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Executive Summary
Introduction

The Hoskie Tso No.1 site (the Site) is located within the Navajo Nation, Fort Defiance Bureau of
Indian Affairs (BIA) Agency, Indian Wells Chapter in northeastern 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 on the Navajo Nation
occurred prior to, during, and after World War I, when the United States (US) sought a domestic
source of uranium located on Navajo lands (USEPA, 2007a).

On April 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 settflement 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 or in excess of two fimes
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 October 2015 and November 2016 at the Site. The primary objective of this RSE is to
provide data required to evaluate relevant site conditions. The purpose of the RSE data (e.g.,
the review of relevant information and the collection of historical data) is to determine the
volume of technologically enhanced naturally occurring radioactive material (TENORM) at the
Site in excess of Investigation Levels (ILs). 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.

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

! The Agencies selected the priority mines based on gamma radiation but the Trust Agreement erroneously
states “levels of Radium -226".
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New Mexico. Regionally the Site is located within the Hopi Buttes volcanic field which is
characterized by outcropping diatremes where the mineralized uranium is located either
adjacent to the diatremes or in the sediments within the diatremes. The Site is also located within
the Little Colorado River Valley watershed, an area of approximately 27,000 square miles
spanning Arizona and New Mexico. Topographically the Site is located on a flat to hilly
topographic highland that is immed by a volcanic vent ridge (i.e., the ridge of the diatreme).
The elevation on-site is approximately 5,700 ft above mean sea level. On-site overland surface
water flow, when present, is controlled by the topographically high volcanic vent ridge where
the surface-water drains to the west, southwest, and northeast.

Based on the historical document review for the Site, the following is known about historical
exploration activities at the Site: (1) exploration workings on the Site consisted of exploration rim
stripping (also referred to as a small prospect pit[Shoemaker et al. (1962) and Scarborough
(1981)]) on the northwest rim of the diatreme; (2) no ore was shipped from the Site (Chenoweth,
1990); (3) six rotary boreholes were drilled on-site and the results suggested the Site was not
favorable for generating economically viable ore in a mineable configuration(Wenrich-Verbeek
et al., 1980 and 1982); and (4) the Site was reported as an inactive, raw prospect that had no
cumulative uranium production(Wenrich-Verbeek et al., 1982). In addition, field personnel did
not observe evidence of the exploratory rim stripping or the six exploratory rotary boreholes.
Based on the historical documentation review, observations made by field personnel (i.e. no
evidence of waste piles of soil or rock related to mining activities was present at the Site), and
record that no ore was shipped from the Site, it is concluded that no mining occurred at the Site
and only minor exploration occurred at the Site.

In 2012, Weston Solutions (Weston) performed site screening at abandoned uranium mines on
behalf of the USEPA. The screening at the mines included: (1) recording site observations (i.e.,
number of homes, water sources, and sensitive environments2 around the Site); (2) recording the
type, number, and reclamation status of mine features; and (3) performing a surface gamma
survey.

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:

2 Weston defined sensitive environments as “all sensitive environments located within visible range of the mine site,
including: wetlands, endangered species, habitats and approximate locations of sites that may be under protection of
the government of the Navajo Nation”
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¢ 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.

¢ 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.

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

Findings and Discussion

Surface and subsurface soil and sediment sampling results. Two background reference areas
were selected to develop surface gamma, subsurface static gamma, Ra-226, and metals ILs for
the Site. Arsenic, molylbdenum, selenium, uranium, and Ra-226 concentrations and gamma
radiation measurements in soil/sediment exceeded their respective ILs and are confirmed
constituents of potential concern (COPCs) for the Site. Based on the data analyses performed
for this report along with the multiple lines of evidence, the results indicate that there is no
TENORM at the Site. The IL exceedances in soil/sediment are presumed to be NORM associated
with the Site geology and are not mining-related, or the result of human disturbance of naturally
occurring uranium-bearing materials.

Gamma Correlation Study results. The Gamma Correlation Study indicated that surface gamma
survey results correlate with Ra-226 concentrations in soil. Therefore, gamma surveys could be
used during site assessments as a field screening tool to estimate Ra-226 concentrations in soil,
where sampling or gamma surveys are not available. 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. Additional correlation studies may be needed to
refine the relationship between gamma and Ra-226.

Water sampling results. Water samples were collected from one water well and from one
surface water pond. Sample analyses indicated that the water well sample exceeded the
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arsenic, total dissolved solids (TDS), chloride, and sulfate ILs. Based on these results arsenic, TDS,
chloride, and sulfate are confirmed COPCs for the water well. Sample analyses indicated that
the sample from the overflow pond exceeded the arsenic, uranium, TDS, chloride, and sulfate
ILs. Based on these results arsenic, uranium, TDS, chloride, and sulfate are confirmed COPCs for
the pond. Because the results of the RSE investigations indicate that no mining occurred af the
Site (and no human disturbance of naturally occurring uranium-bearing materials), it is likely that
the IL exceedances in the well water and pond are the result of natural processes (i.e., contact
with mineralized bedrock) and are not related to historical mining actfivities.

Based on the Site Clearance and RSE data collection and analyses for the Site, potential data
gaps were identified and are presented in Section 4.9 of this RSE report.
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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
BIA

ccv
C.FR
COPC
cpm

Dinétahddo
DMP
DQO

ERG
ESA

FSP

GIS
GPS

HASP
ICAL
ICB/CCB
Icv

IL

LCS/LCSD

degrees Fahrenheit
exempli gratia

et cetera

feet

square feet

id est

milligram per kilogram
microRoentgens per hour
picocuries per gram
cubic yard

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

below ground surface
Bureau of Indian Affairs

continuing calibration verification
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

Field Sampling Plan

geographic information system
global positioning system

Health and Safety Plan

initial calibration

initial/continuing calibration blank
initial calibration verification

Investigation Level

laboratory control sample/laboratory control sample duplicate
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MARSSIM
MBTA
MCL

