Area surface soil at location MP54. Native/disturbed native soil
occurs in the Pre-1955 Main Processing Area surface soil at location MP56.

4.21.1 Inorganic Elements

Observations pertaining to the nature and extent of inorganic element
contamination in the Pre-1955 Main Processing Area surface soil are summarized
below:

» Inorganic element contamination in surface soils is present throughout
the Pre-1955 Main Processing Area.

= Tailings/waste rock is the dominant soil type in the Pre-1955 Main
Processing Area.
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= Concentrations of antimony, arsenic, and mercury are generally more
elevated above the background values in tailings/waste rock than in
waste rock, fill, and native/disturbed native soils.

» In native/disturbed native soil, only antimony, arsenic, and mercury were
detected at concentrations above background values; their concentrations
were generally lower than the concentrations in the other soil types in the
Pre-1955 Main Processing Area.

= Arsenic TCLP concentrations for tailings/waste rock exceed the RCRA
limit (5 milligrams per liter; mg/L) for one sample, but are below the
RCRA limit for all other samples of tailings/waste rock, waste rock, and
native/disturbed native soil. Mercury TCLP concentrations are below the
RCRA limit for all samples.

4.2.1.2 Organic Compounds

The following organic compound groups were detected in at least one of the Pre-
1955 Main Processing Area surface soil samples: SVOCs, DRO, RRO, and PCBs.
Organic compounds were detected at sample locations MP45, MP46, MP47, and
MPS81. The extent of organic compounds in the surface soil of the Pre-1955 Main
Processing Area has not been determined. None of the organic compounds
detected in surface soils in the Pre-1955 Main Processing Area exceeded
regulatory levels. Comparison of organic compound concentrations detected in
surface soil to regulatory levels is presented in Chapter 7.

4.2.2 Post-1955 Main Processing Area

Laboratory analytical data for the Post-1955 Main Processing Area surface soil
are presented in Table 4-18. Additional information, including XRF field
screening results for surface soil in the Post-1955 Main Processing Area, is
presented in Table F-2, Appendix F.

Soil types identified in the surface soil samples in the Post-1955 Main Processing
Area are: tailings/waste rock, flotation tailings, tailings, fill, native/disturbed
native soil, bedrock/weathered bedrock, and stockpiled ore. Tailings/waste rock
occurs at the surface throughout most of the Post-1955 Main Processing Area.
Flotation tailings were identified in Settling Ponds 1, 2, and 3 and were sampled
at locations MP32, MP34, and MP36. Tailings apparently comprising entirely
calcine materials (i.e., not mixed with waste rock) were identified in a small
discrete pile within the Post-1955 Main Processing Area at location OPO1. Fill
was identified locally in surface soils of the Post-1955 Main Processing Area at
locations MP20, MP21, and MP68. Native/disturbed native soil was identified in
the Post-1955 Main Processing Area surface soil at locations MPO1, MP10,
MP19, MP20, MP21, MP33, and MP37. Bedrock/weathered bedrock was
identified in the Post-1955 Main Processing Area at the ground surface at location
MP31. A small pile of apparent stockpiled ore, composed of mineralized rock,
was identified in the Post-1955 Main Processing Area and sampled at location
MPO?2.
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4.2.21 Inorganic Elements

Observations pertaining to the nature and extent of inorganic element
contamination in the Post-1955 Main Processing Area surface soil are
summarized below:

= Inorganic element contamination extends throughout surface soils in the
Post-1955 Main Processing Area.

= Tailings/waste rock and flotation tailings are the dominant soil types in
the Post-1955 Main Processing Area.

= Concentrations of antimony, arsenic, and mercury are generally more
elevated above the background values in tailings, flotation tailings,
tailings/waste rock, and stockpiled ore than in fill, bedrock/weathered
bedrock, and native/disturbed native soils.

= The highest total arsenic concentrations are in the flotation tailings.

* Only bedrock/weathered bedrock had concentrations of inorganic
elements less than the background values.

= Arsenic TCLP concentrations for tailings/waste rock exceed the RCRA
limit (5 mg/L) for most samples of tailings/waste rock and the tailings
sample, but not for samples of flotation tailings or other soil types.
Mercury TCLP concentrations are below the RCRA limit for all samples.

4.2.2.2 Organic Compounds

The following organic compound groups were detected in at least one of the Post-
1955 Main Processing Area surface soil samples: SVOCs, DRO, and RRO. The
extent of organic compounds in the surface soil of the Post-1955 Main Processing
Area has not been determined. DRO was detected in one surface soil sample at a
concentration greater than a regulatory level of 250 mg/kg (18 AAC 75.341 Table
B2 Under 40 Inch Zone, Migration to Groundwater). Comparison of organic
compound concentrations to regulatory levels is presented in Chapter 7.

4.2.3 Red Devil Creek Downstream Alluvial Area and Delta
Laboratory analytical data for the Red Devil Creek Downstream Alluvial Area
and Delta surface soil are presented in Table 4-19. Additional information,
including XRF field screening results for surface soil in the Red Devil Creek
Downstream Area and Delta, is presented in Table F-3, Appendix F.

Soil types identified in the surface soil samples in the Red Devil Creek
Downstream Alluvial Area and Delta are: mixed Red Devil Creek alluvium, soil,
and tailings/waste rock, native/disturbed native soil, and fill. Mixed alluvium,
soil, and tailings and/or waste rock were identified in the Red Devil Creek
Downstream Alluvial Area and Delta surface soil at locations RD02 and RDO03.
Tailings/waste rock was identified at the surface at locations RD04 and RD20,
likely due to use as road surfacing material. Native/disturbed native soil was
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identified in the Red Devil Creek Downstream Alluvial Area and Delta surface
soil at sampling locations RD0O1 and RDOS.

4.2.3.1 Inorganic Elements

Observations pertaining to the nature and extent of inorganic element
contamination in the Red Devil Creek Downstream Alluvial Area and Delta
surface soil are summarized below:

* Mixed tailings/waste rock and Red Devil Creek alluvium are present at
the surface throughout most of the Red Devil Creek Downstream
Alluvial Area and Delta.

= Concentrations of antimony, arsenic, and mercury are generally more
elevated above the background values in tailings/waste rock and fill than
in native/disturbed native soils.

4.2.4 Red Devil Creek Upstream Alluvial Area

Laboratory analytical data for Red Devil Creek Upstream Alluvial Area surface
soil are presented in Table 4-20. Additional information, including XRF field
screening results for surface soil in the Red Devil Creek Upstream Area, is
presented in Table F-4, Appendix F.

Soil types identified in the surface soil samples in the Red Devil Creek Upstream
Alluvial Area are: native/disturbed native and native/disturbed native (Red Devil
Creek Alluvium). Native/disturbed native soil was identified in surface soil at
several locations, including the reservoir dam, in the Red Devil Creek Upstream
Alluvial Area. Red Devil Creek Alluvium occurs at the surface throughout most
of the Red Devil Creek Upstream Alluvial Area.

