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Executive Summary
Introduction

The Barton 3 site (the Site) is located within the Navajo Nation, Shiprock Bureau of Indian Affairs
(BIA) Agency, Red Mesa Chapter in northeastern Arizona, near the border of Arizona and Utah.
The Site is one of 46 "priority” abandoned uranium mines (AUMs) within the Navajo Nation
selected by the United States Environmental Protection Agency (USEPA) in collaboration with the
Navajo Nation Environmental Protection Agency (NNEPA) for further evaluation based on
radiation levels and potential for water contamination (USEPA, 2013). Mining for uranium
occurred prior to, during, and after World War 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 July 2015 and August 2017 at the Site. The primary objectives of the RSEs are to provide
data required to evaluate relevant site conditions and to support future removal action
evaluations at the Sites. It is not infended to establish cleanup levels or determine cleanup
options or potential remedies. The purpose of the RSE data (e.g., the review of relevant
information and the collection of data related to historical mining activities) is to determine the
volume of technologically enhanced naturally occurring radioactive material (TENORM) at the
Site in excess of Investigation Levels (ILs) as a result of historical mining activities. ILs are based on
the background gamma measurements (in counts per minute [cpm]), and Radium-226 (Ra-226)
and metals concentrations, determined through statistical analyses, that are used to evaluate
potential mining-related impacts.

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

The Site is located within the Colorado Plateau physiographic province, which is an area of
approximately 240,000 square miles in the Four Corners region of Utah, Colorado, Arizona, and
New Mexico. The Site was one of the small mining operations in the Carrizo Mountain mining
region, located specifically in the northwestern Carrizo Mountain mining region. Bedrock
outcrops on or adjacent to the Site consist of the Jurassic Salt Wash Member of the Morrison
Formation and the Jurassic Summerville Formation. The Morrison Formation produced
approximately 4.7 milion pounds of uranium from areas of Arizona and New Mexico. The Site is
also located within the San Juan River watershed, an area of approximately 24,600 square miles
spanning Utah, Colorado, New Mexico, and Arizona. Topographically the Site is located along a
topographic ridge and the elevation on-site is approximately 5,470 ft above mean sea level. On-
site overland surface water flow, when present, is controlled by a decrease in elevation to the
north from the topographic ridge to the surrounding plains.

The Site was only in operation during 1954 and details regarding mine workings at the Site were
not identified. The US Atomic Energy Commission (USAEC) ore production records showed
production from the Site in 1954 was 31 tons (approximately 62,000 pounds) of ore that
contained 75 pounds of 0.12 percent UsOs (uranium oxide) and 324 pounds of 0.52 percent
V205 (vanadium oxide).

In 1999, the Site was included in the Carrizo #1 Project bid document and was referred to in the
bid document as Barton 3 Mine or NA-0508 (NAML, 1999). Closeout reports for the Carrizo #1
NAML Project Reclamation Project could not be located. However, in 2007 the USEPA listed the
Site as reclaimed (USEPA, 2007a). In 2010 Weston Solutions (Weston) performed site screening on
behalf of the USEPA. The screening 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”

-5 MAVAID
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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. The results of the surface and subsurface soil and sediment sampling
analyses were used to evaluate mining impacts and define the lateral and vertical extent of
TENORM at the Site.

Findings and Discussion

Surface and subsurface soil and sediment sampling results. Two background reference areas
were selected to develop surface gamma, subsurface static gamma, Ra-226, and metals ILs for
the Site.

Arsenic, molybdenum, uranium, vanadium, and Ra-226 concentrations in soil/sediment and
gamma radiation measurements exceeded their respective ILs and are confirmed COPCs for
the Site. An IL for selenium was not identified because selenium sample results were non-detect
in the background areas. However, because selenium was detected in Survey Areas A and B, it
is also confirmed as a COPC for the Site.

Arsenic, molybdenum, uranium, vanadium, 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. An IL for selenium was not identified because selenium
sample results were non-detect in the background areas. However, because selenium was
detected in soil/sediment samples from the Survey Area (i.e., the full areal extent of the Site
surface gamma survey), it is also confirmed as a COPC for the Site. Based on the data analysis
performed for this report along with the multiple lines of evidence, approximately 9.4 acres, out
of the 15.4 acres of the Survey Area (i.e., the full areal extent of the Site surface gamma survey),
were estimated to contain TENORM. Of the 9.4 acres that contain TENORM, 7.2 acres contain
TENORM exceeding the surface gamma ILs. The volume of TENORM in excess of ILs was
estimated to be 19,126 yd? (14,623 cubic meters).
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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 sall,
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.

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

°F degrees Fahrenheit

e.g. exempli gratia

etc. et cetera

bcy bank cubic yard

ft feet

f12 square feet

ie. id est

mg/kg milligram per kilogram

MR/hr microRoentgens per hour
pCi/g picocuries per gram

yds cubic yards

Adkins Adkins Consulting Inc.

ags above ground surface

amsl above mean sea level

AUM abandoned uranium mine
bgs below ground surface

BIA Bureau of Indian Affairs

CCv continuing calibration verification
C.FR Code of Federal Regulations
COPC constituent of potential concern
cpm counts per minute

Dinétahddd  Dinétahddd Cultural Resource Management

DMP Data Management Plan

DQO Data Quality Objective

ERG Environmental Restoration Group, Inc.
ESA Endangered Species Act

FSP Field Sampling Plan

GIS geographic information system

GPS global positioning system

HASP Health and Safety Plan

ICAL initial calibration

ICB/CCB initial/continuing calibration blank
ICV initial calibration verification

IL Investigation Level

LCS/LCSD laboratory control sample/laboratory control sample duplicate
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MARSSIM
MBTA
MLR
MS/MSD
MWH

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

QA/QC
QAPP

R2
Ra-226
Redente
RSE

SOP
Stantec

T&E
Th-230
Th-232
TENORM

U-235
U-238
UsOs
UCL
usS
us.C.
uTL
USAEC
USDA
USEPA
USFWS
USGS

Xi

Multi-agency Radiation Survey and Site Investigation Manuall

Migratory Bird Treaty Act

Multivariate Linear Regression

matrix spike/matrix spike duplicate

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

sodium iodide

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

Navajo Nation Department of Justice

Navajo Nation Division of Natural Resources

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

Navajo Natural Heritage Program

Navajo Nation Historic Preservation Department
Naturally Occurring Radioactive Material

quality assurance/quality control
Quality Assurance Project Plan

Pearson’s Correlation Coefficient
Radium-226

Redente Ecological Consultants
Removal Site Evaluation

standard operating procedure
Stantec Consulting Services Inc.

threatened and endangered

thorium-230

thorium-232

Technologically Enhanced Naturally Occurring Radioactive Material

uranium-235

uranium-238

uranium oxide

upper confidence limit

United States

United States Code

upper tolerance limit

US Atomic Energy Commission
US Department of Agriculture
US Environmental Protection Agency
US Fish and Wildlife Service

US Geological Survey
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V20s vanadium oxide
VCA Vanadium Corporation of America
Weston Weston Solutions
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Glossary

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

Bank cubic yard — a unit designating one cubic yard of earth or rock, measured or calculated
before removal from the bank (Dictionary of Construction, 2018).

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.

Class A material - mine waste piles, overburden, subsoil, fopsoil or other suitable backfill material
with radium-226 (Ra-226) concentration equal to or less than the average Ra-226 concentration
of the background area in the immediate vicinity of the project as computed from ground-
contact radiological measurements. The material should be free from solid waste, hazardous
waste, toxic waste, oil/grease, frash, vegetation, combustible materials and materials that
retards vegetative growth (NAML, 1999).

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

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

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

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

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

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

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

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

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

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

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

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

Investigation Level (IL) — based on the background gamma measurements (in counts per
minute [cpm]) and, Radium-226 (Ra-226) and metals concentrations, determined through
statistical analysis, 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, especidally if it is of
questionable human origin or if it appears to be the result of fortuitous causes. The number
and/or composition of observed artifact classes are a useful rule of thumb for distinguishing
between a site and anisolate (NNHPD, 2016).

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

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

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

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

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

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

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

Scarified — to break up, loosen, or roughen the surface of something (such as a field or road).

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).
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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
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 25t 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
instrument 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
July 2015 and August 2017 at the Barton 3 site (the Site) located in northeastern Arizona, near the
border of Arizona and Utah, 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
#220 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 0.6 acres (26,136 square
feet [ft2]) and was provided as part of the 2007 AUM Atlas. Per the 2007 AUM Atlas this polygon
and ofher 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 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 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 objectives of the RSEs are to provide data required to evaluate relevant site
condifions and to support future removal action evaluations at the Sites. It is not intended to
establish cleanup levels or determine cleanup opfions or potential remedies. The purpose of the
RSE data (e.g.. the review of relevant information and the collection of data related to historical
mining activities) is to determine the volume of technologically enhanced naturally occurring
radioactive material (TENORM) aft the Site in excess of Investigation Levels (ILs) as a result of
historical mining activities. ILs are based on the background gamma measurements (in counts
per minute [cpm]), and Radium-226 (Ra-226) and metals concentrations, determined through
statistical analysis, that are used to evaluate potential mining-related impacts. The USEPA (2017)
defines TENORM as:

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

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

An understanding of the extent and volume of TENORM that exceeds the ILs at the Site is key
information for future Removal or Remedial Action evaluations, including whether, and to what
extent, a Response Action is warranted under federal and Navajo law. Definitions presented in
the glossary for “Removal”’, “Remedial Action”, and “Response” are defined in 40 Code of
Federal Regulations (CFR) Section 300.5 of the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP; USEPA, 1992).

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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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.

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

¢ Topographic and geologic maps

¢ Available data concerning perennial surface water features and water wells

e Previous studies and reclamation activities

¢ 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)(2010) report

e 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 sampling,
and laboratory analysis

e Site gamma survey - surface gamma survey

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

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

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

Details regarding the Site Clearance activities are provided in the Barton 3 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 Barton 3 Site Baseline Studies
Field Report (Stantec, 2017) and summarized in Section 3.3 of this report. Details regarding the
Site Characterization Activities and Assessment are provided in Section 3.3 of this report. Findings
are presented in Section 4.0 of this report.

1.3 REPORT ORGANIZATION

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

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

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

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

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

Section 4.0 Findings and Discussion — Presents the results of the Site Clearance and RSE activities,
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.
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Tables Included at the end of this RSE report.
Figures Included at the end of this RSE report.

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

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

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

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

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

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

2.1 SITE HISTORY AND LAND USE
2.1.1 Mining Practices and Background

The Site is located on the Navajo Nation near the border of Arizona and Utah and
approximately 25 miles southeast of Mexican Water, Arizona, as shown in Figure 1-1 inset. The Site
is located in the northwestern Carrizo Mountain mining region. A summary of historical mining,
according to Chenoweth (1984, 1985) on the Site and in the region, is presented below.

During the 1920s and 1930s, mining on the Navajo Nation primarily focused on vanadium mining
(uranium and vanadium often co-exist in an ore body). In November 1920, the first recorded
shipment of uranium and vanadium ore was shipped from the Carrizo Mountain mining region.
Between 1942 and 1944, Vanadium Corporation of America (VCA) operated numerous
vanadium mines in the Carrizo Mountain mining region. By 1945 mines in the Carrizo Mountain
region became inactive due to the decreased need for vanadium. After 1947, prospecting and
mining increased in the Carrizo Mountains area. Exploration drilling by both the US Atomic
Energy Commission (USAEC) and uranium companies increased in 1953, and additional uranium
ore bodies were discovered. To fill the USAEC's need for uranium, VCA reopened their inactive
vanadium mines in the Carrizo Mountain region and began mining for uranium. During the mid-
1950s, there were more mining operations in the northern and western Carrizo Mountains than at
any other tfime, resulting in large as well as numerous small mining operations throughout the
region.

The Site was one of the small mining operations in the Carrizo Mountain mining region, located
specifically in the northwestern Carrizo Mountain mining region. The Site was only in operation
during 1954 and was operated by Lewis Barton. Details regarding mine workings at the Site were
not provided in the Chenoweth documents. The USAEC ore production records showed
production from the Site in 1954 was 31 tons (approximately 62,000 pounds) of ore that
contained 75 pounds of 0.12 percent UsOs (uranium oxide) and 324 pounds of 0.52 percent V20s
(vanadium oxide).

2.1.2 Ownership and Surrounding Land Use

The Site is located within the Navajo Nation, Shiprock Bureau of Indian Affairs (BIA) Agency in
Section 21 of Township 41 North, Range 27 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
Red Mesa Chapter of the Navajo Nation, as shown in Figure 1-1, and is in Grazing Unit 9, as
designated by the Navajo Nation Division of Natural Resources (NNDNR, 2006). The Site is
currently uninhabited, but seven home-sites are located east of and within 0.25 miles of the Site,
as shown in Figure 2-1.
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2.1.3 Site Access

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

2.1.4 Previous Work at the Site
2.1.4.1 1999 Carrizo #1 Project Invitation for Reclamation Bids

In 1999, NAML issued an invitation for bids for the reclamation of 14 AUMs, referred to as the
Carrizo #1 NAML Project (NAML, 1999). The Site was included in the Carrizo #1 Project bid
document, and was referred to in the bid document as Barton 3 Mine or NA-0508. In the bid
document NA-0508 was subdivided into two work sites; sub-site A and sub-site B. The location of
the RSE Barton 3 site (i.e., the Site) is coincident with NA-0508 sub-site B and the Tom Morgan 1
Mine (reported in the 2007 AUM Atlas) is coincident with NA-0508 sub-site A. For reference the
location of the Tom Morgan 1 Mine is shown in Figure 2-1. The bid document stated that the Site
contained a rim strip, one waste pile, and one area of anomalous radioactive measurements.
The bid document included a historical drawing of the Site showing the locations of the rim strip
(R1), waste pile (WP1), and area of anomalous radioactive measurements. For comparison, the
historical NAML drawing is overlain on the current image of the Site in Figure 2-2. The historical
drawing location in relation to the current image of the Site is approximate because the
historical image could not be georeferenced. In addition, the black-dashed border labeled
0.65 acres on the historical drawing was a border for the reclamation “work area” and was not
meant fo represent the claim boundary, thus this border and the claim boundary are not meant
to line up (refer to Figure 2-2). The bid document listed the following reclamation activities were
needed for the Site:

e Excavate 50 bank cubic yards (bcy) of the waste pile and use the excavated material to
backfill over the rim strip.

e Excavate 600 bcy of Class A topsoil/cover-soil from a designated borrow source located in
the northwest corner of the Site. The bid document historical drawing of the Site (refer to
Figure 2-2) also included the location of the borrow source area. Use the Class A material to
cover both the area of the backfilled rim strip and the area with anomalous radioactive
measurements. The Class A cover should be rough graded to a minimum thickness of 1.5 ft.
Class A material was defined in the bid document as: mine waste piles, overburden, subsail,
topsoil or other suitable backfill material with Ra-226 concentration equal to or less than the
average Ra-226 concentration of the background area in the immediate vicinity of the
project as computed from ground-contact radiological measurements. The material should
be free from solid waste, hazardous waste, toxic waste, oil/grease, frash, vegetation,
combustible materials and materials that retards vegetative growth.

- :"*!.l"\"-'r.l"'q...]'_:'
- @ Stantec e



BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

SITE HISTORY AND PHYSICAL CHARACTERISTICS
October 9, 2018

e Grade the reclaimed area to develop proper post-reclamation contours to establish
favorable drainage conditions and erosion protection. The graded slopes of the reclaimed
surfaces should be slightly sloped to allow positive drainage.

¢ Eliminate the access road to the Site.

Closeout reports for the Carrizo #1 NAML Project Reclamation Project could not be located.
However, the 2007 AUM Atlas reported the Site was reclaimed by NAML.

2.1.4.2 2010 Site Screening

In 2010, Weston performed site screening on behalf of the USEPA (Weston, 2010). 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
features; and (3) performing a surface gamma survey. Weston reported seven home-sites were
within 0.25 miles of the Site, no water features were within a one-mile radius of the Site, and no
sensitive environments were identified. Weston also reported the Site was reclaimed, identified a
potentially capped waste pile, and “small pits” on the Site. Weston did not provide a location or
any other details pertaining to the “small pits”. Based on Weston's performance of a surface
gamma survey, Weston determined that the highest gamma measurements were greater than
10 times the site-specific background level used for its gamma screening.

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 2-3 presents a current regional aerial photograph (NAIP, 2018) of the Site
within a portion of the Colorado Plateau. The Colorado Plateau is typically high desert with
scaftered forests and varying topography having incised drainages, canyons, cliffs, buttes,
arroyos, and other features consistent with a regionally uplifted, high-elevation, semi-arid
plateau (Encyclopedia Britannica, 2017). The physiographic province landscape includes
mountains, hills, mesas, foothills, iregular plains, alkaline basins, some sand dunes, and wetlands.
This physiographic province is a large 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

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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is composed of six sections: Uinta Basin, High Plateaus, Grand Canyon, Canyon Lands, Navajo,
and Datil-Mogollon. The Site is located within the Navajo section.

The Site is located in the central portion of the Colorado Plateau. Figure 2-4 presents the regionall
US Geological Survey (USGS) topographic map of a portion of the Colorado Plateau in the
vicinity of the Site. Figure 2-5 presents the Site topography (Cooper Aerial Surveys Company
[Cooper; refer to Section 3.2.2.1]) within a portion of the Colorado Plateau. The Site is located
northwest of the Toh Atfin Mesa (refer to Figures 2-3 and 2-4) along a topographic ridge and the
elevation on-site is approximately 5,470 ft above mean sea level (amsl).

2.2.2 Geologic Conditions
2.2.2.1 Regional Geology

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

Bedrock on-site consists of the Jurassic Summerville Formation and the Jurassic Salt Wash
Member of the Morrison Formation. Regionally, the Summerville Formation is of marginal marine
and tidal origin composed of reddish-brown, thinly bedded sandstone with interbedded
gypsiferous siltstone, sandy siltstone, or mudstone and is known for its thin beds of rippled
sandstones and mud cracks (University of Utah, 2018). Regionally, the Jurassic Morrison Formation
is composed of various rocks of lacustrine and fluvial continental origin, including mudstone,
sandstone, limestone, and siltstone (USGS, 1967). Figure 2-6 depicts a regional geology map
showing the Site in relation to the regional extent of the Morrison Formation. The sandstone strata
of the Morrison Formation contain the majority of uranium ore reserves in the US. Deposition of
the Morrison Formation may have coincided with uplift of the western basin-and-range region
and the beginning of the Nevadan orogeny. The Morrison Formation covers an area of
approximately 600,000 square miles (USGS, 1967) and is centered in Wyoming and Colorado,
with outcrops in Canada, Montana, North Dakota, South Dakota, Nebraska, Kansas, Oklahoma,
Texas, Utah, Idaho, New Mexico, and Arizona (Turner and Peterson, 2004). The Morrison
Formation produced approximately 4.7 million pounds of uranium from areas of Arizona and
New Mexico (USEPA, 20074a).

