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Executive Summary
Introduction

The Alongo Mines site (the Site) is located within the Navajo Nation, Shiprock Bureau of Indian
Affairs (BIA) Agency, Red Valley Chapter in northwestern New Mexico, near the border of New
Mexico and Arizona. The Site is one of 46 "priority” abandoned uranium mines (AUMs) within the
Navajo Nation selected by the United States Environmental Protection Agency (USEPA) in
collaboration with the Navajo Nation Environmental Protection Agency (NNEPA) for further
evaluation based on radiation levels and potential for water contamination (USEPA, 2013).
Mining for uranium occurred prior to, during, and after World War Il, when the United States (US)
sought a domestic source of uranium located on Navajo lands (USEPA, 2007a).

On Agpril 30, 2015, the Navajo Nation AUM Environmental Response Trust Agreement — First Phase
(the Trust Agreement) became effective. The Trust Agreement was made by and among the US,
as Settlor and as Beneficiary on behalf of the USEPA, the Navajo Nation, as Beneficiary, and the
Trustee Sadie Hoskie. The Trust Agreement was developed in accordance with a settlement on
April 8, 2015 between the US and Navajo Nation for the investigation of 16 specified priority
AUMs. The priority sites were selected by the US and Navajo Nation, as described in the Trust
Agreement:

"based on two primary criteria, specifically, demonstrated levels of Radium-226!: (a) at or
in excess of 10 times the background levels and the existence of a potentially inhabited
structure located within 0.25 miles of AUM features; or (b) at orin excess of two times
background levels and the existence of a potentially inhabited structure located within
200 feet (ft).”

The purpose of this report is to summarize the objectives, field investigation activities, findings,
and conclusions of Site Clearance and Removal Site Evaluation (RSE) activities conducted
between August 2015 and September 2017 at the Site. The primary objectives of the RSEs are to
provide data required to evaluate relevant site conditions and to support future removal action
evaluations at the Sites. It is not infended to establish cleanup levels or determine cleanup
options or potential remedies. The purpose of the RSE data (e.g., the review of relevant
information and the collection of data related to historical mining activities) is to determine the
volume of technologically enhanced naturally occurring radioactive material (TENORM) at the
Site in excess of Investigation Levels (ILs) as a result of historical mining activities. ILs are based on
the background gamma measurements (in counts per minute [cpm]), and Radium-226 (Ra-226)
and metals concentrations, determined through staftistical analyses, that are used to evaluate
potential mining-related impacts.

! The Agencies selected the priority mines based on gamma radiation but the Trust Agreement erroneously
states “levels of Radium -226".

] NAVAJO
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Site History and Physical Characteristics

The Site is located within the Colorado Plateau physiographic province, which is an area of
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and
New Mexico. Regionally, the Site is located in the King Tutt Mesa mining area. Bedrock on the
Site consists of the Jurassic Morrison Formation. The Morrison Formation produced approximately
4.7 million pounds of uranium from areas of Arizona and New Mexico. The Site is also located
within the San Juan River watershed, an area of approximately 24,600 square miles spanning
Utah, Colorado, New Mexico, and Arizona. Topographically the Site is located along the western
side of a sandstone mesa and Red Wash with elevation ranges from approximately 5,370 ft to
5,470 ft above mean sea level. On-site overland surface water flow, when present, is controlled
along the approximate edge of the mesa by a decrease in elevation to the west from along the
mesa fop to Red Wash. Red Wash is an ephemeral stream that flows only in direct response to
surface runoff precipitation or melting snow.

Mine workings on-site consisted of two adits that were approximately 150 ft apart

(Chenoweth, 1997). The Site was in operation during 1956 and produced 26.74 tons
(approximately 53,480 pounds) of ore that contained 75.96 pounds of 0.14 percent UsOs
(uranium oxide) and 76.04 pounds of 0.14 percent V20s(vanadium oxide) (McLemore, 1983 and
Chenoweth, 1997).

From 1989 to 2004, the NNEPA and USEPA conducted preliminary assessments (PAs), site
inspections (SIs), and an expanded site inspection (ESI) at the King Tutt Mesa (KTM) site

(BEI, 1996). The area of the Site was included in the KTM site. In 2010 Weston Solutions (Weston)
performed a surface gamma survey on behalf of the USEPA, on the area of the Site.

Summary of Removal Site Evaluation Activities

The Trust’s RSE was performed in accordance with the Site Clearance Work Plan (MWH, 2016q)
and the Removal Site Evaluation Work Plan ([RSE Work Plan] MWH, 2016b). The Site Clearance
Work Plan and the RSE Work Plan were approved in April and October 2016, respectively, by the
NNEPA and the USEPA (collectively, the Agencies). The Trust conducted Site Clearance activities
as the initial task for the RSE work to obtain information necessary to develop the Removal Site
Evaluation Work Plan ([RSE Work Plan] MWH, 2016b). Following Site Clearance activities, the Trust
conducted two sequential tasks to complete the RSE: Baseline Studies activities and Site
Characterization Activities and Assessment. Details of the Site Clearance activities, Baseline
Studies activities, and Site Characterization and Assessment activities are as follows:

¢ Site Clearance activities consisted of a desktop study of historical information, site mapping,
potential background reference area evaluation, biological (vegetation and wildlife)
surveys, and cultural resource survey. Results of the Site Clearance activities provided
historical information, site access information, potential background reference area data,
and vegetation, wildlife, and cultural clearance of the Site for the Baseline Studies activities
and Site Characterization and Assessment activities to commence.

-1 MANMAID
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e Baseline Studies activities included a background reference area study, site gamma
radiation surveys, and a Gamma Correlation Study. Results of the Baseline Studies were used
to plan and prepare the Site Characterization Activities and Assessment. Data collected in
the background reference area (soil sampling, laboratory analyses, surface gamma
surveying, and subsurface static gamma measurements) were used to establish ILs for the
Site. Data collected from the site gamma radiation survey were used, along with sampling,
to evaluate potential mining-related impacts in areas containing radionuclides. The Gamma
Correlation Study objectives were to determine the correlations between: (1) gamma
measurements and concentrations of Ra-226 in surface soils; and (2) gamma measurements
and exposure rates; to use as screening tools for site assessments.

¢ Site Characterization Activities and Assessment included surface and subsurface soil and
sediment sampling. The results of the surface and subsurface soil and sediment sampling
analyses were used to evaluate mining impacts and define the lateral and vertical extent of
TENORM at the Site.

Findings and Discussion

Surface and subsurface soil and sediment sampling resulis. Three background reference areas
were selected to develop surface gamma, subsurface static gamma, Ra-226, and metals ILs for
the Site. Ra-226, arsenic, uranium, and vanadium concentrations and gamma radiation
measurements in soil/sediment exceeded their respective ILs and are confirmed constituents of
potential concern (COPCs) for the Site. ILs for selenium and molybdenum were not identified
because sample results were non-detect in the background areas, with one exception.
However, because selenium and molybdenum were detected in soil/sediment samples from the
Survey Area (i.e., the full areal extent of the Site surface gamma survey), they are also confirmed
COPC:s for the Site. Based on the data analyses performed for this report along with the multiple
lines of evidence, approximately 2.2 acres, out of the 18.2 acres of the Survey Area, were
estimated to contain TENORM. Of the 2.2 acres that contain TENORM, 1.24 acres contain
TENORM exceeding the surface gamma ILs. The volume of TENORM in excess of ILs was
estimated to be 1,805 cubic yards (yd3) (1,380 cubic meters).

Gamma Correlation Study results. The Gamma Correlation Study indicated that surface gamma
survey results correlate with Ra-226 concentrations in soil. The model was made of the
correlation results predicting the concentrations of Ra-226 in surface soils from the mean of the
gamma measurements in five correlation locations. However, the regression equation predicted
Ra-226 concentrations that were less than zero for a large area of the Site. Users of the regression
equation should be aware of the limitations of the dataset and be cautious when estimating
radium-226 concentrations. Additional correlation studies may be needed to identify the
relationship between gamma and Ra-226.

Based on the Site Clearance and RSE data collection and analyses for the Site, potential data
gaps were identified and are presented in Section 4.8 of this RSE report. These potential data
gaps can be taken into consideration for subsequent evaluations in support of future Removal or
Remedial Action evaluations at the Site.
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Acronyms/Abbreviations

°F

e.g.
etc.

ft

ft2

i.e.
mg/kg
MR/hr
pCi/g
yd?

Adkins
ags
amsl
AUM

bgs
BEI
BIA

CaCos
ccv
CERCLA
C.FR
COPC
cpm

Dinétahddd
DMP
DQO

ERG
ESA
ESI

FSP

GIS
GPS

HASP
ICAL

ICB/CCB
ICV

degrees Fahrenheit
exempli gratia

et cetera

feet

square feet

id est

milligram per kilogram
microRoentgens per hour
picocuries per gram
cubic yards

Adkins Consulting Inc.
above ground surface
above mean sea level
abandoned uranium mine

below ground surface
Bechtel Environmental, Inc.
Bureau of Indian Affairs

calcium carbonate
continuing calibration verification

Comprehensive Environmental Response, Compensation, and Liability Act

Code of Federal Regulations
constituent of potential concern
counts per minute

Dinétahddd Cultural Resource Management
Data Management Plan

Data Quality Objective

Environmental Restoration Group, Inc.
Endangered Species Act

expanded site inspection

Field Sampling Plan

geographic information system
global positioning system

Health and Safety Plan
initial calibration

initial/continuing calibration blank
initial calibration verification
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IL
KTM
LCS/LCSD

MARSSIM
MBTA
MLR
MS/MSD
MWH

Nal
NAML
NCP
NNDFW
NNDOJ
NNDNR
NNDWR
NNEPA
NNESL
NNHP
NNHPD
NORM
NSP

PA
PUF

QA/QC
QAPP

RQ
Ra-226
Redente
RSE

S
SOP
Stantec

T&E
Th-230
Th-232
TENORM

U-235

U-238
UsOs

Xi

Investigation Level
King Tutt Mesa
laboratory control sample/laboratory control sample duplicate

Multi-agency Radiation Survey and Site Investigation Manuall

Migratory Bird Treaty Act

Multivariate Linear Regression

matrix spike/matrix spike duplicate

MWH, now part of Stantec Consulting Services Inc. (formerly MWH Americas, Inc.)

sodium iodide

Navajo Abandoned Mine Lands Reclamation Program
National Oil and Hazardous Substances Pollution Contingency Plan
Navajo Nation Department of Fish and Wildlife

Navajo Nation Department of Justice

Navajo Nation Division of Natural Resources

Navajo Nation Department of Water Resources
Navajo Nation Environmental Protection Agency
Navajo Nation Endangered Species List

Navajo Natural Heritage Program

Navajo Nation Historic Preservation Department
Naturally Occurring Radioactive Material

Navajo Superfund Program

preliminary assessment
polyurethane foam

quality assurance/quality control
Quality Assurance Project Plan

Pearson’s Correlation Coefficient
Radium-226

Redente Ecological Consultants
Removal Site Evaluation

site inspection
standard operating procedure
Stantec Consulting Services Inc.

threatened and endangered

thorium-230

thorium-232

Technologically Enhanced Naturally Occurring Radioactive Material

uranium-235
uranium-238
uranium oxide
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UCL
us
Us.C.
UTL
USAEC
USDA
USEPA
USFWS
USGS
V20s

Weston

Xii

upper confidence limit

United States

United States Code

upper tolerance limit

US Atomic Energy Commission

US Department of Agriculture

US Environmental Protection Agency
US Fish and Wildlife Service

US Geological Survey

vanadium oxide

Weston Solutions
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Glossary

Adit — a level, horizontal drift or passage from the surface info a mine (Glossary of Mining Terms,
2018).

Alluvium — material deposited by flowing water.
Arroyo — a steep sided gully cut by running water in an arid or semiarid region.

Bin Range - as presented in the RSE report, a range of values to present surface gamma
measurement data in relation to: (1) the surface gamma Investigation Level (IL); (2) multiples of
the surface gammal IL; or (3) the mean and standard deviation of the predicted Radium-226
(Ra-226) concentrations for the Site based on the correlation equation.

Colluvium - unconsolidated, unsorted, earth material transported under the influence of gravity
and deposited on lower slopes (Schaetzl and Thompson, 2015).

Composite sample — “Volumes of material from several of the selected sampling units are
physically combined and mixed in an effort to form a single homogeneous sample, which is then
analyzed” (USEPA, 2002q).

Constituent of potential concern (COPC) - analytes identified in the RSE Work Plan where their
levels were confirmed based on the results of the RSE.

Data Validation - “an analyte- and sample-specific process that extends the evaluation of data
beyond, method, procedural, or contractual compliance (i.e., data verification) to determine
the analytical quality of a specific data set” (USEPA, 2002b).

Data Verification — “the process of evaluating the completeness, correctness and
conformance/compliance of a specific data set against the method, procedural, or
contractual requirements” (USEPA, 2002b).

Drift mining — mining of an ore deposit, by underground methods, accessed by adits driven into
the surface outcrop of the ore seam (Thrush, 1968).

Earthworks — human-caused disturbance of the land surface related to mining or reclamation.