4.2.41 Inorganic Elements

Surface soil samples collected from Red Devil Creek Alluvium from the Red
Devil Creek Upstream Alluvial Area are considered background surface soil
locations; laboratory analytical results for those samples are presented in Section
4.1.1.

4.2.5 Dolly Sluice and Delta

Laboratory analytical data for Dolly Sluice and Delta surface soil are presented in
Table 4-21. Additional information, including XRF field screening results for
surface soil in the Dolly Sluice and Delta, is presented in Table F-5, Appendix F.

Soil types identified in the surface soil samples in the Dolly Sluice and Delta are:
sluiced overburden and native/disturbed native. Sluiced overburden occurs in the
surface soil throughout the Dolly Sluice Delta. Native/disturbed native soil occurs
in the surface soil throughout the Dolly Sluice.
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4.2.5.1 Inorganic Elements
Observations pertaining to the nature and extent of inorganic element
contamination in the Dolly Sluice and Delta surface soil are summarized below:

= Concentrations of antimony, arsenic, and mercury are generally more
elevated above the background values in the sluiced overburden than in
native/disturbed native soils. Concentrations of antimony, arsenic, and
mercury above background values extend throughout surface soils in the
Dolly Sluice and Delta.

= Concentrations of arsenic and mercury are higher on the downstream
side of Dolly Sluice Delta.

4.2.6 Rice Sluice and Delta

Laboratory analytical data for Rice Sluice and Delta surface soil are presented in
Table 4-22. Additional information, including XRF field screening results for
surface soil in the Rice Sluice and Delta, is presented in Table F-6, Appendix F.

Soil types identified in the surface soil samples in the Rice Sluice and Delta are:
sluiced overburden and native/disturbed native. Sluiced overburden occurs in the
surface soil throughout the Rice Sluice Delta. Native/disturbed native soil occurs
in the surface soil throughout the Rice Sluice. Sample 10RS03SS, collected from
the Rice Sluice, was not definitively identified as either sluiced overburden or
native/disturbed native soil. Because this sample has different chemical
characteristics than sluiced overburden, it is included in native/disturbed native
soils.

4.2.6.1 Inorganic Elements
Observations pertaining to the nature and extent of inorganic element
contamination in the Rice Sluice and Delta surface soil are summarized below:

= Concentrations of antimony, arsenic, and mercury in the sluiced
overburden and native/disturbed native soils are similar.

= Inorganic element contamination extends throughout surface soils in the
Rice Sluice and Delta. However, concentrations of arsenic in the surface
soil on the south side of the delta are below background values.

4.2.7 Surface Mined Area

Laboratory analytical data for the Surface Mined Area surface soil are presented
in Table 4-23. Additional information, including XRF field screening results for
surface soil in the Surface Mined Area, is presented in Table F-7, Appendix F.

Soil types identified in the surface soil samples in the Surface Mined Area are:
native/disturbed native, native/disturbed native (loess), and bedrock/weathered
bedrock. Native/disturbed native soil underlies most of the Surface Mined Area.
Native/disturbed native soil consisting of loess occurs locally within the Surface
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Mined Area, including sample location SM11. Bedrock/weathered bedrock occurs
at the surface locally within the Surface Mined Area, including sample locations
SM30 and SM31.

4.2.7.1 Inorganic Elements

= Concentrations of antimony, arsenic, and mercury are generally below
background values in the native/disturbed native soils consisting of loess.
Other native/disturbed native soils and bedrock/weathered bedrock
exhibit a wide range of concentrations ranging up to well above the
calculated background levels. Locally elevated concentrations may be
attributed to natural mineralization. Natural mineralization at the RDM is
discussed in Section 4.1.7.

= The highest concentration of antimony, arsenic, and mercury are in the
soils located along the ore zone trends.

4.2.8 Mine Roads
Results of XRF field screening for selected inorganic elements of the roads are
illustrated in Figure 4-16.

Roads in the Red Devil Creek Upstream Alluvial Area have similar
concentrations of antimony, arsenic, and mercury on the surface of the road and
locations adjacent to the road. This indicates that the road was likely constructed
from the native soils in the area.

Roads in the Post-1955 Main Processing Area, specifically near Monofill #2, have
concentrations of antimony, arsenic, and mercury that are generally higher on the
surface of the road than adjacent to the road. This indicates that the road may be
constructed from tailings and/or waste rock.

Roads near the former AST area have similar concentrations of antimony, arsenic,
and mercury on the surface of the road and locations adjacent to the road. This
indicates that the road was likely constructed from the native soils in the area.

The road in the Pre-1955 Main Processing Area has elevated concentrations of
antimony, arsenic, and mercury both on the surface of the road and adjacent to the
road. The road likely is constructed from tailings and/or waste rock.

The road in the Red Devil Creek Downstream Alluvial Area has higher
concentrations of antimony, arsenic, and mercury on the surface of the road and
on the downslope side of the road than on the upslope side of the road. This
suggests that such roads are constructed of, or otherwise affected by,
tailings/waste rock that originated further up the valley in the Main Process Area.

Some of the locations of the roads in the Surface Mined Area have elevated

concentrations of antimony and arsenic on the surface of the road relative to
adjacent to the road. This could be a result of construction of some sections of the
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roads in the Surface Mined Area with tailings and/or waste rock, particularly near
the fringe of the Main Processing Area. However, field observations indicate that
tailings/waste rock are not present on the road surfaces throughout most of the
Surface Mined Area. The elevated inorganic element concentrations are likely
attributable to exposure of naturally mineralized Kuskokwim Group—derived soils
in this area as part of road construction.

At some locations along the mine access road adjacent the Kuskokwim River,
concentrations of antimony, arsenic, and mercury on the surface of the road are
higher than those adjacent to the road. This indicates that some sections of this
road may be constructed from tailings and/or waste rock. At other locations,
concentrations of antimony, arsenic, and mercury are higher on the Kuskokwim
River side (downslope) of the road than the upslope side, likely due to erosion and
transport of road materials toward the river.

4.3 Subsurface Soil

The following subsections contain a summary of the nature and extent of
contamination in the subsurface soils. As for surface soils, the distribution and
arrangement of soils and mine and ore processing wastes at the site plays a
significant role in determining the nature and extent of contamination as well as
the fate and transport of contaminants at the RDM. Results of the identification
and distribution of various soil and mine waste material types at the RDM are
presented in Section 3.1.3. The definitions of the various soil types identified at
the RDM are presented in Table B-1, Appendix B. The assigned soil types for
each sample are summarized in Tables B-2 through B-9, Appendix B. Geologic
cross-sections illustrating vertical distribution of soil types are presented in
Figures 3-3 through 3-8. Geologic cross-sections illustrating subsurface soil
laboratory results for total antimony, arsenic and mercury for cross-section soil
boring are presented in Figures 4-17 through 4-22.

Data for inorganic elements and organic compounds in subsurface soil are
organized by geographic area. Results are provided in Tables 4-24 through 4-29.
The tables for each geographic area present the number of samples per analysis,
the number of detections per analysis, the number of samples exceeding the
recommended background value per analysis, and maximum and minimum
concentrations per analysis. The tables also identify soil type for each sample.