2.2.2.2 Site Geology

Bedrock outcrops on or adjacent to the Site consist of the Jurassic Salt Wash Member of the
Morrison Formation and the Jurassic Summerville Formation, as shown in Figure 2-7a. The Salt
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Wash Member of the Morrison Formation consists of yellowish-gray to greenish-gray cross-
bedded very fine- to medium-grained calcareous sandstone interbedded with greenish-gray
and reddish—brown claystone. The Summerville Formation consists of reddish-brown to light
orange very fine- to fine-grained flat bedded silty sandstone and tin-bedded silty sandstone,
claystone, and silistone. The transition between the Summerville Formation and the Quaternary
deposits on-site is not a defined boundary and the Summerville Formation is often overlain by the
Quaternary deposits. Outcropping bedrock on Site is shown in Figure 2-7b.

Unconsolidated deposits on-site are alluvium, colluvium, and eolian deposits consisting of
variable amounts of silf, sand, and gravel. During the Site Characterization field activities,
boreholes were advanced through the unconsolidated deposits using a hand auger or
Geoprobe™ 8140LC rotary sonic drilling rig until termination within native material or termination
due to refusal at hard surface or bedrock (refer to Section 3.3.2.2 and Appendix C.2 for borehole
logs). The unconsolidated deposits ranged in depth from 0.5 ft to 21.0 ft below ground surface
(bgs). Conglomerates were also logged at the bottom of boreholes $220-SCX-011, -SCX-012,
-SCX-017, -SCX-019, and -SCX-020. The conglomerates are believed to be part of the Westwater
Canyon member of the Morrison Formation, which is yellowish-gray sandstone with
conglomeratic lenses, and greenish-gray shale.

According to the US Department of Agriculture (USDA) Soil Survey for Apache County, Arizona,

soils on-site that have not been disturbed, are classified as Piute soil consisting of gravelly loamy
fine sand with slopes ranging from 2 to 25 percent (USDA, 2001). The Site has bedrock outcrops

infermixed with the Piute soil.

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 028468, Teec Nos Pos, Arizona (Western Regional Climate
Center, 2017) located approximately 20 miles east of the Site, ranges between 41.5 degrees
Fahrenheit (°F) in January to 93.1°F in July. Daily temperature extremes reach as high as 105°F in
summer and as low as 18°F in winter. Teec Nos Pos receives an average annual precipitation of
8.1 inches, with August being the wettest month, averaging 1.16 inches, and June being the
driest month, averaging 0.26 inches.

Potential evaporation in the area is greater than the area’s average annual precipitation. The
potential evaporation noted at the Many Farms School, Arizona weather station, located
approximately 41 miles southwest of the Site, averages 91 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 Cortez, Colorado airport, located
approximately 50 miles to the northeast of the Site, had the most complete record of wind
condifions. A wind rose for the Cortez airport is presented on Figure 1-1. The wind rose was
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produced using data contained in the 2007 AUM Atlas for the years 1996 to 2006. Predominant
winds were from the east-northeast (refer to the wind rose on Figure 1-1). However, Stantec field
personnel (field personnel) generally observed wind from the west when at the Site, and the Site
sits in a valley where winds run west to east as well.

2.2.4 Surface Water Hydrology

The Site is located within the San Juan River watershed, an area of approximately 24,600 square
miles spanning Utah, Colorado, New Mexico, and Arizona, as shown in Figure 1-1. On-site
overland surface water flow, when present, is controlled by a decrease in elevation to the north
from the fopographic ridge to the surrounding plains (refer to Figures 2-5 and 2-8). Three parallel
patterned ephemeral drainages are present on-site that drain fo the northwest and terminate in
the surrounding plains, as shown in Figure 2-8. One un-named drainage is located approximately
0.10 miles east of the Site, as shown in Figure 2-8, and runs north into the surrounding plains where
it ferminates.

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 20146, biological surveys were conducted as part of Site Clearance
activities. In April and May 2016, Adkins conducted wildlife surveys and in July 2016, Redente
Ecological Consultants (Redente), under contract to Stantec, conducted a 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 Site is primarily open shrubland with mixed grasses and sparsely vegetated rocky hills (refer to
Appendix E). During the surveys, Stantec and/or its subcontractors observed turkey vulture,
common raven, and kangaroo rat (refer to Appendix E). Field personnel also regularly observed
sheep grazing in the area of the Site.

2.2.6 Cultural Resources

In March and 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 a local resident familiar
with the Site (Dinétahddd, 2016).

] NAVAJO
2.6 @ Staritec NATION

ALK Zmair el
Fpigarss e A PRER



BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

SITE HISTORY AND PHYSICAL CHARACTERISTICS
October 9, 2018

During the cultural resource survey Dinétahddé identified one archaeological site. The locall
resident stated they remembered mining occurring at the Site and provided information
regarding the identified archaeological site. 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 Reclamation

During RSE activities, field personnel observed the following features indicative of potential
mining or reclamation activities at the Site: a potential haul road, berm, waste pile,
graded/disturbed reclaimed area, and an excavation area. Details regarding these
observations are presented in Section 3.2.2.1.

On June 5, 2017, arepresentative from NAML met with field personnel, on-site, to verify
what/where reclamation activities had occurred. NAML verified the following (refer to Section
2.1.4 and Figure 2-2):

¢ The general location of the rim strip that was covered with waste pile material. The surface
expression of this area was difficult to discern from native surroundings.

¢ The general location and boundaries of the borrow source area which was used to provide
Class A topsoil/cover-soil. The Class A material was used to cover both the area of the
backfilled rim strip and the area with anomalous radioactive measurements shown in the bid
documents. However, field personnel observed that the cover material appeared to have
eroded since reclamation activities.

¢ The reclaimed area was graded to establish favorable drainage conditions and erosion
protection by directing drainage off of and around the reclaimed area.

e The access road near the Site was scarified and eliminated to prevent Site access.

These observations and NAML confirmations were used, along with additional lines of evidence
(refer to Section 3.3.3), to identify areas at the Site where TENORM was present (refer to
Section 4.6).
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3.0 SUMMARY OF SITE INVESTIGATION ACTIVITIES

3.1 INTRODUCTION

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

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

The RSE Work Plan is comprised of a Field Sampling Plan (FSP), Quality Assurance Project Plan
(QAPP), Health and Safety Plan (HASP), and a Data Management Plan (DMP). The FSP guided
the fieldwork by defining sampling and data-gathering methods. The QAPP presented quality
assurance/quality control (QA/QC) requirements designed to meet Data Quality Objectives
(DQOs) for the environmental sampling activities. The HASP listed site hazards, safety procedures
and emergency protocols. The DMP described the plan for the generation, management, and
distribution of project data deliverables. The FSP, QAPP, HASP, and DMP provided the approved
requirements and profocols to be followed for the RSE data collection, data management, and
data analysis 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 analytfical approach; (6) Specify the tolerance on decision errors;
and (7) Optimize sampling design (USEPA, 2006).
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1. Background reference area soil sampling, laboratory analysis, surface gamma surveying,
and subsurface static gamma measurements to establish background analyte
concentrations and gamma measurements, which will be used as the ILs, for the Site.

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

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

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

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

e Historical site assessment

e Determining RSE DQOs

e Selecting background reference areas

e Selecting radiation survey techniques

e Site preparation

e Quality control

e Health and safety

¢ Survey planning and design

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

¢ Media sampling and preparation for laboratory analysis

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

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

¢ Quality assurance and quality control

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

3.2 SUMMARY OF SITE CLEARANCE ACTIVITIES

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

3.2.1 Desktop Study

The desktop study included:

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

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

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

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

e Review of fopographic and geologic maps.

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

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

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

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

¢ Historical photographs (USGS, 2016) for the Site were selected from 1949, 1952, 1955, 1967,
1997, and 2005 for comparison against a current 2017 image (Cooper, 2017). The selected
historical photographs are shown in Figure 3-1a. Figure 3-1b compares the aerial photograph
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from 1967 and a current image. It is difficult fo determine differences between the two
images. The 1967 historical photograph was presented because it provided the best
resolution of what the Site looked like after mining occurred on-site.

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

¢ No water features were identified based on the review of information provided by the
NNDWR and the 2007 AUM Atlas.

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

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

3.2.2 Field Investigations
3.2.2.1 Site Mapping

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

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

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

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

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

e Topographic features

e Potential background reference areas

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

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

Claim boundaries — 100-ft buffers of the claim boundaries, as shown in Figure 2-8, were
marked in the field with stakes and/or flagging and mapped with a global positioning system
(GPS).

Drainages — Three parallel patterned ephemeral drainages were mapped, as shown in
Figure 2-8. The drainages drained from the Site to the northwest and terminated in the
surrounding plains. One un-named drainage was mapped approximately 0.10 miles east of
the Site that ran north into the surrounding plains where it terminated. The un-named
drainage is shown in Appendix B-2 photograph number 6.

Topographic features — The mapped area can be divided intfo two primary fopographic
areas: the ridge and the plains, as shown in Figure 2-5. The ridge trends northeast to
southwest and had approximately 45 ft of relief. The sides of the ridge have relatively steep
slopes, while the northern extent slopes gently into the surrounding plains. The ridge is shown
in Appendix B-1 photograph number 1.

Potential haul road — Two potential haul roads were mapped, as shown in Figures 2-1, 2-8,
and Appendix B-2 photograph number 7. The potential haul roads ran from the home-sites to
the northern surrounding plains in the northern portion of the Site.

Berm — A berm was mapped, as shown in Figure 2-8. The berm was approximately 60 ft long,
2 ft high, and was placed to direct overland water flow to the northwest and away from the
reclaimed area.

Excavation — An excavation was mapped, as shown in Figure 2-8 and Appendix B-1
photograph numbers 4 and 5. A portion of the excavation area was coincident with the
borrow area used for reclamation on-site (refer to Figure 2-2 and Section 2.1.4). The
excavation is also shown as part of the earthworks in Figures 2-7a and 2-7b.

Graded/Disturbed Reclaimed Area — A graded/disturbed reclaimed area was mapped, as
shown in Figure 2-8 and Appendix B-1 photograph numbers 2 and 3. A portion of this area
was coincident with the historical WP1, the historical rim strip, and area with anomalous
radioactive measurements, as shown in Figure 2-2 (refer to Section 2.1.4). NAML assisted field
personnel with identifying the general location of the rim stripped area in the field (refer to
Section 2.2.7). The graded/disturbed reclaimed area is also shown as part of the earthworks
in Figures 2-7a and 2-7b.

Waste pile — One waste pile was mapped (Waste Pile 1), as shown in Figure 2-8. This waste
pile was not coincident with the location of WP1 shown in the historical drawing overlay in
Figure 2-2.

Structures — The Site is currently uninhabited, but seven home-sites are located east of and
within 0.25 miles of the Site, as shown in Figure 2-1.

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

Field personnel did not observe the “small pits” reported by Weston (2010).

3.5
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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 data

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

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

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

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

e Digital, high-resolution color orthophotograph imagery

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

e Elevation point files

e Triangular Irregular Network surface files

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

3.2.2.2 Potential Background Reference Area Evaluation

The desktop study findings and field investigation observations were used to identify five
potential background reference areas (BG-1 through BG-5) for the Site, as shown in Figure 3-2,
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and described in Appendix D.1. BG-1 and BG-3 were selected as suitable background reference
areas for the Site for the following reasons:

e BG-1 encompassed an area of 2,093 ft2 (approximately 0.05 acres), was located 1,020 ft
southeast of the claim boundary, and cross-wind and hydrologically cross-gradient from the
Site. The thin soils and bedrock outcrops represented the majority of the Site within the claim
boundary and 100-ft buffer, and were the same geologic unit, the Morrison Formation. Areas
of BG-1 had weathered sandstone fragments and green sands at the surface which contain
elevated NORM, refer to Appendix B-2 photograph number 8. The vegetation and ground
cover at BG-1 were similar to the majority of the Site.

e BG-3 encompassed an area of 4,710 ft2 (approximately 0.11 acres), was located 540 ft north
of the claim boundary, and was cross-wind from the Site. Regionally, BG-3 was hydrologically
downgradient from the Site but was locally topographically elevated and did not receive
Site runoff. The thin soils and bedrock outcrops represented both the Summerville Formation
and Quaternary deposits. The vegetation and ground cover at BG-3 were similar to the
northern areas of the Site near the earthworks.

BG-4 and BG-5 were not selected as background reference areas for the Site for the reasons
described in Appendix D.1. BG-2 is included in the RSE report for discussion purposes (refer to
Sections 3.3.1.2 and 4.2), and was as follows: BG-2 encompassed an area of 2,031 ft2
(approximately 0.05 acres), was located 630 ft south of the claim boundary, and was cross-wind
and hydrologically upgradient from the Site; the thin soils and bedrock outcrops represented the
maijority of the Site within the claim boundary and 100-ft buffer, and were the same geologic
unit, the Morrison Formation; the vegetation and ground cover at BG-2 were similar to the
majority of 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, etfc.) to:

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 identified areas were generally representative of the Site.

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

Vegetdation 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 four T&E plant species that may occur on-site: Parish’s alkali grass (G4),
Rydberg’s thistle (G4), alcove bog-orchid (G3), and alcove death camas (G3). The USFWS listed
one T&E plant species that may occur on-site: Navajo sedge (threatened). Parish’s alkali grass is
a native annual grass that grows in a series of widely discontinuous populations ranging from
southern California to eastern Arizona and western New Mexico in alkaline seeps, springs and
seasonally wet areas and washes at elevations from 5,000 ft to 7,200 ft amsl. Rydberg'’s thistle is a
native perennial forb that occurs in hanging gardens, seeps, and stream banks below hanging
gardens at elevations from 3,297 ft to 6,946 ft amsl. Its distribution includes southern San Juan
County along with Coconino and Apache Counties in Arizona. Alcove bog-orchid is a native
perennial forb that grows in seeps, hanging gardens, and moist stream areas from the desert
shrub to the Pinyon Juniper communities. This species is found in New Mexico, Utah, and Arizona
at elevations from 4,003 ft to 7,201 ft amsl. Alcove death camas is a native perennial forb that
grows in hanging gardens, seeps, and alcoves mostly on the Navajo Sandstone formation. This
species is endemic to the Colorado Plateau in southern Utah and northern Arizona at elevations
from 3,698 ft to 6,999 ft amsl. Navajo sedge is a native perennial grass-like plant that grows in
seeps and hanging gardens primarily on sandstone cliffs and alcoves. Known populations occur
at elevations from 4,600 ft to 7,200 ft amsl in San Juan County, Utah and northern Arizona.

Before beginning the Site vegetation surveys, Redente reviewed the ecologic and taxonomic
information for the T&E species to understand ecological characteristics of the species, habitat
requirements, and key taxonomic indicators for proper identification (Arizona Native Plant

¢ 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 to 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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Society, 2000). Redente also reviewed currently accepted resource agency protocols and
guidelines for conducting and reporting botanical inventories for special status plant species
(USFWS, 1996). An experienced Redente botanist with local flora knowledge conducted the rare
plant survey. The botanist walked transect lines on the Site with emphasis on areas with suitable
habitat for the T&E species, specifically seeps and hanging gardens.

The Redente botanist did not identify any of the five T&E species at the Site based on
observations he made during the on-site survey. The botanist concluded he did not identify any
of the T&E species at the Site because the Site was not a likely habitat for the T&E species. The
Site is primarily open shrubland with mixed grasses and sparsely vegetated rocky hills.

Wildlife Survey - In April and 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 fransects 10 ft
apart throughout the Site, including a 100-ft buffer beyond the claim boundary. The surrounding
areas were visually inspected with binoculars for nests, raptors, or signs of raptor use.

The wildlife evaluation was performed for species listed as NNESL, Federally Endangered,
Federally Threatened, or Federal Candidate, and species protected under the Migratory Bird
Treaty Act (MBTA) that have the potential to occur on-site. Prior to the start of the wildlife survey,
Adkins submitted data requests to USFWS and NNDFW for animal species listed under the ESA.
The NNESL species were further classified as G2, G3, or G4. The USFWS included six ESA-species
with the potential to occur in the area of the Site; one bird (western yellow-billed cuckoo), two
fish (roundtail chub and Zuni bluehead sucker), two mammails (black-footed ferret and gray
wolf), and one repfile (northern Mexican gartersnake). The NNDFW included: five birds
(mountain plover [G4], golden eagle [G3], ferruginous hawk [G3], southwestern willow flycatcher
[G2], and western burrowing owl [G4]), and one fish (Colorado pikeminnow [G2]). All species on
the USFWS list and all species from the NNDFW list, with the exception of the golden eagle,
ferruginous hawk, and western burrowing owl were eliminated from further evaluation because
there was no potential for those species to occur on the Site due to lack of suitable habitat.
Based on the preparation data, three birds remained as species of concern warranting further
analysis during the Site survey: golden eagle, ferruginous hawk, and western burrowing owl.

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 16 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,

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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scaled quail, Swainson’s hawk, vesper sparrow, bald eagle, Bendire's thrasher, pinyon jay, prairie
falcon, and American peregrine falcon. These 16 MBTA bird species were added for further
analysis during the survey for effects to potential habitat.

The wildlife survey revealed three NNESL species of concern that has the potential to occur
within or near the Site based on habitat suitability or actual recorded observation: golden eagle,
ferruginous hawk, and western burrowing owl. Based on these findings Adkins 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 fruck and equipment fravel within the Site when surfaces are
wet and soil may become deeply rutted; and (4) using previously disturbed areas for fravel
when possible. The recommended best management practices were followed to protect
potential habitat during RSE activities.

3.2.2.4 Cultural Resource Survey

In March and 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 "Notification 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 2-8. The survey identified one archaeological site. For confidentiality reasons,
details regarding the archaeological site are not provided herein. NNHPD can be contacted for
additional information. NNHPD contact information is located on the Cultural Resource
Compliance Form included in Appendix E.