MLR
MS/MSD
MWH

Nal
NAML
NCP
NNDFW
NNDOJ
NNDNR
NNDWR
NNEPA
NNESL
NNHP
NNHPD
NNPDWR
NORM
NRCS
NSDWR
NURE

QA/QC
QAPP

R2
Ra-226
Ra-228
Redente
RSE

SOP
Stantec

T&E
Th-230
Th-232
DS
TENORM

U-235
U-238
UsOs
UCL
us
Us.C.
UTL

Xi

Multi-agency Radiation Survey and Site Investigation Manual

Migratory Bird Treaty Act

maximum contaminant level

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
Navajo National Primary Drinking Water Regulation
Natfurally Occurring Radioactive Material

Natural Resources Conservation Service

National Secondary Drinking Water Regulation
National Uranium Resource Evaluation

quality assurance/quality control
Quality Assurance Project Plan

Pearson’s Correlation Coefficient
Radium-226

Radium-228

Redente Ecological Consultants
Removal Site Evaluation

standard operating procedure
Stantec Consulting Services Inc.

threatened and endangered

thorium-230

thorium-232

total dissolved solids

Technologically Enhanced Naturally Occurring Radioactive Materials

uranium-235
uranium-238

uranium oxide

upper confidence limit
United States

United States Code
upper tolerance limit
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USAEC
USEPA
USFWS
USGS
V205

Weston

Xii

US Atomic Energy Commission

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, 2002).

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, 2002).

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, 2002).

Diatreme - volcanic vents or pipes explosively blasted through overlying rocks by gas charged
magmas.

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.

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.
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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
qguestionable 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 asite and an isolate (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, into 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).

Pan Evaporation — evaporative water losses from a standardized pan.

Radium-226 (Ra-224) — a radioactive isotope of radium that is produced by the natural decay of
uranium.

Radium-228 (Ra-228) - 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, orin addition fo, 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 to 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).
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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).

Residual Soil — soil formed in situ by rock decay and left as residue after the leaching out of the
more soluble products.

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.
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
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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
contfinuously 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
October 2015 and November 2016 at the Hoskie Tso No.1 site (the Site) located in northeastern
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 #852 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 15.5 acres (675,180 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
Sefttlor, 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 settlement 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
water 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
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:
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"based on two primary criteria, specifically, demonstrated levels of Radium-2263: (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 on the Navajo Nation occurred prior to, during, and after World War I, 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 objective of this RSE is to provide data required to evaluate relevant site conditions.
The purpose of the RSE data (e.g., the review of relevant information and the collection of
historical data) is to determine the volume of technologically enhanced naturally occurring
radioactive material (TENORM) af the Site in excess of Investigation Levels (ILs). 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 o
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
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 to 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.

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

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)(2012) 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

¢ 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 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.
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e 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.

e Characterization of perennial surface water and well water — surface water and well water
sampling and laboratory analyses. Investigation of groundwater is not included in the scope
of this RSE.

Details regarding the Site Clearance activities are provided in the Hoskie Tso No.1 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 Hoskie Tso No. 1 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.

Section 7.0 References - Lists the reference documents cited in this RSE report.

Tables Included at the end of this RSE report.
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Figures Included at the end of this RSE report.

Appendices — Appendices A through F.1 are included atf 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

e Appendix D - Provides 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, in northeastern Arizona and approximately 0.5 miles
southeast of Indian Wells, Arizona, as shown in Figure 1-1 inset. The Site is also directly east of
Highway 77, as shown in Figure 2-1. The Site is located within the Hopi Buttes, Arizona volcanic
field which is characterized by outcropping diatremes. Diatremes are volcanic vents or pipes
explosively blasted through overlying rocks by gas charged magmas (refer to the glossary and
Section 2.2.2). Uranium occurrences associated with diatremes have been discovered in
bedded carbonate rocks located within the diatremes (Chenoweth and Malan, 1973).1n 1952,
the US Geological Survey (USGS) discovered that many of the diatremes in the Hopi Buttes
contained low-grade deposits of uranium (Chenoweth and Malan, 1973). From 1953 to 1955, the
US Atomic Energy Commission (USAEC) and a private group separately performed aerial
radiation surveys of the Hopi Buttes (Chenoweth, 1990). Based on the survey findings the private
group identified one diatreme, the Seth-la-kai diatreme, which contained economically
mineable ore within the Hopi Buttes (Chenoweth and Malan, 1973). The Seth-la-kai diatreme
would later be known as the Morale Mine, which was located approximately 6.5 miles northeast
of the Hoskie Tso No. 1 site.

In March 1954, Navajo Tribal Mining Permit No.105 was issued for the Morale Mine and in April
1954, the Bureau of Indian Affairs (BIA) approved assignment of the permit to the partnership of
M.K. Robinson, M.J. O’Haco, and Robert Lukius (Chenoweth, 1990). In May 1954, mining began
atf the Morale Mine. Mine workings consisted of rim stripping and underground stopes that were
accessed through an adit (Scarborough, 1981). Total ore production from the Morale Mine was
192 tons (approximately 384,000 pounds) of ore that contained 0.15 percent UsOs (uranium
oxide) and 0.04 percent V20s (vanadium oxide). Mining at the Morale Mine ended in 1959 due
to the low price of uranium and the low uranium grade of the ore (Wenrich-Verbeek et al.,
1982). The Morale Mine (i.e., the Seth-la-kai diatreme) was the only diatreme mined in the Hopi
Buttes that produced ore grade material (Chenoweth and Malan, 1973).