As discussed in Section 4.1.7, additional soil characterization was conducted in
September 2012 to attempt to better characterize the extent and ranges of
inorganic element concentrations of naturally mineralized soils within selected
portions of the Surface Mined Area. The results of the September 2012 effort did
not meet the criteria specified in the work plan addendum for further
consideration for background mineralized soil characterization. Results of the
additional soil characterization are not incorporated into this chapter. Results are
provided in Appendix E.
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4.3.1 Pre-1955 Main Processing Area

Laboratory analytical data for Pre-1955 Main Processing Area subsurface soil are
presented in Table 4-24. Additional information, including XRF field screening
results for subsurface soil in the Pre-1955 Main Processing Area, is presented in
Table F-8, Appendix F.

Soil types identified in the subsurface soil samples in the Pre-1955 Main
Processing Area are: tailings/waste rock, native/disturbed native, fill, and
bedrock/weathered bedrock. Tailings/waste rock occurs throughout much of the
Pre-1955 Main Processing Area at depths ranging from the ground surface to
approximately 4 to 20 feet bgs. Fill occurs locally at depths from the surface up to
8 feet bgs in several soil borings in the Pre-1955 Main Processing Area.
Native/disturbed native soil occurs from approximately the ground surface to as
deep as 28 feet bgs in several soil borings in the Pre-1955 Main Processing Area.
The top of bedrock/weathered bedrock was encountered in several borings at
depths ranging from approximately 4 to 30 feet bgs in the Pre-1955 Main
Processing Area.

4.3.1.1 Inorganic Elements

Observations pertaining to the nature and extent of inorganic element
contamination in the Pre-1955 Main Processing Area subsurface soil are
summarized below:

= Concentrations of antimony, arsenic, and mercury vary widely within each
soil type.

= Generally, the highest concentrations of antimony, arsenic, and mercury
are in the tailings/waste rock, and the lowest concentrations are in the
native/disturbed native soils or bedrock/weathered bedrock.

= The depth of inorganic element contamination in subsurface soils in the
Pre-1955 Main Processing Area generally extends to at least the depth of
tailings and/or waste rock. Locally, native/disturbed native soils and
bedrock/weathered bedrock beneath tailings/waste rock have
concentrations of inorganic elements above background values. The depth
of inorganic element contamination in the subsurface soils has not been
determined at all soil boring locations.

» Elemental mercury was identified in a subsurface soil sample collected
from 0 to 2 feet bgs at soil boring MP55, located near the western corner
of the pre-1955 retort building. The sample consisted of mixed
tailings/waste rock, with abundant stibnite and calcines and some
cinnabar. The XRF mercury concentration for the sample was 1,787 ppm.
The extent of the elemental mercury in the soil boring was limited to a part
of the interval from 0 to 2 feet bgs. Elemental mercury was not observed
in subsurface soil samples collected other intervals in boring MP55 or in
samples from adjacent soil borings.
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= Arsenic TCLP concentrations for tailings/waste rock exceed the RCRA
limit (5 mg/L) for one sample (11MP58SB08), but are below the RCRA
limit for the other samples. Mercury TCLP concentrations are below the
RCRA limit for all samples.

4.3.1.2 Organic Compounds

The following organic compound groups were detected in at least one of the Pre-
1955 Main Processing Area subsurface soil samples: SVOCs, DRO, and RRO.
Organic compounds in subsurface soil are widespread throughout the Pre-1955
Main Processing Area at depths ranging up to 26 feet bgs. DRO was detected at
concentrations above the regulatory level of 250 mg/kg (18 AAC 75.341 Table
B2, Under 40 Inch Zone, Migration to Groundwater), at concentrations ranging up
to 7300 mg/kg (estimated) in subsurface soil in the vicinity of the Former Shop
Pad (sample 11MP45SB04), Pre-1955 Rotary Furnace/Shop Building (samples
11MP54SB04 and 11MP51SB08), the Pre-1955 Retort (sample 11MP57SB06)
and the road along Red Devil Creek (sample 11MP66SB16). Comparison of
organic compound concentrations to regulatory levels is presented in Chapter 7.
The extent of organic compounds in the subsurface soil of the Pre-1955 Main
Processing Area has not been determined.

4.3.2 Post-1955 Main Processing Area

Laboratory analytical data for Post-1955 Main Processing Area subsurface soil
are presented in Table 4-25. Additional information, including XRF field
screening results for subsurface soil in the Post-1955 Main Processing Area, is
presented in Table F-9, Appendix F.

Soil types identified in the subsurface soil samples in the Post-1955 Main
Processing Area are: tailings/waste rock, native/disturbed native, fill, and
bedrock/weathered bedrock. Tailings/waste rock occurs throughout much of the
Post-1955 Main Processing Area at depths ranging from approximately the
ground surface to between 2 and 20 feet bgs. Flotation tailings occur within each
of the Settling Ponds at depths from the ground surface to between approximately
8 and 10 feet bgs in the Post-1955 Main Processing Area. Fill occurs locally from
the ground surface to as deep as 14 feet bgs in the Post-1955 Main Processing
Area. The top of native/disturbed native soil occurs from the ground surface to as
deep as 10 feet bgs. Where encountered, the bottom of native/disturbed native soil
was observed at depths between approximately 2 feet bgs to the
bedrock/weathered bedrock contact. The top of bedrock/weathered bedrock was
encountered at depths ranging from the ground surface to approximately 30 feet
bgs in Post-1955 Main Processing Area.
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4.3.2.1 Inorganic Elements

Observations pertaining to the nature and extent of inorganic element
contamination in the Post-1955 Main Processing Area subsurface soil are
summarized below:

= Generally, the highest concentrations of antimony, arsenic, and mercury
are in the tailings/waste rock and flotation tailings, and the lowest
concentrations are in the native/disturbed native soils or
bedrock/weathered bedrock.

= The depth of inorganic element contamination in subsurface soils in the
Post-1955 Main Processing Area generally extends to at least the depth of
tailings and/or waste rock. Locally, native/disturbed native soils and
bedrock/weathered bedrock beneath tailings/waste rock have
concentrations of inorganic elements above background values. The depth
of inorganic element contamination in the subsurface soils has not been
determined at all soil boring locations.

= Elemental mercury was identified in tailings/waste rock in a subsurface
soil sample collected from 2 to 4 feet bgs at soil boring MP14, located
along the road below Monofill #2. The sample consisted of mixed
tailings/waste rock, with some wood debris. Calcines and some cinnabar
and stibnite were observed in the sample. The elemental mercury was
associated with the woody debris and silt/clay matrix. The total mercury
concentration for the sample was 1,410 mg/kg (estimated). The extent of
the elemental mercury was limited to a part of the interval from 2 to 4 feet
bgs. Elemental mercury was not observed in subsurface soil samples
collected from other intervals in boring MP14 or in samples from adjacent
soil borings.