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

Dinétahddd also escorted field personnel during: (1) the collection of subsurface soil 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.

8 Call with Sadie Hoskie, Tamara Billie of NNHPD, and Linda Reeves, June 8, 2018.
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3.3 SUMMARY OF REMOVAL SITE EVALUATION ACTIVITIES

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

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, and surface 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 triangles. However, in some instances, the actual sample
locations had to be moved in the field if sampling was not possible (e.g., the location consisted
of exposed bedrock or there was a large bush blocking access). In these cases, the closest
accessible location was selected instead.

The background reference areas were selected based on a variety of factors, including
MARSSIM criteria, which indicated whether the areas were representative of unmined locations,
regardless of the sizes of the area. These factors are described in this RSE report and
accompanying appendices. The objectives of the background reference area study were to
measure gamma radiation levels emitted by naturally occurring, undisturbed uranium-series
radionuclides, and concentrations of other naturally occurring constituents. The results were
used to establish background gamma levels and concentrations of Ra-226 and specific metals
(uranium, arsenic, molybdenum, selenium, and vanadium). The soil 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 April 2016 and at BG-3in
June 2017. ERG performed the surface gamma surveys using Ludlum Model 44-10 2-inch by
2-inch sodium iodide (Nal) high-energy gamma detectors (the detectors). Each detector was
coupled to a Ludlum Model 2221 ratemeter/scaler that in furn 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
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Institute of Standards and Technology-traceable cesium-137 check source, and function-
checked the equipment prior-to and after each workday. ERG performed the surveys by
walking the background reference areas with the detector carried by hand, along fransects
that varied depending on encountered tfopography. The gamma measurements were
collected with the height of the detector varying from 1 ft to 2 ft above ground surface (ags)
with an average height of 1.5 ft ags fo accommodate vegetation, rocks, or other surface
features. If field personnel encountered an immovable obstruction (e.g., a free) during the
surface gamma surveys they went around the obstruction. Subsequent to each workday, ERG
downloaded the gamma measurements to a computer and secure server.

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 $220-SCX-001 (BG-2) and $220-BG3-011 (BG-3). Surface and/or subsurface static
gamma measurements were not collected in the attempted borehole at BG-1 (S220-SCX-002)
due to detector malfunction. 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 3-1 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 2016 and March 2017, 16 surface soil grab samples were collected from
16 locations. A borehole could not be advanced beyond 0.5 ft at $220-SCX-002 due to
refusal on bedrock, so no subsurface samples were collected at BG-1.

e BG-2-1In October 2016, 11 surface soil grab samples were collected from 11 locations and
two subsurface soil grab sample was collected from borehole $220-SCX-001.

e BG-3-1In August 2017, 11 surface sediment grab samples were collected from 11 locatfions. A
borehole could not be advanced beyond 0.5 ft at S220-BG3-011 due to refusal on bedrock,
so no subsurface samples were collected at BG-3.

The lack of subsurface soil samples from BG-1 and BG-3 will not affect the derivation of Ra-226 or
metal ILs because the Ra-226 and metals ILs (i.e., surface and subsurface) were based on
surface soil samples (refer to Section 4.1).

Samples were shipped to a USEPA approved laboratory, ALS Environmental Laboratories in Fort
Collins, Colorado for analysis. 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
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provided background reference data to guide the Site Characterization surface and subsurface
soil/sediment sampling (refer to Section 3.3.2). The Background Reference Area Study results are
presented in Section 4.1. The ERG survey report in Appendix A provides further details on the
gamma surveys. Field forms, including borehole logs, are provided in Appendix C.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. For the portion of the potential haul road directly
north of the Site the approximate centerline was surveyed, but the shoulders were not and for
the road that runs east of the Site the shoulders were surveyed, but the centerline was not. These
were due to miscommunication with the field personnel and are identified as potential data
gaps in Section 4.8.

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

In October 2016 and September 2017, the surface gamma survey was performed using the
methods and equipment as described in Section 3.3.1.1. The surface gamma survey included
the claim area, a 100-ft buffer around the claim area, and roads and drainages out to
approximately 0.25 miles from the Site. The RSE Work Plan specified that the surface gamma
survey would be an iterative process where the surface gamma survey would be extended
laterally until gamma measurements appeared to be within background levels. Subsequent to
each workday, the gamma measurements were evaluated by ERG and Stantec, and
compared to the background reference areas to determine if additional surface gamma
surveying was needed.

The full areal extent of the surface gamma survey is referred to as the Survey Area, as shown in
Figure 3-4. The Survey Area was 15.4 acres and was subdivided info 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 Morrison Formation (based on BG-1), and Survey Area B is within
the Summerville Formation and Quaternary deposits (based on BG-3).

BG-1 was selected over BG-2 to represent the areas of the Site within the Morrison Formation
(i.e., outcrops and thin soil cover within the 100-ft buffer where mining-related disturbance at the
Site occurred). However, BG-2 does provide a valuable comparison to BG-1 regarding the
variation in gamma measurements that may occur in areas that are background and the
heterogeneity that is present within the Morrison Formation. Also, BG-2 better represented the
southern portion of the claim area where little to no disturbance occurred, and where there was
more soil cover. Therefore, BG-2 is included in the RSE report for discussion purposes (refer to
Section 4.2). Gamma survey measurements, subsurface static gamma measurements, and soil
sample results collected from BG-1 and BG-3 were used for the remainder of the RSE for the Site
(refer to Section 4.1).
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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:

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

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

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

This correlation equation was not used in the field to estimate Ra-226 concentrations or 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
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 analysis 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.
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In October 2016, field personnel identified five areas for the Gamma Correlation Study, as shown
in Figure 3-5, by considering the results of the Site surface gamma survey (described in Section
3.3.1.2), field conditions (e.g., suitable terrain), and feasibility of sampling. To minimize variability
when determining a correlation between gamma measurements (in cpm) and concentrations
of Ra-226 in soil/sediment, the study area soil/sediment must: (1) represent a specific gamma
measurement within the range of gamma measurements collected at the Survey Areq; and

(2) be as homogenous as possible with respect to soil/sediment type, and gamma measurement
within the correlation area. At each areaq, field personnel completed a high-density surface
gamma survey (intfended to cover 100 percent of the survey area) and collected one five-point
composite surface soil/sediment sample per area (refer to Table 3-1). Field personnel made a
field modification from the RSE Work Plan by adjusting the size of the 900 ft2 area smaller atf three
of the Gamma Correlation Study locations and larger at two 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/sediment
samples were collected for analyses of Ra-226 and isotopic thorium, as described in the RSE
Work Plan, Section 3.4.1.

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

3.3.1.4 Secular Equilibrium

The Gamma Correlation Study soil/sediment samples (refer to Section 3.3.1.3) were also
analyzed for thorium-230 (Th-230), in accordance with the RSE Work Plan, Section 3.4.1. The
activities of Th-230 and Ra-226 can be compared to evaluate the status of secular equilibrium
within the U-238 decay series (USEPA, 2007b). The U-238 decay series is in secular equilibrium
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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 ff 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 April and June 2016, samples were collected from the locations shown in Figure 3-6a and are
summarized in Table 3-1. Sample locations and the locations of mining-related features are
shown in Figure 3-6b. The numbers of surface samples collected within specific mine features are
listed in Table 3-2. Thirty surface soil/sediment grab samples were collected from 30 locations in
the Survey Area (10 from Survey Area A and 20 from Survey Area B).

Field personnel collected, logged, classified, packaged, and shipped the samples in
accordance with the RSE Work Plan, Sections 4.4, 4.9, 4.11, and Appendix E. Samples were
shipped to ALS Environmental Laboratories in Fort Collins, Colorado for analysis 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.
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3.3.2.2 Subsurface Soil and Sediment Sampling

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

(e.g., material within zones with elevated static gamma measurements). Composite samples
were collected to provide a screening level assessment across an interval (e.g., sediment
collected in a drainage downgradient from the Site). The usefulness of a composite sample may
be limited when the sample is collected over an interval with varying soil or rock types or is
excessively long (e.g., greater than 5 ft), which tends to dilute the constituent concentrations or
sample heterogeneity. Surface and subsurface static gamma measurements were collected in
the borehole using the same equipment as described in Section 3.3.1.1. Static gamma
measurements were collected by holding the detector in the borehole for a one-minute
infegrated count and are not comparable to the surface gamma survey measurements, which
were collected as a walkover survey.

Subsurface samples were collected by advancing subsurface boreholes to a desired sample
depth using either a 3-inch diameter hand auger or a Geoprobe™ 8140LC rotary sonic drilling rig
(refer to Appendix C.2). Field personnel advanced the hand auger boreholes to the desired
sample depth manually, and the sonic drilling rig advanced the boreholes to the desired sample
depth. The sonic drilling rig was equipped with a 4-inch diameter sonic core barrel that used
cutting rotation and vibration to advance the boreholes. The sonic drilling method is ideal for use
in rocky soils to obtain continuous samples in materials that are difficult to sample using other
drilling methods (ASTM, 2016) and it recovers a contfinuous and relatively undisturbed core
sample for review and analysis that are representative of the lithological column at that
borehole location (refer to Appendix C.2).

Twenty-one boreholes were advanced in the Survey Area (eight in Survey Area A and 13in
Survey Area B). Hand auger boreholes were drilled through the unconsolidated deposits untfil
refusal on rock, bedrock, or hard surface. Sonic drill boreholes were drilled until competent
bedrock was observed. Borehole depths ranged from 0.5 to 23.0 ft bgs, and the depth of
unconsolidated deposits to bedrock in boreholes ranged from 0.5 to 21.0 ft bgs. The boreholes
were advanced through variable amounts of sand, silt, gravel, sandstone, weathered
sandstone, conglomerate, and shale (refer to Appendix C.2 for borehole information). A
photograph of the Geoprobe™ 8140LC rotary sonic drilling rig, preparing to collect samples, is
shown in Appendix B-1 photograph number 3.

In April and June 2016, samples were collected from the locations shown in Figure 3-6a and are
summarized in Table 3-1. Sample locations and the locations of mining-related features are
shown in Figure 3-6b. The numbers of subsurface samples collected within specific mine features
are listed in Table 3-2. Thirty subsurface samples (28 soil/sediment and two soil/bedrock) were
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collected from 19 borehole locations in the Survey Area (multiple subsurface samples were
collected from multiple boreholes). Ten subsurface samples were collected from Survey Area A
and 20 from Survey Area B. Subsurface samples were not collected within the berm or along the
potential haul roads. Additional characterization of these features may be considered during
future studies af the Site.

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 analysis of Ra-226, uranium, arsenic,
molybdenum, selenium, and vanadium, as described in the RSE Work Plan, Section 4.13.1. The
subsurface analytical results are presented in Section 4.3. Field forms, including borehole logs
showing static gamma measurements and Ra-226 analytical results, are provided in

Appendix C.2. The laboratory analytical data, data validation reports, and Data Usability Report
for the analysis are provided in Appendix F.

3.3.3 Identification of TENORM Areas

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

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

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

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

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

3. Disturbance Mapping

a. Exploration
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b. Mining
c. Reclamation
4. Site Characterization
a. Surface gamma surveys and subsurface stafic gamma measurements

b. Soil/sediment sampling and analysis

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

3.4 DATA MANAGEMENT AND DATA QUALITY ASSESSMENT

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

3.4.1 Data Management

The DMP included in the RSE Work Plan describes the plan for the generation, validation, and
distribution of project data deliverables. Successful data management comes from coordinating
data collection, quality 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
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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.

3.4.2 Data Quality Assessment

The QAPP, included in the RSE Work Plan, Appendix B, was followed for RSE data quality
assessment, where the QAPP presents QA/QC requirements designed to meet the RSE DQO:s.
Data quality refers to the level of reliability associated with a particular data set or data point.
The Data Usability Report included in Appendix F.1 provides a summary of the data quality
assessment activities and qualified data for the RSE. A summary of findings, from the data quality
assessment, are included below.

Data Verification — The data were verified to confirm that standard operating procedures
(SOPs) specified in the RSE Work Plan and FSP were followed and that the measurement
systems were performed in accordance with the criteria specified in the QAPP. Any
deviations or modifications from the RSE Work Plan are described in the appropriate RSE
report sections. The USEPA definition (USEPA, 2002b) for data verification is provided in the
glossary.

Data Validation — The data were validated to confirm that the results of data collection
activities support the objectives of the RSE as documented in the QAPP. The data quality
assessment process was then applied using the validated data and determined that the
quality of the data satisfies the intfended use. The USEPA definition (USEPA, 2002b) for data
validation is provided in the glossary. A copy of the Data Usability Report is included in
Appendix F.1 and a summary of the validation results is presented below:

o Precision Based on the matrix spike/matrix spike duplicate (MS/MSD) sample, laboratory
control sample/laboratory control sample duplicate (LCS/LCSD) sample, laboratory
duplicate sample, and field duplicate results, the data are precise as qualified.

o Accuracy Based on the initial calibration (ICAL), initial calibration verification (ICV),
continuing calibration verification (CCV), MS/MSD, and LCS, the data are accurate as
qualified.

o Representativeness Based on the results of the sample preservation and holding time
evaluation, the method and initial/continuing calibration blank (ICB/CCB) sample results,
the field duplicate sample evaluation, and the reporting limit evaluation, the data are
considered representative of the Site as reported.

o Completeness All media and QC sample results were valid and collected as scheduled
(i.e., as planned in the RSE Work Plan); therefore, completeness for these is 100 percent.

o Comparability Standard methods of sample collection and standard units of measure
were used during this project. The analyses performed by the laboratory were in
accordance with current USEPA methodology and the QAPP.

Based on the results of the data validation, all data are considered valid as qualified.

3.21
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4.0 FINDINGS AND DISCUSSION

4.1 BACKGROUND REFERENCE AREA STUDY RESULTS AND
CALCULATION OF INVESTIGATION LEVELS

The results of the background reference area surface gamma survey are shown in Figures 4-1a
through 4-1c with sample locations in the background reference areas shown for BG-1 and BG-3
on Figures 4-1b and 4-1c, respectively. The surface gamma surveys in BG-1 and BG-2 did not
cover the areal extent of the sample locations. Sample locations were potentially stepped-out
due to the presence of an obstruction (e.g., rock or bush). Analytical results of the samples
collected from BG-1, BG-2, and BG-3 are summarized in Table 4-1. As previously discussed in
Section 3.3.1.2, the Site was subdivided into two separate Survey Areas based on the geologic
formations on-site. BG-1 and BG-2 were located within the Morrison Formation and overlying soil
(Survey Area A). However, BG-1 was selected as most representative of background conditions
for Survey Area A (refer to Section 3.2.2.2). BG -3 was selected to represent background
conditions for the Summerville Formation and Quaternary deposits (Survey Area B). The gamma
measurements and surface soil sample analytical results collected from BG-1 and BG-3 were
evaluated statistically to calculate ILs (refer to Appendix D.2) for each corresponding Survey
Area (i.e., Survey Area A and Survey Area B, respectively).

Statistical evaluation of the gamma measurements and soil sample analytical results included
identifying potential outlier values, interpreting boxplots and probability plots, comparing group
means between the background reference areas and the respective Survey Area data, and
calculating descriptive statistics for each of the background reference areas. The descriptive
statistics included the 95 percent upper confidence limit (UCL) on the mean gamma
measurements and Ra-226/metals concentrations, and the 95-95 upper tolerance limits (UTLs).
The data were analyzed using R statistical programming packages and ProUCL 5.1 software
(USEPA, 2016).

The DQOs presented in the RSE Work Plan indicate that the ILs would be developed using the
95 percent UCL on the mean of the background sample results. However, the 95-95 UTL was
used as the basis for the ILs instead because it better reflects the natural variability in the
background data and lends itself to single-point comparisons to the Survey Area data. This was
a change from the RSE Work Plan, as agreed upon with the Agencies prior to the change. The
UTL represents a 95 percent UCL for the 95 percentile of a background dataset whereby Survey
Area results above this value are not considered representative of background condifions. The
UTL is a statistical parameter for the entire population of the variable, whereas the actual results
are from a sample of the population. UTLs were calculated in accordance with USEPA's ProUCL
5.1 Technical Guidance, Sections 3.4 and 5.3.3 (USEPA, 2015). Appendix D.2 presents a
comprehensive discussion on the derivation of the ILs for the Site, which are presented below.
The RSE Work Plan also stated that gamma radiation measurements from the background
surface and subsurface soil would be combined fo develop the IL for surface gamma radiation

7| MAVAIC
4 () stantec ToN



BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

FINDINGS AND DISCUSSION
October 9, 2018

at the Site. However, the surface gamma radiation ILs were instead developed from the surface
gamma survey data only. The Agencies have commented that this should be noted as a
deviation from the RSE Work Plan. The subsurface static gamma measurements were excluded
from the derivation of the surface gamma IL for two reasons: (1) they were collected using a
different method (static one-minute measurements versus a walkover gamma survey); and

(2) because of the downhole geometric effects that influence subsurface static gamma
measurements (refer to the discussion of geometric effects below).

The ILs for Survey Area A were established using statistical analysis of background data collected
from BG-1 (refer to Figures 3-3 and 3-4), and are as follows:

e Arsenic — 3.83 miligrams per kilogram (mg/kg)
e Molybdenum - 0.332 mg/kg

e Selenium - an IL for selenium was not identified because selenium sample results in BG-1
were all non-detect

e Uranium - 6.36 mg/kg

¢ Vanadium - 16.0 mg/kg

e R0-226-11.8 pCi/g

e Surface gamma measurements 21,576 cpm

The ILs for Survey Area B were established using statistical analysis of background data collected
from BG-3 (refer to Figures 3-3 and 3-4), and are as follows:

e Arsenic — 1.50 mg/kg
e Molybdenum -0.367 mg/kg

e Selenium - an IL for selenium was not identified because selenium sample results in BG-3
were all non-detect

e Uranium-1.13 mg/kg

e Vanadium - 12.6 mg/kg

e Ra-226-1.77 pCi/g

¢ Surface gamma measurements 10,677 cpm

It is important to note that comparisons to the IL (i.e., 1.5 times the IL) are provided for context,
and evaluations of: (1) areas of the Site; (2) samples or; (3) TENORM that exceed the ILs, which
are based on the stafistically derived IL values.
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Both BG-1 and BG-2 are within the Salt Wash Member of the Morrison Formation; however,
statistical analyses of the BG-1 and BG-2 data provided dissimilar results (refer to Tables D.1-1
and D.1-2 in Appendix D.1 and to Appendix D.2). The dissimilar results showed that Ra-226,
metals, and surface gamma UTL values within BG-1 are greater than those from BG-2. Field
personnel noted the geology at BG-1 was possibly heterogeneous, and elevated gamma
measurements and elevated concentrations in some of the metals analytical results at BG-1
support this observation (refer to the box plots and probability plots in Appendix D.2). The
elevated measurements in BG-1 (refer to Figure 4-1b) were generally associated with an area of
green sands. The green sands were also observed at other undisturbed areas near the Site and
another AUM being investigated by the Trust (i.e., NA-0928) in an undisturbed area. Because of
the dissimilar results between data collected at BG-1 and BG-2 and the possible heterogeneity
present in BG-1, additional study to develop a representative background reference area for
the Morrison Formation may be warranted.