Eolian — a deposit that forms as a result of the accumulation of wind-driven products from the
weathering of solid bedrock or unconsolidated deposits.

Ephemeral - ephemeral streams flow only in direct response to surface runoff precipitation or
melting snow, and their channels are at all times above the water table (USGS, 2003). This
concept also applies to ephemeral ponds that contain water in response to surface runoff
precipitation or melting snow and are at all times above the water table.

] NAVAJD
i () stantec Mol



ALONGO MINES (#2) REMOVAL SITE EVALUATION REPORT - FINAL

Ethnographic - relating to the scientific description of peoples and cultures with their customs,
habits, and mutual differences.

Gamma - a type of radiation that occurs as the result of the natural decay of uranium.

Geochemical - the chemistry of the composition and alterations of the solid matter of the earth
(American Heritage Dictionary, 2016).

Geomorphology - the physical features of the surface of the earth and their relation to its
geologic structures (English Oxford Dictionary, 2018).

Grab sample — a sample collected from a specific location (and depth) at a certain point in
fime.

Investigation Level (IL) — based on the background gamma measurements (in counts per
minute [cpm]) and, Radium-226 (Ra-226) and metals concentrations, determined through
statistical analyses, that are used to evaluate potential mining-related impacts.

Isolated Occurrences - in relation to the Site Cultural Resource Survey: Any non-structural
remains of a single event: alternately, any non-structural assemblage of approximately 10 or
fewer artifacts within an area of approximately 10 square meters or less, especially if it is of
questionable human origin or if it appears to be the result of fortuitous causes. The number
and/or composition of observed artifact classes are a useful rule of thumb for distinguishing
between a site and anisolate (NNHPD, 2016).

Mineralized — economically important metals in the formation of ore bodies that have been
geologically deposited. For example, the process of mineralization may infroduce metals, such
as uranium, info a rock. That rock may then be referred to as possessing uranium mineralization
(World Heritage Encyclopedia, 2017).

Naturally occurring radioactive material (NORM) - “materials which may contain any of the
primordial radionuclides or radioactive elements as they occur in nature, such as radium,
uranium, thorium, potassium, and their radioactive decay products, that are undisturbed as a
result of human activities” (USEPA, 2017).

Orthophotograph — an aerial photograph or image geometrically corrected such that the scale
is uniform: the photograph has the same lack of distortion as a map. Unlike an uncorrected
aerial photograph, an orthophotograph can be used to measure distances, because it is an
accurate representation of the earth’s surface, having been adjusted for fopographic relief, lens
distortion, and camera filf.

Pan Evaporation — evaporative water losses from a standardized pan.

Perennial water bodies — a water body that is full or flowing throughout all or most years except
in years of severe or unusual drought (Lake, 2011).
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Radium-224 (Ra-224) — a radioactive isotope of radium that is produced by the natural decay of
uranium.

Remedial Action (or remedy) - “those actions consistent with permanent remedy taken instead
of, or in addition to, removal action in the event of a release or threatened release of a
hazardous substance into the environment, to prevent or minimize the release of hazardous
substances so that they do not migrate fo cause substantial danger to present or future public
health or welfare or the environment...For the purpose of the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP), the term also includes enforcement activities
related thereto” (USEPA, 1992).

Remove or removal - “the cleanup or removal of released hazardous substances from the
environment; such actions as may be necessary taken in the event of the threat of release of
hazardous substances into the environment; such actions as may be necessary to monitor,
assess, and evaluate the release or threat of release of hazardous substances; the disposal of
removed material; or the taking of such other actions as may be necessary to prevent, minimize,
or mitigate damage to the public health or welfare of the United States or to the environment,
which may otherwise result from a release or threat of release..." (USEPA, 1992).

Respond or response — ‘remove, removal, remedy, or remedial action, including enforcement
activities related thereto” (USEPA, 1992).

Secular equilibrium - a type of radioactive equilibrium in which the half-life of the precursor
(parent) radioisotope is so much longer than that of the product (daughter) that the
radioactivity of the daughter becomes equal to that of the parent with time; therefore, the
quantity of a radioactive isotope remains constant because its production rate is equal to its
decay rate. In secular equilibrium the activity remains constant.

Static gamma measurement - stationary gamma measurement collected for a specific period
of time (e.g., 60 seconds).

Technologically enhanced naturally occurring radioactive material (TENORM) - “naturally
occurring radioactive materials that have been concentrated or exposed to the accessible
environment as a result of human activities such as manufacturing, mineral extraction, or water
processing”, which includes disturbance from mining activities. Where “technologically
enhanced means that the radiological, physical, and chemical properties of the radioactive
material have been concentrated or further altered by having been processed, or
beneficiated, or disturbed in a way that increases the potential for human and/or environmental
exposures” (USEPA, 2017).

Thorium (Th) - “a naturally occurring radioactive metal found at trace levels in sail, rocks, water,
plants and animals. Thorium (Th) is solid under normal conditions. There are natural and man-
made forms of thorium, all of which are radioactive” (USEPA, 2017).

Th-230 - a radioactive isotope of thorium that is produced by the natural decay of thorium.
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Th-232 - a radioactive isotope of thorium that is produced by the natural decay of thorium.

Upper Confidence Limit (UCL) - the upper boundary (or limit) of a confidence interval of a
parameter of interest such as the population mean (USEPA, 2015).

Upper Tolerance Limit (UTL) — a confidence limit on a percentile of the population rather than a
confidence limit on the mean. For example, a 95 percent one-sided UTL for 95 percent
coverage represents the value below which 95 percent of the population values are expected
to fall with 95 percent confidence. In other words, a 95 percent UTL with coverage coefficient
95 percent represents a 95 percent UCL for the 95t percentile (USEPA, 2015).

Uranium (U) — a naturally occurring radioactive element that may be present in relatively high
concentrations in the geologic materials in the southwest United States.

U-235 - a radioactive isotope of uranium that is produced by the natural decay of uranium.
U-238 - a radioactive isotope of uranium that is produced by the natural decay of uranium.

Walkover gamma radiation survey — referred to as a scanning survey in the Multi-agency
Radiation Survey and Site Investigation Manual (MARSSIM; USEPA, 2000). A walkover gamma
radiation survey is the process by which the operator uses a portable radiation detection
insfrument to detect the presence of radionuclides on a specific surface (i.e., ground, wall) while
continuously moving across the surface at a certain speed and in a certain pattern (USEPA,
2000). Referred to in the RSE report as surface gamma survey after the first mention in the report.

Wind rose — a circular graph depicting average wind speed and direction.
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1.0 INTRODUCTION

1.1  BACKGROUND

This report summarizes the purpose and objectives, field investigation activities, findings, and
conclusions of Site Clearance and Removal Site Evaluation (RSE) activities conducted between
August 2015 and September 2017 at the Alongo Mines site (the Site) located in northwestern
New Mexico, near the border of New Mexico and Arizona, as shown in Figure 1-1. The Site is also
identified by the United States Environmental Protection Agency (USEPA) as abandoned
uranium mine (AUM) identification #2 in the Navajo Nation AUM Screening Assessment Report
and Atlas with Geospatial Data (the 2007 AUM Atlas; USEPA, 2007a). The 2007 AUM Atlas was
prepared for the USEPA in cooperation with the Navajo Nation Environmental Protection Agency
(NNEPA) and the Navajo Abandoned Mine Lands Reclamation Program (NAML). The claim
boundary polygon (refer to Figure 2-1) used for the RSE encompassed an area of approximately
8.7 acres (378,972 square feet [f2]) and was provided as part of the 2007 AUM Atlas. Per the
2007 AUM Atlas this polygon and other factors represent the location and surface extent of the
AUM.

Stantec Consulting Services Inc. (Stantec; formerly MWH), performed Site Clearance activities in
accordance with the Site Clearance Work Plan (MWH, 2016a), and performed RSE activities in
accordance with the Removal Site Evaluation Work Plan ([RSE Work Plan] MWH, 2016b). The Site
Clearance Work Plan and the RSE Work Plan were approved in April and October 2016,
respectively, by the NNEPA and the USEPA (collectively, the Agencies). Stantec conducted this
investigation on behalf of Sadie Hoskie, Trustee pursuant to Section 1.1.21 of the Navajo Nation
AUM Environmental Response Trust Agreement — First Phase (the Trust Agreement), effective
April 30, 2015 (United States [US], 2015). The Trust Agreement is made by and among the US, as
Settlor, and as Beneficiary on behalf of the USEPA, the Navajo Nation, as Beneficiary, and the
Trustee. The Trust Agreement was developed in accordance with a settflement on April 8, 2015
between the US and Navajo Nation for the investigation of 16 specified "priority” AUMs.

A “Site” is defined in the Trust Agreement as:

"each of the 16 AUMs listed on Appendix A to the Settlement Agreement, including the
proximate areas where waste material associated with each such AUM has been
deposited, stored, disposed of, placed, or otherwise come to be located.” Trust
Agreement, § 1.1.25.

The Site is one of 46 priority AUMs within the Navajo Nation selected by the USEPA in
collaboration with the NNEPA for further evaluation based on radiation levels and potential for
warter contamination (USEPA, 2013). The 16 priority AUMs included in the Trust Agreement are
located on Navajo Lands throughout southeastern Utah, northeastern Arizona, and western New
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Mexico, as shown in Figure 1-1. The 16 priority AUMs were selected by the US and Navajo Nation,
as described in the Trust Agreement:

"based on two primary criteria, specifically, demonstrated levels of Radium-2262: (a) at or
in excess of 10 times the background levels and the existence of a potentially inhabited
structure located within 0.25 miles of AUM features; or (b) at or in excess of two fimes
background levels and the existence of a potentially inhabited structure located within
200 feet (ft).” Trust Agreement, Recitals.

In addition, the 16 priority AUMs are, for the purposes of this investigation, a subset of priority
mines for which a viable private potentially responsible party has not been identified. Mining for
uranium occurred prior to, during, and after World War Il, when the US sought a domestic source
of uranium located on Navajo lands (USEPA, 2007a). Trust Agreement, Recitals.

1.2 OBJECTIVES AND PURPOSE OF THE REMOVAL SITE EVALUATION

The primary objectives of the RSEs are to provide data required to evaluate relevant site
condifions and to support future removal action evaluations at the Sites. It is not intended to
establish cleanup levels or determine cleanup options or potential remedies. The purpose of the
RSE data (e.g., the review of relevant information and the collection of data related to historical
mining activities) is to determine the volume of technologically enhanced naturally occurring
radioactive material (TENORM) at the Site in excess of Investigation Levels (ILs) as a result of
historical mining activities. ILs are based on the background gamma measurements (in counts
per minute [cpm]), and Radium-226 (Ra-226) and metals concentrations, determined through
statistical analyses, that are used to evaluate potential mining-related impacts. The USEPA (2017)
defines TENORM as:

“naturally occurring radioactive materials that have been concentrated or exposed to
the accessible environment as a result of human activities such as manufacturing,
mineral extraction, or water processing” (mine waste or other mining-related
disturbance).

“Technologically enhanced means that the radiological, physical, and chemical
properties of the radioactive material have been concentrated or further altered by
having been processed, or beneficiated, or disturbed in a way that increases the
potential for human and/or environmental exposures.”

An understanding of the extent and volume of TENORM that exceeds the ILs at the Site is key
information for future Removal or Remedial Action evaluations, including whether, and to what
extent, a Response Action is warranted under federal and Navajo law. Definitions presented in
the glossary for “Removal”, “Remedial Action”, and "Response” are defined in 40 Code of

2The Agencies selected the priority mines based on gamma radiation but the Trust Agreement erroneously
states “levels of Radium -226".
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Federal Regulations (CFR) Section 300.5 of the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP; USEPA, 1992).

The Trust conducted Site Clearance activities fo obtain information necessary to develop the
RSE Work Plan. Site Clearance activities consisted of two separate tasks: a “desktop” study (e.g.,
literature and historical documentation review) and field activities.

Desktop study — included review of readily available and reasonably ascertainable information
including:

e Historical and current aerial photographs to identify any potential historical mining features,
and to identify if buildings, homes and/or other structures, and potential haul roads were
present within 0.25 miles of the Site

e Topographic and geologic maps

e Available data concerning perennial surface water features and water wells

e Previous studies and reclamation activities

e Meteorological data (e.g., predominant wind direction in the region of the Site)

Site Clearance field activities — included the following:

e Site reconnaissance to evaluate in the field: access routes to the Site, location of site
boundaries, and observations presented in the Weston Solutions (Weston)(2011) report

¢ Mapping of site features and boundaries
e Evaluation of potential background reference areas
e Biological surveys (wildlife and vegetation)

e Cultural resource surveys

Following Site Clearance activities, two sequential tasks were conducted to complete the RSE:
Baseline Studies and Site Characterization and Assessment. Baseline Studies activities were
completed to establish the basis for the Site Characterization and Assessment activities.

Baseline Studies activities — included the following:

e Background Reference Area Study — walkover gamma radiation survey (referred to hereafter
as surface gamma survey), subsurface static gamma radiation measurements (referred to
hereafter as subsurface static gamma measurements), surface and subsurface soil/sediment
sampling, and laboratory analyses

e Site gamma survey — surface gamma survey
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e Gamma Correlation Study — co-located surface static gamma measurements and exposure-
rate measurements at fixed points, high-density surface gamma surveys (intended to cover
100 percent of the survey area), surface soil/sediment sampling, and laboratory analyses

Site Characterization Activities and Assessment - included the following:

e Characterization of surface soils and sediments — surface soil and sediment sampling and
laboratory analyses.