= Arsenic TCLP concentrations exceed the RCRA limit (5 mg/L) for all
tailings/waste rock samples but one.

=  Arsenic TCLP concentrations are below the RCRA limit (5 mg/L) for all
other soil types, including flotation tailings.

= Mercury TCLP concentrations are below the RCRA limit for all samples.

4.3.2.2 Organic Compounds

The following organic compound groups were detected in at least one of the Post-
1955 Main Processing Area subsurface soil samples: SVOCs, DRO, and RRO.
Organic compounds in subsurface soil were identified locally the Post-1955 Main
Processing Area at depths ranging up to 30 feet bgs. The extent of organic
compounds in the subsurface soil of the Post-1955 Main Processing Area has not
been determined.

DRO was detected at concentrations above the regulatory level of 250 mg/kg (18

AAC 75.341 Table B2, Under 40 Inch Zone, Migration to Groundwater), in
subsurface soil samples collected from Settling Pond #3 (11MP36SB08) and the
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vicinity of Monofill #2 (11MP17SB30). Comparison of organic compound
concentrations to regulatory levels is presented in Chapter 7.

4.3.3 Red Devil Creek Downstream Alluvial Area and Delta
Laboratory analytical data for Red Devil Creek Downstream Alluvial Area and
Delta subsurface soil are presented in Table 4-26. Additional information,
including XRF field screening results for subsurface soil in the Red Devil Creek
Downstream Alluvial Area and Delta, is presented in Table F-10, Appendix F.

Soil types identified in the subsurface soil samples in the Red Devil Creek
Downstream Alluvial Area and Delta are: tailings/waste rock, native/disturbed
native, Kuskokwim River alluvium, fill, and bedrock/weathered bedrock. Mixed
Red Devil Creek alluvium, soil, and tailings/waste rock occurs locally from the
ground surface to between approximately 2 and 10 feet bgs in the Red Devil
Creek Downstream Alluvial Area and Delta. Kuskokwim River alluvium was
encountered beneath materials comprising the Red Devil Creek Delta at depths
ranging from approximately 8 to 10 feet bgs in each borehole in the Red Devil
Creek Delta. Kuskokwim River alluvium was deposited prior to development of
the Red Devil Creek Delta. Native/disturbed native soil was identified locally at
depths ranging from the ground surface to between approximately 8 and 16 feet
bgs in the Red Devil Creek Downstream Alluvial Area and Delta. Disturbed
native soil with local fill was identified at locations RD06 and RD07 to depths of
up to 6 feet bgs in the Red Devil Creek Downstream Alluvial Area. Fill was not
identified in the Red Devil Creek Delta. The top of bedrock/weathered bedrock
was encountered in several borings at depths ranging from approximately 10 to 16
feet bgs in the Red Devil Creek Downstream Alluvial Area. Bedrock/weathered
bedrock was not identified in the Red Devil Creek Delta.

Observations pertaining to the nature and extent of inorganic element
contamination in the Red Devil Creek Downstream Alluvial Area and Delta
subsurface soil are summarized below:

= QGenerally, the highest concentrations of antimony, arsenic, and mercury
are in the tailings/waste rock and the lowest concentrations are in the
Kuskokwim River alluvium, native/disturbed native soils, or
bedrock/weathered bedrock.

= The depth of inorganic element contamination in subsurface soils in the
Red Devil Creek Downstream Alluvial Area and Delta generally extends
to at least the depth of mixed Red Devil Creek alluvium, soil, and
tailings/waste rock. Locally, Kuskokwim River Alluvium, native/disturbed
native soils, disturbed native soil with fill, and bedrock/weathered bedrock
have concentrations of inorganic elements above subsurface soil
background values. The depth of inorganic element contamination in the
subsurface soils has not been determined at all soil boring locations.

=  Where tailings/waste rock is present, the depth below the base of
tailings/waste rock of soil with concentrations that exceed the
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recommended background level is not known at many locations. The soil
boring depths at most locations were limited, in accordance with the Final
RI Work Plan (E & E 2011), to approximately 3 feet below the base of
tailings/waste rock, thus limiting information on soil inorganic element
concentrations at depths greater than approximately 3 feet below
tailings/waste rock. Concentrations of inorganic elements, including
antimony, arsenic, and mercury, are commonly elevated above the
recommended background level in soils below tailings/waste rock to at
least the depth of the deepest sample collected from a given soil boring.
As such, the depth of contamination (defined as exceeding the
recommended background concentrations) below the base of
tailings/waste rock is not consistently defined in those areas with
tailings/waste rock. Further, existing total concentration data do not
establish whether the elevated concentrations are due to leaching from
tailings/waste rock or to the presence of naturally mineralized soils. The
former would be considered contamination, whereas the latter would
arguably not be considered contamination. As noted in Section 4.1.7, the
recommended background levels are considered to be conservative and
likely underestimate pre-mining background concentrations of inorganic
elements associated with natural mineralization that exists at part of the
RDM site. Discriminating between the impacts of leaching and vadose
zone migration on natural soil and the contribution to total concentration
by natural mineralization will be important in establishing appropriate
remedial goals and objectives.

4.3.4 Red Devil Creek Upstream Alluvial Area

One soil boring (location RD13) was installed in the Red Devil Creek Upstream
Alluvial Area and is considered a background location. Laboratory analytical
results for subsurface soil collected at RD13 are presented in Section 4.1.2.
Additional information, including soil type and field screening results for
subsurface soil in the Red Devil Creek Upstream Alluvial Area is presented in
Table F-11, Appendix F.

4.3.5 Dolly Sluice and Delta

Laboratory analytical data for the Dolly Sluice and Delta subsurface soil are
presented in Table 4-27. Additional information, including XRF field screening
results for subsurface soil in the Dolly Sluice and Delta is presented in Table F-
12, Appendix F.

Soil types identified in the subsurface soil samples at the Dolly Sluice Delta are:
sluiced overburden and Kuskokwim River alluvium. Sluiced overburden was
identified in soil borings from ground surface to depths ranging from
approximately 10 to 12 feet bgs in the Dolly Sluice Delta. Kuskokwim River
alluvium deposited prior to formation of the Dolly Sluice Delta was encountered
at depths ranging from approximately 10 to 12 feet bgs at the Dolly Sluice Delta.
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4.3.5.1 Inorganic Elements

Observations pertaining to the nature and extent of inorganic element
contamination in the Dolly Sluice and Delta subsurface soil are summarized
below:

= Concentrations of antimony, arsenic, and mercury are higher in the sluiced
overburden than in the Kuskokwim River alluvium. No tailings/waste rock
was observed in the sluiced overburden.

= The depth of inorganic element contamination in subsurface soils in the
Dolly Sluice Delta generally extends to the base of sluiced overburden.
However, Kuskokwim River Alluvium locally has concentrations of
inorganic elements slightly above subsurface soil background values.

4.3.6 Rice Sluice and Delta

Laboratory analytical data for the Rice Sluice and Delta subsurface soil are
presented in Table 4-28. Additional information, including XRF field screening
results for subsurface soil in the Rice Sluice and Delta is presented in Table F-13,
Appendix F.