In addition to the surface gamma survey performed in background reference areas, subsurface
static gamma measurements were collected in the boreholes completed in the background
reference areas. These measurements were used to establish subsurface static gamma
screening levels for Survey Areas A and B. Where possible, the selected subsurface static
gamma screening level values met the following criteria: (1) it was the lowest value measured at
or below 1 ft bgs and (2) it was not directly measured on bedrock. These subsurface static
gamma screening levels provide a comparison and assessment tool for Survey Areas A and B
and are included as ILs for the Site.

Surface and subsurface static gamma measurements were not collected in the attempted
borehole at BG-1 (S220-SCX-002) due to a gamma meter malfunction (refer to Section 3.3.1.1).
Therefore, subsurface static gamma measurements for Survey Area A are compared to a
subsurface static gamma IL identified from borehole S220-SCX-001 in BG-2 instead. It is important
to note that surface gamma measurements and Ra-226/metals concentrations in BG-2 were
lower than those from BG-1. Therefore, the subsurface static gamma IL developed from BG-2
should not be used as the only evidence to define the depth of mining-related impacts within
Survey Area A. The lack of subsurface static gamma measurements from BG-1 is included as a
data gap in Section 4.8. Subsurface static gamma measurements from BG-2 and BG-3 are
summarized in Table 4-2 and in Appendix C.2. Four subsurface static gamma measurements of
7.171,7,270, 7,280, and 7,761 cpm were collected from the down-hole depths of 0.5, 1.0, 1.5,
and 1.8 ft bgs, respectively from borehole $220-SCX-001 in BG-2. The lowest measured value, at
or below one ft bgs and not directly measured on bedrock, was 7,270 cpm. This value was used
as the subsurface static gamma IL for Survey Area A. Only one subsurface gamma
measurement of 11,112 cpm was measured from BG-3 borehole $220-BG3-011 af the down-hole
refusal depth of 0.5 ft bgs, and was used as the subsurface static gamma IL for Survey Area B.

However, it is important to consider that the subsurface static gammal L is based on a single
measurement, and it is not statistically derived. For this reason, subsurface static gamma IL
exceedances should be considered in conjunction with additional lines of evidence including:
(1) down-hole trends of static gamma measurements; (2) changes in lithology within the
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borehole; and (3) a qualitative comparison of subsurface static gamma measurements to
Ra-226 and/or metals concentrations in subsurface samples.

It is important to consider that the subsurface static gamma IL measurements may be elevated
relative to the surface gamma IL because increases in static gamma measurements with depth
can result from the detector being in closer proximity to bedrock that has naturally elevated
concentrations of radionuclides, and/or geometric effects. Geometric effects are the result of
the detector measuring gamma radiation from all directions, regardless of whether it is in a
borehole or suspended in air. Gamma radiation measured with the detector held af the ground
surface is primarily from the ground beneath the detector. As the detector is advanced down
the borehole it measures gamma radiation from the surrounding material emanating from an
increasing number of angles. Therefore, as the detector is lowered in the borehole it will
generally measure increasingly higher values to a certain depth given a constant source. At
approximately 1 ft to 2 ft bgs, the detector is essentially surrounded by solid ground and further
increases related to borehole geometry are not expected. Because downhole geometric
effects influence static gamma measurements just below ground surface, static gamma
measurements collected at or greater than 0.1 ft bgs are considered subsurface.

Due to the differing geometric effects, surface static gamma measurements at borehole
locations may only be qualitatively compared to subsurface static gamma measurements, and
the subsurface static gamma IL does not apply to the surface static gamma measurements.
Instances where the surface stafic gamma measurement is greater than subsurface static
gamma measurements suggest higher levels of radionuclides and may be indicative of the
presence of TENORM aft the surface, but additional lines of evidence are generally needed to
support that conclusion.

The Site gamma measurements, and soil and sediment sample analytical results were compared
to their respective ILs to confirm COPCs (refer to Section 4.4) and to identify areas of the Site
where ILs are exceeded (refer to Section 4.5). The calculated ILs provide a line of evidence to
evaluate potential mining-related impacts, and to support future Removal or Remedial Action
evaluations at the Site.

4.2 SITE GAMMA RADIATION SURVEY RESULTS AND PREDICTED
RADIUM-226 CONCENTRATIONS

4.2.1 Site Gamma Radiation Results
4.2.1.1 Surface Gamma Survey

Results of the Site surface gamma survey are shown in Figure 4-1a where the calculated surface
gamma ILs for each background reference area are used to set bin ranges with color coding to
illustrate the spatial extent and patterns of surface gamma measurements within the entire
Survey Area. The bins ranges were based on the minimum site gamma measurement, the
background reference area ILs, and the maximum site gamma measurement. The maximum
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survey measurement was 61,743 cpm, which was greater than two times the maximum IL (i.e.
BG-1 IL of 21,576 cpm) and occurred in an area within/adjacent to Waste Pile 1.

Surface gamma measurements were generally highest in the graded/disturbed reclaimed area
and Waste Pile 1. A description of and photographs of these areas are provided in Section
3.2.2.1 and Appendix B-1, photograph numbers 2, 4, and 5.

The spatial distribution of surface gamma measurements and IL exceedances are shown in
Figures 4-1b and 4-1c for Survey Areas A and B, respectively, and are described below:

e Survey Area A (refer to Figure 2-8 alongside Figure 4-1b) — Surface gamma IL exceedances
(greater than 21,576 cpm) were observed primairily in four areas: (1) Waste Pile 1 and areas
immediately adjacent to the waste pile; (2) the graded/disturbed reclaimed areaq; (3) three
ephemeral drainages that originated from the west and northwest claim boundaries,
drained through the graded/disturbed reclaimed area and into Survey Area B; and
(4) associated with bedrock outcrops that occur along the eastern side of the ridge.

e Survey Area B (refer to Figure 2-8 alongside Figure 4-1c) — Surface gamma IL exceedances
(greater than 10,677 cpm) were observed primarily in four areas associated with mining-
related disturbances, including: (1) areas east of, downgradient of, and adjacent to Waste
Pile 1; (2) areas downgradient of the graded/disturbed reclaimed areq; (3) two ephemeral
drainages that originated in Survey Area A, and drained from the northwest claim boundary
through the graded/disturbed reclaimed area, through the previously designated borrow
source ared, and terminated in the surrounding plains; and (4) the eastern potential haul
road.

Survey Area A is also compared to the surface gamma survey IL calculated for BG-2 (8,395 cpm;
refer to Figure 4-1b, Appendix D.1, and Table D.1-4). The BG-2 IL best represents the southern
portion of the claim area on top of the ridge where there was more soil cover, and the surface
gamma survey IL was not helpful in distinguishing areas of the Site that were impacted because
gamma measurements in portions of the Site that are not impacted (i.e., along the western and
eastern portion of the ridge) by mining exceed the BG-2 IL.

Three potential data gaps were identified for the surface gamma survey, as listed below:

1. For a portion of the northern potential haul road, the gamma survey was limited to the
centerline of the road, and the shoulders were not surveyed, due to an oversight by field
personnel. For the potential haul road that runs east of the Site, only the shoulders were
surveyed due to oversight by field personnel.

2. The gamma survey was not extended to the southeast in Survey Area B until all gamma
measurements were less than the surface gamma IL based on professional judgment that
this area contained only NORM, including soils/sediments that may have runoff from the
undisturbed bedrock outcrops uphill along the eastern flank of the ridge.

3. The survey was not extended laterally from the eastern potential haul road where gamma
measurements were greater than the IL as the result of an oversight. However, this area is
approximately 1,000 feet east of and across the main drainage from the Site and appears to
contain NORM related to the underlying Morrison Formation bedrock. During the selection of
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potential background reference areas, surface gamma measurements along the ridge
south of the home-sites were consistently above 15,000 cpm as shown in the Site Clearance
Data Report. The elevated measurements were associated with bedrock outcrops and the
anomalous green sands also present in BG-1, these areas were undisturbed by mining.

4.2.1.2 Subsurface Gamma Survey

Surface and subsurface static gamma measurements were collected at all 21 borehole
locations. Surface and subsurface static gamma measurement locations are shown in

Figures 4-1b and 4-1c. Measurements and corresponding measurement depths are provided in
Table 4-2 and are shown on the borehole logs in Appendix C.2. Surface and subsurface static
gamma measurements from the boreholes are presented below by Survey Area:

e Survey Area A - the subsurface static gammal IL (7,270 cpm) was exceeded in seven of the
eight boreholes in Survey Area A. The IL was not exceeded in borehole $220-SCX-007,
located upgradient of any mining-disturbed or impacted areas. The maximum subsurface
static measurement (581,372 cpm) was measured at 3.0 ft bgs in borehole $220-SCX-016,
which was in Waste Pile 1. All subsurface static gamma measurements collected from
boreholes $220-SCX-013, -SCX-014, and -SCX-015, located in or adjacent to Waste Pile 1,
were greater than 130,519 cpm (i.e., greater than 17 times the IL). Static gamma
measurements decreased with depth in borehole $220-SCX-007. For all other boreholes in
Survey Area A, static gamma measurements generally increased with depth, except for
borehole $220-SCX-016, which showed an increase from ground surface to 3.0 ft bgs
(581,372 cpm) at the bedrock contact, but then decreased to 13,362 cpm within bedrock at
4.5 ft bgs prior to the termination depth of 5.0 ft bgs.

e Survey Area B - the subsurface static gammalIL (11,112 cpm) was exceeded in all 13
boreholes in Survey Area B. The maximum subsurface static measurement (127,004 cpm) was
measured at 14.0 ft bgs in borehole $220-SCX-022, which was in the eastern portion of Survey
Area B. The remaining 12 boreholes had IL exceedances that were less than 39,115 cpm
(i.e., less than four times the IL). In six boreholes (S220-SCX-003, -SCX-009, -SCX-010, -SCX-012,
-SCX-020, and -SCX-021), static gamma measurements initially increased with depth and
then decreased further down-hole. In boreholes $220-SCX-011, -SCX-017, -SCX-018, -SCX-019,
-SCX-022 and -SCX-023, static gamma measurements fluctuated with depth. Borehole
$220-SCX-008 had an overall increase in static gamma measurements with depth and
$220-SCX-003 had an overall decrease in static gamma measurements with depth. There
was no clear pattern observed with respect to borehole location and down-hole increases
or decreases in static gamma measurements. In three boreholes (§220-SCX-012, -SCX-018,
and -SCX-019), static gamma measurements were greater than the IL in soil and decreased
to less than the IL in below the bedrock contact.

422 Gamma Correlation Results

The high-density surface gamma measurements and concentrations of Ra-226 in surface soils
obtained from the Gamma Correlation Study (refer to Section 3.3.1.3) were used to develop a
correlation equation, using regression analysis, between the mean gamma measurements and
Ra-226 concentrations measured in the co-located composite surface soil samples. This
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correlation is meant to be used as a general screening tool, and provides approximate
predicted Ra-226 concenftrations.

Analytical results of the correlation samples, which were used to develop the correlation
equation, are presented in Table 4-3. The mean value of the gamma survey results from the
correlation plots, with their corresponding Ra-226 concentrations and a graph showing the linear
regression line and adjusted Pearson’s Correlation Coefficient (R2) value for the correlation, are
shown in Figure 4-2a. The regression produced an adjusted R2 value of 0.89 which is within the
acceptance criterion of 0.8 to 1.0 described in the RSE Work Plan and indicates that surface
gamma results correlate with Ra-226 concentrations in soil. The correlation model may have
been influenced by the limited number of correlation sample locations. Users of the regression
equation should be aware of the limitations of the dataset and be cautious when estimating
Ra-226 concentrations. The correlation equation to convert gamma measurements in cpm to
predicted surface soil Ra-226 concentrations in pCi/g for the Site is:

Gamma (cpm) = 2,499 x Surface Soil Ra-226 (pCi/g) + 4,918

The predicted Ra-226 concentrations in soil, as calculated from the gamma measurements using
the developed correlation equation, are shown in Figure 4-2a. Ra-226 concentrations predicted
using gamma measurements lower than the minimum (8,673 cpm) and greater than the
maximum (32,608 cpm) mean gamma measurements from the Gamma Correlation Study are
extrapolated from the regression model and are therefore uncertain. Using the correlation
equation, the predicted Ra-226 concentration associated with the minimum mean gamma
measurement is 1.5 pCi/g and the concentration associated with the maximum mean gamma
measurement is 11.1 pCi/g. Therefore, predicted Ra-226 concentrations less than 1.5 pCi/g and
greater than 11.1 pCi/g should be limited to qualitative use only. The correlation locations were
intentionally selected to be focused on the lower range of gamma measurements observed at
the Site. Mean gamma measurements for correlation locations ranged from 8,673 to 32,608
cpm. The correlation was focused on the lower range because future Removal or Remedial
Action decisions are more critical at lower Ra-226 concentrations where the limits of remediation
may be defined.

The predicted Ra-226 concentrations for the Site are shown in Figure 4-2a. The elevated
predicted Ra-226 concentrations occur in the same areas where the elevated surface gamma
measurements occur (refer to Section 4.2.1). This is because the predicted Ra-226
concentrations are based on a correlation with the gamma measurements. Predicted Ra-226
concentrations in the Survey Area range from 0.4 to 22.7 pCi/g, with a mean of 2.9 pCi/g, and a
standard deviation of 1.9 pCi/g. Bin ranges in Figure 4-2a are based on these mean and
standard deviation values.

The gamma correlation was not used for the Site Characterization, which instead relied on
actual gamma radiation measurements and soil analytical results. However, predicted Ra-226
concentrations were compared to the Ra-226 laboratory concentrations measured in surface
soil samples collected at surface and borehole locations, as shown in Figure 4-2b. The correlation
results were also compared to investigation levels, as shown in Figure 4-2c. Per the Agencies,
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these comparisons can be used for site characterization and are one of many analyses that can
be used to interpret the data (NNEPA, 2018).

When comparing the predicted Ra-226 concenfrations to the Ra-226 laboratory concentrations,
soil/sediment sample locations are generally not co-located with specific gamma measurement
locations (refer to Figure 4-2b). Therefore, the measured Ra-226 laboratory concentrations can
only be qualitatively compared to the nearby predicted Ra-226 concenfrations. Sample
location $220-SCX-07 is not included in this evaluation because the sample collected at ground
surface at the location extends from 0 to 0.75 ft bgs and the sample is classified as a subsurface
sample. At 16 of the 30 sample locations, the measured Ra-226 laboratory concentrations were
within the applicable predicted Ra-226 bin ranges. For 12 of the 14 sample locations where
laboratory Ra-226 concentrations did not fall within the applicable predicted Ra-226 bin range,
the predicted Ra-226 concentrations were lower than the Ra-226 laboratory concentrations. At
the remaining two locations predicted Ra-226 concentrations were higher than the Ra-226
laboratory concentrations. One-half (seven) of these sample locations had Ra-226 laboratory
concentrations and predicted Ra-226 concentrations that were within approximately one
standard deviation (1.9 pCi/g) of each other. However, seven sample locations (S220-CX-004,
-CX-006, -SCX-006, -SCX-009, -SCX-010, -SCX-012, and -SCX-017) had notable differences
between the predicted and laboratory Ra-226 concentrations; the Ra-226 laboratory
concentrations higher than the predicted values at all of these locations. Excluding one
location, the Ra-226 laboratory concentrations at these seven sample locations ranged from
6.85 pCi/g to 10.1 pCi/g; the one exception was $220-CX-010, the Ra-226 laboratory
concentration was 24.6 pCi/g. The differences observed between the predicted and actual
Ra-226 values at the Site are likely a function of the natural heterogeneity in Ra-226
concentrations and gamma radiation measurements. This natural heterogeneity affects the
correlation based on the five Gamma Correlation Study areas, and the predicted values, based
on the subsequent gamma measurements.

The predicted Ra-226 concentrations were also compared to the Ra-226 ILs from each Survey
Areaq, as shown in Figure 4-2c. The symbols for surface sample locations and boreholes where
Ra-226 concentrations in surface soil/sediment samples exceeded the IL are highlighted with
yellow halos. The predicted Ra-226 concentrations exceeded the Ra-226 ILs for most of Survey
Area B and little fo none of Survey Area A. In addition, for most of the soil/sediment sample
location within the area where the predicted Ra-226 concentrations exceeded the ILs, the
surface sample contained Ra-226 concentrations that exceeded the Ra-226 IL. The area of the
Site where predicted Ra-226 values exceeded the ILs is compared to surface gamma IL
exceedances in Section 4.5.

The correlation soil samples were also analyzed for thorium isotopes Th-232 and Th-228. The
objectives of the thorium analyses were to assess the potential effects of Th-232 series
radioisotopes on the correlation of gamma measurements to concentrations of Ra-226 in
surface soils (i.e., to evaluate whether gamma-emitting radioisotopes in the Th-232 series are
impacting gamma measurements at the Site). The justification for the analysis is provided in
Section 3.3.1.3. A multivariate linear regression (MLR) model was performed by ERG fo relate the
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gamma count rate to multiple soil radionuclides simultaneously. The MLR and results are
described extensively in Appendix A. ERG identified that the thorium series radionuclides do not
affect the prediction of concentrations of Ra-226 from gamma survey measurements at the Site.