¢ Characterization of subsurface soils and sediments — static gamma measurements (at
surface and subsurface hand auger borehole locations), and subsurface sampling and
laboratory analyses. Hand auger borehole locations are referred to hereafter as boreholes.

Details regarding the Site Clearance activities are provided in the Alongo Mines Site Clearance
Data Report (Site Clearance Data Report; MWH, 2016c) and summarized in Section 3.2 of this
report. Details regarding the Baseline Study activities are provided in the Alongo Mines Site
Baseline Studies Field Report (Stantec, 2017) and summarized in Section 3.3 of this report. Details
regarding the Site Characterization Activities and Assessment are provided in Section 3.3 of this
report. Findings are presented in Section 4.0 of this report.

1.3 REPORT ORGANIZATION

This report presents a comprehensive discussion of all RSE activities, including applicable aspects
of the outline suggested in the Multi-Agency Radiation Survey and Site Investigation Manual -
Appendix A ([MARSSIM] USEPA, 2000), and conisists of the following sections:

Executive Summary - Presents a concise description of the principal elements of the RSE report.

Section 1.0 Introduction — Describes the purpose and objectives of the RSE process, and
organization of this RSE report.

Section 2.0 Site History and Physical Characteristics — Presents the history, land use, and physicall
characteristics of the Site.

Section 3.0 Summary of Site Investigation Activities — Summarizes the Site Clearance and RSE
activities.

Section 4.0 Findings and Discussion — Presents the results of the Site Clearance and RSE actfivities,
areas that exceed ILs, areas of Naturally Occurring Radioactive Material (NORM) and TENORM,
and the volume of TENORM that exceeds the ILs. Potential data gaps are also presented, as
applicable.

Section 5.0 Summary and Conclusions — Summarizes data and presents conclusions based on
results of the investigations completed to date.

Section 6.0 Estimate of Removal Site Evaluation Costs — A statement of actual or estimated costs
incurred in complying with the Trust Agreement, as required by the Trust Agreement.
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Section 7.0 References - Lists the reference documents cited in this RSE report.
Tables Included at the end of this RSE report.
Figures Included at the end of this RSE report.

Appendices — Appendices A through F.1 are included at the end of this RSE report and
Appendix F.2 is provided as a separate electronic file due to its file size and length.

e Appendix A - Includes the radiological characterization report for the Site
e Appendix B - Includes photographs of the Site
e Appendix C - Includes copies of RSE field activity forms

¢ Appendix D - Provides the potfential background reference areas selection and the methods
and results of the statistical data evaluation for the Site

¢ Appendix E - Includes the biological evaluation report and the biological and cultural
resources compliance forms

e Appendix F - Includes the Data Usability Report, laboratory analytical data, and data
validation reports for the RSE analyses

Attachments - Site-specific geodatabase, tabular database files, and available historical
documents referenced in this RSE report.
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2.0 SITE HISTORY AND PHYSICAL CHARACTERISTICS

2.1 SITE HISTORY AND LAND USE
2.1.1 Mining Practices and Background

The Site is located on the Navajo Nation near the border of Arizona and New Mexico and
approximately 7.5 miles north of Red Valley, Arizona, as shown in Figure 1-1 inset. The Red Valley
Chapter House is also located in Red Valley, Arizona. The Site is located in the eastern Carrizo
Mountain region, within the King Tutt Mesa mining area, as shown in Figure 2-1. A summary of
historical mining on the Site is presented below.

In 1944, the Union Mines Development Corporation conducted a geological survey in the
eastern Carrizo Mountain region, within the King Tutt Mesa mining area (Coleman, 1944). The
survey focused on four outcrops (numbered S-W1 through S-W4) of the Salt Wash Member of the
Jurassic Morrison Formation. Of note, outcrops S-W1 and S-W2 were coincident with the RSE Site
(i.e., Alongo Mines). At the time of the survey, vanadium mining was occurring in the King Tutt
Mesa mining area and it was thought that these outcrops contained uranium-vanadium mineral
deposits of interest. However, the survey results determined that the outcrops were not
economically viable for vanadium mining (Coleman, 1944). By 1945, mines in the Carrizo
Mountain region became in-active due to the decreased need for vanadium (Chenoweth,
1984 and Chenoweth, 1985).

After 1947, prospecting and mining for uranium increased in the eastern Carrizo Mountains
region (Chenoweth, 1984 and Chenoweth, 1985). In light of new regulations, exploration drilling
by both the US Atomic Energy Commission (USAEC) and uranium mining companies increased in
1953 and additional ore bodies were discovered.

In August 1955, Hosteen Setah Begay was issued mining permit MP336 for 19.78 acres
(Chenoweth, 1997). Of note, outcrops S-W1 and S-W2 (i.e., the RSE Site) were located on the
19.78 acre parcel. In September 1955, the mining rights to MP336 were assigned to E.J. Alongo.
E.J. Alongo began exploration efforts at outcrops S-W1 and S-W2 by drilling 32 exploration
boreholes behind the mineralized outcrops. Based on the exploration drilling results, E.J. Alongo
then drift mined into outcrops S-W1 and S-W2 to extract the uranium-vanadium deposits. The
drift mining technique created two adits, one intfo each of the outcrops. The adits were
accessed by two portals that were approximately 150 ft apart, with the northern adit being
approximately 45 ft long and the southern adit being approximately 65 ft long. In February 1956,
the first shipment of ore from the Site was delivered to the USAEC ore-buying station in Shiprock,
New Mexico. In March 1956, the second shipment of ore was delivered from the Site to the ore-
buying station in Shiprock, New Mexico. The ore mined from the Site was naturally high in
calcium carbonate (CaCQsg; i.e., lime), which complicated the milling process used to extract
the uranium from the ore. Because of the complications associated with the elevated CaCQOs,
the mill would financially penalize the mine permit owner if ore exceeded 6.0 percent CaCOa.
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Therefore, after shipping the second shipment of ore, E.J. Alongo decided to abandon the Site,
due to the elevated CaCOsz content and the low uranium-vanadium grade of the ore
(Chenoweth, 1997). The USAEC records reported total ore production from the Site was 26.74
tons (approximately 53,480 pounds) of ore that contained 75.96 pounds of 0.14 percent UsOs
(uranium oxide) and 76.04 pounds of 0.14 percent V20s (vanadium oxide) (McLemore, 1983 and
Chenoweth, 1997).

2.1.2 Ownership and Surrounding Land Use

The Site is located within the Navajo Nation, Shiprock Bureau of Indian Affairs (BIA) Agency in
Section 36 of Township 29 North, Range 21 West, New Mexico Principal Meridian. Land ownership
where the Site is located falls under Navajo Trust lands. The Site is located within the Red Valley
Chapter of the Navajo Nation, as shown in Figure 1-1, and is in Grazing Unit 12, as designated by
the Navajo Nation Division of Nafural Resources (NNDNR, 2006). The Site is currently uninhabited,
but one homes-site is located west of and within 0.25 miles of the Site, as shown in Figure 2-1.

2.1.3 Site Access

In 2015, the Navajo Nation Department of Justice (NNDOJ) provided the Trustee with legal
access to all Navajo Trust lands to implement work in accordance with the Trust Agreement. The
Trustee also obtained individual written access agreements from residents living at or near the
Site, or with an interest in lands at or near the Site, such as home-site leases and grazing rights, as
applicable. In addition, the Trustee consulted with the Red Valley Chapter officials and nearby
residents and notified them of the work.

2.1.4 Previous Work at the Site
2.1.4.1 1989 through 2010 King Tutt Mesa Site Assessment Activities

From 1989 to 2004, the NNEPA and USEPA, in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act, as amended (CERCLA), conducted
preliminary assessments (PAs), site inspections (Sls), and an expanded site inspection (ESI) at

16 AUM sites located on King Tuft Mesa (Bechtel Environmental, Inc. [BEI],1996). The 16 AUM sites
were comprised of 28 individual mine sites that were contiguous or in close proximity to each
other. Because of their close proximity to each other, the USEPA decided to evaluate them as a
single, aggregate site referred to as the King Tutt Mesa (KTM) site. In this section of the RSE report
(Section 2.1.4), to distinguish the Trust's AUM Site (called the Alongo Mines) from the KTM site and
any alternative names or aliases historically used for the Alongo Mines site, the Trust site will be
referenced as the Trust Alongo Mines AUM where applicable. The area of the Trust Alongo Mines
AUM was included in the KTM site and was called the Navajo Canyon View (Alongo Claim) site
or NA-0817 (Navajo Superfund Program [NSP], 2004). Data collected from the PAs, SIs, and ESI for
the KTM site were used to perform reclamation work at the KTM site between 1992 and 2002. The
PAs, Sls, ESI, and reclamation that occurred at the KTM site included the following:
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1989 and 1990 — NNEPA conducted PAs at the KTM site. The purpose of the PAs was to review
existing information on the KTM site and its environs, to assess the threat(s), if any, posed to
public health, welfare, or the environment, and to determine if further action was warranted
under CERCLA (Navajo Superfund Program [NSP], n.d.). The date of the NSP/NNEPA, CERCLA
Preliminary Assessment report is unknown.

1990, 1991, and 1992 — NNEPA conducted SIs at the KTM site. The SIs included the collection
of soil, sediment, surface water, and groundwater samples for chemical analyses. No media
samples were collected at the Trust Alongo Mines AUM. Media sample results are
summarized in the Draft Site Inspection Report King Tutt Mesa Aggregate Site Red Valley
Chapter, Navajo Nation (NSP, 2004).

1992 — Reclamation work began at the KTM site by NAML (BEI, 1996).

1994 through 1996 — BEI performed an ESI at the KTM site, on behalf of the USEPA (BEI, 1996).
The ESI included the collection of soil, sediment, surface water, and groundwater samples,
for chemical analyses, at various sample locations on the KTM site. Soil and sediment
samples were collected at the Trust Alongo Mines AUM during the ESI. Media sample results
are summarized in the Expanded Site Inspection Report for the King Tutt Mesa Aggregate
Site (BEI, 1996).

1999 - NAML issued an invitation for bids for the reclamation of 14 AUMs, referred to as the
Carrizo #1 NAML Project (NAML, 1999). The Trust Alongo Mines AUM was included in the
Carrizo #1 NAML Project bid document, and was referred to in the bid document as
“"Alongo” or “NA-0817". NA-0817 was inclusive of the "Alongo” site as well as the Red Wash
Mine site. The Red Wash Mine site was located 0.3 miles southwest of the Trust Alongo Mines
AUM. The bid document stated that NA-0817 contained three portals; two located on
“"Alongo” and one located on the Red Wash Mine site. The bid document also included a
historical drawing of NA-0817 showing the location of the portals. The bid document listed
the following reclamation activities were needed for the *Alongo” portion of NA-0817:

o Close the two portals with bulkheads made of polyurethane foam (PUF). Portal
dimensions were 5 ft wide by 4 ft high and 4 ft wide by 4 ft high.

o Place a minimum of 2 ff of rock or earth-facing in front of the PUF bulkhead for uliraviolet
ray protection. Slope the rock or earth-facing to blend with the native topography.

o Eliminate access roads by ripping.

2002 - NAML completed reclamation activities at 27 of the 28 mine sites included in the KTM
site (TerraSpectra Geomatics, 2004). The Trust Alongo Mines AUM was one of the 27 sites
where reclamation was completed. Reclamation work was also completed at seven
additional mine sites that were located within the areal extent of the KTM site but were not
included in the PAs, Sls, and ESI for the KTM site. Also, four additional mine sites located within
the areal extent of the KTM site but not included in the PAs, SIs, and ESI for the KTM site, were
left un-reclaimed by NAML.

2004 — NNEPA collected soil, sediment, surface water, and groundwater samples, for
chemical analyses, as part of an on-going Sl reassessment at the KTM site (NSP, 2004). No
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media samples were collected at the Trust Alongo Mines AUM; refer to Figure 3-4 in NSP
(2004) for 2004 Sl sample locations. Media sample results are summarized in NSP (2004).