Soil types identified in the subsurface soil samples at the Rice Sluice Delta are:
sluiced overburden and Kuskokwim River alluvium. Sluiced overburden was
identified in soil borings from ground surface to depths ranging from
approximately 10 to 12 feet bgs in the Rice Sluice Delta. Kuskokwim River
alluvium deposited prior to formation of the Rice Sluice Delta was encountered at
depths of approximately 12 feet bgs at the Rice Sluice Delta.

4.3.6.1 Inorganic Elements
Observations pertaining to the nature and extent of inorganic element
contamination in the Rice Sluice and Delta subsurface soil are summarized below:

= Concentrations of antimony, arsenic, and mercury are higher in the sluiced
overburden than in the Kuskokwim River alluvium. No tailings/waste rock
was observed in the sluiced overburden.

= The depth of inorganic element contamination in subsurface soils in the
Rice Sluice Delta generally extends to the base of sluiced overburden.
However, Kuskokwim River Alluvium locally has concentrations of
inorganic elements slightly above subsurface soil background values.

4.3.7 Surface Mined Area

Laboratory analytical data for the Surface Mined Area subsurface soil are
presented in Table 4-29. Additional information, including XRF field screening
results for subsurface soil in the Surface Mined Area, is presented in Table F-14,
Appendix F.
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As discussed in Section 4.1, in September 2012, additional subsurface soil
characterization activities were conducted in the Surface Mined Area as part of an
effort to better understand the extent and ranges of inorganic element
concentrations of naturally mineralized soils within mineralized portions of the
Surface Mined Area. The resulting data does not meet the conditions specified for
further consideration for mineralized zone soil characterization. Results of the
additional soil characterization are not incorporated into this Chapter. Results are
provided in Appendix E.

Soil types identified in the subsurface soil samples in the Surface Mined Area are:
native/disturbed native, native/disturbed native (loess), and bedrock/weathered
bedrock. Native/disturbed native soil occurs widely to varying depths in the
Surface Mined Area. Native/disturbed native soil consisting of loess was
identified in soil borings to depths of approximately 12 feet bgs in the Surface
Mined Area. The top of bedrock/weathered bedrock was encountered in several
borings at depths ranging from approximately 5 to 12 feet bgs in the Surface
Mined Area.

4.3.7.1 Inorganic Elements
Observations pertaining to the nature and extent of inorganic element
contamination in the Surface Mined Area subsurface soil are summarized below:

= Generally, the highest concentrations of antimony, arsenic, and mercury
are in bedrock/weathered bedrock and the lowest concentrations are in the
native/disturbed native (loess).

= Elevated concentrations of inorganic elements in bedrock/weathered
bedrock are attributable to natural mineralized conditions. Natural
mineralization at the RDM is discussed in Section 4.1.7.

4.3.8 Petroleum-Contaminated Soil Landspread

The BLM established a soil landspread area at the RDM to address petroleum-
contaminated soil associated with the former ASTs. The landspread area was
constructed in 2010 near the former residential buildings west of the Red Devil
Creek Downstream Alluvial Area (Weston and Marsh Creek 2011). In 2011,
petroleum-contaminated soil was removed from a newly discovered historical
spill and added to the landspread (Marsh Creek 2012). Soil being treated in the
landspread area was monitored to track remedial performance in 2010 (Weston
and Marsh Creek 2011), 2011 (Marsh Creek 2012), and 2012. The analytical
results for performance monitoring samples collected in 2012 will be documented
in a report scheduled for 2013.

4.4 Groundwater

The results of the RI groundwater samples collected in 2010 and 2011 are
presented in Table 4-30. The table presents the number of samples per analysis,
the number of detections per analysis, the number of samples exceeding the
recommended background value per analysis, and maximum and minimum
concentrations per analysis. Comparison of contaminant concentrations to water
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quality criteria is presented in Chapter 7. Results of these samples for selected
inorganic elements (total and dissolved antimony, arsenic, and mercury, and
methylmercury) are illustrated in Figures 4-23 through 4-35.

In 2012, groundwater samples were collected from monitoring wells MW04 and
MW?27 for analysis for PCBs. Results are presented in Table 4-30.

Additional groundwater sampling was conducted in 2012 as part of baseline
groundwater and surface water monitoring at the RDM. Baseline monitoring
entailed the collection of Red Devil Creek water samples, measurement of Red
Devil Creek discharge, and collection of monitoring well groundwater samples
during the spring (May 25 to May 31, 2012) and fall (September 7 to September
21, 2012). Results of the 2012 baseline monitoring are provided in Appendix A.

4.4.1 Total Inorganic Elements

The following inorganic elements were detected in at least one of the 2010 or
2011 groundwater samples at concentrations above total inorganics background
values: antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt,
copper, lead, manganese, mercury, nickel, silver, thallium, vanadium, and zinc.
Concentrations of total antimony and arsenic are highest in the Post-1955 Main
Processing Area. A relatively high concentration of total mercury was detected in
a sample collected from monitoring well MW24. Relatively high total mercury
concentrations also were detected in samples from wells MW28, MW15, and
MW17. Factors that may influence the total mercury concentrations in
groundwater are discussed in Chapter 5.

4.4.2 Dissolved Inorganic Elements

The following inorganic elements were detected in at least one of the 2010 or
2011 groundwater samples at concentrations above dissolved inorganics
background values: antimony, arsenic, barium, beryllium, cadmium, chromium,
cobalt, copper, lead, manganese, mercury, nickel, selenium, silver, thallium,
vanadium, and zinc. Concentrations of dissolved antimony and arsenic are highest
in the Post-1955 Main Processing Area.

4.4.3 Methylmercury

Methylmercury was not detected in the background groundwater samples.
Therefore, any detected concentration in site groundwater samples is treated as a
background exceedance. In the 2010 samples, methylmercury was detected in
monitoring wells MWO01 and MW04.

In the 2011 samples, methylmercury was detected at monitoring wells MWO1,
MWO08, MW14, MW15, MW16, MW17, MW19, MW20, MW21, MW22,
MW24, MW25, MW26, MW27, and MW32. The highest concentrations were
detected at monitoring wells MWO1, MW 16, and MW22.
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4.4.4 Organic Compounds

All concentrations of organic compounds in groundwater were below regulatory
levels. Comparison of contaminant concentrations to regulatory levels is
presented in Chapter 7.

In 2010 groundwater samples were collected from MWO01 and MWO04 for analysis
for SVOCs, DRO, and RRO. The sample from MWO01 also was analyzed for
GRO. The sample collected from MWOI contained an unknown hydrocarbon at a
low concentration, and non-detect concentrations of GRO, DRO, and RRO. The
sample from MWO04 contained a low concentration of DRO.