4.2.2.1 Secular Equilibrium Results

The activities of Th-230 and Ra-226 were compared to consider whether the uranium series is in
secular equiliorium at the Site (refer to Section 3.3.1.4 and Appendix A). A linear regression was
performed on the dataset (refer to Appendix A Figure 9). The p-value for the regression slope is
significant (i.e., p <0.05) and the adjusted R2 meets the study DQO (adjusted R2 > 0.8), indicating
that Ra-226 and Th-230 exist in equilibrium. However, when compared to a y=x line (this line
represents a perfect 1:1 ratio between Th-230 and Ra-226, indicating secular equilibrium), the
y=x line falls partially outside of the 95% UCL bands of the Th-230/Ra-226 regression, indicating
Ra-226 and Th-230 are not in secular equiliorium at the Site (refer to figures in Appendix A). This
may be a consideration in the future if a human health and/or ecological risk assessment is
performed.

4.3 SOIL METALS AND RADIUM-226 ANALYTICAL RESULTS

A total of 30 surface soil/sediment grab samples (27 soil and three sediment) from 30 locations,
and 30 subsurface soil/sediment grab samples (27 soil and three sediment) from 19 borehole
locations were collected in Survey Areas A and B (refer Table 3-1 and Appendix C). The metals
and Ra-226 analytical results for each Survey Area are compared to their respective ILs and
presented in Tables 4-4a and 4-4b. Figure 4-3 present the spatial patterns, both laterally and
vertically, of metals and Ra-226 detections and IL exceedances in the soil/sediment samples.

Ra-226 and/or metals concentrations exceeded their respective ILs in all but two surface soil
samples (S220-CX-008 in Survey Area A and S220-SCX-022 in Survey Area B) and in all but one
discrete subsurface soil sample in Survey Area A (S220-SCX-007) and four discrete subsurface soil
samples in Survey Area B (S220-SCX-008, -SCX-017, -SCX-019, and -SCX-022). The highest
exceedances of Ra-226 and metals ILs were associated with Waste Pile 1 or areas immediately
downgradient or adjacent to the waste pile. The maximum concentrations for all analytes were
detected in subsurface soil sample $220-SCX-016, which was collected from Waste Pile 1 in
Survey Area A. Surface and subsurface soil/sediment IL exceedances for each analyte, with
respect to Survey Area A and Survey Area B, are described below. Presented sample counts
include normal samples and do not include duplicate samples:

e Ra0-226

o Survey Area A - the Ra-226 IL (11.8 pCi/g) was exceeded in three out of ten surface soil
samples and six out of 10 subsurface soil samples from four boreholes. Survey Area A
Ra-226 concentrations ranged from 1.04 to 206 pCi/g and the maximum Ra-226
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detection (206 pCi/g) was from subsurface soil sample $220-SCX-016 collected from
Waste Pile 1.

Survey Area B — the Ra-226 IL (1.77 pCi/g) was exceeded in 17 out of 20 surface
soil/sediment samples and 13 out of 20 subsurface samples from 13 boreholes. Survey
Area B Ra-226 concentrations ranged from 0.47 to 33.2 pCi/g. The maximum Ra-226
detection (33.2 pCi/g) was from surface soil sample $S220-CX-001 collected
downgradient from Waste Pile 1.

e Uranium

o

Survey Area A — The uranium IL (6.36 mg/kg) was exceeded in one out of ten surface soil
samples and six out of fen subsurface soil samples from four boreholes. Survey Area A
uranium concentrations ranged from 1.1 to 91 mg/kg. The maximum uranium detection
(21 mg/kg) was from subsurface soil sample S220-SCX-016 collected from Waste Pile 1.

Survey Area B — The uranium IL (1.13 mg/kg) was exceeded in 18 out of 20 surface
soil/sediment samples, and in 15 out of 20 subsurface samples from 13 boreholes. Survey
Area B uranium concentrations ranged from 0.69 to 26 mg/kg. The maximum detection
(26 mg/kg) was from surface soil sample $225-CX-001 located just downgradient of
Waste Pile 1.

As a broader point of reference, a regional study of the Western US documented uranium
concentrations in soil that ranged from 0.68 to 7.9 mg/kg, with a mean value of 2.5 mg/kg
(USGS, 1984). Uranium concentrations were less than the typical range of concentrations in
Survey Area A and Survey Area B, with the exception of six samples in Survey Area A and one
sample in Survey Area B.

e Arsenic

o

4.10

Survey Area A — the arsenic IL (3.83 mg/kg) was exceeded in five out of ten surface soil
samples and seven out of ten subsurface soil samples from six boreholes. Survey Area A
arsenic concentrations ranged from 1.1 to 730 mg/kg. The maximum arsenic detection
(730 mg/kg) was from subsurface soil sample $220-SCX-016 collected from Waste Pile 1.

Survey Area B — the arsenic IL (1.50 mg/kg) was exceeded in 15 out of 20 surface
soil/sediment samples and 11 out of 20 subsurface samples from 13 boreholes. Survey
Area B Arsenic concentrations ranged from 1.0 to 56 mg/kg. The maximum arsenic
detection (56 mg/kg) was from a duplicate composite subsurface soil sample collected
from §$220-SCX-012, located downgradient of Waste Pile 1. The duplicate concentration
was greater than 10 fimes the $220-SCX-012 normal sample result (3.6 mg/kg). The RSE
QAPP established an acceptable Relative Percent Difference (RPD) of 30 percent (refer
to Appendix F.1) and the RPD for $220-SCX-012 and the -SCX-012 Dup is 176 percent.
Therefore, these samples do not meet the RPD for arsenic. The discrepancy may be a
result of heterogeneity/variability in the soil samples. The maximum arsenic detectionin a
normal sample was 7.5 mg/kg, the sample was collected from $220-SCX-010, located in
the drainage northwest of the Site.
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As a broader point of reference, a regional study of the Western US documented arsenic
concentrations in soil that ranged from less than 0.10 to 97 mg/kg, with a mean value of

5.5 mg/kg (USGS, 1984). Arsenic concentrations in Survey Area A and Survey Area B were within
the typical range of regional values in soil/sediment samples, with the exception of three
samples in Survey Area A that were greater than the regional range.

e Molybdenum

o Survey Area A — the molybdenum IL (0.332 mg/kg) was exceeded in eight out of
10 surface soil samples and nine out of 10 subsurface soil samples from six boreholes.
Molybdenum was not detected in one sample and detected concentrations in Survey
Area A ranged from 0.22 to 630 mg/kg. The maximum molybdenum detection
(630 mg/kg) was from subsurface soil sample $220-SCX-016 collected from Waste Pile 1.

o Survey Area B - the molybdenum IL (0.367 mg/kg) was exceeded in 18 out of 20 surface
soil/sediment samples and 14 out of 20 subsurface samples from 13 boreholes.
Molybdenum was non-detect in three samples in Survey Area B, and detected
concentrations ranged from 0.22 to 7.7 mg/kg. The maximum molybdenum detection
(7.7 mg/kg) was from surface soil sample $220-SCX-017 collected downgradient of Waste
Pile 1.

As a broader point of reference, a regional study of the Western US documented molybdenum
concentrations in soil that ranged from less than 3 to 7 mg/kg, with a mean value of 0.85 mg/kg
(USGS, 1984). Molybdenum concentrations in Survey Area A and Survey Area B were within the
typical range of regional values in soil/sediment samples, with the exception of five samples in
Survey Area A and one sample in Survey Area B.

e Selenium - ILs for selenium were not identified because selenium sample results in the
background areas were all non-detect.

o Survey Area A - Selenium was detected in one surface soil sample (S220-CX-010) and
three subsurface soil samples from two locations (S220-SCX-015 and -SCX-016). Survey
Area A detected selenium concentrations ranged from 1.6 to 8.4 mg/kg. The maximum
selenium detection (8.4 mg/kg) was from subsurface soil sample $220-SCX-016 collected
from Waste Pile 1.

o Survey Area B - Selenium was detected in the one duplicate composite sample
(2.6 mg/kg) from borehole S220-SCX-012 collected downgradient of Waste Pile 1. The
normal $220-SCX-012 composite sample result was below the laboratory reporting limit of
0.97 mg/kg. The discrepancy may be a result of heterogeneity/variability within the soil
samples.

As a broader point of reference, a regional study of the Western US documented selenium
concentrations in soil that typically ranged from less than 0.10 to 4.3 mg/kg. with a mean value
of 0.23 mg/kg (USGS, 1984). Selenium concentrations were less than the typical range of values
in Survey Area A and Survey Area B, with the exception of two samples in Survey Area A.
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e Vanadium

o Survey Area A - The vanadium IL (16.0 mg/kg) was exceeded in nine out of ten surface
soil samples and in nine out of 10 subsurface soil samples from five boreholes. Survey
Area A vanadium concentrations ranged from 5.7 to 340 mg/kg. The maximum
vanadium detection (340 mg/kg) was from subsurface soil sample $220-SCX-006 located
on west of the claim boundary.

o Survey Area B - The vanadium IL (12.6 mg/kg) was exceeded 17 out of 20 surface
soil/sediment samples and 12 out of 20 subsurface samples from 13 boreholes. Survey
Area B vanadium concentrations ranged from 6.1 to 260 mg/kg. The maximum
vanadium detection (280 mg/kg) was from surface soil sample $225-CX-001 located just
downgradient of Waste Pile 1.

As a broader point of reference, a regional study of the Western US documented vanadium
concentrations in soil that ranged from 7 to 500 mg/kg, with a mean value of 70 mg/kg (USGS,
1984). Vanadium concentrations were within the typical range of regional background values in
Survey Areas A and B.

4.4 CONSTITUENTS OF POTENTIAL CONCERN

Based on the results presented in Sections 4.2 and 4.3, arsenic, molybdenum, uranium,
vanadium, and Ra-226 concentrations in soil/sediment and gamma radiation measurements
exceeded their respective ILs in Survey Areas A and B and are confirmed COPCs for the Site. An
IL for selenium was not identified because selenium sample results were non-detect in the
background areas. However, because selenium was detected in Survey Areas A and B, it is also
confirmed as a COPC for the Site.

4.5 AREAS THAT EXCEED THE INVESTIGATION LEVELS

The approximate lateral extent of surface gamma IL exceedances in soil/sediment is 8.4 acres,
as shown in Figure 4-4a. To estimate this area, polygons were contoured around portions of the
Site that had multiple, contiguous surface gamma IL exceedances and then the total area
within the polygons was calculated. Figures 4-4b and 4-4c show larger scale views of each of
the two Survey Areas to better display those areas with multiple, contiguous surface gamma IL
exceedances. Seven sample locations, where IL exceedances occurred, were not co-located
with surface gamma IL exceedances, as follows:

o Survey Area A —there were four locations, which were located generally adjacent to areas
where the surface gamma IL was exceeded (S220-CX-007, -CX-010, -SCX-005, and -SCX-006).
Sample locations $220-CX-007, -SCX-005, and -006 are directly adjacent to mapped mining
related impacts (refer to Figure 3-6). $220-CX-010 was downgradient from mineralized
bedrock along the side of the ridge.

e Survey Area B - two locations, $220-CX-009 and -SCX-023, were adjacent to areas where the
surface gamma IL was exceeded, and the third (S220-SCX-022) was within approximately
30 ft of the area. $220-CX-009 was located along the potential haul road, whereas
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$220-SCX-022 and -SCX-023 were located outside the area of mining-related features at the
Site (refer to Figure 3-6b). Subsurface sample $S220-SCX-022 exceeded Ra-226, arsenic,
molybdenum, uranium, and vanadium ILs at a sample depth of 5-10 ft bgs, but did not
exceed Ra-226/metals ILs at the surface sample depth of 0-0.5 ft bgs or at the subsurface
sample depth of 19-20 ft bgs. Surface sample $220-SCX-023 uranium concentration was less
than two times the IL, and subsurface sample $220-SCX-023 arsenic concentratfion was less
than two fimes the IL.

Figure 4-5 shows the vertical extent of IL exceedances in each borehole by incorporating
information from each location, including: (1) depth to bedrock; (2) total borehole depth; and
(3) depth range of IL exceedances. Table 4-5 lists the IL exceedances identified at each
borehole location and Figure 4-5 shows the surface gamma IL exceedances for reference.

IL exceedances in metals and Ra-226 concentrations at surface and subsurface sample
locations were typically, but not always co-located with surface gamma survey measurements
and/or subsurface static gamma measurements that also exceeded their ILs. Variations occur
due to natural variability and the different field methods. For example, a small piece of
mineralized rock or petrified wood may have been collected in a soil sample but may not have
been detected by the gamma meter in the gamma survey due to distance from the meter, the
depth below ground surface, or because the gamma meter measures radiation over a larger
area than the discrete soil sample location.

The lateral extent of the IL exceedances (for surface gamma data) shown in Figure 4-4a were
compared to the predicted Ra-226 concentrations that exceeded ILs in Figure 4-2c. Predicted
Ra-226 concentrations exceeded the Ra-226 IL in a smaller area of the Survey Area A than the
surface gamma measurements exceeded the IL. . For Survey Area B, the predicted Ra-226
concentrations exceeded the Ra-226 IL over a larger area than the surface gamma
measurements exceeded the surface gammal IL, but the patterns were generally similar. The
smaller area of predicted Ra-226 IL exceedances in Survey Area A was the most notable and
may indicate that the actual Ra-226 IL is higher when compared to the surface gamma L for
that area and/or that predicted Ra-226 values are lower.

4.6 AREAS OF TENORM AND NORM

A multiple lines of evidence approach was used to evaluate the Site and distinguish areas of
TENORM from areas of NORM within the Survey Area, as described in Section 3.3.3. Based on this
evaluation, 9.4 acres, out of the 15.4 acres of the Survey Areq, were estimated to contain
TENORM at the Site. This estimate is inclusive of three areas: (1) Waste Pile 1, the
graded/disturbed reclaimed area, and the excavation areq; (2) the ridges and plains
downgradient from the Site to the north, east and, west and (3) the potential haul roads. The
area containing TENORM is shown in relation to the lateral extent of IL exceedances in Figure 4-6
and in relation to the gamma measurements in Figure 4-7.
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The RSE data that supports the delineation of TENORM at the Site includes:

e Historical Data Review Conclusions

Historical document review indicated that the Site was in operation during 1954, and
31 tons (approximately 62,000 pounds) of ore that contained 75 pounds of 0.12 percent
UsOs and 324 pounds of 0.52 percent V205 was produced from the Site.

Historical document review indicated reclamation activities were proposed for the Site
that included: excavate a waste pile and use the excavated material to backfill over the
rim strip, cover the backfilled rim strip and the area with anomalous radioactive
measurements with Class A material from a designated borrow source, grade the
reclaimed area for positive drainage, and eliminate the access road. NAML met with
Stantec field personnel and verified the following: (1) the reclaimed area was graded o
establish favorable drainage conditions and erosion protection by directing drainage off
of and around the reclaimed areq; and (2) the access road near the Site was scarified
and eliminated to prevent Site access.

e Geology/geomorphology

o

Bedrock af the Site consisted of two geologic Formations: (1) the Jurassic Salt Wash
Member of the Morrison Formation, and (2) the Jurassic Summerville Formation. The
Morrison Formation is known to have natural enrichments of uranium. In addition, portions
of the Site consisted of shallow or outcropping bedrock. Therefore, the geology and
geomorphology of the Site was conducive to the presence of NORM at or near the
ground surface.

Two ephemeral drainages join info an unnamed drainage that could transport
NORM/TENORM 1o the northwest and one ephemeral drainage could transport
NORM/TENORM to the west. The drainages originate from the northwest claim boundary,
drain near or through the graded/disturbed reclaimed area and excavation area, and
terminate in the surrounding plains.

¢ Disturbance Mapping - field personnel observed the following surface features:

o

o

o

4.14

Two potential haul roads were observed on or within 0.25 miles of the Site. The potential
haul roads ran from the home-sites to the northern surrounding plains in the northern
portion of the Site.

A berm approximately 60 ft long, two ft high was observed. The berm was placed to
direct overland water flow to the northwest and away from the reclaimed area.

An excavated area was observed to the north of the claim boundary. A portion of the
excavation area was coincident with the borrow area used for Site reclamation. Two
ephemeral drainages drained through this area and a portion of the southern potential
haul road ran through this area.
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A waste pile (Waste Pile 1) was observed that was assumed to be related to historical
mining activities that occurred on-site. Waste Pile 1 was directly downgradient of the
claim boundary.

A graded/disturbed reclaimed area was observed to the north of the claim boundary.
This area surrounded Waste Pile 1 and was between the northwestern claim boundary
and the excavated area.

¢ Site Characterization - site characterization data, included surface (lateral) and subsurface
(vertical) data.

4.15

Waste Pile 1, the graded/disturbed reclaimed area, and the excavation area were
characterized by the highest surface gamma measurements, subsurface static gamma
measurements, and metals and Ra-226 concentrations at the Site.

The ridges and plains downgradient from the Site (to the north, east and, west) were
characterized by one or more IL exceedances at every surface or subsurface
soil/sediment sample location, with the greatest exceedances located next to or
downgradient from Waste Pile 1 and/or the graded/disturbed reclaimed area.

Portions of the potential haul roads exceeded the surface gamma measurement IL.

During the potential background reference area evaluation, an area northwest of the
claim boundary was evaluated, background reference area 5 (BG-5). Gamma survey
measurements in BG-5 were above the IL identified for Survey Area B (refer to Figure
D.1-2 in Appendix D.1). The surface gamma survey for the Site was eventually extended
to include a portion of BG-5. As a result of the elevated gamma measurements in the
area of BG-5, the TENORM boundary was extended to the west.

In the area east of the claim boundary, surface gamma survey measurements exceeded
the IL for a limited area of Survey Area A and nearly all of Survey Area B. This area is
downgradient from mineralized bedrock outcrops along the side of the ridge. Surface
sample S220-CX-010 was collected in the area of the outcrops; Ra-226/metals
concentrations exceeded their ILs and selenium was above the detection limits in
$220-CX-010. As a result of the elevated surface gamma measurements and Ra-
226/metals concentrations in $220-CX-010, this area is assumed to contain NORM.