From 1989 through 2004, (when the PAs, Sls, and ESI were performed) site assessment activities
did not occur on each individual mine within the KTM site. Therefore, after reviewing the PAs, Sls,
and ESI the USEPA decided that further investigations were necessary to more completely
evaluate the KTM site (Weston, 2011). From 2008 to 2010, Weston, on behalf of the USEPA,
performed a reassessment. The reassessment included the original KTM site and the inclusion of
13 additional mine sites. The 13 added mine sites were located within the original KTM site
boundary, but were not included in the 1989 to 2004 PAs, Sls, or ESI. The KTM site was then
comprised of 41 individual mine sites. The purpose of the reassessment was fo review existing
information and collect additional data to assess the relative threat associated with actual or
potential releases of hazardous substances at the KTM site. Additional information collected from
the KTM site reassessment activities included the following:

e 2008 — Weston, on behalf of the USEPA, performed a surface gamma survey at the KTM site.
The area of the Trust Alongo Mines AUM was not included in the survey. Refer to Figures 3-2a
through 3-3d in Weston (2011) for 2008 surface gamma survey areas.

e 2010 - Weston assessed the 2008 surface gamma survey data and concluded that of the
41 individual mine sites within the KTM site, 32 warranted additional surface gamma
surveying. Therefore, in June 2010, Weston, on behalf of the USEPA, performed additional
surface gamma surveying at the KTM site. The Trust Alongo Mines AUM was surveyed in 2010
and the highest gamma measurements collected at the Trust Alongo Mines AUM were
greater than 19 times the site-specific background levels used for the screening. Refer to
Figures A-3 and A-4 in Weston (2011) for the gamma measurements and survey area. Figures
A-3 and A-4 also show two waste piles located in the southeast area of The Trust Alongo
Mines AUM. In addition, Table 2-1 in Weston (2011) reported two portals and two prospect
mining features were also present at the Trust Alongo Mines AUM. The location of the two
portals and two prospect mining features were not shown in the Weston report figures (2011);
however, the locations are included in the 2007 AUM Atlas. Table 2-1 in Weston (2011) was a
summary of NAML records, as reported in the 2007 AUM Aflas, and was not a separate
indication of features identified by Weston at the Trust Alongo Mines AUM.

2.1.4.2 1994 through 1999 Aerial Radiological Surveys

Between 1994 and 1999, aerial radiological surveys were conducted at 41 geographical areas
within the Navajo Nation, including the Red Valley area, which included the location of the Site
(Hendricks, 2001). The surveys were done at the request of the USEPA Region 9 and were
performed by the Remote Sensing laboratory, a US Department of Energy facility, National
Nuclear Security Administration Nevada Operations Office. The intent of the surveys was to
characterize the overall radioactivity levels and excess bismuth-214 activity (i.e., a radioisotope
that is an indicator of uranium ore deposits and/or uranium mines) within the surveyed areas.
Data collected from the surveys was used to assess the risks (i.e., average gross exposure rate) in
mined areas and fo determine what action, if any, was needed.
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The aerial radiological survey for the Red Valley area covered approximately 33.04 square miles
and included the location of the Site. The aerial radiological survey results for the area within a
0.25 mile radius of the Site indicated a gross exposure rate range of 6 yR/hr to 7 yR/hr and no
excess bismuth (i.e., bismuth activity greater than approximately 3.5 uR/hr) (2007 AUM Atlas). The
aerial radiological survey results for the Red Valley area indicated a gross exposure rate range of
2.92 uR/hr to 42.23 uR/hr and excess bismuth (i.e., bismuth activity greater than approximately
3.5 uR/hr) present in approximately 0.32 square miles of the 33.04 square miles of the Red Valley
flight area (Hendricks, 2001).

2.2 PHYSICAL CHARACTERISTICS
2.2.1 Regional and Site Physiography

The Site is located within the Colorado Plateau physiographic province, which is an area of
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and
New Mexico. Figure 2-2 presents a current regional aerial photograph (BING® Mayps, 2018) of the
Site within a portion of the Colorado Plateau. The Colorado Plateau is typically high desert with
scaftered forests and varying topography having incised drainages, canyons, cliffs, buttes,
arroyos, and other features consistent with a regionally uplifted, high-elevation, semi-arid
plateau (Encyclopedia Britannica, 2017). The physiographic province landscape includes
mountains, hills, mesas, foothills, iregular plains, alkaline basins, some sand dunes, and wetlands.
This physiographic province is a large transitional area between the semi-arid grassiands to the
east, the drier shrub-lands and woodlands to the north, and the lower, hotter, less-vegetated
areas to the west and south.

The Colorado Plateau includes the area drained by the Colorado River and its tributaries: the
Green, San Juan, and Little Colorado Rivers (Kiver and Harris, 1999). The physiographic province
is composed of six sections: Uinta Basin, High Plateaus, Grand Canyon, Canyon Lands, Navajo,
and Datil-Mogollon. The Site is located within the Navajo section.

The Site is located in the central portion of the Colorado Plateau. Figure 2-3 presents the regionall
US Geological Survey (USGS) topographic map of a portion of the Colorado Plateau in the
vicinity of the Site. Figure 2-4 presents the Site topography (Cooper Aerial Surveys Company
[Cooper; refer to Section 3.2.2.1]) within a portion of the Colorado Plateau. The Site is located
along the western side of a sandstone mesa and Red Wash with elevation ranges from
approximately 5,370 ft to 5,470 ft above mean sea level (amsl) (refer to Figure 2-4).

2.2.2 Geologic Conditions
2.2.2.1 Regional Geology

Regionally the Site is located within the Colorado Plateau, which is a massive outcrop of
generally flat-lying sedimentary rocks ranging in age from the Paleozoic Era to the Cenozoic Era
(USGS, 2017). The plateau has very little regional structural deformation, compared with the
mountainous basin-and-range region to the west, and the sedimentary beds range widely in
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thickness from less than one inch to hundreds of feet. Changes in paleoclimate and elevation
produced alternating occurrences of deserts, streams, lakes, and shallow inland seas; and these
changes contributed to the type of rock deposited in the region. The rock units of the plateau
conisist of shallow submarine or sub-aerially deposited rocks including sandstone, shale,
limestone, mudstone, siltstone, and various other sedimentary rock subtypes.

Bedrock on the Site consists of the Jurassic Morrison Formation. The Morrison Formation is
composed of various rocks of lacustrine and fluvial continental origin, including mudstone,
sandstone, limestone, and siltstone (USGS, 1967). Figure 2-5 depicts a regional geology map
showing the Site in relation to the regional extent of the Morrison Formation. The sandstone strata
of the Morrison Formation contain the majority of uranium ore reserves in the US (USGS, 1967).
Deposition of the Morrison Formation may have coincided with uplift of the western basin-and-
range region and the beginning of the Nevadan orogeny. The Morrison Formation covers an
area of approximately 600,000 square miles and is centered in Wyoming and Colorado, with
outcrops in Canada, Montana, North Dakota, South Dakota, Nebraska, Kansas, Oklahoma,
Texas, Utah, Idaho, New Mexico, and Arizona (Turner and Peterson, 2004). The Morrison
Formation produced approximately 4.7 million pounds of uranium from areas of Arizona and
New Mexico (USEPA, 20074a).

2.2.2.2 Site Geology

Bedrock outcrops on or adjacent to the Site consist of the Salt Wash Member and the Bluff
Sandstone Member of the Morrison Formation, as shown in Figure 2-6a. The Salt Wash Member is
a yellowish-gray to greenish-gray cross-bedded very fine- to medium-grained calcareous
sandstone interbedded with greenish-gray and reddish—brown claystone. The Bluff Sandstone
Member is a moderate reddish-orange to light-brown, fine- to medium-grained laminated
sandstone that is approximately 5 to 10 ft thick on-site. A geologic profile of the Site is shown in
Figure 2-6a. Shallow or outcropping mineralized bedrock on-site, of the Morrison Formation, is
shown in Figure 2-6b.

Unconsolidated deposits on-site are alluvium, colluvium, and eolian deposits consisting of
variable amounts of silt, sand, and gravel. During the Site Characterization field activities,
boreholes were advanced through the unconsolidated deposits using a hand auger until:

(1) refusal at bedrock/hard surface; (2) subsurface static gamma measurements were below
initial background levels; (3) measurements of consistently low subsurface static gamma levels;
or (4) caving sands (refer to Section 3.3.2.2 and Appendix C.2 for borehole logs). The
unconsolidated deposits ranged in depth from 0.5 ft to greater than 3.4 ft below ground surface

(bgs).

According to the US Department of Agriculture (USDA) Soil Survey for San Juan County, soils on-
site that have not been disturbed, are classified as Shalet-Rock Outcrop Complex consisting of
eolian soil that is sandy clay loam, shallow in depth, and well drained (USDA, 2001).
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2.2.3 Regional Climate

The Colorado Plateau is located in a zone of arid temperate climates characterized by periods
of drought and irregular precipitation, relatively warm to hot growing seasons, and winters with
sustained periods of freezing temperatures (National Park Service, 2017). The average monthly
high tfemperature at weather station 298284, Shiprock, New Mexico (Western Regional Climate
Center, 2017) located approximately 19 miles northeast of the Site, ranges between 43.0
degrees Fahrenheit (°F) in January to 94.6°F in July. Daily temperature extremes reach as high as
109°F in summer and as low as -26°F in winter. Shiprock receives an average annual precipitation
of 7.0 inches, with August being the wettest month, averaging 1.0 inches, and June being the
driest month, averaging 0.2? inches.

Potential evaporation in the area is greater than the area’s average annual precipitation. The
potential evaporation noted at the Shiprock weather station averages 73 inches of pan
evaporation annually (Western Regional Climate Center, 2017). Average wind speeds in the
area are generally moderate, although relatively strong winds often accompany occasional
frontal activity, especially during late winter and spring months. Blowing dust, soil erosion, and
local sand-dune migration/formation are common during dry months. The Farmington, New
Mexico airport, located approximately 43 miles to the northeast of the Site, had the most
complete record of wind conditions. A wind rose for the Farmington airport is presented on
Figure 1-1. The wind rose was produced using data contained in the 2007 AUM Atlas for the
years 1996 to 2006. Predominant winds were from the east (refer to the wind rose on Figure 1-1).

2.2.4 Surface Water Hydrology

The Site is located within the San Juan River watershed, an area of approximately 24,600 square
miles spanning Utah, Colorado, New Mexico, and Arizona, as shown in Figure 1-1. The Site is also
located within a portion of San Juan County, New Mexico that is characterized by escarpments
separated by major river washes (refer to Appendix E). On-site surface water flow (i.e., overland
flow) is controlled along the approximate edge of the mesa (refer to Figure 2-7) by a decrease
in elevation to the west from along the mesa top to Red Wash. Red Wash is an ephemeral
stream that flows only in direct response to surface runoff precipitation or melfing snow.
Precipitation run-off on-site either terminates within the unconsolidated deposits or drains west
info Red Wash. Red Wash then joins the San Juan River approximately 15 miles northeast of the
Site (refer to Figure 1-1 inset).

Adkins Consulting Inc. (Adkins), under contract to Stantec, performed a wildlife evaluation as
part of the Site Clearance field investigations and identified a strip of arid riparian vegetation on-
site within the Red Wash floodplain (refer to Appendix E). The area was dominated by stunted
woody vegetation, disconfinuous saltcedar and scattered willow. The hydrology system of the
smalll strip of arid riparian vegetation was characterized by intermittent flooding.
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2.2.5 Vegetation and Wildlife

In the spring and summer of 20146, biological surveys were conducted as part of Site Clearance
activities. In April 2016, Adkins conducted a wildlife survey. In May 2016, Redente Ecological
Consultants (Redente), under contract to Stantec, conducted a spring vegetation survey and in
July 2016, Redente conducted a summer vegetation survey. Information about each survey is
provided in Appendix E, which includes the Site biological evaluation reports and the Navagjo
Nation Department of Fish and Wildlife (NNDFW) Biological Resources Compliance Form. A
summary of the survey activities and findings are provided in Section 3.2.2.3.

Vegetation communities found within the physiographic transitional area described in Section
2.2.1 include shrublands with big sagebrush, rabbitbrush, winterfat, shadscale saltbush, and
greasewood; and grasslands of blue grama, western wheatgrass, green needlegrass, and
needle-and-thread grass. Higher elevations may support pinyon pine and juniper woodlands.
Vegetation communities on-site within the Red Wash floodplain/arid riparian area were
discontinuous saltcedar, rubber rabbitbrush, and sporadic Russian olive (refer to Appendix E).
The vegetation communities outside of the Red Wash floodplain/arid riparian area were mainly
scaftered shrubs and grasses including blue grama, alkali sacaton, Indian ricegrass, broom
snakeweed, shadscale saltbush, and sagebrush (refer to Appendix E). During the surveys,
Stantec and/or its subcontractors observed on-site wildlife including turkey vulture, common
raven, American kestrel, prairie falcon, and cottontail rabbit (refer to Appendix E).

2.2.6 Cultural Resources

In March 2016, as part of Site Clearance activities, Dinétahddé Cultural Resource Management
(Dinétahddd), under contract to Stantec, conducted a cultural resource survey, as well as
ethnographic and historical data reviews, and interviewed a local resident living near the Site
(Dinétahddd, 2016). The local resident stated he/she remembered underground mining, using
blasting and hauling techniques, occurred at the Site.

During the cultural resource survey Dinétahddd identified one archaeological site and eight
isolated occurrences. Appendix E includes a copy of the Cultural Resource Compliance Form,
and findings of the cultural resource survey are summarized in Section 3.2.2.4.

2.2.7 Observations of Potential Mining

During RSE activities, Stantec field personnel (field personnel) observed the following features
indicative of potential mining activates at the Site: two portals, two waste piles, a potential rim
strip area, and a potential haul road. Details regarding these observations are presented in
Section 3.2.2.1. These observations were used, along with additional lines of evidence (refer to
Section 3.3.3), to identify areas at the Site where TENORM was present (refer to Section 4.6).
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3.0 SUMMARY OF SITE INVESTIGATION ACTIVITIES

3.1 INTRODUCTION

This section summairizes Site Clearance and other RSE activities conducted between August 2015
and September 2017. Site Clearance activities were performed in accordance with the
approved Site Clearance Work Plan. Resulting RSE activities were performed in accordance with
the approved RSE Work Plan.