In 2011 groundwater samples from 10 wells were analyzed for SVOCs, DRO, and
RRO. Two of those samples also were analyzed for GRO. Toluene was detected
at low concentrations in the samples from MWO01 and MW 14. Bis(2-ethylhexyl)
phthalate was detected at a low concentration in the sample from MW04. GRO
were not detected in any samples. DRO were detected in the groundwater at
monitoring wells MWO01, MW04, MW14, MW19, MW20, MW21, MW22,
MW32, and MW33 at concentrations up to 200 pg/L. RRO were detected in the
groundwater at monitoring wells MW04, MW14, MW 19, and MW21 at
concentrations up to 620 pg/L.

In 2012, groundwater samples were collected from monitoring wells MW04 and
MW?27 for analysis for PCBs. PCBs were not detected in either sample.

4.5 Red Devil Creek Surface Water

The results of the RI Red Devil Creek surface water samples collected in 2010
and 2011 are presented in Table 4-31. The table presents the number of samples
per analysis, the number of detections per analysis, the number of samples
exceeding the recommended background value per analysis, and maximum and
minimum concentrations per analysis. Results of these samples for total and
dissolved antimony, arsenic, and mercury, and methylmercury are illustrated in
Figures 4-23 through 4-35. Concentration profiles along the length of Red Devil
Creek for total and dissolved antimony, arsenic, and mercury and methylmercury
are illustrated in Figures 4-36 through 4-39. Comparison of contaminant
concentrations to water quality criteria is presented in Chapter 7.

Additional surface water sampling was conducted as part of baseline groundwater
and surface water monitoring at the RDM. Baseline monitoring entailed the
collection of Red Devil Creek water samples, measurement of Red Devil Creek
discharge, and collection of monitoring well groundwater samples during the
spring (May 25 to May 31, 2012) and fall (September 7 to September 21, 2012).
Results of the 2012 baseline monitoring are provided in Appendix A.

4.5.1 Total Inorganic Elements

The following inorganic elements were detected in at least one of the 2010 or
2011 surface water samples at concentrations above total inorganics background

4-29



9

ecology and environment, inc.

4. Nature and Extent of Contamination

values: antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt,
copper, lead, manganese, mercury, nickel, silver, thallium, and zinc.

Total antimony, arsenic, and mercury are the most highly elevated contaminants
above background values in the Red Devil Creek surface water samples. Starting
at the upper end of the Main Processing Area, sample results from both 2010 and
2011 indicate that total antimony, arsenic, and mercury are significantly elevated
above the background levels in Red Devil Creek surface water down to the mouth
of the creek.

Total barium, cobalt, manganese, and nickel were detected at concentrations
above background at most sample stations within the Main Processing Area and
downstream to the mouth of Red Devil Creek. The samples collected at the seep
(RD05SW) contained significantly greater concentrations of these analytes than
the stream samples.

Total beryllium, cadmium, chromium, copper, lead, silver, thallium, and zinc
were detected at concentrations only slightly above background in a small number
of samples. There is no discernible spatial trend of the concentrations of these
elements in Red Devil Creek surface water.

4.5.2 Dissolved Inorganic Elements

The following inorganic elements were detected in at least one of the 2010 or
2011 surface water samples at concentrations above dissolved inorganics
background values: antimony, arsenic, barium, beryllium, chromium, cobalt,
copper, lead, manganese, mercury, nickel, selenium, silver, vanadium, and zinc.

Dissolved antimony, arsenic, and mercury were the contaminants most highly
elevated above background values in the Red Devil Creek surface water samples.
Starting at the upper end of the Main Processing Area, sample results from both
2010 and 2011 indicate that dissolved antimony, arsenic, and mercury are
significantly elevated above the background levels in Red Devil Creek surface
water down to the mouth of the creek. Dissolved concentrations of arsenic were
comparable to the total concentrations of arsenic and antimony at the same stream
sample locations in 2010 and 2011. For the samples collected at the seep location
(RDO05), the dissolved antimony concentrations were significantly lower than the
total antimony concentrations. Dissolved mercury concentrations, where elevated
in the Main Processing Area, were generally approximately one order of
magnitude lower than the total mercury concentrations.

Dissolved barium, cobalt, manganese, and nickel were detected at concentrations
above background at most sample stations within the Main Processing Area and
downstream to the mouth of Red Devil Creek. The samples collected at the seep
(RD05SW) contained significantly greater concentrations of these analytes than
the stream samples.
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Dissolved beryllium, chromium, copper, lead, selenium, silver, thallium,
vanadium, and zinc were detected at concentrations only slightly above
background in a small number of samples. There is no discernible spatial trend of
the concentrations of these elements in Red Devil Creek surface water.

4.5.3 Methylmercury

In the 2010 samples, methylmercury was detected above the background value at
all of the Red Devil Creek surface water stations. In the 2011 samples,
methylmercury was detected at the background value at three stations (RD02SW,
RD04SW, and RD10SW); all other samples contained concentrations of
methylmercury above the background value. The highest methylmercury
concentrations were detected at the seep in the Main Processing Area (RD0O5SSW)
in both 2010 and 2011.

4.5.4 Organic Compounds

Low concentrations of PAHs naphthalene, 1-methylnaphthalene, and 2-
methylnaphthalene were detected in samples collected at the seep location (RDO05)
in 2010 and 2011. A low concentration of unknown hydrocarbons also were
detected in samples collected from stations RD03 and RD09. No organic
compound concentrations in surface water samples were above regulatory levels.
Comparison of contaminant concentrations to water quality criteria is presented in
Chapter 7.

4.6 Red Devil Creek Sediment

The results of the Red Devil Creek sediment samples are presented in Table 4-32.
The table presents the number of samples per analysis, the number of detections
per analysis, the number of samples exceeding the recommended background
value per analysis, and maximum and minimum concentrations per analysis.
Results of these samples for selected inorganic elements (total antimony, arsenic,
and mercury) are illustrated in Figure 4-40. Comparison of sediment contaminant
concentrations to sediment quality criteria is presented in Chapter 7.

4.6.1 Inorganic Elements

The following inorganic elements were detected in at least one of the sediment
samples at concentrations above background values: antimony, arsenic, barium,
beryllium, cadmium, chromium, cobalt, copper, lead, manganese, mercury,
nickel, selenium, thallium, vanadium, and zinc.

Total antimony, arsenic, and mercury were the contaminants most highly elevated
above background values in the Red Devil Creek sediment samples. Antimony
and arsenic concentrations were below background between the reservoir dam and
the upper end of the Main Processing Area. Between the upper end of the Main
Processing Area and the Red Devil Creek delta, antimony and arsenic
concentrations are significantly above background.

Total mercury sediment concentrations were slightly above the background value
at locations upstream of the Main Processing Area. Between the upper end of the
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Main Processing Area and the Red Devil Creek delta, mercury concentrations are
significantly above background

Barium concentrations are elevated above the background value within the Main
Processing Area down to the mouth of Red Devil Creek. The samples from
locations RDO5SD (seep yellowboy) and RD12 (a short distance downstream
from the seep) contained significantly higher barium concentrations than other
locations.

Similar to barium, nickel was detected slightly above the background value in the
Main Processing Area down to the mouth of Red Devil Creek. Nickel was more
highly elevated in the seep yellowboy sample (10RD05SD). There is no
discernible spatial trend of nickel concentrations within the Main Processing
Area.