Borehole location $220-SCX-006 and surface sample location $220-CX-007 are potentially
located in the area of the historical rim strip and waste pile WP1 shown in Figure 2-2. The
elevated Ra-226 concentration (56.30 pCi/L) and subsurface static gamma
measurements collected between 2.0 and 2.5 ft bgs in $220-SCX-006 may be indicative
of either residual soils from weathered bedrock near the bedrock contact, or from waste
rock that was present in either WP1 or the rim strip that was then covered during
reclamation at the Site. While the area of these sampiles is included in the TENORM areq,
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it is important to consider that a waste pile and rim strip were not observed by field
personnel in this area.

o Metals concentrations in samples collected outside the area of TENORM (five locations)
were less than or within the regional concentration values with the exception of the
uranium concentration (21 mg/kg) in $220-CX-010.

o Potential mine waste material (e.g., color difference) was not observed in the boreholes
that were advanced in and around the Waste Pile 1. It is important to note that the area
of the waste pile polygon shown on Figures 2-7, 3-6, etc., was based on visual
observations in the field during site mapping (prior to site characterization). The
unconsolidated material observed in the boreholes consisted of fine-grained sands
similar to what was observed in other boreholes at the Site. However, the boreholes with
the highest subsurface static gamma measurements in both soil and bedrock are
$220-SCX-013 through -SCX-016. Borehole -SCX-016 contained the highest static gamma
measurements in subsurface soil af the Site (480,338 cpm) and exhibited a slightly
different soil type (orange and tan, silty sand with gravel), which might be evidence of
potential mine waste material. Similar soils were observed in boreholes located within the
graded/disturbed reclaimed area and the excavation area and no potential mine
waste was observed.

o ltisimportant to consider that with the exception of two locations, the subsurface static
gamma ILs were not used as the only evidence to delineate the vertical extent of
TENORM that exceeded the IL at the Site. The surface sample at $220-SCX-008 exceeded
the IL, but the subsurface sample did not (refer to Figure 4-3). Static gamma
measurements were used to estimate that TENORM exceeding the IL extended to 1.5 ft
bgs at this location. Ra-226 and metals IL exceedances in borehole $220-SCX-017
extended to 4.0 ft bgs; however static gamma measurements exceeded the IL between
4.0 and 10.0 ft bgs (a composite sample collected between 4.0 and 9.0 ft bgs did not
contain Ra-226/metals concentrations that exceeded their ILs). The extended depth of IL
exceedances at $220-SCX-017 was considered as one line of evidence for the
alternative depth of TENORM (10 ft) provided for Group 5 in Section 4.7 below.

The area of the Site considered to contain TENORM (i.e., multiple lines of evidence indicated the
presence of mining-related impacts) was 9.4 acres, as shown on Figure 4-8a. Portfions of the
TENORM exceeded one or more IL, where approximately 7.2 acres contained TENORM that
exceeded the surface gamma IL and the majority of the sample locations where TENORM
exceeded the ILs. TENORM exceeding the ILs was observed at four sample locations
(§220-CX-007, -CX-009, -SCX-005, and -SCX-006) that were directly adjacent to areas of the Site
that exceeded the surface gamma IL. TENORM that exceeded the ILs in Survey Areas A and
Survey Area B is shown on Figures 4-8b and 4-8c, respectively, and is compared to mining-
related features in Figure 4-8d.

4.7 TENORM VOLUME ESTIMATE

The volume estimate of TENORM that exceeded one or more ILs is approximately 19,126 yds3, as
shown in Figure 4-9a. The volume and area of TENORM associated with specific mine features is
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listed in Table 3-2. This estimate was calculated using ESRI ArcGIS Desktop 10.3.1 Spatial Analyst
Extension cut/fill tool (ESRI, 2017) utilizing the ground surface elevation contours developed from
the orthophotographs coupled with hand-derived contours based on field personnel
observations, depth to bedrock in boreholes, gamma measurements, sample analytical data,
and historical mining documentation. Field observations included observations of disturbance,
changes in vegetation, estimating/projecting the slope of underlying bedrock, and estimating
the shape and topography of waste material and/or soil deposits.

TENORM exceeding the ILs at the Site was split info groups based on the depth or type of
material fo aid in analysis and describing the basis of the volumes. The locations, volume, and
areas of these groups are shown in Figure 4-9a. The waste pile and graded/disturbed reclaimed
area are also shown on Figure 4-9a for reference, and the volume and area of the waste piles
are listed in Table 3-2. The assumptions that were used fo calculate the volume of TENORM with
IL exceedances were as follows:

General Assumptions

¢ There was limited exposed bedrock observed within the TENORM areas that exceeded the
ILs; all areas were covered in some amount of soil/sediment, except limited areas within the
graded/disturbed reclaimed area.

e There were little fo no adlluvial sediments observed within the drainages that drain the Site;
they are erosional features within which little to no deposition has occurred and they
terminate in the plains to the north of the Site.

e There are two general geomorphic areas within the Site, a ridge and plains, as shown in
Figures 2-4 and 2-5. The ridge conisists of shallow bedrock of the Morrison Formation, and the
plains consist of Quaternary deposits that are become thicker to the north, east and west of
the Site.

¢ Mining occurred at the Site within the graded/disturbed reclaimed area, targeted the
Morrison Formation underlying the ridge, and was reclaimed as described in Section 2.1.4
and shown on Figure 2-8. Reclamation included filling in the mined area with soils that came
from the borrow area shown as the excavation area on Figure 2-8. Subsurface sampling
indicated that TENORM within the graded/disturbed reclaimed area extended to
approximately 3.5 ft bgs.

e Soils outside the mining disturbed area, within the plains, extended from a few feet to over
20 ft bgs, based on the results of subsurface sampling, as shown in Figure 4-5.

Group Assumptions

e Group 1 (3,203 yd?) — it was assumed for this area that TENORM above the ILs extended to an
average depth of 1 ft bgs. The ground surface was not visibly disturbed in this area and
surface gamma measurements are generally below or less than two fimes the IL.

o Group 2 (1,579 yd3) — it was assumed that impacts or disturbance from mining (TENORM)
extended to an average depth of 2 ft bgs; an alternative volume based on an assumption
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of greater TENORM depth is provided below. IL exceedances atf the borehole locations in
Group 2 extend below 2 ft bgs. However, there is little to no visible ground disturbance in this
area and static gamma measurements within the boreholes were generally stable.

e Group 3 (9,872 yd?) — it was assumed that impacts or disturbance from mining (TENORM) was
similar in depth to Group 2 (2 ft bgs). Bedrock within boreholes throughout the area was
generally 2 ft bgs with the exceptions of $220-SCX-010 (3.5 ft bgs) and -SCX-012 (2.5 ft bgs).

e Group 4 (1,036 yd3) — it was assumed that impacts or disturbance from mining (TENORM) was
similar in depth to Group 2 (1 ft bgs). Though the ground surface is not visibly impacted,
surface gamma survey measurements are up to two-times the IL.

e Group 5 (3,291 yd3) — it was assumed that impacts or disturbance from mining (TENORM) was
similar in depth to Group 1 (2 ft bgs); an alternative volume based on an assumption of
greater TENORM depth is provided below. Visible impacts to the ground surface are not
present in Group 5. Subsurface gamma measurements fluctuate for the first 2 ff bgs in
$220-SCX-019, but are then generally stable at less than two-times the IL until petrified wood
was encountered at approximately 12.5 ft bgs.

e Group 6 (145 yd3) - TENORM above the IL was assumed to extend to 0.5 ft bgs in a portion of
the potential haul road.

For Group 2, where soils that exceed the ILs extended to 3 to 14 ft bgs, assuming TENORM above
the ILs extended to 10 ft bgs added 6,318 yd3 to the total volume stated above. For Group 5,
where soils that exceed the ILs extended to 11 to 22 ft bgs, assuming TENORM above the ILs
extended to 10 ft bgs added an additional 13,165 yd3 to the total volume stated above.
Calculating the TENORM with the additional depth increased the volume of TENORM that
exceeded one or more IL to 38,609 yd3. However, due to the relatively steep slopes and
potential for runoff of precipitation; downward leaching from surficial TENORM materials into
underlying undisturbed NORM materials due to infilfration was considered negligible. The
material at depth was not exposed to the accessible environment. As such, although this
material at depths greater than 2 ft bgs may have IL exceedances, it is unlikely that it is TENORM,
and is considered NORM. Additional characterization to further define the depths of TENORM in
the areas of Groups 2 and 5 may be considered as part of future investigations af the Site.

Some areas to the south of the TENORM area, which includes a portion of the claim boundary,
contained soils where surface gamma measurements and/or Ra-226 and metals concentrations
exceeded their respective ILs; however, there is no evidence of disturbance and it is all
upgradient and upwind of the mining disturbed area. This area was not included in the volume
estimate.

Historical reclamation planning documents stated that approximately 50 bcy of waste pile
material would be excavated and backfilled over the rim strip and then that area would be
covered by 600 bcy of Class A topsoil (NAML, 1999). The NAML estimate is different than the
volume estimates calculated for the Site. NAML was using different criteria for what they
considered "waste” at the Site than the ILs identified for this study. The volumes developed for
this RSE should not be compared to the NAML estimate.
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4.8 POTENTIAL DATA GAPS AND SUPPLEMENTAL STUDIES
4.8.1 Data Gaps

Four potential data gaps were identified based on the Site Clearance and RSE data collection
and analyses for the Site. These data gaps can be considered for subsequent evaluations in
support of future Removal or Remedial Action evaluations at the Site.

1. The gamma survey of the portion of the potential haul road directly north of the claim
boundary was limited to the approximate centerline of the potential haul road, excluding
the shoulders of the potential haul road due to an oversight. For the potential haul road that
runs east of the Site, only the shoulders were surveyed and the centerline was not due fo an
oversight.

2. The surface gamma survey was not extended laterally to the southeast until measurements
were within background levels. However, this area is considered to contain NORM, and so
this is not considered a significant data gap.

3. The survey was not extended laterally from the eastern potential haul road where gamma
measurements were greater than the IL as the result of an oversight by field personnel.
However, this area is approximately 1,000 ft east of, and across, the main drainage from the
Site, near aridge of the Morrison Formation, and appears to contain NORM.

4. Surface and/or subsurface static gamma measurements were not collected in the
aftempted borehole at BG-1 (S220-SCX-002) due to a gamma meter malfunction.
Additionally, subsurface samples were not collected in BG-1 and BG-3.

4.8.2 Supplemental Studies

Following review of the RSE report data and discussions with the Agencies, a limited number of
items were identified for supplemental work to be considered for subsequent evaluations in
support of future Removal or Remedial Action evaluations at the Site, as follows:

1. Additional correlation studies may be needed to refine the relationship between gamma
and Ra-226.

2. Additional study to develop a background reference area representative of the Morrison
Formation is warranted.

3. Additional characterization to further define the depths of TENORM in the areas north of the
excavation and east graded/disturbed reclaimed area (Groups 2 and 5 of the TENORM
volume estimate, respectively) may be considered.

4. Subsurface samples may be warranted within the area of the berm or along the potential
haul roads.
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5.0 SUMMARY AND CONCLUSIONS

This report details the purpose and objectives, field investigation activities, findings, and
conclusions of the Site Clearance and RSE activities conducted for the Site between July 2015
and August 2017. The Site is known as the Barfon 3 site and is also identified by the USEPA as AUM
identification #220 in the 2007 AUM Atlas.

The primary objectives of the RSEs are to provide data required to evaluate relevant site
conditions and to support future removal action evaluations at the Sites. It is not intended to
establish cleanup levels or determine cleanup opfions or potential remedies. The purpose of the
RSE data (e.g.. the review of relevant information and the collection of data related to historical
mining activities) is to determine the volume of TENORM at the Site in excess of ILs as a result of
historical mining activities. ILs are based on the background gamma measurements (in cpm),
and Ra-226 and metals concentrations, determined through statistical analyses, that are used to
evaluate potential mining-related impacts. The RSE included historical data review, visual
observations, surface gamma surveys, surface and subsurface static gamma measurements,
and soil/sediment sampling and analyses. An estimate of areas containing TENORM was made
based on an evaluation of the RSE information/data and multiple lines of evidence. The
correlation between gamma measurements (in cpm) and concentrations of Ra-226 in surface
soils (pCi/g) was developed as a potential field screening tool for future Removal or Remedial
Action evaluations. The gamma correlation was not used for the Site Characterization, which
relied instead on the actual gamma radiation measurements and soil/sediment analytical
results. However, predicted Ra-226 concentrations were compared to the actual Ra-226
laboratory results and ILs from the surface soil/sediment samples at the Agencies’ request.

The Site is in the northwestern Carrizo Mountain mining region. The Site was one of the small
mining operations in the Carrizo Mountain mining region, located specifically in the northwestern
Carrizo Mountain mining region. The Site was only in operation during 1954 and details regarding
mine workings at the Site were not identified. The USAEC ore production records showed
production from the Site in 1954 was 31 tons (approximately 62,000 pounds) of ore that
contained 75 pounds of 0.12 percent UsOs and 324 pounds of 0.52 percent V20s.

Five potential background reference areas were considered. Two background reference areas
(BG-1 and BG-3) were selected to develop surface gamma, subsurface gamma, Ra-226, and
metals ILs for the two Survey Areas (Survey Area A and Survey Area B) at the Site.

Arsenic, molybdenum, uranium, vanadium, and Ra-226 concenftrations in soil/sediment and
gamma radiation measurements exceeded their respective ILs and are confirmed COPCs for
the Site. An IL for selenium was not identified because selenium sample results were non-detect
in the background areas. However, because selenium was detected in Survey Areas A and B, it
is also confirmed as a COPC for the Site.

Surface gamma measurements and Ra-226 and metals concentrations were generally highest in
areas that were coincident with mining-related features (Waste Pile 1). The maximum surface
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gamma measurement (61,743 cpm) was over four times the highest surface gamma IL and
occurred in an area within/adjacent to Waste Pile 1. The highest exceedances of Ra-226 and
metals ILs were associated with Waste Pile 1 or areas immediately downgradient or adjacent to
the waste pile. The maximum concentrations for all analytes were detected in subsurface soil
sample S220-SCX-016, which was collected from Waste Pile 1 in Survey Area A.

Results of 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. Additional
correlation studies may be needed to refine the relationship between gamma and Ra-226.

Based on the data analysis performed for this RSE report along with the supporting lines of
evidence, approximately 9.4 acres out of the 15.4 acres of the Survey Area were estimated to
contain TENORM. This estimate is inclusive of three areas: (1) Waste Pile 1, the graded/disturbed
reclaimed areq, and the excavation areaq; (2) the ridges and plains downgradient from the Site
to the north, east and, west and (3) the potential haul roads. The areas outside of the TENORM
boundary show no signs of disturbance related to mining and, therefore, are considered NORM
(i.e., naturally occurring). Of the 9.4 acres that contain TENORM, 7.2 acres contain TENORM
exceeding the surface gamma ILs and TENORM that exceeded the ILs most of the soil/sediment
sample locations. The volume of TENORM that exceeds the ILs is estimated to be 19,126 yd3
(14,623 cubic meters). It should be noted that the COPC measurements and concentratfions in
the area that contains TENORM that exceeded the ILs are generally higher than the COPC
measurements and concentrations in the area of NORM located outside the TENORM boundary.

Four potential data gaps were identified based on the Site Clearance and RSE data collection
and analysis for the Site, as listed in Section 4.8. These data gaps can be taken into
consideration for subsequent evaluations in support of future Removal or Remedial Action
evaluations at the Site.
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6.0 ESTIMATE OF REMOVAL SITE EVALUATION COSTS

The Barfon 3 RSE was performed in accordance with the requirements of the Trust Agreement to
characterize existing site conditions. Project costs related to the RSE include the planning and
implementation of the scope of work stipulated in the Site Clearance Work Plan and RSE Work
Plan, and community outreach. Stantec's costs associated with the Barton 3 RSE were $510,252.
Stantec’s costs associated with interim actions (sign installation) were $4,000. In addition,
Administrative costs provided by the Trust were estimated currently at $191,5009.10. Administrative
costs will change due to confinued community outreach and close out activities.

? This cost is based on an approved budget of May 8, 2018; Administrative work, including community
communications, are not yet complete.
10 Administrative costs were averaged across all Sites.
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Table 3-1

Soil and Sediment Sampling Summary

Removal Site Evaluation Report - Final

Barton 3

Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 2
Sample Types
Sample Location Sample Sample Media Sample Sample Collection Survey Sample Easting! Northing! Metals, Total Ra-226 Thorium
Depth (ft Category Method Area Date
bas)

Background Reference Area Study - Background Area 1
$220-BG1-001 0-05 soil SF grab NA 10/6/2016 638571.60 4089035.61 N N --
$220-BG1-002 0-05 soil SF grab NA 10/6/2016 638570.00 4089036.18 N N --
$220-BG1-003 0-05 soil SF grab NA 10/6/2016 638570.09 4089038.28 N N --
$220-BG1-004 0-05 soil SF grab NA 10/6/2016 638572.22 4089039.10 N N --
$220-BG1-005 0-05 soil SF grab NA 10/6/2016 638573.40 4089038.65 N N --
$220-BG1-006 0-05 soil SF grab NA 10/6/2016 638572.77 4089036.27 N N --
$220-BG1-007 0-05 soil SF grab NA 10/6/2016 638574.92 4089039.39 N;FD;MS;MSD N;FD --
$220-BG1-008 0-05 soil SF grab NA 10/6/2016 638576.26 4089037.56 N N --
$220-BG1-009 0-05 soil SF grab NA 10/6/2016 638576.52 4089036.08 N N --
$220-BG1-010 0-05 soil SF grab NA 10/6/2016 638575.68 4089035.27 N N --
$220-BG1-011 0-05 soil SF grab NA 3/23/2017 638572.03 4089027.82 N N --
$220-BG1-012 0-05 soil SF grab NA 3/23/2017 638573.45 4089032.85 N N --
$220-BG1-013 0-05 soil SF grab NA 3/23/2017 638570.24 4089032.04 N;FD N;FD --
$220-BG1-014 0-05 soil SF grab NA 3/23/2017 638567.81 4089029.96 N N --
$220-BG1-015 0-05 soil SF grab NA 3/23/2017 638567.24 4089034.46 N N --
$220-SCX-002 0-05 soil SF grab NA 10/12/2016 638574.32 4089037.64 N N