Also, in 1954, three additional mining permits were issued for five diatremes in the Hopi Buttes
(Chenoweth, 1990). One of the permits was for the Hoskie Tso No.1 mine claim (also referred to in
historical documents as Hoskietso and/or Diatreme #2). In December 1954, Mining Permit No.
234 was issued to Leroy Begay and John H. Lee for the Hoskie Tso No.1 mine claim (i.e., the Site)
under the name Kachina Uranium Corporation. Exploration workings on-site consisted of
exploration rim stripping on the northwest rim of the diatfreme (Chenoweth, 1990). Of note, the
exploration rim strip has also been historically referred to as a small prospect pit by both
Shoemaker et al. (1962) and Scarborough (1981). In December 1958, the mining permit for the
Site expired and no ore was shipped from the Site (Chenoweth, 1990).
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From 1978 to 1980, the USGS conducted a study for the National Uranium Resource Evaluation
(NURE) program to identify and delineate areas within the Flagstaff, Arizona quadrangle that
might be favorable for the occurrence of uranium deposits that contained at least 100 metric
tons of UsOg at a grade greater than 0.01 percent UsOgin a mineable configuration (Wenrich-
Verbeek et al., 1980 and 1982). In the spring of 1979, as part of the study, gamma measurements
were collected along transects at Diatreme #2 (i.e., the Site). Where the gamma measurements
were greater than two times the background level used for the study, a rock sample was
collected. As part of the NURE study, a total of six rock samples were collected from Diafreme
#2. Refer to maps included in Wenrich, K.J. and Mascarenas, J.F. (1980 and 1982) and Wenrich-
Verbeek et al. (1982) for rock sample locations. Also, as part of the study, in November 1979, the
USGS in cooperation with the BIA, and the Navajo Tribe, drilled six rotary boreholes along the
eastern rim of Diatreme #2 (Wenrich-Verbeek et al., 1980 and 1982). Gamma measurements
were collected downhole atf the boreholes and average UsOgs grades were determined using
the gamma measurements. Based on the driling and collected gamma measurements at
Diafreme #2, the average grades of UsOsranged from 0.005 to 0.012 percent, from 1 ft to 26 ft
below ground surface (ft bgs). The results at Diatreme #2 suggested this location was not
favorable for generating 100 metric tons of UsOs (i.e., economically viable ore in a mineable
configuration). The locations of the six boreholes were not provided in the historical documents.
The data gathered from the drilling was also used by the USGS and NURE to further delineate the
three-dimensional extent of uranium content in the Hopi Buttes. The study also produced a
uranium occurrence report for the Hoskietso claim (i.e., the Site). The report stated the Hoskietso
claim was an inactive, raw prospect that had no cumulative uranium production (Wenrich-
Verbeek et al., 1982).

The historical document review for the Site suggested that the following historical exploration
activities may have occurred at the Site (although no evidence was observed at the Site):

1. Exploration workings on the Site consisted of exploration rim stripping (also referred to as a
smalll prospect pit) on the northwest rim of the diatfreme

2. Sixrock samples were collected from the Site
3. Six rotary boreholes were drilled along the eastern rim of Diatreme #2 and the results
suggested that the Site was not favorable for generating 100 metric tons UsQOs (i.e.,

economically viable ore in a mineable configuration)

4. The Site was reported as an inactive, raw prospect that had no cumulative uranium
production

5. No ore was shipped from the Site
2.1.2 Ownership and Surrounding Land Use

The Site is located within the Navajo Nation, Fort Defiance BIA Agency in Section 24 of Township
23 North, Range 21 East, Gila and Salt River Principal Meridian. Land ownership where the Site is
located falls under Navajo Trust lands. The Site is located within the Indian Wells Chapter of the
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Navajo Nation, as shown in Figure 1-1, and is in Grazing Unit 7, as designated by the Navajo
Nation Division of Natural Resources (NNDNR, 2006). The Site is currently uninhabited. However,
one homes-site is located to the east 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 Indian Wells Chapter officials and nearby
residents and notified them of the work.

2.1.4 Previous Work at the Site
2.1.4.1 1994 through 1999 Aerial Radiological Surveys

Between 1994 and 1999, aerial radiological surveys were conducted at 41 geographical areas
within the Navajo Natfion, including the Indian Wells 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 infent 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.

The aerial radiological survey for the Indian Wells area covered approximately 248.68 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 12 uR/hr
and excess bismuth (i.e., bismuth activity greater than approximately 3.5 uR/hr) present in
approximately 0.02 square miles (10.5 acres) of the area (2007 AUM Atlas). The aerial
radiological survey results for the Indian Wells area indicated a gross exposure rate range of
3.93 uR/hr to 49.77 uR/hr and excess bismuth (i.e., bismuth activity greater than approximately
3.5 uR/hr) present in approximately 3.03 square miles of the 248.68 square miles of the Indian
Wells flight area (Hendricks, 2001).

2.1.4.2 2012 Site Screening

In 2012, Weston performed site screening on behalf of the USEPA (Weston, 2012). The screening
included: (1) recording site observations (i.e., number of homes, water sources, and sensifive
environments4 around the Site); (2) recording the type, number, and reclamation status of mine

4 Weston defined sensitive environments as “all sensitive environments located within visible range of the mine site,
including: wetlands, endangered species, habitats and approximate locations of sites that may be under protection of
the government of the Navajo Nation”
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features; and (3) performing a surface gamma survey. Weston reported it did not observe any
mining related features (e.g., adits, waste piles, pits, shafts, etc.). Weston also reported two
home-sites within 0.25 miles of the Site, no water features within a one-mile radius of the Site, and
no sensitive environments were identified. Based on Weston's performance of surface gamma
survey, Weston determined that the highest gamma measurements were greater than 23 times
the site-specific background level used for its gamma screening.

Weston also reported that NAML reclamation identification number NA-0751 was associated
with the Site. NAML reclamation identification numbers generally suggest that reclamation work
may have been proposed for or taken place on-site. However, NAML reclamation documents
associated with reclamation identification number NA-0751 describe proposed reclamation
activities for the Morale Mine, which was located 6.5 miles northeast of the Site, and do not
describe reclamation activities proposed for the Site (NAML, 2002). In addition, the NAML
reclamation documents included a map showing the location of NA-0751, which was also
located where the Morale Mine was located (NAML, 2002).

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® Maps, 2018) of the
Site within a portion of the Colorado Plateau. The Colorado Plateau is typically high desert with
scattered 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 fransitional area between the semi-arid grasslands 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.

Figure 2-3 presents the regional USGS topographic map in the vicinity of the Site and shows site
topography within a portion of the Colorado Plateau. The Site is located on a flat to hilly
topographic highland that is immed by a volcanic vent ridge (i.e., the ridge of the diatreme).
The elevation on-site is approximately 5,700 ft above mean sea level (amsl) (refer to Figure 2-3).
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2.2.2 Geologic Conditions
2.2.2.1 Regional Geology

Regionally the Site is located within the Hopi Buttes volcanic field which is characterized by
outcropping diatremes that have infruded through the Rock Point Member of the Triassic
Wingate sandstone. Figure 2-4 depicts a regional geology map showing the Site in relation to the
regional extent of the Hopi Buttes volcanic field. The Hopi Buttes volcanic field is a circular field
approximately 20 miles in diameter and contains approximately 300 diatremes and associated
flows and volcanic tuff beds (Scarborough, 1981). The Hopi Buttes diatremes range from a few
hundred to a few thousand feet in diameter and normally flare out atf the surface. Near the
surface, the diatremes often have a basin-like form in which a variety of clastic materials
accumulated, such as bedded tuff, limestone, clay, silt, and evaporates (Peirce et al., 1970). At
depth, the diatremes often contain massive tuff, breccia, country rock, agglomerate, and
alkaline basalt. The Hopi Buttes diatremes were first studied in detail in 1942 and later were
prospected for uranium (Shoemaker et al., 1962). Regionally, the mineralized uranium is located
either adjacent to the diatremes or in the sediments within the diatremes (Peirce et al., 1970).