Manganese concentrations are elevated above the background value within the
Main Processing Area; however, there is no discernible spatial trend of
manganese concentrations in Red Devil Creek sediments.

Beryllium, cadmium, chromium, cobalt, copper, lead, selenium, thallium,
vanadium, and zinc were generally detected at concentrations close to their
respective background values. For these analytes, there is either no discernible
spatial trend of the concentrations or a slight increase in concentration in the Main
Processing Area.

4.6.2 Methylmercury

Methylmercury was detected above the background value in all but one of the
Red Devil Creek sediment samples (11RD10SD). The highest concentrations
were detected at the reservoir dam area (10RD02SD) and at the seep in the Main
Processing Area (10RDO05SD).

4.6.3 Organic Compounds

Twelve organic compounds were detected in two Red Devil Creek sediment
samples submitted for SVOC analyses (10RD10SD and 11RD11SD). These
samples were collected at locations adjacent to the Gravel Pad area in the Post-
1955 Main Processing Area. All of the organic compounds were detected at
concentrations very near the method detection limits. None of the compounds
were detected at concentrations above sediment screening levels.

4.7 Kuskokwim River Sediment

The results of the Kuskokwim River sediment samples collected in 2010, 2011,
and 2012 are presented in Table 4-33. The table presents the number of samples
per analysis, the number of detections per analysis, the number of samples
exceeding the recommended background value per analysis, and maximum and
minimum concentrations per analysis. Results of 2010 and 2011 samples for total
arsenic, total antimony, total mercury, and methylmercury are illustrated in Figure
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4-41. Results of 2012 samples for total arsenic, total antimony, total mercury, and
methylmercury are illustrated in Figure 4-42.

4.7.1 Inorganic Elements

The following inorganic elements were detected in at least one of the sediment
samples at concentrations above background values: antimony, arsenic, barium,
beryllium, cadmium, chromium, cobalt, copper, lead, manganese, mercury,
nickel, selenium, silver, thallium, vanadium, and zinc.

Of these inorganic elements, the following were generally detected at
concentrations below or close to their respective background values and do not
show any discernible spatial trends: barium, beryllium, cadmium, chromium,
cobalt, copper, lead, nickel, selenium, silver, vanadium, and zinc.

Manganese was detected above the background value in 21 samples. The sample
collected at shoreline sediment station KR15SD on the Red Devil Creek delta
contained manganese at a concentration of 5,410 mg/kg, approximately seven
times greater than the background value.

Thallium was detected above the background value in 17 samples. While most of
these samples contained thallium concentrations close to the background value,
the sample collected at off-shore sediment station KR28SD, near the mouth of
Red Devil Creek, contained thallium at a concentration of 0.653 mg/kg,
approximately six times greater than the background value.

Similar to Red Devil Creek sediments, antimony, arsenic, and mercury were the
most highly elevated contaminants above background values in the Kuskokwim
River sediment samples. Each of these inorganic elements was detected at
concentrations above its respective background value in most of the samples.
Concentrations generally decrease downriver from the mouth of Red Devil Creek,
but not in a regular pattern. An anomalously high mercury concentration was
detected in the sample collected at off-shore location KR60SD. Several sand-
sized particles of cinnabar were visually observed in this sample. The samples
collected from some of the most downriver and outboard sample locations exceed
one or more of the background values. The extent of inorganic element
contamination in river sediments has not been defined by RI sampling in either
the downriver or cross-river direction.

4.7.2 Methylmercury

Methylmercury was detected above the background value in approximately half
of the samples analyzed for methylmercury. Methylmercury was detected at
concentrations significantly above the background value in samples collected at
stations KR 15, KR58, and KR66. Concentrations generally decrease downriver
from the mouth of Red Devil Creek, but not in a regular pattern.
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4.8 Vegetation

Analytical results for blueberry leaves and stems, green alder bark, white spruce
needles, and horsetail pond vegetation are presented in this section. As noted in
Chapter 2, additional blueberry fruit samples were collected during the period of
September 7 to September 21, 2012. Sample results are presented in Tables 4-34
through 4-38. Results of site and background vegetation samples and co-located
surface soil samples are illustrated in Figures 4-43 through 4-47. Comparison of
concentrations of arsenic, antimony, and mercury in co-located vegetation and
soil samples is provided in Chapter 6.

4.8.1 Blueberry Leaves and Stems

The results of the blueberry leaves and stems samples are presented in Table 4-34.
Results for total arsenic, total antimony, total mercury, and methylmercury are
illustrated in Figure 4-43.

The following inorganic elements were detected in at least one of the blueberry
leaves and stems samples at concentrations slightly above background values:
barium, cadmium, chromium, manganese, and nickel.

Antimony, arsenic, mercury, and methylmercury were not detected above
background values in these samples.

4.8.2 Green Alder Bark

The results of the green alder bark samples are presented in Table 4-35. Results
for total arsenic, total antimony, total mercury, and methylmercury are illustrated
in Figure 4-44.

The following inorganic elements were detected in at least one of the green alder
bark samples at concentrations above background values: antimony, arsenic,
barium, beryllium, cadmium, chromium, cobalt, copper, lead, manganese,
mercury, nickel, selenium, silver, thallium, vanadium, and zinc.

The highest detected concentration of antimony in these samples was in sample
11MP27GA, located adjacent to tailings in the Pre-1955 Main Processing Area.
The highest detected concentrations of arsenic and mercury were in sample
11MP34GA, located in Settling Pond #2.

Methylmercury was not detected in any of the samples.

4.8.3 White Spruce Needles

The results of the white spruce needles samples are presented in Table 4-36.
Results for total arsenic, total antimony, total mercury, and methylmercury are
illustrated in Figure 4-45.

The following inorganic elements were detected in at least one of the white spruce
needles samples at concentrations above background values: antimony, arsenic,
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barium, beryllium, cadmium, chromium, cobalt, copper, lead, manganese,
mercury, nickel, thallium, and vanadium.

The highest concentrations of antimony, arsenic, and mercury were in sample
11MP38WS, located near Red Devil Creek downhill from Settling Ponds #1 and
#2. Concentrations of these elements were substantially higher in this sample than
the other samples.

Methylmercury was not detected in any of the samples.

4.8.4 Horsetail Pond Vegetation

The results of the horsetail pond vegetation samples are presented in Table 4-37.
Results for total arsenic, total antimony, total mercury, and methylmercury are
illustrated in Figure 4-46.

The following inorganic elements were detected in at least one of the horsetail
pond vegetation samples at concentrations above background values: antimony,
arsenic, cadmium, cobalt, copper, lead, mercury, nickel, selenium, thallium, and
zinc.

The highest concentrations of antimony and arsenic detected in vegetation at the
site were in the horsetail samples. The horsetail samples also contained the only
positive detection of methylmercury in vegetation at the site. The highest
concentrations of antimony and arsenic were in sample PM86PV located in
Settling Pond #1. The highest concentration of mercury was in sample MP85PV,
also located in Settling Pond #1.