Background Reference Area Study - Background Area 2
$220-BG2-001 0-05 soil SF grab NA 10/3/2016 638277.25 4089011.89 N N
$220-BG2-002 0-05 soil SF grab NA 10/3/2016 638275.88 4089014.38 N N
$220-BG2-003 0-05 soil SF grab NA 10/3/2016 638274.03 4089015.82 N N
$220-BG2-004 0-05 soil SF grab NA 10/3/2016 638271.78 4089014.40 N N
$220-BG2-005 0-05 soil SF grab NA 10/3/2016 638269.87 4089015.77 N N
$220-BG2-006 0-05 soil SF grab NA 10/3/2016 638270.10 4089018.82 N;FD;MS;MSD N;FD
$220-BG2-007 0-05 soil SF grab NA 10/3/2016 638272.82 4089021.06 N N
$220-BG2-008 0-05 soil SF grab NA 10/3/2016 638274.24 4089018.47 N N
$220-BG2-009 0-05 soil SF grab NA 10/3/2016 638276.88 4089019.73 N N
$220-BG2-010 0-05 soil SF grab NA 10/3/2016 638272.51 4089022.39 N N
$220-SCX-001 0-05 soil SF grab NA 10/12/2016 638272.65 4089019.92 N N --
$220-SCX-001 05-1.2 soil SB grab NA 10/12/2016 638272.65 4089019.92 N N --
$220-SCX-001 12-18 soil SB grab NA 10/12/2016 638272.65 4089019.92 N N --

Background Reference Area Study - Background Area 3
$220-BG3-001 0-05 soil SF grab NA 8/26/2017 638345.10 4089447.95 N;MS;MSD N --
$220-BG3-002 0-05 soil SF grab NA 8/26/2017 638341.11 4089446.60 N N --
$220-BG3-003 0-05 soil SF grab NA 8/26/2017 638335.23 4089448.44 N N --
$220-BG3-004 0-05 soil SF grab NA 8/26/2017 638330.04 4089446.30 N N --
$220-BG3-005 0-05 soil SF grab NA 8/26/2017 638325.90 4089447.79 N N --
$220-BG3-006 0-05 soil SF grab NA 8/26/2017 638325.35 4089454.04 N N --
$220-BG3-007 0-05 soil SF grab NA 8/26/2017 638330.34 4089456.79 N N --
$220-BG3-008 0-05 soil SF grab NA 8/26/2017 638335.21 4089453.96 N N --
$220-BG3-009 0-05 soil SF grab NA 8/26/2017 638340.08 4089454.88 N N --
$220-BG3-010 0-05 soil SF grab NA 8/26/2017 638343.94 4089454.20 N;FD N;FD --
$220-BG3-011 0-05 soil SF grab NA 8/26/2017 638339.24 4089451.22 N N --

Correlation
$220-C01-001 0-05 soil SF 5-point composite NA 10/14/2016 638291.69 4089238.48 -- N N
$220-C02-001 0-05 soil SF 5-point composite NA 10/14/2016 638331.79 4089281.32 -- N N
$220-C03-001 0-05 sediment SF 5-point composite NA 10/14/2016 638324.65 4089307.59 -- N N
$220-C04-001 0-05 sediment SF 5-point composite NA 10/14/2016 638287.89 4089330.17 -- N N
$220-C05-001 0-05 soil SF 5-point composite NA 10/14/2016 638283.33 4089369.23 -- N N

Notes

-- Not Sampled

N Normal

FD Field Duplicate

MS Matrix Spike

MSD Matrix Spike Duplicate

Ra-226 Radium 226

NA Not Applicable

SB Subsurface Sample

SF Surface Sample

ft bgs feet below ground surface

1 Coordinate System: NAD 1983 UTM Zone 12N
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Soil and Sediment Sampling Summary

Removal Site Evaluation Report - Final

Table 3-1

Barton 3

Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 2
Sample Types
Sample Location Sample Sample Media Sample Sample Collection Survey Sample Easting! Northing! Metals, Total Ra-226 Thorium
Depth (ft Category Method Area Date
bas)

Characterization
$220-CX-001 0-05 soil SF grab B 4/15/2017 638350.50 4089327.71 N N --
$220-CX-002 0-05 soil SF grab B 4/15/2017 638355.25 4089357.13 N;FD N;FD --
$220-CX-003 0-05 soil SF grab B 4/15/2017 638271.71 4089323.86 N N --
$220-CX-004 0-05 soil SF grab B 4/15/2017 638266.95 4089352.24 N N --
$220-CX-005 0-05 soil SF grab B 4/15/2017 638291.20 4089392.56 N N --
$220-CX-006 0-05 soil SF grab B 4/15/2017 638277.67 4089287.61 N;MS;MSD N --
$220-CX-007 0-05 soil SF grab A 4/15/2017 638287.33 4089271.10 N N --
$220-CX-008 0-05 soil SF grab A 4/15/2017 638320.69 4089232.27 N N --
$220-CX-009 0-05 soil SF grab B 4/15/2017 638439.43 4089342.90 N N --
$220-CX-010 0-05 soil SF grab A 4/15/2017 638348.85 4089231.29 N N --
$220-SCX-003 0-05 soil SF grab B 4/15/2017 638371.49 4089266.50 N N --
$220-SCX-003 05-1 soil SB grab B 4/15/2017 638371.49 4089266.50 N N --
$220-SCX-003 1-1.25 soil SB grab B 4/15/2017 638371.49 4089266.50 N N --
$220-SCX-004 0-05 soil SF grab A 4/15/2017 638340.21 4089272.96 N;FD N;FD --
$220-SCX-005 0-05 soil SF grab A 4/15/2017 638304.81 4089276.97 N N --
$220-SCX-006 0-05 soil SF grab A 4/15/2017 638289.84 4089271.59 N;MS;MSD N --
$220-SCX-006 15-2 soil SB grab A 4/15/2017 638289.84 4089271.59 N N --
$220-SCX-006 2-25 soil SB grab A 4/15/2017 638289.84 4089271.59 N N --
$220-SCX-007 0-0.75 soil SB grab A 4/17/2017 638297.67 4089207.65 N N --
$220-SCX-008 0-05 sediment SF grab B 6/6/2017 638255.57 4089305.24 N N --
$220-SCX-008 05-15 sediment SB grab B 6/6/2017 638255.57 4089305.24 N;FD N;FD --
$220-SCX-009 0-05 sediment SF grab B 6/6/2017 638294.14 4089308.78 N N --
$220-SCX-009 05-2 sediment SB composite B 6/6/2017 638294.14 4089308.78 N N --
$220-SCX-010 0-05 sediment SF grab B 6/7/2017 638278.35 4089341.11 N N --
$220-SCX-010 05-35 sediment SB composite B 6/7/2017 638278.35 4089341.11 N N --
$220-SCX-011 0-05 soil SF grab B 6/7/2017 638271.15 4089363.87 N N --
$220-SCX-011 05-125 soil SB composite B 6/7/2017 638271.15 4089363.87 N N --
$220-SCX-012 0-05 soil SF grab B 6/7/2017 638311.96 4089342.54 N N --
$220-SCX-012 05-25 soil SB composite B 6/7/2017 638311.96 4089342.54 N;FD N;FD --
$220-SCX-013 0-05 soil SF grab A 6/7/2017 638318.65 4089293.28 N N --
$220-SCX-013 08-1.8 soil SB grab A 6/7/2017 638318.65 4089293.28 N;MS;MSD N --
$220-SCX-014 0-05 soil SF grab A 6/7/2017 638327.94 4089292.91 N N --
$220-SCX-014 05-1 soil SB grab A 6/7/2017 638327.94 4089292.91 N N --
$220-SCX-015 0-05 soil SF grab A 6/7/2017 638356.12 4089291.96 N N --
$220-SCX-015 05-1 soil SB grab A 6/7/2017 638356.12 4089291.96 N N --
$220-SCX-015 1.25-2 soil SB grab A 6/7/2017 638356.12 4089291.96 N N --
$220-SCX-016 0-05 soil SF grab A 6/7/2017 638343.95 4089291.99 N N --
$220-SCX-016 05-0.8 soil SB grab A 6/7/2017 638343.95 4089291.99 N N --
$220-SCX-016 1-2 soil SB grab A 6/7/2017 638343.95 4089291.99 N N --
$220-SCX-016 2-3 soil SB grab A 6/7/2017 638343.95 4089291.99 N N --
$220-SCX-017 0-05 soil SF grab B 6/7/2017 638392.48 4089299.91 N N --
$220-SCX-017 05-4 soil SB composite B 6/7/2017 638392.48 4089299.91 N;FD N;FD --
$220-SCX-017 4-9 soil SB composite B 6/7/2017 638392.48 4089299.91 N N --
$220-SCX-017 9-12 soil/bedrock SB composite B 6/7/2017 638392.48 4089299.91 N N --
$220-SCX-018 0-05 soil SF grab B 6/7/2017 638404.71 4089276.01 N N --
$220-SCX-018 05-4 soil SB composite B 6/7/2017 638404.71 4089276.01 N N --
$220-SCX-018 4-7 soil SB composite B 6/7/2017 638404.71 4089276.01 N N --
$220-SCX-019 0-05 soil SF grab B 6/8/2017 638425.76 4089303.12 N N --
$220-SCX-019 05-75 soil SB composite B 6/8/2017 638425.76 4089303.12 N N --
$220-SCX-019 11-155 soil SB composite B 6/8/2017 638425.76 4089303.12 N N --
$220-SCX-019 75-11 soil SB composite B 6/8/2017 638425.76 4089303.12 N N --
$220-SCX-020 0-05 soil SF grab B 6/8/2017 638393.81 4089339.43 N;FD N;FD --
$220-SCX-020 05-25 soil SB composite B 6/8/2017 638393.81 4089339.43 N N --
$220-SCX-021 0-05 soil SF grab B 6/8/2017 638381.35 4089324.89 N;MS;MSD N --
$220-SCX-021 05-2 soil/bedrock SB composite B 6/8/2017 638381.35 4089324.89 N N --
$220-SCX-022 0-05 soil SF grab B 6/8/2017 638455.21 4089303.19 N N --
$220-SCX-022 19-20 soil SB composite B 6/8/2017 638455.21 4089303.19 N N --
$220-SCX-022 5-10 soil SB composite B 6/8/2017 638455.21 4089303.19 N N --
$220-SCX-023 0-05 soil SF grab B 6/6/2017 638254.60 4089337.98 N N --
$220-SCX-023 05-2 soil SB composite B 6/6/2017 638254.60 4089337.98 N N --

Notes

-- Not Sampled

N Normal

FD Field Duplicate

MS Matrix Spike

MSD Matrix Spike Duplicate

Ra-226 Radium 226

NA Not Applicable

SB Subsurface Sample

SF Surface Sample

ft bgs feet below ground surface

1 Coordinate System: NAD 1983 UTM Zone 12N
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Table 3-2
Mine Feature Samples and Area
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1
Volume of TENORM

Mine Feature Surface Samples Subsurface Area (sq. ft) , 3 Feature Notes

Samples exceeding ILs (yd®)
Gradgd/Dlsturbed 5 9 21,179 1,569 3
Reclaimed Area

Volume calculated assuming

Excavation (Depth 1) 5 2 28,432 2737 an area of the TENORM

exceeding the ILs extended to
10 ft bgs

Volume calculated assuming
Excavation (Depth 2) 5 2 28,432 2,106 an area of TENORM exceeding
the ILs extended to 2 ft bgs

Waste Pile 1 1 1 1,751 130 -
Berm 0 0 813 60 -
. Volume calculated assumin
Drainages 3 3 * 546 . . g
drainages are 8 ft wide.
Volume calculated assuming
Potential Haul Roads ) 0 - 1761 an area of the TENORM
(Depth 1) ' exceeding the ILs extended to

10 ft bgs

Volume calculated assuming
2 0 xk 1,000 an area of TENORM exceeding
the ILs extended to 2 ft bgs

Potential Haul Roads
(Depth 2)

Notes

sq.ft - square feet

yd?® - cubic yards

ILs - investigation levels

TENORM - technologically enhanced naturally occurring radioactive material

* Area not determined because the width of the drainages vary throughout the Site

** Area not determined because the widths of the potential haul roads vary throughout the Site

-- not applicable
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Table 4-1

Background Reference Area Soil Sample Analytical Results

Barton 3

Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 4
Location Identification S220-BG1-001 S220-BG1-002 S220-BG1-003 S220-BG1-004 S220-BG1-005 S220-BG1-006 S220-BG1-007 S220-BG1-007 Dup S220-BG1-008 S220-BG1-009 S220-BG1-010 S220-BG1-011
Date Collected 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 10/6/2016 3/23/2017
Depth (feet) 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
Analyte (Units)
Metals' (mg/kg)
Arsenic 15 1.1 1.2 1.9 2.1 1.8 1.6 1.8 1.3 3.8 3.1 1.2
Molybdenum 0.18 <0.17 <0.17 <0.2 <0.2 0.2 <0.19 0.25 <0.19 <0.18 0.28 <0.2
Selenium <0.87 <0.87 <0.87 <1 <0.99 <0.91 <0.96 <0.91 <0.94 <0.92 <0.97 <1
Uranium 1.7 1.4 1.4 15 2.3 2.7 2.2 )+ 2.3 1.4 6.8 4.3 1.2
Vanadium 7.1 5.9 6.5 6.1 8.4 7.3 7.3 7.4 6.3 19 10 6.4
Radionuclides (pCi/qg)
Radium-226 3.68 + 0.55 J- 1.44+£0.27 1.63+0.31J- 2.11+0.37J- 2.4+0.38 3.65+0.55 2.15+0.36 1.73+0.34 1.39+0.28 3.66 + 0.54 6.61+0.9 1.19+0.25
Notes
Bold Bolded result indicates positively identified compound
mg/kg milligrams per kilogram
pCi/g picocuries per gram
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-dilute value
< Result not detected above associated laboratory reporting limit
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-1

Background Reference Area Soil Sample Analytical Results

Barton 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 4
Location Identification S220-BG1-012 S220-BG1-013 S220-BG1-013 Dup S220-BG1-014 S220-BG1-015 S220-BG2-001 S220-SCX-002 S220-BG2-002 S220-BG2-003 S220-BG2-004
Date Collected  3/23/2017 3/23/2017 3/23/2017 3/23/2017 3/23/2017 10/3/2016 10/12/2016 10/3/2016 10/3/2016 10/3/2016
Depth (feet) 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
Analyte (Units)
Metals' (mg/kg)
Arsenic 2.3 1.9 1.8 0.9 25 1.3 2 1.7 1.6 1.6
Molybdenum 0.29 <0.17 <0.17 <0.16 <0.18 <0.2 0.19 <0.19 <0.2 0.68
Selenium <0.94 <0.87 <0.87 <0.78 <0.89 <0.98 <0.9 <0.94 <1 <0.96
Uranium 2.2 1.8 1.7 0.96 2.1 0.53 2.8 0.66 0.66 0.64
Vanadium 7.2 7.4 6.9 4.7 6.9 8.7 8.7 10 11 9.5
Radionuclides (pCi/qQ)
Radium-226 134+1.7 3.73+0.57 3.69 + 0.53 0.9+0.25 1.77 £0.32 0.92+0.22 2.11+0.35 1.01+£0.25 0.87 £ 0.26 0.87+0.21
Notes

Bold Bolded result indicates positively identified compound
mg/kg miligrams per kilogram
pCi/g picocuries per gram

1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-dilute value
< Result not detected above associated laboratory reporting limit

J- Data are estimated and are potentially biased low due to associated quality control data

J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-1

Background Reference Area Soil Sample Analytical Results

Barton 3

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 3 of 4
Location Identification S220-BG2-005 S220-BG2-006 S$S220-BG2-006 Dup S220-BG2-007 S220-BG2-008 S220-BG2-009 S220-BG2-010 S220-SCX-001 S220-SCX-001 S220-SCX-001 S220-BG3-001 S220-BG3-002
Date Collected 10/3/2016 10/3/2016 10/3/2016 10/3/2016 10/3/2016 10/3/2016 10/3/2016 10/12/2016 10/12/2016 10/12/2016 8/26/2017 8/26/2017
Depth (feet) 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 05-1.2 12-18 0-0.5 0-0.5
Analyte (Units)
Metals' (mg/kg)
Arsenic 1.3 1.4 1.3 1.6 1.1 1.2 1.2 1.7 1.8 1.9 0.94 0.9
Molybdenum <0.2 <0.2 0.22 <0.19 <0.18 <0.2 <0.19 0.21 <0.18 <0.18 0.3 0.26
Selenium <1 <1 <0.95 <0.93 <0.92 <0.98 <0.94 <1 <0.88 <0.9 <0.95 <0.99
Uranium 0.62 0.61 0.63 0.64 0.55 0.5 0.6 0.5 0.49 0.45 0.92 0.94
Vanadium 9.1 9.6 9.6 10 8.3 7.7 8.7 8.6 8.5 8.5 10 J+ 9.9
Radionuclides (pCi/qg)
Radium-226 0.92+0.24 0.91+0.25 0.99+0.23 0.97+0.25 0.79 £ 0.22 0.83+0.21 1.06 £ 0.25 0.77 £0.22 0.59+0.21 0.69 +0.21 1.4+0.3 1.32+£0.27
Notes
Bold Bolded result indicates positively identified compound
mg/kg milligrams per kilogram
pCi/g picocuries per gram
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-dilute value
< Result not detected above associated laboratory reporting limit
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-1

Background Reference Area Soil Sample Analytical Results

Barton 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 4 of 4
Location Identification S220-BG3-003 S220-BG3-004 S220-BG3-005 S220-BG3-006 S220-BG3-007 S220-BG3-008 S220-BG3-009 S220-BG3-010 S220-BG3-010 Dup S220-BG3-011
Date Collected  8/26/2017 8/26/2017 8/26/2017 8/26/2017 8/26/2017 8/26/2017 8/26/2017 8/26/2017 8/26/2017 8/26/2017
Depth (feet) 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5
Analyte (Units)
Metals' (mg/kg)
Arsenic 1.4 1 1.1 0.95 0.98 1 1.1 0.99 0.98 1.3
Molybdenum 0.3 0.29 0.33 0.25 0.27 0.31 0.3 0.25 0.29 0.32
Selenium <0.99 <1 <0.99 <0.99 <0.93 <0.99 <1 <0.97 <1 <0.95
Uranium 0.99 1 1 0.91 1 1.1 1 0.96 1 0.97
Vanadium 11 10 11 10 11 11 12 9.9 10 11
Radionuclides (pCi/qg)
Radium-226 1.63+0.3 1.49+0.29 1.58+0.31 1.45+0.29 1.24+0.3 1.35+0.29 1.4+0.28 1.54+0.32 1.41+£0.28 1.48 £ 0.28
Notes
Bold Bolded result indicates positively identified compound
mg/kg milligrams per kilogram
pCi/g picocuries per gram
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-dilute value
< Result not detected above associated laboratory reporting limit
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-2
Static Gamma Measurement Summary
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 4