2.2.2.2 Site Geology

A detailed geology map of the Site is shown in Figure 2-5a and was adapted from Shoemaker et
al. (1962). Shoemaker et al. (1962) described site geology as follows:

One diatreme is present on-site, as shown in Figure 2-5a, which intruded through the
older Triassic Rock Point Member of the Wingate sandstone, and is associated with the
volcanic vent deposits of Pliocene age. The rocks within the diatreme crop out as low hills
rising 50 ft to 80 ft above the surrounding ground surface. The volcanic vent deposits dip
gently through the central part of the diatreme, and the bulk of the rocks exposed are
laminated siltstones that constitute a relatively thin unit within the volcanic vent deposits.
The wall of the volcanic vent lies against the Rock Point Member of the Triassic Wingate
sandstone. A sedimentary breccia unit and limburgite agglomerate (similar to basalt) are
present around the edge of the diatreme and form the topographic ridge around the
northeastern border of the Site. The breccia is composed of angular blocks of the Rock
Point Member of the Wingate sandstone and secondary blocks of limburgite in a tuff
matrix. The limburgite agglomerate is composed of infrusive monchiquite (igneous rock),
limburgite tuff, and tuff breccia. Thin lenses of platy siltstone are localized and inter-
layered in the breccia. Lamination in the silistone is composed of non-volcanic defritus
and is evidence that subsequent sedimentation proceeded slowly and uniformly. The silt
may have been transported into the diatreme crater by wind and deposited on the floor
of a small lake that occupied the crater during the Pliocene age.

A simplified geology map of the Site is shown in Figure 2-5b and is based on Stantec field
personnel (field personnel) observations and adaptions to the Flagstaff, Arizona Quadrangle
geology map (Ulrich et al., 1984). The Tertiary limburgite agglomerate mapped on Figure 2-5a
was mapped as the Tertiary volcanic vent deposit in Figure 2-5b. The remaining Tertiary volcanic
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bedrock units on Figure 2-5a were over-lain by Tertiary siltstone, as observed by field personnel,
and could only be identified in the vertical cliff face on the north side of the ridge. The
remainder of the Site was mapped as Tertiary siltstone and mudstone, as shown in Figure 2-5b.
Appendix B photograph numbers 1, 3, 4, and 5 shows volcanic outcrops surrounding the Site,
and the lithology change from mudstone/siltstone to volcanics on-site.

Unconsolidated deposits on-site (i.e. Quaternary deposits) consisted of colluvium, residual soll,
and minor alluvium consisting of sand and silt, with varying amounts gravel, as described on the
borehole logs in Appendix C.2. Colluvium and residual soil covered the majority of the Site,
except where there was exposed bedrock and within the drainages. Minor amounts of alluvium
were present in the drainage located in the western portion of the Site, as shown on Figure 2-5b.
Boreholes were advanced through the unconsolidated deposits using a hand auger (refer to
Section 3.3.2.2 and Appendix C.2 for borehole logs). The unconsolidated deposits ranged in
depth from 0.4 ft to 2.0 ft bgs at borehole locations.

According to the United States Department of Agriculture Natural Resources Conservation
Service (NRCS), soils on-site that have not been disturbed are classified as soil unit 118 Tesihim
complex, which consist of loamy, mixed, superactive, calcareous, mesic soils that form on
buttes, mesas and slopes with grades of 3 to 15 percent (NRCS, 2017).

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 temperature at weather station 024089, Holbrook, Arizona (Western Regional Climate
Center, 2017) located approximately 34 miles south of the Site, ranges between 48.1 degrees
Fahrenheit (°F) in January to 93.9°F in July. Daily temperature extremes reach as high as 110°F in
summer and as low as -21°F in winter. Holbrook receives an average annual precipitation of
8.32 inches, with August being the wettest month, averaging 1.49 inches, and May being the
driest month, averaging 0.28 inches.

Potential evaporation in the area is greater than the area’s average annual precipitation. The
potential evaporation noted at the Many Farms School weather station, located approximately
65 miles northeast of the Site, averages 90.8 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 Winslow, Arizona airport, located
approximately 43 miles to the southwest of the Site, had the most complete record of wind
condifions. A wind rose for Winslow 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 southwest (refer to the wind rose on Figure 1-1).

] NAVAJO
2.6 @ Staritec NATION

ALK Zmair el

Fgarel Kot -AST DGR



HOSKIE TSO NO.1 (#852) REMOVAL SITE EVALUATION REPORT - FINAL

SITE HISTORY AND PHYSICAL CHARACTERISTICS
October 9, 2018

2.2.4 Surface Water Hydrology

The Site is located within the Little Colorado River Valley watershed, an area of approximately
27,000 square miles spanning Arizona and New Mexico, as shown in Figure 1-1. The Site ison a
flat to hilly fopographic highland that is rimmed by a volcanic vent ridge, which conftrols the
surface-water flow direction in drainages to the west, southwest, and northeast. Figure 2-6 shows
the extension of the volcanic vent ridge (the approximate extent of the ridge is labeled as the
approximate watershed divide line), drainages, and drainage flow direction. The northern half of
the Site has numerous small, incised, shallow, ephemeral drainages that drain fo the southwest
(refer to Appendix B photograph number 2) or northeast. Flow directions depend on whether
the drainage is located on the southwest or northeast side of the volcanic vent ridge. These
drainage patterns are generally dendritic and terminate within either the residual soil, colluvium,
and or alluvium. The southern portion of the Site has small, shallow, ephemeral drainages that
drain to the west and southwest. These drainage patterns are generally parallel and drain
toward the Bidahochi Wash (refer to Figure 2-1), which then drains to the Little Colorado River
approximately 42 miles to the west southwest.