The primary objectives of the RSEs are to provide data required to evaluate relevant site
conditions and to support future removal action evaluations at the Sites. It is not intended to
establish cleanup levels or determine cleanup options or potential remedies.

The RSE Work Plan is comprised of a Field Sampling Plan (FSP), Quality Assurance Project Plan
(QAPP), Health and Safety Plan (HASP), and a Data Management Plan (DMP). The FSP guided
the fieldwork by defining sampling and data-gathering methods. The QAPP presented quality
assurance/quality control (QA/QC) requirements designed to meet Data Quality Objectives
(DQOs) for the environmental sampling activities. The HASP listed site hazards, safety procedures
and emergency protocols. The DMP described the plan for the generation, management, and
distribution of project data deliverables. The FSP, QAPP, HASP, and DMP provided the approved
requirements and profocols to be followed for the RSE data collection, data management, and
data analyses performed to develop this RSE report. Any deviations or modifications from the RSE
Work Plan are described in the appropriate RSE report sections.

The RSE process followed applicable aspects of the USEPA DQO Process and MARSSIM, to verify
that data collected during the RSE activities would be adequate to support reliable decision-
making (USEPA, 2006). The USEPA DQO Process is a series of planning steps based on the scientific
method for establishing criteria for data quality and developing survey designs. MARSSIM
provides technical guidance on conducting radiation surveys and site investigations.

The USEPA DQO Process is a seven-step processd that was performed as part of the RSE Work Plan
to identify RSE data objectives. The goal of the USEPA DQO Process is to minimize expenditures
related to data collection by eliminating unnecessary, duplicate, or overly precise data and
verifies that the type, quantity, and qudality of environmental data used in decision making will be
appropriate for the intended application. It provides a systematic procedure for defining the
criteria that the survey design should satisfy. This approach provides a more effective survey
design combined with a basis for judging the usability of the data collected (USEPA, 2006).

The USEPA DQO Process performed for the RSE is presented in the RSE Work Plan, Section 3, and
identifies the purpose of the data collected as follows:

3 (1) State the problem; (2) Identify the goals of the study; (3) Identify the information inputs; (4) Define the
boundaries of the study; (5) Develop the analytfical approach; (6) Specify the tolerance on decision errors;
and (7) Optimize sampling design (USEPA, 2006).
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1. Background reference area soil sampling, laboratory analyses, surface gamma surveying,
and subsurface static gamma measurements to establish background analyte
concentrations and gamma measurements, which will be used as the ILs, for the Site.

2. Site sampling (soil and sediment), laboratory analyses, surface gamma surveying, and
subsurface static gamma measurements for comparison with ILs, to define the lateral and

vertical extent of contamination at the Site to characterize the Site to support future
Removal or Remedial Action evaluations.

The USEPA DQO Process was used in conjunction with MARSSIM guidance for RSE planning and
data collection. Per MARSSIM guidance, “planning radiation surveys, using the USEPA DQO
Process, can improve radiation survey effectiveness and efficiency, and thereby the defensibility
of decisions” (USEPA, 2000).

The applicable aspects of MARSSIM incorporated into the RSE process include:

e Historical site assessment

e Determining RSE DQOs

e Selecting background reference areas

e Selecting radiation survey techniques

e Site preparation

e Quality control

e Health and safety

¢ Survey planning and design

e Baseline surface gamma surveys and subsurface static gamma measurements
e Field measurement methods and instrumentation

¢ Media sampling and preparation for laboratory analyses

The RSE process also used applicable aspects of MARSSIM for interpretation of the RSE results,
including:

e Data quality assessment through statistical analyses
e Evaluation of the analytical results

¢ Quality assurance and quality control

Sections 3.2 and 3.3 summarize the preparation, field investigation methods, and procedures for
data collection during the Site Clearance activities and other RSE activities. Activities
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subsequent to the Site Clearance are described in detail in the RSE Work Plan, Section 4.
Appendix A includes the radiological characterization report prepared by Environmental
Restoration Group, Inc. (ERG), under contract to Stantec. Appendix B includes photographs of
features at the Site and the surrounding area, Appendix C.1 includes soil/sediment sample field
forms and Appendix C.2 includes borehole logs.

3.2 SUMMARY OF SITE CLEARANCE ACTIVITIES

The Site Clearance activities consisted of two tasks: a desktop study and field investigations. The
desktop study was completed prior to field investigations, and the findings of the desktop study
were used to guide field investigations. The Site Clearance activities are detailed in the Site
Clearance Data Report and are described below.

3.2.1 Desktop Study

The desktop study included:

e Review of historical aerial photographs (USGS, 2016). Photographs were selected based on
sufficient scale, quality, resolution, and whether the photograph met one or more of the
following criteria:

o Showed evidence of active mining or grading of the Site, or provided information on
how the Site was developed or operated (e.g., haul roads and open pifs).

o Showed evidence of reclamation (e.g., soil covers).
o Showed significant changes in ground cover compared to current photographs.

e Review of current aerial photographs for identification of buildings, homes and other
structures, and potential haul roads within 0.25 miles of the Site.

e Review of fopographic and geologic maps.

e Review of information related to surface water features and water wells on the Navajo
Nation within a one-mile radius of the Site, provided by: (1) the Navajo Nation Department of
Water Resources (NNDWR, 2016); and (2) ESRI Shapefiles data contained in the 2007 AUM
Atlas.

e Review of previous studies, information related to potential past mining, and reclamation
activities.

e Identification of the predominant wind direction in the region of the Site.

Based on the list above, the following findings were identified during the desktop study:

¢ Historical photographs (USGS, 2016) for the Site were selected from 1950, 1952, 1953, 1965,
1975, 1997 and 2005 for comparison against a current 2017 image (Cooper, 2017). The
selected historical photographs are shown in Figure 3-1a. Figure 3-1b compared the aerial
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photograph from 1952 and the current 2017 image. Figure 3-1c compared the aerial
photograph from 1975 and the current 2017 image. When comparing the 1952 or 1975
photographs to the current 2017 image it was difficult o distinguish topographic differences
on the mesa top or mesa sidewall. However, the mesa wash and flood plain of Red Wash
appeared different when comparing the 1952 and 1975 photographs to the current 2017
image (i.e., the course of Red Wash changed and the vegetation on either side of Red Wash
increased). The 1952 and 1975 historical photographs were presented because they
provided the best resolution of what the Site looked like after mining began on-site.

¢ The current aerial photograph review confirmed that the Site was uninhabited but one
home-site was located west of and within 0.25 mile of the Site, as shown in Figure 2-1.
Numerous dirt roads were identified within 0.25 miles of the Site, refer to Figure 2-1. The road
type (i.e., potential haul road or road unrelated to historical mining) was identified by the
current aerial photograph review, historical document review, and visual identification
during the Site Clearance field investigations (refer to Section 3.2.2.1).

e Two potential water features were identified based on the review of information provided by
the NNDWR and the 2007 AUM Atlas, refer to Table 3-1 and Figure 2-1.

e The predominant regional winds were from the east (refer to Section 2.2.3 and Figure 1-1).

Previous studies and information related to past mining are discussed in Sections 2.1.1 and 2.1.4.

3.2.2 Field Investigations
3.2.2.1 Site Mapping

The Site Clearance Work Plan specified that the following features at and near the Site, if
present, should be mapped, marked, and/or their presence confirmed:

e Claim boundaries and the 100-ft buffers of the claim boundaries

e Roads, fences/gates, utilities: haul roads to a distance of 0.25 miles or to the infersection with
the next major road, whichever is closer

e Structures, homes, buildings, livestock pens, etc.

e Surface water and water well locations: surface water channels that drain the Site to a
distance of 0.25 miles away from the Site or to the confluence with a major drainage,
whichever is closer; surface water features and water wells identified within a one-mile radius
of the Site

e Topographic features

e Potential background reference areas

e Type of ground cover, including rock, soil, waste rock, efc.

e Physical hazards
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Based on the list above, the following site features were mapped during field investigations:

3.5

Claim boundaries — 100-ft buffers of the claim boundaries, as shown in Figure 2-7, were
marked in the field with stakes and/or flagging and mapped with a global positioning system
(GPS).

Drainage - Two drainages were mapped, Red Wash and Blackrock Wash, as shown in
Figure 2-7 and Appendix B photograph numbers 5, 6, 8, and 9. Blackrock Wash was an
ephemeral stream that flowed only in direct response to surface runoff precipitation or
melfing snow. Blackrock Wash joined Red Wash south of the Site. Red Wash was also an
ephemeral stream that ran through the Site and joined the San Juan River approximately
15 miles northeast of the Site (refer to Figure 1-1 inset).

Topographic features — The mapped area can be divided into three topographic areas:
(1) the mesa top; (2) the mesa sidewall (i.e., the vertical cliffs and steep colluvium-covered
bedrock slope); and (3) the wash and flood plain (i.e., the sediment/soil filled drainage
channel and related flood plain). The three topographic areas are shown in Figure 2-4 and
Appendix B photograph number 9.

Corral = Two corral areas were mapped, as shown in Figure 2-7, located southwest of the
Site.

Fence — A fence was mapped, as shown in Figure 2-7. The fence bordered the home-site
and corrals, and was slightly within the 100-ft buffer of the western claim boundary.

Utilities — An overhead power line was mapped, as shown in Figure 2-7. The power line ran
from the edge of Red Wash to the corrals and home-site.

Portals — Two portals were mapped (Portal-1 and Portal-2), as shown in Figure 2-7. The portals
are shown in Appendix B photograph numbers 1, 2, 3, and 4. Field personnel observed that
the portals were reclaimed, both portals were covered by boulders of varying sizes, and the
bulkhead at Portal-2 was slightly visible behind the boulders.

Potential haul road — One potential haul road was mapped, as shown in Figure 2-7. Field
personnel observed that the portion of the potential haul road that crossed Red Wash to
access the portals was destroyed. The destruction of the potential haul road could have
been because it was washed out naturally or it was eliminated during reclamation.
Eliminating access roads by ripping was included as one of the reclamation needs listed by
NAML (refer to Section 2.1.4).

Roads — One road was mapped that led to the home-site and also connected with the
potential haul road, as shown in Figure 2-7. Additional dirt frack roads were present east of
the Site on the mesa top (visible on Figure 2-7 and the 1975 photo on Figure 3-1c). The dirt
tracks were adjacent to the Site and accessed the mesa top portion of the Site.

Waste piles — Two waste piles were mapped (Waste Pile 1 and Waste Pile 2), as shown in
Figure 2-7 and Appendix B photograph numbers 6 and 11. The waste piles were
downgradient from the two portals and along the mesa side wall. The waste piles are also
shown as earthworks in Figures 2-6a and 2-6b.
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e Potential rim strip area — A potential rim strip area was mapped, as shown in Figure 2-7 and
Appendix B photograph number 7. Field personnel observed that overburden material in this
area appeared to have been removed or scaled down with tools. The potential rim strip
area is also shown as earthworks in Figures 2-6a and 2-6b.

e Structures — The Site is currently uninhabited, but one home-site was located west of and
within 0.25 mile of the Site, as shown in Figure 2-1. A gate was present across the driveway to
the home-site, as shown in Figure 2-7.

e Water features — Field personnel assessed the two water features identified from the desktop
study, as shown in Figure 2-1. The water features and field personnel observations are
included in Table 3-1. In addition, during site mapping activities field personnel identified two
additional water features (i.e., minor seeps and Red Wash), as described in Table 3-1.

e Ground cover - Ground cover and vegetation observed on-site are discussed in Sections
2.2.2.2 and 2.2.5, respectively.

During site mapping, field personnel did not observe the exploration boreholes described in
Section 2.1.1 or the two NAML identified prospect mining features described in Section 2.1.4.

In June 2018, the USEPA provided the Trust with a copy of a NNDWR database that was
generated in 2018. The USEPA stated that there were discrepancies between the NNDWR water
feature locations in the 2018 database and those provided in the 2016 NNDWR database used
by the Trust. This information was provided after Site Characterization activities had occurred
and was therefore not included in the RSE for the Site. Comparison of the 2018 NNDWR
database against the 2016 NNDWR database and the 2007 AUM Atlas will require additionall
field work and it is recommended that this be addressed in future studies for the Site.