4.8.5 Blueberry Fruit

The results of the blueberry fruit samples are presented in Table 4-38. Results for
total arsenic, total antimony, total mercury, and methylmercury are illustrated in
Figure 4-47.

Only one site sample of blueberry fruit was collected in 2012 at a location near a

former exploration trench west of the area of intensive surface mining. No
inorganic elements were detected at concentrations above background values.
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Table 4-1 Background Surface

Soil Results Units | 10RD10SS | 10RD11SS| 10RD12SS | 10RD13SS | 10RD14SS | 10RD15SS | 10RD16SS | 10RD17SS | 10RD18SS | 10RD19SS | 10UP01SS | 10UP02SS | 10UP03SS | 10UP04SS | 10UP05SS | 10UP06SS | 10UP07SS | 10UP08SS | 10UP09SS | 10UP10SS | 11RD18SS | 11UP09SS
Analyte
Total Inorganic Elements
Aluminum mg/kg 9470 2.087 14500 14100 14300 14700 13400 14000 15600 16700 18300 14400 17400 14100 15900 17600 15300 19600 17500 19500
Antimony mg/kg 307 147 0.69 UJ 0.8 UJ 0.7 UJ 0.65 UJ 81 0.62 UJ 0.8 UJ 0.76 UJ 0.58 UJ 0.8 U 0.8 UJ 0.76 UJ 0.63 UJ 0.6 UJ 0.61 UJ 1.30) 0.56 UJ 0.59 UJ
Arsenic mg/kg 220 41 25 20 13 8 047U 047U 40 12 11 10 0.6 U 0.58U 8 11 0.46 U 20 23 16
Barium mg/kg 135 172 231 266 148 120 131 129 220 188 78.4 63.5 145 115 95.6 76.5 69.4 105 94.5 101
Beryllium mg/kg 0.5 0.4 0.5 0.5 0.4 0.3 0.3 0.3 0.5 0.5 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.3
Cadmium mg/kg 0.7 0.4 0.4 0.041U 0.034U 0.032U 0.03U 0.3 0.4 0.037U 0.028 U 0.039U 0.039U 0.037U 0.031U 0.029 U 0.03U 0.063 U 0.3 0.029 U
Calcium mg/kg 2040 6380 6590 10100 4620 2320 3040 2560 6490 3210 972 620 4090 1150 1040 863 551 1080 796 1010
Chromium mg/kg 20 284 225 21 21.6 21.8 20.2 21.7 24 26.3 239 18 23 19.2 214 24 19.1 30 26.7 27.6
Cobalt mg/kg 16.7 8.5 11.6 8.2 7.4 6.3 6.5 6.7 10.8 8.5 5.6 34 5.9 5.1 6.5 5.7 5.6 119 7.7 6.5
Copper mg/kg 39.3 17.9 17.9 18.8 16.5 153 14.7 17.3 22.8 23.7 183 11.6 12.8 9.4 12.2 13.4 132 17 20.7 13.7
Iron mg/kg 31700 20600 23100 16700 17100 20300 15000 15600 26300 19300 22800 20300 18400 15500 20300 25300 17900 32400 33100 26600
Lead mg/kg 12 7 7 6 6 6 5 6 9 8 9 7 9 8 8 9 7 10 9 9
Magnesium mg/kg 2230 3720 3750 3420 3800 3610 3470 3580 3760 3870 2980 1520 3200 2140 2920 2560 2130 3570 2870 3190
Manganese mg/kg 570 321 816 465 276 144 135 139 251 148 157 112 118 106 142 139 182 455 268 198
Mercury mg/kg 6.4 6.6 0.79 0.6 0.96 0.13 0.25 0.14 1.57 1.86 0.18J 0.23 0.19 0.2 0.19 0.23 0.15 0.32 0.25 0.22
Nickel mg/kg 507 2317 26 24 20 19 19 20 28 25 18 9 17 14 16 16 14 24 23 19
Potassium mg/kg 990 790 860 790 740 680 700 740 1030 800 650 470 570 550 560 570 440 800 760 730
Selenium mg/kg 1.70 1U 0.99U 120 1.01U 0.94U 0.89U 0.89U 120 1.09U 0.84 U 120 120 1.1U 09U 0.86 U 0.88U 190 0.8U 0.85U
Silver mg/kg 0.113U 0.068 U 0.067 U 0.082 U 0.069 U 0.064 U 0.06 U 0.06 U 0.08 U 0.074 U 0.057U 0.078 U 0.079 U 0.074 U 0.061 U 0.059 U 0.059 U 0.127U 0.054 U 0.058 U
Sodium mg/kg 42.6 U 90 254U 30.8U 90 90 90 90 100 100 70 295U 100 28.1U 80 90 224U 47.8U 20.5U 80
Thallium mg/kg 0.7U0 043U 042U 05U 043U 04U 0.38U 0.38U 05U 0.46 U 035U 05U 05U 047U 038U 037U 0.37U 0.8U 0.34U 036U
Vanadium mg/kg 373 41 36.6 30.8 34.7 37.6 329 354 39.8 41.6 44.8 35.1 43.7 34 38.2 45.8 35.6 62.9 57.8 57.6
Zinc mg/kg 100 48 61 39 53 49 49 51 67 58 45 23 47 39 45 41 33 58 56 45
Arsenic Speciation (mg/kg)
Arsenate mg/kg 46.51 3511 10.2J 159171 1691 149171
Arsenite mg/kg 1.687 09717 3911J 0.976 1 0.506 0.408 J
Inorganic Arsenic mg/kg 4821 36.11 14.1J 1691 17.41 1531
Arsenic Bioavailability
Arsenic (IVBA) mg/L 0.0725 0.2194 1
Arsenic, total (3050) mg/kg 20.8 322
Arsenic IVBA% (In Vitro RBA) % 34917 68.1J
Total Solids % 56.44 58.17 53.21 59.53 67.95 69.47 54 51
Mercury Selective Sequencial Extraction
Hg(F0) ng/g 5.68 U 529U 5.84 U 411U 4.15U 453U
Hg(F1) ng/g 10.8 2.2 1.65 2.59 1.26 0.54
Hg(F2) ng/g 56.9 1.25 0.63 0.85 4.11 1.62
Hg(F3) ng/g 41407 48517 4827 12107 2077 1161
Hg(F4) ng/g 259 21.1 23.7 33.3 12.9 9.66
Hg(F5) ng/g 2000 24.8 65 22.1 9.72M 6.76
Hg(F6) ng/g 3.18U 338U 689 ] 3.04U 2.84U 2.53U
Key

% = percent

Hg = mercury

IVBA = in-vitro bioaccessibility

J = The analyte was detected. The associated result is estimated.

mg/kg = milligrams per kilogram

mg/L = milligrams per liter

ng/g = nanograms per gram

RBA = relative bioavailability

U = The analyte was analyzed for but not detected. The value provided is reporting limit.

UJ =The analyte was analyzed for but not detected. The associated reporting limit i