Adkins Consulting Inc. (Adkins), under contract to Stantec, performed a wildlife evaluation as
part of the Site Clearance field investigations and did not identify any wetlands, seeps, springs,
or riparian areas within the Site that would be attractive to wildlife (refer to Appendix E).

2.2.5 Vegetation and Wildlife

In the spring and summer of 2016, biological surveys were conducted as part of Site Clearance
activities. In May 2016, Adkins conducted a wildlife survey and in July 2016, Redente Ecological
Consultants (Redente), under contract to Stantec, conducted a summer vegetation survey.
Information about each survey is provided in Appendix E, which includes the Site biological
evaluation reports and the Navajo 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.
The vegetation communities on-site included desert grassland with sporadic shrubs (refer to
Appendix E). During the surveys, Stantec and/or its subcontractors observed on-site wildlife
including common raven, cottontail rabbit, coyote, mule deer, turkey vulture, western burrowing
owl, American kestrel, and prairie falcon (refer to Appendix E).

2.2.6 Cultural Resources

In April 2016, as part of Site Clearance activities, Dinétahddd Cultural Resource Management
(Dinétahddd), under contract to Stantec, conducted a cultural resource survey, as well as
ethnographic and historical data reviews, and interviewed local residents living near the Site
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(Dinétahddd, 2016). The interviewed residents stated they were the leaseholders for the Site
sometime between 1950 and 1960, and during that time period they had a dispute with two
men interested in the mine site after the two men had staked and surveyed the mine area. The
residents stated that the dispute prevented any mining from occurring at the Site. However, they
did remember some drilling activities occurring at the Site to test the quality of the ore.

During the cultural resource survey Dinétahddé identified seven 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 and Potential Exploration

During RSE activities, field personnel did not observe features on-site indicative of historical
mining or historical exploration activities, including no observable evidence of the rim stripping
reported by Chenoweth (1990), or the six National Uranium Resource Evaluation (NURE) rock
samples or exploratory rotary boreholes reported by Wenrich-Verbeek et al. (1980 and 1982).
Limited information is known about the potential location of the NURE rock samples (refer to
Section 3.2.2.1) and there is no physical evidence of the samples. The exact locations of the
boreholes or where the rim stripping may have occurred are unknown. This lack of observable
features was used, along with additional lines of evidence (refer to Section 3.3.3), fo identify
whether TENORM is present at the Site (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

October 2015 and November 2016. Site Clearance activities were conducted initially to obtain
information necessary to develop the RSE Work Plan. 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 objective of this RSE is to provide data required to evaluate relevant site conditions

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 profocols. 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 processs that was performed as part of the RSE Work Plan
to identify RSE data objectives. The goal of the USEPA DQO Process is fo 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:

5 (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 analytical 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 fo 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.

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 Detfermining RSE DQOs

e Selecting background reference areas

e Selecting radiation survey techniques

e Site preparation

e Quality control

e Health and safety

e 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
subsequent to the Site Clearance are described in detail in the RSE Work Plan, Section 4.
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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, Appendix C.2 includes borehole logs, and Appendix C.3 includes water sample field
forms.

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, 20146).

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 topographic and geologic maps.

¢ 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.

¢ 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:

e Historical photographs (USGS, 2016) for the Site were selected from 1954, 1965, 1997, and
2005 for comparison against a current image (BING®, 2018). The selected historicall
photographs are shown in Figure 3-1a. Comparison of the historical photographs to the
current photograph showed no visual evidence of past exploration or reclamation at the
Site. Figure 3-1b compares the aerial photograph from 1965 and the current image. The 1965
photograph is presented because it provides the best resolution of what the Site looked like
in the past. There are no discernable differences between the two images presented in
Figure 3-1b.

e The current aerial photograph review confirmed that one home-site was located to the east
of and within 0.25 miles 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 roads were identified by the current aerial
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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 3-1a, Table 3-1b, and Figure 2-1.

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

Previous studies and information related to past exploration 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, etfc.

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

¢ Potential background reference areas

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

e Physical hazards

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

e Claim boundaries — 100-ft buffers of the claim boundaries, as shown in Figure 2-6, were
marked in the field with stakes and/or flagging and mapped with a global positioning system
(GPS).

e Topographic features — The mapped area can be divided into two primary topographic
areas: the flat to hilly fopographic highland and the volcanic vent ridge (refer to Appendix B
photograph numbers 1, 2, 3, 4, and 5).
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e Drainages - Drainages were mapped on-site as shown in Figure 2-6. The northern half of the
Site had numerous small, incised, shallow, ephemeral drainages that drained to the
southwest and northeast. Flow directions depended on whether the drainage was located
on the southwest or northeast side of the volcanic vent ridge. These drainage patterns were
generally dendritic and terminated within either the residual soil, colluvium, and or alluvium.
The southern portion of the Site had small, shallow, ephemeral drainages that drained to the
west and southwest. These drainage patterns were generally parallel and drained toward
the Bidahochi Wash (refer to Figure 2-1). These drainages were ephemeral and were dry
during the RSE investigation activities.

e Roads - Two historical roads were mapped fo the west and south of the Site, as shown in
Figures 2-1 and 2-6. The southernmost road was also visible in the 1954 photograph presented
in Figure 3-1a. The historical roads do not access the area within the claim boundary and the
reason they were built is unknown.

e Livestock - Field personnel did not observe any livestock within 100-ft of the Site at the time of
field investigations. However, visual signs of previous livestock grazing were observed on the
Site. Cattle were observed grazing 0.25 miles to the east of the Site, and horses and sheep
were observed at the livestock pond/trough 0.40 miles northeast of the Site. Livestock corrals
were also present near the home-site.

e Stfructures — One home-site was located east of and within 0.25 miles of the Site, as shown in
Figure 2-6.

e Water features — Field personnel assessed the two potential water features identified from
the desktop study, as shown in Figure 2-1. The water features and field personnel
observations are included in Table 3-1a. In addition, during site mapping activities field
personnel identified an overflow pond associated with windmill well 07T-517, as described in
Table 3-1a.