In addition to the Site mapping activity, the Trust fook high-resolution aerial photographs and
collected topographic data at the Site. The objective of the high-resolution aerial photography
survey was to develop orthophotographs and topographic data of the Site to:

e Assist with identifying ground cover (e.g., soil versus bedrock)
e Assist with delineating historical mine features (e.g., haul roads, portals, and waste piles)
¢ Allow additional evaluation of areas that were inaccessible due to steep or unsafe terrain

e Provide site base maps (high resolution imagery and elevation data) that could be used to
support future Removal or Remedial Action evaluations at the Site

Stantec proposed to perform aerial photography in order to provide an overview of the Site and
identify features that could not otherwise be accomplished safely on foot. USEPA is not
authorized to allow drones on sites it oversees: therefore, drone use was not an option. Although
aerial photography was not included in the approved Scope of Work (MWH, 2016d), the Trustee
notified the Agencies and obtained approval prior to commencement of the work. The Trust
also consulted with Red Valley Chapter officials and nearby residents and notified them of the
aerial photography survey. On June 16, 2017, Cooper flew over the Site in a piloted fixed-wing
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aircraft and collected 3.5-centimeter digital color stereoc photographs of the Site. Cooper
provided the following data:

¢ Digital, high-resolution color orthophotograph imagery

e AuUtoCAD files (2-dimensional and 3-dimensional) that included elevation contours (refer to
Figure 2-4) and plan features

e Elevation point files

e Triangular Irregular Network surface files

The site orthophotographs and supporting data files were used for data analyses, including
estimating volumes of potentially mining-impacted material at the Site. They also were used as
the base image for selected figures included in this RSE report, to the extent applicable.

3.2.2.2 Potential Background Reference Area Evaluation

The desktop study findings and field investigation observations were used to identify three
potential background reference areas (BG-1 through BG-3) for the Site, as shown in Figure 3-2,
and described in Appendix D.1. BG-1, BG-2, and BG-3 were also selected as suitable
background reference areas for the Site for the following reasons:

e BG-1 encompassed an area of 644 fi2 (approximately 0.01 acres), was located 380 ft south
of the claim boundary, and cross-wind and hydrologically cross-gradient from the Site. The
colluvium-covered slopes and bedrock outcrops represented the mesa sidewall area of the
Site, and are the same geologic formation, the Morrison Formation. The vegetation and
ground cover at BG-1 were similar to the Site.

e BG-2 encompassed an area of 838 f2 (approximately 0.02 acres), was located 330 ft south
of the claim boundary, and cross-wind and hydrologically upgradient from the Site. The
alluvial sediments and valley bottom Quaternary deposits represented the areas downslope
of the mine portals on the mesa sidewall and the area within the wash. The vegetation and
ground cover at BG-2 were similar to the Site.

e BG-3 encompasses an area of 2,755 ft2 (approximately 0.06 acres), was located 410 ft south
of the claim boundary, and cross-wind and hydrologically cross-gradient from the Site. The
thin soils and bedrock outcrops represented the mesa fop and mesa sidewall portions of the
Site, and were the same geologic formation, the Morrison Formation. The vegetation and
ground cover at BG-3 were similar to the Site.

The potential background reference areas were selected based on MARSSIM guidance
(i.e., similar geology and ground conditions, upwind of the Site, distance from the Site, etc.) to:

1. Represent undisturbed conditions af the Site (e.g., pre-mining conditions)

2. Provide a basis for establishing the ILs
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The approved RSE Work Plan did not specify any minimum or maximum size criteria for these
areas. Stantec does not view the size of the selected background reference areas as affecting
the validity of the background concentrations. The sizes were based on professional judgment
that the identified areas were generally representative of the Site.

The background reference areas were selected in areas outside of the Site that were
considered to be representative of the general conditions observed at the Site. However, an
important consideration is that the background gamma radiation and metals concentrations
within soil and bedrock can be variable and often contain a wider range of concentrations
than what was measured at the selected background reference areas. The ILs derived from the
background reference areas provide a useful reference for comparison to the Site. However, it
will be important to consider the variations in concentrations when conducting site assessment
work and/or to support future Removal or Remedial Action evaluations at the Site.

3.2.2.3 Biological Surveys

The objective of the biological surveys was to determine if identified species of concern or
potential federal or Navajo Nation Threatened and Endangered (T&E) species and/or critical
habitat are present on or near the Site. Biological (vegetation and wildlife) clearance was
required at the Site before RSE activities could begin, to determine if the RSE activities could
affect potential species of concern or federal or Navajo Nation listed T&E species and/or critical
habitat. The Site biological evaluation reports, the NNDFW Biological Resources Compliance
Form, and the US Fish and Wildlife Service (USFWS) consultation email are provided in

Appendix E.

The Federal Endangered Species Act (ESA) of 1973, 16 U.S.C. §1531 et seq., requires that each
Federal agency confer with the USFWS on any agency action that is likely to jeopardize the
continued existence of any proposed T&E species or result in the destruction or adverse
modification of critical habitat proposed to be designated for such species 16 U.S.C.
§1536(a)(4). An “action area”, as defined in the regulations implementing the ESA, includes “all
areas to be affected directly or indirectly by the Federal action and not merely the immediate
area involved in the action”. 50 C.F.R §402.2.

The vegetation and wildlife surveys were conducted according to guidelines of the ESA and the
NNDFW-Navajo Natural Heritage Program (NNHP), including the procedures set forth in the
Biological Resource Land Use Clearance Policies and Procedures, RCS-44-08 (NNDFW, 2008), the
Species Accounts document (NNHP, 2008), and the USFWS survey protocols and
recommendations (USFWS, 1996).

Based on the results of the vegetation and wildlife surveys, the NNDFW's opinion was that the RSE
Baseline Studies and Site Characterization Activities,

"with applicable conditions, [were] in compliance with Tribal and Federal laws
protecting biological resources including the Navajo Endangered Species and
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Environmental Policy Codes, US Endangered Species, Migratory Bird Treaty, Eagle
Protection and National Environmental Policy Acts”.

A copy of the NNDFW Biological Resources Compliance Form is included in Appendix E. In
addition, after the Trust submitted the results of the biological survey, USEPA consulted with John
Nystedt of the USFWS on August 26, 2016, and received an email response on August 29, 2016
stating:

"Based on the information you [Stantec] provided [i.e., there is no habitat for any
Federally listed species in the action area], we [the USFWS] believe no endangered or
threatened species or critical habitat will be affected by the project; nor is this project
likely to jeopardize the confinued existence of any proposed species or adversely modify
any proposed critical habitat” (Nystedt, 2016).

A copy of the Nystedt email is included in Appendix E. In light of the results of the biological
surveys described below, the USFWS recommended no further action from the USFWS for the
project unless the project or regulations change, or a new species is listed.

Vegetation Survey - In May 2016, Redente performed a spring vegetation survey and in July
2016, Redente performed a summer vegetation survey, as part of the Site Clearance field
investigations. Complete details of the vegetation survey, including the NNDFW Biological
Resources Compliance Form, are included in Appendix E and summarized below.

In preparation for the vegetation survey, Redente submitted data requests for species of
concern to the NNDFW and NNHP, and for Federal T&E species, to the USFWS. The NNDFW-NNHP
responded to MWH (now Stantec) by letter dated November 19, 2015. The letter provided a list
of species of concern known to occur within the proximity of the Site and included their status as
either Navajo Nation Endangered Species List (NNESL), and/or Federally Endangered, Federally
Threatened, or Federal Candidate. The NNESL species were further classified as G2, G3, or G44. A
copy of this letter is included in Appendix E.

The NNDFW listed five T&E plant species that may occur on-site; Parish’s alkali grass (G4),
Rydberg’s thistle (G4), alcove bog-orchid (G3), alcove death camas (G3), and Navajo sedge
(USFWS threatened). The USFWS listed three T&E plant species that may occur on-site; Knowlton's
cactus (endangered), Mancos milk-vetch (endangered), and Mesa Verde cactus (threatened).
Parish’s alkali grass is a native annual grass that grows in a series of widely disconfinuous
populations ranging from southern California to eastern Arizona and western New Mexico in
alkaline seeps, springs and seasonally wet areas, and washes at elevations from 5,000 ft to

7,200 ft amsl. Rydberg’s thistle is a native perennial forb that occurs in hanging gardens, seeps,
and stream banks below hanging gardens at elevations from 3,297 ft to 6,946 ft amsl. Its

4 G2 classification includes endangered species or subspecies whose prospect of survival or recruitment are
in jeopardy, G3 classification includes endangered species or subspecies whose prospect of survival or
recruitment are likely fo be in jeopardy in the foreseeable future, and G4 classification are “candidates”
and includes those species or subspecies which may be endangered but for which sufficient information is
lacking to support being listed (refer to Appendix E).
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distribution includes southern San Juan County along with Coconino and Apache Counties in
Arizona. Alcove bog-orchid is a native perennial forb that grows in seeps, hanging gardens, and
moist stream areas from the desert shrub to the Pinyon Juniper communities. This species is found
in New Mexico, Utah, and Arizona at elevations from 4,003 ft to 7,201 ft amsl. Alcove death
camas is a natfive perennial forb that grows in hanging gardens, seeps, and alcoves mostly on
the Navajo Sandstone formation. This species is endemic to the Colorado Plateau in southern
Utah and northern Arizona at elevations from 3,698 ft to 6,999 ft amsl. Navajo sedge is a native
perennial grass-like plant that grows in seeps and hanging gardens primarily on sandstone cliffs
and alcoves. Known populations occur at elevations from 4,600 ft to 7,200 ft amsl in San Juan
County, Utah, and northern Arizona. Knowlton's cactus is one of the rarest cactiin the US and is
known to occur only in a very limited area in San Juan County, New Mexico on alluvial deposits
that form rolling-gravelly hills dominated by pinyon, juniper and black sagebrush. Mancos
milkvetch is a native perennial forb that grows in small depressions and sand-filled cracks in light
colored sandstone on or near ledges and mesa tops in San Juan County, New Mexico and
Montezuma County, Colorado from 4,921 ft to 5,905 ft amsl. Mesa Verde cactus is a native cacti
that grows in clay-rich soils on the tops of hills, on benches and slopes mostly in saltbush
communities with low plant cover and occurs in San Juan County, New Mexico and Montezuma
County, Colorado at elevations from 4,898 ft to 5,945 ft amsl.

Before beginning the Site vegetation surveys, Redente reviewed the ecologic and taxonomic
information for the T&E species to understand ecological characteristics of the species, habitat
requirements, and key taxonomic indicators for proper identification (Arizona Native Plant
Society, 2000). Redente also reviewed currently accepted resource agency protocols and
guidelines for conducting and reporting botanical inventories for special status plant species
(USFWS, 1996). An experienced Redente botanist with local flora knowledge conducted the rare
plant survey. The botanist walked transect lines on the Site with emphasis on areas with suitable
habitat for the T&E species, specifically alkali seeps, seeps and hanging gardens, smalll
depressions and sand-filled cracks in light colored sandstone on or near ledges and mesa tops,
and clay-rich soils.

The Redente botanist did not identify any of the eight T&E species at the Site based on
observations he made during the on-site survey. The botanist concluded he did not identify any
of the T&E species at the Site because the Site was not a likely habitat for the T&E species.
Observed vegetation communities within the Red Wash floodplain/arid riparian area (refer to
Section 2.2.4) were stunted woody vegetation, discontinuous saltcedar, rubber rabbitbrush, and
sporadic Russian olive. Vegetation communities outside the Red Wash floodplain/arid riparian
area were sporadic shrubs and grasses.

Wildlife Survey - In April 2016, Adkins performed a wildlife evaluation survey as part of the Site
Clearance field investigations. The completed wildlife survey, including the NNDFW Biological
Resources Compliance Form, are included in Appendix E and are summarized below.

Adkins performed the survey under a permit issued by NNDFW for the purpose of assessing
habitat potential for ESA-listed or NNESL animal species. Adkins biologists with experience
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identifying local wildlife species led the field survey, which consisted of walking fransects 10 ft
apart throughout the Site, including a 100-ft buffer beyond the claim boundary. The surrounding
areas were visually inspected with binoculars for nests, raptors, or signs of raptor use.

The wildlife evaluation was performed for species listed as NNESL, Federally Endangered,
Federally Threatened, or Federal Candidate, and species protected under the Migratory Bird
Treaty Act (MBTA) that have the potential to occur on-site. Prior to the start of the wildlife survey,
Adkins submitted data requests to USFWS and NNDFW for animal species listed under the ESA.
The NNESL species were further classified as G2, G3, or G4. The USFWS included seven ESA-
species with the potential to occur in the area of the Site; two birds (southwestern willow
flycatcher and western yellow-billed cuckoo), three fish (Colorado pikeminnow, razorback
sucker, and Zuni bluehead sucker), and two mammals (Canada lynx and New Mexico meadow
jumping mouse). The NNDFW included: four birds (mountain plover [G4], American peregrine
falcon [G4], golden eagle [G3], and ferruginous hawk [G3]), one mammal (black footed ferret
[USFWS endangered]), and one amphibian (northern leopard frog [G2]). All species on the
USFWS list and all species from the NNDFW list, with the exception of the golden eagle,
ferruginous hawk, and American peregrine falcon were eliminated from further evaluation
because there was no potential for those species to occur on the Site due to lack of suitable
habitat. Based on the preparation data, three birds remained as species of concern warranting
further analysis during the Site survey: golden eagle, ferruginous hawk, and American peregrine
falcon.

In addition, Adkins reviewed species protected under the MBTA that have the potential fo occur
in the area of the Site. The MBTA review resulted in the potential for identification of 16 bird
species in addition to those listed above, known as Priority Birds of Conservation Concern with
the Potential to Occur”s in the areas of the Site: black-throated sparrow, Brewer's sparrow, gray
vireo, loggerhead shrike, mountain bluebird, mourning dove, sage sparrow, sage thrasher,
scaled quail, Swainson’s hawk, vesper sparrow, bald eagle, Bendire's thrasher, pinyon jay, prairie
falcon, and western burrowing owl. These 16 MBTA bird species were added for further analysis
during the survey for effects to potential habitat.