e Ground cover — Bedrock outcrops were mapped on-site that were primarily located along
the volcanic vent ridge in the northern and eastern areas of the Site (refer to Section 2.2.2
and Appendix B photograph numbers 1, 2, 3, 4, and 5). Additionally, some bedrock outcrops
were present in the central portions of the Site. A silistone outcrop located in the southeast
corner of the claim boundary had the highest gamma measurements when the site gamma
radiation survey was conducted in October 2015. Outside areas of exposed bedrock, the
ground surface at the Site was generally covered with residual soil/colluvium consisting of
sand, silt, and clay with minor inter-bedded gravels and some minor alluvium. Little to no true
alluvium was observed at the Site, except the one drainage in the northwest corner of the
Site that is shown as Quaternary deposits on Figure 2-5a and as a drainage on Figure 2-7.
Other drainages contain primarily soil and colluvium. During site mapping field personnel
observed a change in vegetation and soil color approximately 0.02 acres in size located in
the southeast portion of the Site. Field personnel could not identify if the vegetation and soil
color change area were due to historical exploration activities or natural processes. A
subsequent site visit revealed that the vegetation change area was a result of shallow, dry
soils not suitable for plant growth, which was a function of the geology, slope angle, and
slope aspect. The subsequent site visit also revealed that the soil color change, within the
vegetation change area, was attributed to outcrops of silistone that are a lighter gray color
than the surrounding soils produced from the weathering of the siltstone. Therefore, the
vegetation change and soil color change area were determined to be the result of natural
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processes and not attributable to historical exploration activities. Ground cover and
vegetation observed on-site are also discussed in Sections 2.2.2.2 and 2.2.5, respectively.

Field personnel did not observe evidence of the rim stripping reported by Chenoweth (1990) or
the locations where six rock samples were collected, or six exploratory rotary boreholes were
drilled reported by Wenrich-Verbeek et al. (1980 and 1982). A figure included in Wenrich-
Verbeek et al. (1982) showed two rock sample locations. The two locations were georeferenced
(approximate) and are shown as Potential Rock Sample Locations in Figure 2-6. Additionally,
sample coordinates were provided for the rock sample locations in Wenrich Verbeek et al.
(1980); however, the coordinates were the same single set/match for all six sample locations
(Latitude 35-22-56n, Longitude 110-3-43W). This sample location is shown in Figure 2-6 as the
Potential Rock Sample Location (per Coordinates). This location differs from the georeferenced
locations developed from the Wenrich-Verbeek et al. (1982) figure.

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 any future studies for the Site.

3.2.2.2 Potential Background Reference Area Evaluation

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

e BG-1 encompassed an area of 1,943 2 (approximately 0.04 acres), was located 500 ft south
of the Site, and was upwind and hydrologically cross-gradient from the Site. Geologically,
the weathered siltstone and mudstone in BG-1 represented the weathered siltstone and
mudstone derived from the Tertiary vent deposits west of the volcanic vent ridge at the Site,
as discussed in Section 2.2.2 and shown in Figures 2-5a and 2-5b. The vegetation and ground
cover at BG-1 were similar to the Site.

e BG-2 encompassed an area of 1,097 ft2 (approximately 0.03 acres) and was located 400 ft
southeast of the Site. BG-2 was upwind/crosswind and hydrologically cross-gradient from the
Site. Geologically, the volcanic vent deposit rocks and colluvium in BG-2 represented the top
of the ridge along the east side of the Site, as discussed in Section 2.2.2 and shown in Figures
2-5a and 2-5b. The vegetation and ground cover at BG-2 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:
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1. Represent undisturbed conditions atf the Site (e.g., pre-mining conditions)

2. Provide a basis for establishing the ILs

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 idenftified 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.

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 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 G46. A
copy of this letter is included in Appendix E. A spring vegetation survey was not required for the
Site because the species of concern data provided by NNDFW-NNHP did not include listed
potential plant species that require a spring survey.

The NNDFW listed two T&E plant species that may occur on-site; Arizona rose sage (G4) and
Parish’s alkali grass (G4). The USFWS did not list any T&E plant species that may occur on-site.
Parish’s alkali grass is a native annual grass that grows in a series of widely disjunct populations
ranging from southern California to eastern Arizona and western New Mexico in alkaline springs,
seeps, and seasonally wet areas that occur af the heads of drainages or on gentle slopes at
elevations from 2,600 ft to 7,200 ft amsl. Arizona rose sage is a native perennial shrub found in
desert shrublands and pinyon-juniper communities on basalt or soils derived from basalt at

¢ 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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elevations from 5,500 ft to 6,500 ft amsl. The general distribution of Arizona rose sage is within the
Apache, Navajo, and Coconino Counties in Arizona with specific Navajo Nation distribution
north of Dilkon, Arizona (approximately 16 miles west of the Site).

Before beginning the Site vegetation survey, 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). Based on the review, Parish’s alkali grass was eliminated from further evaluation
because there was no potential for it to occur on the Site due to lack of suitable habitat. 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
remaining T&E species (Arizona rose sage), specifically basalt derived sails.

The Redente botanist did not identify Arizona rose sage at the Site, based on observations he
made during the on-site survey, even though the Site was a likely habitat for the T&E species.
Observed vegetation communities on-site were predominantly desert grassland with sporadic
shrubs.

During a Site visit Agency personnel noted the presence of ring-shaped vegetation patterns
near the Site. Stantec conferred with an experienced botanist and confirmed that the ring-
shaped vegetation is a natural growth pattern, typical of the Muhlenbergia genus. This is a
common process in dryland environments as it increases the availability of water to the plants in
the circle when water is scarce.

Wildlife Survey - In May 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
identifying local wildlife species led the field survey, which consisted of walking transects 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 six ESA-species
with the potential to occur in the area of the Site; two birds (California condor, yellow-billed
cuckoo), one fish (roundtail chub), two mammails (black-footed ferret, gray wolf), and one
repfile (northern Mexican gartersnake). The NNDFW included five birds: mountain plover (G4),
golden eagle (G3), ferruginous hawk (G3), American peregrine falcon (G4), and western

] NAVAJO
3.9 @ Staritec NATION

ALK Zmair el

Fgarel Kot -AST DGR



HOSKIE TSO NO.1 (#852) REMOVAL SITE EVALUATION REPORT - FINAL

SUMMARY OF SITE INVESTIGATION ACTIVITIES
October 9, 2018

burrowing owl (G4). All species on the USFWS list and the mountain plover from the NNDFW list
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, four birds
(golden eagle, ferruginous hawk, American peregrine falcon, and western burrowing owl)
remained as species of concern warranting further analysis during the Site survey.