The wildlife survey revealed three NNESL species of concern that has the potential to occur
within or near the Site based on habitat suitability or actual recorded observation: golden eagle,
ferruginous hawk, and American peregrine falcon. Based on these findings Adkins
recommended the use of best management practices to protect potential habitat during RSE
activities, specifically: (1) confining equipment fravel to within the boundaries of the Site;

(2) minimizing travel corridors as much as possible; (3) limiting fruck and equipment travel within
the Site when surfaces are wet and soil may become deeply rutted; and (4) using previously
disturbed areas for fravel when possible. The recommended best management practices were
followed to protect potential habitat during RSE activities.

5 USFWS, 2008. Birds of Conservation Concern 2008. United States Department of Interior, Fish and Wildlife
Service, Division of Migratory Bird Management, Arlington, Virginia. 85 pp.
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3.2.2.4 Cultural Resource Survey

In March 2016, Dinétahddd conducted a cultural resource survey as part of the Site Clearance
field investigations. Navajo Nation Historic Preservation Department (NNHPD) issued a Class B
permit to Dinétahddé on behalf of the Trust to conduct the cultural resource survey. Following
the cultural resource survey, the NNHPD issued a Cultural Resources Compliance Form that
included a "Nofification to Proceed" with RSE field work. A copy of the Cultural Resources
Compliance Form is included in Appendix E. According to NNHPD, this form is the equivalent of a
“permit” to conduct the work (NNHPD, 20189).

The survey included the areas within the claim boundary and the 100-ft claim boundary buffer,
as shown in Figure 2-7. Dinétahddé did not survey areas on steep terrain due to safety concerns.
The survey identified one archaeological site and eight isolated occurrences. For confidentiality
reasons, details regarding the archaeological site and isolated occurrences are not provided
herein. NNHPD can be contacted for additional information. NNHPD contact information is
located on the Cultural Resource Compliance Form included in Appendix E.

Based on the survey findings, Dinétahddd recommended during RSE activities that the
boundaries of the archaeological site be flagged and that an archaeologist monitor all ground
disturbing activities, including soil sampling, within 50 ft of the archaeological boundaries.
Dinétahddd also stipulated that RSE activities be halted at any time if cultural resources were
encountered. Stantec complied with Dinétahddd’s recommendations while conducting RSE
activities on-site.

Dinétahddd also escorted field personnel during: (1) the collection of subsurface soil/sediment
samples at the background reference areas (refer to Section 3.3.1.1); and (2) during Site
Characterization borehole subsurface soil/sediment sample collection in locations outside the
100-ft buffer (refer to Section 3.3.2.2). The Trust and NNHPD agreed that Dinétahddd's
archeologist would be present because the subsurface sample locations were outside of the
area originally surveyed during the Site Clearance culfural resource survey.

3.3 SUMMARY OF REMOVAL SITE EVALUATION ACTIVITIES

The RSE activities consisted of two additional tasks following the Site Clearance Activities:
Baseline Studies and Site Characterization activities. The Baseline Studies included a Background
Reference Area Study, Site gamma survey, and Gamma Correlation Study. The results of the
Baseline Studies were used to plan and prepare the Site Characterization field investigations,
which included surface and subsurface soil and sediment sampling. Results of the RSE activities
are presented in Section 4.0. Baseline Studies and Site Characterization activities are summarized
in Sections 3.3.1 and 3.3.2, respectively.

¢ Call with Sadie Hoskie, Tamara Billie of NNHPD, and Linda Reeves, June 8, 2018.
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3.3.1 Baseline Studies Activities
3.3.1.1 Background Reference Area Study

The Background Reference Area Study activities were completed at the background reference
areas selected for the Site. Refer to Section 3.2.2.2 for an explanation of the selection of the
background reference areas for the Site. The Background Reference Area Study included a
surface gamma survey, stafic surface and subsurface gamma measurements, surface
soil/sediment sampling, and subsurface soil/sediment sampling. The soil/sediment sample
locations in the background reference areas were initially selected using a friangular grid, set on
a random origin. Where possible, samples were collected at the center points of the friangles.
However, in some instances, the actual sample locations had to be moved in the field if
sampling was not possible (e.g., the location consisted of exposed bedrock or there was a large
bush blocking access). In these cases, the closest accessible location was selected instead.

The background reference areas were selected based on a variety of factors, including
MARSSIM criteria, which indicated whether the areas were representative of unmined locations,
regardless of the sizes of the area. These factors are described in this RSE report and
accompanying appendices. The objectives of the background reference area study were to
measure gamma radiation levels emitted by naturally occurring, undisturbed uranium-series
radionuclides, and concentrations of other naturally occurring constituents. The results were
used to establish background gamma levels and concentrations of Ra-226 and specific metals
(uranium, arsenic, molybdenum, selenium, and vanadium). The soil/sediment sampling locations
at the background reference areas are presented in Figure 3-3. Field personnel performed the
Background Reference Area Study in accordance with the RSE Work Plan, Sections 4.2, 4.4,

and 4.5.

The surface gamma surveys af BG-1 and BG-2 were completed in May 2016 and at BG-3in
May 2017. ERG performed the surface gamma surveys using Ludlum Model 44-10 2-inch by
2-inch sodium iodide (Nal) high-energy gamma detectors (the detectors). Each detector was
coupled to a Ludlum Model 2221 ratemeter/scaler that in turn was coupled to a Trimble ProXRT
GPS unit with a NOMAD 900 series datalogger. The detector tagged individual gamma
measurements with associated geopositions recorded using the Universal Transverse Mercator
Zone 12 North coordinate system. ERG matched and calibrated the detector to a National
Institute of Standards and Technology-traceable cesium-137 check source, and function-
checked the equipment prior-to and after each workday. ERG performed the surveys by
walking the background reference areas with the detector carried by hand, along fransects
that varied depending on encountered topography. The gamma measurements were
collected with the height of the detector varying from 1 ft to 2 ft above ground surface (ags)
with an average height of 1.5 ft ags fo accommodate vegetation, rocks, or other surface
features. If field personnel encountered an immovable obstruction (e.g., a free) during the
surface gamma surveys they went around the obstruction. Subsequent to each workday, ERG
downloaded the gamma measurements to a computer and secure server.
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The same equipment used for the surface gamma surveys was also used to collect static one-
minute gamma measurements at the ground surface and down-hole (subsurface) at borehole
locations S002-SCX-003 (BG-1) and S002-BG3-011 (BG-3). Surface static gamma measurements
were not collected at borehole S002-SCX-004 (BG-2) and only subsurface static gamma
measurements were collected. Refer to Appendix C.2 for borehole logs. Static gamma
measurements were categorized as surface measurements where they were collected at
ground surface (0.0 ft) and as subsurface measurements where depths were below ground
surface due to the influence of downhole geometric effects on subsurface static gamma
measurements (refer to Section 4.1). Gamma measurements were collected according to the
methods described in the RSE Work Plan, Section 4.2 and Appendix E.

Soil/sediment samples collected as part of the background study are detailed in Table 3-2 and
sample locations are shown in Figure 3-3. Soil/sediment samples were categorized as surface
samples where sample depths ranged from 0.0 to 0.5 ft bgs and as subsurface samples where
sample depths were greater than 0.5 ft bgs. Field personnel collected the following samples
from the background reference areas:

e BG-1-1In October 2016, 11surface soil grab samples were collected from 11 locations and
one subsurface soil grab sample was collected from borehole S002-SCX-003.

e BG-2-1In October 2016, 11 surface sediment grab samples were collected from 11 locations
and two subsurface sediment composite samples were collected from borehole
S002-SCX-004.

e BG-3-1In August 2017, 11 surface soil grab samples were collected from 11 locations. No
subsurface soil samples were collected from BG-3. Borehole S002-BG3-011 was attempted
one fime at BG-3 but the hand auger met refusal on hard sandstone at 0.25 ft bgs. A grab
sample was collected from O ft o 0.25 ft bgs at borehole S002-BG3-011 but this was
categorized as a surface sample.

The lack of subsurface soil samples from BG-3 will not affect the derivation of Ra-226 or metal ILs
because the Ra-226 and metals ILs (i.e., surface and subsurface) were based on surface soll
samples (refer to Section 4.1). The lack of subsurface sampiles is identified as a data gap in
Section 4.8.

Samples were shipped to a USEPA approved laboratory, ALS Environmental Laboratories in Fort
Collins, Colorado for analyses. Samples were collected according to the methods described in
the RSE Work Plan, Section 3.8.1.1. The results of the surface gamma survey, static surface and
subsurface gamma measurements, and surface and subsurface soil/sediment sample analytical
results provided background reference data to guide the Site Characterization surface and
subsurface soil/sediment sampling (refer to Section 3.3.2). The Background Reference Area
Study results are presented in Section 4.1. The ERG survey report in Appendix A provides further
details on the gamma surveys. Field forms, including borehole logs, are provided in Appendix
C.1and C.2.

- ."*I.l"\"-'r.l"'q...l'_:'
314 @ Stantec e



ALONGO MINES (#2) REMOVAL SITE EVALUATION REPORT - FINAL

SUMMARY OF SITE INVESTIGATION ACTIVITIES
September 25, 2018

3.3.1.2 Site Gamma Radiation Surveys

Baseline Studies activities included a surface gamma survey of the Site in accordance with the
RSE Work Plan, Section 4.2 and Appendix E. Approximately 2.8 acres of the mesa sidewall were
not surveyed because field personnel were unable to safely access these areas, as shown in
Figure 3-4. This is identified as a data gap in Section 4.8. In addition, the dirt frack roads on the
mesa top were not surveyed due to oversight by field personnel. Only the shoulders of the
potential haul road were surveyed, and the centerline was not, due to miscommunication with
the field personnel. These items are identified as potential data gaps in Section 4.8.

The surface gamma survey was used to evaluate the extent of potential mining-related impacts
or areas containing elevated radionuclides associated with uranium mineralization. In addition,
surface and subsurface soil and sediment samples were also collected and used to evaluate
mining-related impacts (refer to Section 3.3.2).

In October 2016 and September 2017, the surface gamma survey was performed using the
methods and equipment described in Section 3.3.1.1 with the exception that the detector was
carried in a backpack when topographical features did not allow field personnel to carry the
detector by hand for safety reasons. The surface gamma survey included the claim area, a
100-ft buffer around the claim area, and roads and drainages out to approximately

0.25 miles from the Site. The RSE Work Plan specified that the surface gamma survey would be an
iterative process where the surface gamma survey would be extended laterally until gamma
measurements appeared to be within background levels. Subsequent to each workday, the
gamma measurements were evaluated by ERG and Stantec, and compared to the
background reference areas to determine if additional surface gamma surveying was needed.

The full areal extent of the surface gamma survey is referred to as the Survey Areq, as shown in
Figure 3-4. The Survey Area was 18.2 acres and was subdivided into two separate survey areas,
as shown in Figure 3-4, based on MARSSIM criteria, including different geologic conditions
on-site. Survey Area A is within the Quaternary Deposits (based on BG-2), and Survey Area B is
within the Morrison Formation (based on BG-3).

BG-3 was selected over BG-1 to represent the Morrison Formation because BG-1 contained
surface gamma measurements that were not representative of the mesa top. However, BG-1
does provide a valuable comparison to BG-3 regarding the variation in gamma measurements
that may occur in areas that are background and the heterogeneity that is present within the
Morrison Formation, so BG-1 is included in this RSE report for discussion purposes (refer to
Appendix D.1 and Section 4.2). Gamma survey measurements, soil and sediment sample results,
and subsurface static gamma measurements collected from BG-2 and BG-3 were used for the
remainder of the RSE for the Site (refer to Section 4.1).

It was necessary to subdivide the Survey Area based on geologic conditions and present the
findings in Section 4.0 based on the subdivision, because geologic formations can have different
geochemical compositions (i.e., gamma levels and concentrations of Ra-226, uranium, arsenic,
molybdenum, selenium, and vanadium). The surface gamma survey results are presented in
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Section 4.2. The ERG survey report in Appendix A provides further detailed information on the
surface gamma survey.

3.3.1.3 Gamma Correlation Study

Baseline Studies activities included a Gamma Correlation Study in accordance with the RSE
Work Plan, Section 4.3. The objectives of the Gamma Correlation Study were to determine
correlations between the following constituents to use as screening tools for site assessments:

¢ Gamma measurements (in cpm) and concentrations of Ra-226 in surface soils (in picocuries
per gram [pCi/g])

¢ Gamma measurements (in cpm) and exposure rates (in microRoentgens per hour [uR/hr])

Two regression analyses were conducted for these correlations. The first regression analysis was
performed using co-located high-density surface gamma measurements and laboratory
concentrations of Ra-226 in surface soil/sediment to develop a correlation equation (refer to
Section 4.2.2). The correlation equation allows for Ra-226 concentrations in soil and sediment to
be estimated (predicted) based on gamma measurements in the field.

This correlation equation was not used in the field to estimate Ra-226 concentrations or to
evaluate the extent of Ra-226 concentrations. The correlation was used to develop a site-
specific prediction for Ra-226 concentrations from the actual gamma survey data, as presented
in Section 4.2.2. The correlation can be used as a site-specific field screening tool during site
assessments, using the same gamma survey methods as in this RSE (e.g., walkover gamma
survey) and based on site-specific conditions. The data related to the correlations are provided
in Appendices A and C.

The second regression analysis was performed using co-located static one-minute gamma
measurements and exposure rates to develop an exposure-rate correlation equation. Exposure
rates can be predicted, based on gamma measurements, using the developed exposure-rate
correlation equation. The exposure rate correlation also provides a standard by which future
gamma measurements can be compared o previous gamma measurements, if those previous
gamma measurements were also correlated with exposure. In addition, exposure rates can be
used to provide an estimate of gamma radiation levels when an exposure meter is used as a
health and safety tool for field personnel working on-site. The exposure rate correlation was not
used for Site Characterization. Because the exposure rates are not part of the data analyses for
the RSE report, a summary of the exposure rate correlation is not presented in this report.
Appendix A provides a discussion of the correlations and the regression equations for both
correlations.

In October 2016, field personnel identified five areas for the Gamma Correlation Study, as shown
in Figure 3-5, by considering the results of the Site surface gamma survey (described in Section
3.3.1.2), field conditions (e.g., suitable terrain), and feasibility of sampling. To minimize variability
when determining a correlation between gamma measurements (in cpm) and concentratfions
of Ra-226 in soil/sediment, the study area soil/sediment must: (1) represent a specific gamma
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measurement within the range of gamma measurements collected at the Survey Area; and

(2) be as homogenous as possible with respect to soil/sediment type, and gamma measurement
within the correlation area. At each area, field personnel completed a high-density surface
gamma survey (intfended to cover 100 percent of the survey area) and collected one five-point
composite surface soil/sediment sample per area (refer to Table 3-2). Field personnel made a
field modification from the RSE Work Plan by adjusting the size of the 900 ft2 area smaller at four
of the Gamma Correlation Study locations and larger at one of the Gamma Correlation Study
locations, fo minimize the variability of gamma measurements observed. The area used for the
Gamma Correlation Study is shown in Figure 3-5, where the box shown at the five study locations
represents a 900 ft2 areain comparison to the actual area covered for the study, as shown by
the extent of the gamma measurements within each area.

Field personnel collected, logged, classified, packaged, and shipped the samples in
accordance with the RSE Work Plan, Sections 4.4, 4.9, 4.11, and Appendix E. Soil/sediment
samples were collected for analyses of Ra-226 and isotopic thorium, as described in the RSE
Work Plan, Section 3.4.1.

The objectives of the thorium analyses were for site characterization and evaluation of potential
effects of thorium on the correlation. The data can be used to assess the potential effects of
thorium-232 (Th-232) series radioisotopes on the correlation of gamma measurements to
concentrations of Ra-226 in surface soils (i.e., if gamma-emitting radiocisotopes in the Th-232
series, such as actinium-228, lead-212, and thallium-208, are impacting gamma measurements
at the Site), as discussed in Section 4.2.2. Uranium, radium, and thorium occur in three natural
decay series (uranium-238 [U-238], Th-232, and U-235), each of which include significant gamma
emitters (USEPA, 2007b). Therefore, in order to develop a correlation between gamma radiation
and Ra-226 concentrations, the gamma radiation from each significant decay series present at
the Site, may need to be considered. Typically, only U-238, and sometimes Th-232, are present in
significant quantities. The contribution from the U-235 decay series to gamma measurements
can be excluded because U-235 is only approximately 0.72 percent of the total uranium
concentration. If the Th-232 decay series is present in significant quantities, it should be
accounted for in the correlation to accurately predict Ra-226 concentrations based on all
significant sources of gamma radiation.

3.3.1.4 Secular Equilibrium

The Gamma Correlation Study soil/sediment samples (refer to Section 3.3.1.3) were also
analyzed for thorium-230 (Th-230), in accordance with the RSE Work Plan, Section 3.4.1. The
activities of Th-230 and Ra-226 can be compared to evaluate the status of secular equilibrium
within the U-238 decay series (USEPA, 2007b). The U-238 decay series is in secular equilibrium
when the radioactivity of a parent radionuclide (e.g., U-238) is equal to its decay products (refer
to Appendix A). If the U-238 decay series is out of secular equilibrium, the quantities of the
daughter products become depleted. This could be considered for potential site assessments
(e.g., when evaluating the contribution of the daughter products to the total risk related to U-238
during a human health and/or ecological risk assessment). As part of the RSE, the secular
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equilibrium evaluation was a general indicator (e.g., screening level assessment) of the status of
equilibrium at the sites. It was not used to characterize the extent of constituents of potential
concern (COPCs) at the Site. The secular equilibrium evaluation is discussed here only because
Th-230 was included in the isotopic thorium analysis.

3.3.2 Site Characterization Activities and Assessment
3.3.2.1 Surface Soil and Sediment Sampling

Site Characterization activities included surface soil and sediment sampling and associated
laboratory analyses. The soil and sediment surface sampling locations within the Survey Area
were selected based on professional judgment (i.e., non-randomly) to evaluate concentrations
of Ra-226 and metals in relation to the surface gamma survey measurements and site features
(e.g., historical mining features and geologic features). Based on the surface gamma survey
results and site features, a limited number of samples were collected and analyzed where the
gamma survey measurements were within background levels, mining and or exploration-related
features were not present, and no ground disturbance was observed. The results were
compared to the site-specific ILs and published regional concentrations to support the overall
evaluation of potential mining impacts (refer to Section 4.3). Soil/sediment samples were
categorized as surface samples where sample depths ranged from 0.0 to 0.5 ft bgs and as
subsurface samples where sample depths were greater than 0.5 ft bgs. Samples collected in
drainages were classified as sediment samples.

In October 2016 and May and September 2017, samples were collected from the locations
shown in Figure 3-6a and are summarized in Table 3-2. Sample locations and the locations of
mining-related features are shown in Figure 3-6b. The numbers of surface samples collected
within specific mine features are listed in Table 3-3. Twenty-five surface soil/sediment grab
samples were collected from 25 locations in the Survey Area (five from Survey Area A and

20 from Survey Area B). Field personnel collected, logged, classified, packaged, and shipped
the samples in accordance with the RSE Work Plan, Sections 4.4, 4.9, 4.11, and Appendix E.
Samples were shipped to ALS Environmental Laboratories in Fort Collins, Colorado for analyses of:
Ra-226, uranium, arsenic, molybdenum, selenium, and vanadium, as described in the RSE Work
Plan, Section 4.13.1. The surface soil and sediment analytical results are presented in Section 4.3.
Field forms are provided in Appendix C.1 and the laboratory analytical data, data validation
reports, and Data Usability Report for the analyses are provided in Appendix F.

3.3.2.2 Subsurface Soil and Sediment Sampling

Site Characterization activities included subsurface soil and sediment sampling and associated
laboratory analyses. Similar to the surface soil/sediment sampling discussed in Section 3.3.2.1,
subsurface sampling locations were selected based on professional judgment (i.e., non-
randomly) to evaluate concentrations of Ra-226 and metals in relation to the surface gamma
survey measurements and site features (e.g., historical mining features and geologic features).
Grab samples were collected with the intent to characterize specific intervals of interest

(e.g., material within zones with elevated static gamma measurements). Composite samples
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were collected to provide a screening level assessment across an interval (e.g., where elevated
gamma measurements were observed). Surface and subsurface static gamma measurements
were collected in the borehole using the same equipment as described in Section 3.3.1.1. Static
gamma measurements were collected by holding the detector in the borehole for a one-
minute infegrated count and are not comparable to the surface gamma survey measurements,
which were collected as a walkover survey.

Thirteen boreholes were advanced in the Survey Area through the unconsolidated deposits
(from 0.5 ft to 3.4 ft bgs; refer to Table 3-2 and Appendix C.2) until: (1) refusal at bedrock/hard
surface; (2) subsurface static gamma measurements were below initial background levels;

(3) consistently low subsurface static gamma measurements (the use of this criterion was a field
error and has been identified as a potential data gap in Section 4.8); or (4) caving sands. Field
personnel manually advanced the subsurface boreholes to a desired sample depth by using a
3-inch diameter hand auger. The boreholes were advanced through variable amounts of silt,
sand, and gravel (refer to Appendix C.2 for borehole information). Subsurface sampling was
limited in some areas on the mesa sidewall due to: (1) unsafe terrain; and (2) the waste piles
were comprised of a mix of boulders, cobbles, gravels, and sands and using a hand auger was
limited by the volume of boulders and cobbles present. A drill rig was not employed at the Site
because the primary areas of Site disturbance were on the mesa sidewall (inaccessible to a drill
rig) and on the mesa top where exposed bedrock was prevalent and soil/sediment depths were
estimated to be shallow.

In October 2016 and May and September 2017, samples were collected from the locations
shown in Figure 3-6a and are summarized in Table 3-2. Sample locations and the locations of
mining-related features are shown in Figure 3-6b. The numbers of subsurface samples collected
within specific mine features are listed in Table 3-3. Nine subsurface soil/sediment samples were
collected from six borehole locations in the Survey Area (multiple subsurface samples were
collected from multiple boreholes). One subsurface sample was collected from Survey Area A
and eight from Survey Area B. Soil samples were not collected from every borehole location, per
the RSE Work Plan, where samples were not required or infended to be collected at every
subsurface borehole location. Soil samples were not collected at borehole S002-SCX-009
because field personnel encountered saturated and caving sands when advancing the hand
auger downhole and the borehole was terminated at 0.5 ft bgs (refer to Appendix C.2). Field
observations (e.g., depth to bedrock, etc.) from the borehole were used in Section 4.0 to
evaluate the physical conditions of the subsurface.

Field personnel logged, classified, packaged, and shipped the samples in accordance with the
RSE Work Plan, Sections 4.5, 4.9, 4.11, and Appendix E. Samples were shipped to ALS
Environmental Laboratories in Fort Collins, Colorado for analyses of Ra-226, uranium, arsenic,
molybdenum, selenium, and vanadium, as described in the RSE Work Plan, Section 4.13.1. The
subsurface analytical results are presented in Section 4.3. Field forms, including borehole logs
showing static gamma measurements and Ra-226 analytical results, are provided in Appendix
C.2. The laboratory analytical data, data validation reports, and Data Usability Report for the
analyses are provided in Appendix F.
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3.3.2.3 Water Sampling

According to the RSE Work Plan, Site Characterization activities were to include surface water
sampling, and associated laboratory analyses, of perennial water features identified during the
Site Clearance desktop study (refer to Section 3.2.1). Per the RSE Work Plan, if well water or
surface water sample analyte concentrations are above the established ILs then those sample
areas would be considered for additional characterization in the future. From the desktop study
and site mapping, four surface water features were identified, and their locations are shown in
Figure 2-1. The four identified surface water features were not sampled for the following reasons.
The minor seeps were not sampled because the volume of water seeping from in-between the
sandstone beds was not sufficient enough to pool for water sample collection. Red Wash,
Blackrock Wash, and Oak Springs Wash only contain flowing surface water following storm
events and do not regularly contain water. Therefore, surface water from Red Wash, Blackrock
Wash, and Oak Springs Wash were not sampled as part of the Site Characterization activities in
accordance with the requirements of the Trust Agreement and Scope of Work, which only
require sampling of perennial water features. The water features and field personnel
observations are also included in Table 3-1.

3.3.3 Identification of TENORM Areas

Areas at the Site where TENORM is present were identified using multiple lines of evidence
including:

1. Historical Data Review
a. Aerial photographs
b. USAEC records
c. Reclamation records
d. Other documents relevant to the Site, including those in the 2007 AUM Atlas

e. Inferviews with residents living closest to the Site (for those sites where residents were
available for interview)

f. Consultation and site visits with NAML staff to identify reclamation features (for those sites
reclaimed by NAML)

2. Geology/Geomorphology
a. Hydrology/transport pathways with drainage delineation
b. Site-specific geologic mapping including areas of mineralization

c. Topography
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3. Disturbance Mapping
a. Exploration
b. Mining
c. Reclamation
4. Site Characterization
a. Surface gamma surveys and subsurface static gamma measurements

b. Soil/sediment sampling and analyses

Any areas where TENORM was not observed are considered to contain NORM, because soil
and/or rock at the Site contain some amount of natural uranium and its daughter products. This
area was mined because of the high levels of naturally occurring uranium ore. The areas
containing NORM and/or TENORM are presented in Section 4.6. The volume of TENORM is
presented in Section 4.7. The areas containing NORM and/or TENORM, along with additional
findings of the RSE report, are identified to support future Removal or Remedial Action
evaluations at the Site.

3.4 DATA MANAGEMENT AND DATA QUALITY ASSESSMENT

This section summarizes the data management and data quality assessment activities
performed for the RSE.

3.4.1 Data Management

The DMP included in the RSE Work Plan describes the plan for the generation, validation, and
distribution of project data deliverables. Successful data management comes from coordinating
data collection, quality conftrol, storage, access, reduction, evaluation, and reporting. A
summary of