In addition, Adkins reviewed species protected under the MBTA that have the potential to occur
in the area of the Site. The MBTA review resulted in the potential for identification of 15 bird
species in addition to those listed above, known as "Priority Birds of Conservation Concern with
the Potential to Occur'’ 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, and
prairie falcon. These 15 MBTA bird species were added for further analysis during the survey for
effects to potential habitat.

During the initial survey Adkins determined that a rock formation with steep sandstone cliffs and
numerous cavities located approximately 0.25 miles to the south-southeast of the Site may
provide potential nesting habitat for golden eagle, ferruginous hawk, American peregrine
falcon, active common raven, and prairie falcon. Also during the initial survey, Adkins
determined the open gently sloping areas surrounding the Site were a potential habitat for
western burrowing owl and observed an active burrowing owl nest approximately 0.16 miles
northeast of the Site.

Adkins conducted two follow up surveys also in May 2016, to examine the cliff faces for signs of
use. Adkins observed an active common raven nest, an active prairie falcon nest, and several
old, inactive nests of unknown species located within the rock formation east of the Site. Adkins
determined that the small size of the old nests made it unlikely they belonged to either golden
eagle or ferruginous hawk. Also during the follow up surveys, Adkins retfurned to the active
burrowing owl nest to verify the nest status.

The wildlife survey revealed three NNESL species of concern that have the potential to occur
within or near the Site based on habitat suitability or actual recorded observation: golden eagle,
ferruginous hawk, and western burrowing owl. Based on these findings Adkins recommended
seasonal avoidance (during breeding season) of the burrowing owl nest area, where for small
groups and pedestrian activity a 0.12 mile buffer was recommended and for large groups, or
where machinery will be used, a 0.25 mile buffer was recommended. Adkins also recommended
the use of best management practices to protect potential habitat during RSE activities,
specifically: (1) confining equipment travel to within the boundaries of the Site; (2) minimizing
travel corridors as much as possible; (3) limiting truck and equipment fravel within the Site when
surfaces are wet and soil may become deeply rutted; and (4) using previously disturbed areas

7 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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for travel when possible. The recommended best management practices were followed to
protect potential habitat during RSE activities.

3.2.2.4 Cultural Resource Survey

In April 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 Dinétahddd 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, 20188).

The survey included the areas within the claim boundary and the 100-ft claim boundary buffer,
as shown in Figure 2-6. The survey identified seven isolated occurrences. For confidentiality
reasons, details regarding the 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, Dinétahddé recommended archaeological clearance for the
area if surveyed with the stipulation 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. In addition, the USEPA consulted with the NNHPD on August 9, 2016
regarding the survey findings and proposed a finding of “no historic properties present.” NNHPD
did not respond to USEPA's consultation.

Dinétahddd also escorted field personnel during: (1) the collection of subsurface soil 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 cultural 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, and surface water and well
water 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.

8 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, static surface and subsurface gamma measurements, surface soil
sampling, and subsurface soil sampling. The soil sample locations in the background reference
areas were initially selected using a triangular 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 area was representative of unmined locations,
regardless of the sizes of the areas. 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 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 at BG-1 and BG-2 were completed in May 2016. 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-
fraceable 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 transects 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 to accommodate
vegetation, rocks, or other surface features. If field personnel encountered an immovable
obstruction (e.g., a tree) 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 $852-BG1-011 (BG-1) and S852-BG2-011 (BG-2). 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 samples collected as part of the background study are detailed in Table 3-2 and sample
locations are shown in Figure 3-3. Soil 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 and November 2016, 11 surface soil grab samples were collected from
11 locations and one subsurface soil grab sample from borehole location $852-BG1-011.

e BG-2-In October and November 2016, 11 surface soil grab samples were collected from
11 locations. The borehole at BG-2 (S852-BG2-011) could not be advanced beyond 0.4 ft bgs
due to refusal, so no subsurface samples were collected at BG-2.

The lack of subsurface soil samples from BG-2 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).

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 sample analytical results
provided background reference data to guide the Site Characterization surface and subsurface
soil and 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.1 and C.2.

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. The approximate centerlines of the historical roads
were surveyed, but the shoulders were not, due to miscommunication with the field personnel.
This is identified as a potential data gap in Section 4. 9.

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, and surface water and well water samples
were also collected and used to evaluate mining-related impacts (refer to Section 3.3.2).
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In November 2016, the surface gamma survey was performed using the methods and
equipment described in Section 3.3.1.1. The surface gamma survey included the claim areaq, 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 32.3 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 weathered siltstone and mudstone derived from the Tertiary
sedimentary vent deposits west of the volcanic vent ridge at the Site (based on BG-1) and
Survey Area B is within the Tertiary volcanic vent deposit rocks and colluvium/residual soil on the
top of the ridge along the east side of the Site (based on BG-2).

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
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:

e  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 soils 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 fo
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
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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 to 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 November 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
concentrations of Ra-226 in soil, the study area soils must: (1) represent a specific gamma
measurement within the range of gamma measurements collected at the Survey Area; and
(2) be as homogenous as possible with respect to soil type, and gamma measurement within
the correlation area. At each areq, field personnel completed a high-density surface gamma
survey (intended to cover 100 percent of the survey area) and collected one five-point
composite surface soil 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 three of
the Gamma Correlation Study locations, to 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 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 fo
concentrations of Ra-226 in surface saoils (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
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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 atf
the Site, may need to be taken into account. Typically, only U-238, and sometimes Th-232, are
present in significant quantities. The contribution from the U-235 decay series fo 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 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 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.qg.. 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 November 2016, samples were collected from the locations shown in Figure 3-6 and are
summarized in Table 3-2. Fourteen surface soil/sediment grab samples were collected from each
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of the 14 locations in the Survey Area (11 from Survey Area A and three 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). Additionally, 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 integrated count and are not
comparable to the surface gamma survey measurements, which were collected as a walkover
survey.

Eight boreholes (six in Survey Area A and two in Survey Area B) were advanced through the
unconsolidated deposits (from 0.5 ft to 2.0 ft bgs; refer to Table 3-2 and Appendix C.2) until
borehole refusal on a hard surface, cobbles, or bedrock. 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 sand and silt, with varying amounts gravel (refer to

Appendix C.2 for borehole information). A drill rig was not employed at the Site because mining-
related disturbances were not observed at the Site.

In November 2016, samples were collected from the locations shown in Figure 3-6 and are
summarized in Table 3-2. Eight subsurface soil/sediment grab samples were collected from seven
borehole locations in the Survey Area (multiple subsurface samples were collected from
borehole $S852-SCX-002). Seven samples were collected from Survey Area A and one from Survey
Areq B.

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 stafic gamma measurements and Ra-226 analytical results, are provided in
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Appendix C.2. The laboratory analytical data, data validation reports, and Data Usability Report
for the analyses are provided in Appendix F.

3.3.2.3 Surface Water and Well Water Sampling

Two potential water features (i.e., surface water and water wells) were identified during the Site
Clearance desktop study and one water feature (an overflow pond) was identified during site
mapping, as shown in Figure 2-1 and Table 3-1a. Two of the three water features were sampled
as detailed below.

On October 20, 2016, a well water sample (S852-WL-001) was collected from the water well
identified as 07T-517 in the NNDWR database and the 2007 AUM Atlas. Water well 07T-517 was
completed in November 1958 at a total depth of 137 ft bgs, and was screened from 44.5 ft to
67 ft bgs (refer to Table 3-1b for additional well build specifications). Water well 07T-517 was a
windmill well located 0.40 miles northeast from the Site. Water from the well was pumped into a
water tank and a pipe was fed from the water tank to an animal frough. Refer to Appendix B
photograph number 6. The pipe had a valve on the end and the valve could be opened to fill
the trough. To collect the well water sample field personnel opened the valve and collected the
well water sample directly from the flow coming out of the valve, prior to the water pouring into
the trough. The water tank and water well were not accessible to field personnel for them to
collect the well water sample from either of these locations. The water within the frough was
representative of the well water that community members used for livestock.

On November 8, 2016, a surface water sample (S852-WS-001) was collected from the pond
identified by Stantec as S852-Pond-1. The pond was an overflow pond associated with water
well 07T-517. The pond was located approximately 80 ft southwest of the water well. A second
pipe (overflow pipe) was connected to the water tank associated with water well 07T-517 and
the pond was fed from this overflow pipe. Field personnel collected the pond sample directly
from the overflow pond.

Field personnel visited the location of TEST H T35 and no well or borehole was observed. The field
personnel also spoke to nearby residents who stated that no well exists in that area.

The water samples collected for dissolved metals analyses were sampled and field filtered using
a peristaltic pump, Teflon® tubing, and 0.45-micron inline filter in the field at the time of sample
collection per the RSE Work Plan, Section 4.6.1. All other analyses did not require in-field filtering.
The samples were collected, packaged, and shipped in accordance with the RSE Work Plan,
Sections 4.6, 4.9, 4.11, and Appendix E. ACZ Laboratories, Inc. in Steamboat Springs, Colorado
conducted the mercury analysis and ALS Environmental Laboratories in Fort Collins, Colorado
conducted all other analyses including Ra-226 and Radium-228 (Ra-228), adjusted gross alpha,
and the following total and dissolved metals: antimony, arsenic, barium, beryllium, cadmium,
chromium, cobalt, copper, lead, molybdenum, nickel, selenium, silver, thallium, uranium,
vanadium, and zinc.
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Additional general water quality analyses or field measurements included: total dissolved solids
(TDS). anions (carbonate, bicarbonate, chloride, and sulfate), cations (sodium and calcium),
and field measurements (pH, conductivity, turbidity, temperature, salinity, and oxidation
reduction potential). Table 3-3 provides a summary of the water analyses. 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. Surface
water and well water analytical results are presented in Section 4.8. Field forms are provided in
Appendix C.3 and the laboratory analytical data and Data Usability Report for the analyses are
provided in Appendix F. Investigation of groundwater is not included in the scope of this RSE.

3.3.3 Identification of TENORM Areas

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

1. Historical Data Review
a. Aerial photographs
b. USAEC records (do not exist for the Site)
c. Reclamation records (do not exist for the Site)
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 (does not exist for the Site)

2. Geology/Geomorphology
a. Hydrology/transport pathways with drainage delineation
b. Site-specific geologic mapping including areas of mineralization
c. Topography
3. Disturbance Mapping
a. Exploration (does not exist for the Site)
b. Mining (does not exist for the Site)

c. Reclamation (does not exist for the Site)
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4. Site Characterization
a. Surface gamma surveys and subsurface static gamma measurements
b. Soil and 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 explored for mining because of the high levels of naturally occurring uranium ore. The
areas containing NORM are presented in Section 4.6.

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 control, storage, access, reduction, evaluation, and reporting. A
summary of the data management activities performed as part of the RSE process included:

o Database - Field-collected and laboratory analytical RSE data were stored in an Oracle SQL
relational database, which increased data handling efficiency by using previously
developed data entry, validation, and reporting tools. The Oracle SQL database was also
used to export project data to a tabular format that can be used in a spreadsheet (e.g.,
Excel) and to the USEPA Scribe database format.

e Scribe - The Stantec Data Manager/Data Administrator was responsible for meeting the
project data transfer requirements from the Oracle SQL database to Scribe, which is a
software tool developed by the USEPA's Environmental Response Team to assist in the
process of managing environmental data. Stantec maintained an Oracle SQL database
and exported data from the Oracle SQL database to a Scribe compatible format following
completion of each field investigation phase. Custom data queries and “crosswalk” export
routines were built in Oracle SQL, to facilitate data export to the Scribe database format with
the required frequency.

e Geographic Information System (GIS) — Spatial data collected during the RSE (e.g., sample
locations and gamma measurements) were stored in a dedicated File Geodatabase for use
in the project GIS. The geodatabase format enforces data integrity, version control, file size
compression, and ease of sharing to preserve GIS output quality. Periodic geodatabase
backups were performed to identify accidentally deleted or otherwise corrupt information
that were then repaired or recovered, if applicable.
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3.4.