Sample Location

Subsurface
Static Gamma Static Gamma

Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)

Level (cpm)

$220-SCX-001 Background Area 2 * 0.5 soll 7,171
$220-SCX-001 Background Area 2 * 1.0 soil 7,270
S$220-SCX-001 Background Area 2 * 15 soil 7,280
$220-SCX-001 Background Area 2 * 1.8 soll 7,761**
S220-BG3-011 Background Area 3 * 0.0 soil 9,313
$220-BG3-011 Background Area 3 * 0.5 soll 11,112**
$220-SCX-004 A - 0.0 soll 16,949
$220-SCX-004 A 7,270 0.5 soll 71,103**
$220-SCX-005 A -- 0.0 soll 14,880
$220-SCX-005 A 7,270 0.5 soll 20,644
$220-SCX-005 A 7,270 0.8 soil 23,434**
$220-SCX-006 A -- 0.0 soll 15,879
$220-SCX-006 A 7,270 0.5 soll 28,300
$220-SCX-006 A 7,270 1.0 soil 36,304
$220-SCX-006 A 7,270 15 soll 46,199
$220-SCX-006 A 7,270 2.0 soll 76,140
$220-SCX-006 A 7,270 25 soil 166,611**
$220-SCX-007 A -- 0.0 soll 6,804
$220-SCX-007 A 7,270 0.5 soll 6,359
$220-SCX-007 A 7,270 0.8 soil 6,296**
$220-SCX-013 A - 0.0 soil 38,730
$220-SCX-013 A 7,270 1.0 soil 161,238
$220-SCX-013 A 7,270 2.0 bedrock 225,896
$220-SCX-013 A 7,270 2.5 bedrock 318,434
S220-SCX-014 A -- 0.0 soil 31,102
$220-SCX-014 A 7,270 1.0 soll 130,520
$220-SCX-014 A 7,270 2.0 bedrock 153,278
S$220-SCX-014 A 7,270 3.0 bedrock 199,862
S220-SCX-014 A 7,270 4.0 bedrock 230,440
$220-SCX-015 A - 0.0 soll 43,334
$220-SCX-015 A 7,270 1.0 soil 168,028
$220-SCX-015 A 7,270 2.0 soll 258,420
S$220-SCX-016 A -- 0.0 soil 20,614
S$220-SCX-016 A 7,270 1.0 soil 22,848
$220-SCX-016 A 7,270 2.0 soil 480,338
$220-SCX-016 A 7,270 3.0 soll 581,372
S$220-SCX-016 A 7,270 4.0 bedrock 136,978
$220-SCX-016 A 7,270 45 bedrock 13,362
$220-SCX-003 B -- 0.0 soil 14,894
$220-SCX-003 B 11,112 0.5 soil 17,587
$220-SCX-003 B 11,112 1.3 soll 12,609**

Notes
Bold

*

*%

RSE
cpm
ft bgs

Bolded result indicates measurement exceeds subsurface gamma investigation level

The subsurface gamma investigation levels are derived from the background area 11
measurements, refer to Section 4.1 of the RSE report

Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)
The subsurface gamma investigation level does not apply to surface static gamma measurements
Removal Site Investigation

counts per minute

feet below ground surface
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Table 4-2
Static Gamma Measurement Summary
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 4
Subsurface
Sample Location Survey Area Sltr?\t;;:i;ga;;a Sample Depth (ft bgs) Media MeSatSJ:Zr(r?:r:?r(T::?Jm)
Level (cpm)

$220-SCX-008 B -- 0.0 sediment 9,406
$220-SCX-008 B 11,112 1.0 sediment 13,940
$220-SCX-008 B 11,112 2.0 bedrock 20,440
$220-SCX-008 B 11,112 3.0 bedrock 26,742
$220-SCX-009 B -- 0.0 sediment 17,968
$220-SCX-009 B 11,112 0.5 sediment 28,284
$220-SCX-009 B 11,112 1.5 sediment 39,114
$220-SCX-009 B 11,112 2.5 bedrock 32,948
$220-SCX-010 B -- 0.0 sediment 18,596
$220-SCX-010 B 11,112 1.0 sediment 26,314
$220-SCX-010 B 11,112 2.0 sediment 26,722
$220-SCX-010 B 11,112 3.0 sediment 22,477
$§220-SCX-010 B 11,112 4.0 bedrock 18,224
$220-SCX-011 B - 0.0 soil 11,902
$220-SCX-011 B 11,112 1.0 soll 20,198
$220-SCX-011 B 11,112 2.0 soll 23,574
$220-SCX-011 B 11,112 3.0 soil 24,446
$220-SCX-011 B 11,112 4.0 soil 21,836
$220-SCX-011 B 11,112 5.0 soll 19,952
$220-SCX-011 B 11,112 6.0 soll 18,176
$220-SCX-011 B 11,112 7.0 soil 18,902
$220-SCX-011 B 11,112 8.0 soll 20,456
$220-SCX-011 B 11,112 9.0 soll 14,588
S$220-SCX-011 B 11,112 10.0 soil 13,946
S$220-SCX-011 B 11,112 11.0 soil 14,982
$220-SCX-011 B 11,112 12.0 soll 16,014
S$220-SCX-011 B 11,112 13.0 bedrock 16,498
S$220-SCX-011 B 11,112 14.0 bedrock 15,572
$220-SCX-012 B - 0.0 soil 16,048
S$220-SCX-012 B 11,112 1.0 soil 27,364
$220-SCX-012 B 11,112 2.0 soil 12,280
$220-SCX-012 B 11,112 3.0 bedrock 8,416
$220-SCX-012 B 11,112 4.0 bedrock 8,802
$220-SCX-017 B - 0.0 soll 18,682
$220-SCX-017 B 11,112 1.0 soll 31,938
§220-SCX-017 B 11,112 2.0 soil 32,882
§220-SCX-017 B 11,112 3.0 soil 37,316
$220-SCX-017 B 11,112 4.0 soll 36,758
S$220-SCX-017 B 11,112 5.0 SOil 17,922
§220-SCX-017 B 11,112 6.0 soil 13,854
S$220-SCX-017 B 11,112 7.0 SOil 13,512
$220-SCX-017 B 11,112 8.0 soll 12,964
§220-SCX-017 B 11,112 9.0 soil 13,392
§220-SCX-017 B 11,112 10.0 soil 16,250
S$220-SCX-017 B 11,112 11.0 bedrock 19,588
S$220-SCX-017 B 11,112 12.0 bedrock 19,492

Notes

Bold Bolded result indicates measurement exceeds subsurface gamma investigation level

. The subsurface gamma investigation levels are derived from the background area [

measurements, refer to Section 4.1 of the RSE report

** Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)

- The subsurface gamma investigation level does not apply to surface static gamma measurements

RSE Removal Site Investigation

cpm counts per minute

ft bgs feet below ground surface

I.:s Stantec



Table 4-2
Static Gamma Measurement Summary
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 3 of 4
Subsurface
. Static Gamma . Static Gamma
Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)

§220-SCX-018 B - 0.0 soil 11,724
§220-SCX-018 B 11,112 1.0 soil 17,520
$220-SCX-018 B 11,112 2.0 soil 17,662
§220-SCX-018 B 11,112 3.0 soil 15,764
§220-SCX-018 B 11,112 4.0 soil 16,248
S$220-SCX-018 B 11,112 5.0 soil 16,182
S$220-SCX-018 B 11,112 6.0 soil 15,202
§220-SCX-018 B 11,112 7.0 soil 15,462
§220-SCX-018 B 11,112 8.0 bedrock 16,396
S$220-SCX-018 B 11,112 9.0 bedrock 18,954
S$220-SCX-018 B 11,112 10.0 bedrock 19,624
§220-SCX-018 B 11,112 11.0 bedrock 10,354
$220-SCX-018 B 11,112 12.0 bedrock 8,950
§220-SCX-019 B - 0.0 soil 15,514
§220-SCX-019 B 11,112 1.0 soll 26,882
S$220-SCX-019 B 11,112 2.0 soil 19,658
§220-SCX-019 B 11,112 3.0 soil 13,542
§220-SCX-019 B 11,112 4.0 soil 11,262
$220-SCX-019 B 11,112 5.0 soil 11,562
S$220-SCX-019 B 11,112 6.0 soil 12,068
§220-SCX-019 B 11,112 7.0 soil 12,392
§220-SCX-019 B 11,112 8.0 soll 12,362
S$220-SCX-019 B 11,112 9.0 soil 12,624
§220-SCX-019 B 11,112 10.0 soil 12,866
§220-SCX-019 B 11,112 11.0 soll 15,300
S$220-SCX-019 B 11,112 12.0 soil 21,880
S$220-SCX-019 B 11,112 13.0 soil 35,580
§220-SCX-019 B 11,112 14.0 soil 17,444
§220-SCX-019 B 11,112 15.0 soil 11,020
S$220-SCX-019 B 11,112 16.0 bedrock 9,028
§220-SCX-019 B 11,112 16.5 bedrock 9,504
$220-SCX-020 B -- 0.0 soil 13,644
$220-SCX-020 B 11,112 1.0 soil 25,502
§220-SCX-020 B 11,112 2.0 soll 24,990
§220-SCX-020 B 11,112 3.0 bedrock 18,994
$220-SCX-021 B - 0.0 soil 16,076
$220-SCX-021 B 11,112 1.0 soil 30,796
$220-SCX-021 B 11,112 2.0 soil 34,790
S$220-SCX-021 B 11,112 3.0 bedrock 25,620

Notes

Bold Bolded result indicates measurement exceeds subsurface gamma investigation level

. The subsurface gamma investigation levels are derived from the background area [

measurements, refer to Section 4.1 of the RSE report

** Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)

- The subsurface gamma investigation level does not apply to surface static gamma measurements

RSE Removal Site Investigation

cpm counts per minute

ft bgs feet below ground surface



Table 4-2
Static Gamma Measurement Summary
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 4 of 4
Subsurface
. Static Gamma . Static Gamma
Sample Location Survey Area Investigation Sample Depth (ft bgs) Media Measurement (cpm)
Level (cpm)

$220-SCX-022 B - 0.0 soll 9,048
§220-SCX-022 B 11,112 1.0 soil 13,102
$220-SCX-022 B 11,112 2.0 soil 16,796
$220-SCX-022 B 11,112 3.0 soll 17,106
§220-SCX-022 B 11,112 4.0 soll 17,634
$220-SCX-022 B 11,112 5.0 soil 19,038
$220-SCX-022 B 11,112 6.0 soil 21,812
$220-SCX-022 B 11,112 7.0 soll 22,898
§220-SCX-022 B 11,112 8.0 soll 22,638
$220-SCX-022 B 11,112 9.0 soil 17,232
$220-SCX-022 B 11,112 10.0 soil 14,420
§220-SCX-022 B 11,112 11.0 soil 14,314
$220-SCX-022 B 11,112 12.0 soil 14,300
$220-SCX-022 B 11,112 13.0 soil 13,840
$220-SCX-022 B 11,112 14.0 soil 127,004
§220-SCX-022 B 11,112 15.0 soll 10,696
$220-SCX-022 B 11,112 16.0 soil 11,070
$220-SCX-022 B 11,112 17.0 soll 13,038
§220-SCX-022 B 11,112 18.0 soll 14,196
$220-SCX-022 B 11,112 19.0 soil 15,578
$220-SCX-022 B 11,112 20.0 soil 19,814
§220-SCX-022 B 11,112 21.0 soil 24,070
§220-SCX-022 B 11,112 22.0 bedrock 17,590
S$220-SCX-023 B -- 0.0 soil 9,082
§220-SCX-023 B 11,112 1.0 soil 12,848
§220-SCX-023 B 11,112 2.0 soil 13,190
$220-SCX-023 B 11,112 3.0 bedrock 11,336
§220-SCX-023 B 11,112 4.0 bedrock 10,852
§220-SCX-023 B 11,112 5.0 bedrock 10,406
$220-SCX-023 B 11,112 6.0 bedrock 10,568
$220-SCX-023 B 11,112 7.0 bedrock 11,358

Notes

Bold Bolded result indicates measurement exceeds subsurface gamma investigation level

. The subsurface gamma investigation levels are derived from the background area [

measurements, refer to Section 4.1 of the RSE report

** Measurement collected at interface of unconsolidated material and refusal material (e.g., bedrock)

- The subsurface gamma investigation level does not apply to surface static gamma measurements

RSE Removal Site Investigation

cpm counts per minute

ft bgs feet below ground surface



Table 4-3
Gamma Correlation Study Soil and Sediment Sample Analytical Results
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 1

Location Identification S220-C01-001 S220-C02-001 S220-C03-001 S220-C04-001 S220-C05-001
Date Collected 10/14/2016 10/14/2016 10/14/2016 10/14/2016 10/14/2016

Depth (feet) 0-05 0-05 0-05 0-05 0-05
Analyte (Units)
Radionuclides (pCi/g)
Radium-226 0.98 + 0.26 6.44 +0.84 106+1.4 6.73 £ 0.89 J- 3.52+0.51
Thorium-228 0.416 +0.086 0.285+0.065 0.256 +0.059  0.207 + 0.055 0.315 +0.07
Thorium-230 0.92+0.17 4.85+0.77 93114 6.13+0.97 2.92+0.47
Thorium-232 0.459 +0.09 0.278 +0.062 0.258+0.058 0.262+0.062 0.274 + 0.061

Notes

Bold Bolded result indicates positively identified compound

pCi/g picocuries per gram

J- Data are estimated and are potentially biased low due to associated quality control data.
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Table 4-4a

Site Characterization Soil Sample Analytical Results for Survey Area A

Barton 3

Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 2

Location Identification S220-CX-007

S220-CX-008 S220-CX-010 S220-SCX-004 S220-SCX-004 Dup S220-SCX-005 S220-SCX-006

S5220-SCX-006

S5220-SCX-006

S220-SCX-007

S220-SCX-013

Date Collected 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/17/2017 6/7/2017
Depth (feet) 0-05 0-05 0-05 0-05 0-05 0-05 0-05 15-20 20-25 0-0.75 0-05
Sample Category surface surface surface surface surface surface surface subsurface subsurface subsurface surface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals® (mg/kg) Level
Arsenic 3.83 2.2 11 17 55 5 2.3 2.2 1.8 21 2.4 4.5
Molybdenum 0.332 0.85 <0.2 1.1 2.7 2 0.37 11 0.84 11 0.22 1.4
Selenium NA <0.95 <099 [NEeTN <1 <11 <1 <1 <1 <0.95 <1 <0.95
Uranium 6.36 2.6 2.2 21 4.2 4.1 3.4 3.2 2 87 11 5.8
Vanadium 16 44 5.7 83 21 24 21 57 38 340 12 81
Radionuclides (pCi/g)
Radium-226 11.8 6.86 £ 0.93 1.65+0.32 24.6+3 5.86 £ 0.78 6.18 £ 0.86 4.62 +0.65 7.23+0.95 3.13+0.49 56.3+6.7 1.04+£0.24 26.5+ 3.2 J-
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded resultindicates result greater than or equal to the investigation level
-Shaded result indicates analyte detected, where that analyte does not have an investigation level
mg/kg milligrams per kilogram
pCi/g picocuries per gram
NA An investigation level is not identified because selenium sample results in BG-1 were all non-detect
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
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Site Characterization Soil Sample Analytical Results for Survey Area A

Table 4-4a

Barton 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 2

Location Identification S220-SCX-013

S220-SCX-014 S220-SCX-014 S220-SCX-015 S220-SCX-015 S220-SCX-015 S220-SCX-016 S220-SCX-016 S220-SCX-016

S5220-SCX-016

Date Collected 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017
Depth (feet) 0.8-1.8 0-05 05-1.0 0-05 05-1.0 1.25-2.0 0-05 05-0.8 1.0-2.0 2.0-3.0
Sample Category subsurface surface subsurface surface subsurface subsurface surface subsurface subsurface subsurface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals' (mg/kg) Level
Arsenic 3.83 16 J- 3.9 2.8 7.2 42 130 35 5.8 730 540
Molybdenum 0.332 2] 2.5 14 6.6 37 140 1.6 3.9 630 510
Selenium NA <0.99 <1 <1 <0.99 <0.97 a2 <099 <1 84 55
Uranium 6.36 15 4.2 4.2 4.8 8.8 22 3 3.1 75 91
Vanadium 16 100 68 54 67 94 290 50 47 290 220
Radionuclides (pCi/g)
Radium-226 11.8 75.6+9 84+1.1 10+1.3 11.8+1.5 33.2+4.1 78.4+£9.3 7.16 £ 0.93 82+1.1 36.9+4.4 206 + 24
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded resultindicates result greater than or equal to the investigation level
-Shaded result indicates analyte detected, where that analyte does not have an investigation level
mg/kg milligrams per kilogram

pC
NA

i/g  picocuries per gram

An investigation level is not identified because selenium sample results in BG-1 were all non-detect

Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
Result not detected above associated laboratory reporting limit
Data are estimated due to associated quality control data
Data are estimated and are potentially biased low due to associated quality control data
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Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B

Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Table 4-4b

Barton 3

Page 1 of 4

Location Identification S220-CX-001 S220-CX-002 S220-CX-002 Dup S220-CX-003 S220-CX-004 S220-CX-005 S220-CX-006 S220-CX-009

S$220-SCX-003

$220-SCX-003

$220-SCX-003

$220-SCX-008

Date Collected 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 4/15/2017 6/6/2017
Depth (feet) 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 05-1 1-1.25 0-0.5
Sample Category surface surface surface surface surface surface surface surface surface subsurface subsurface surface
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil soil soil soil soil soil sediment
Analyte (Units)
Investigation
Metals' (mg/kg) Level
Arsenic 15 4.1 1.6 1.9 1.9 2.6 1.3 2.2 1.3 1.8 14 1.3 1.2
Molybdenum 0.367 1.9 1.2 1.7 0.59 1.3 0.48 0.71 0.8 0.52 0.38 0.41 0.23
Selenium NA <1 <0.97 <0.93 <0.93 <1 <1 <1 <0.97 <1.1 <1.1 <1 <1
Uranium 1.13 26 3.2 3.2 2.4 4.8 15 3.1J+ 13 4.2 2.9 25 1
Vanadium 12.6 280 42 44 36 67 21 59 14 31 27 24 9.7
Radionuclides (pCi/g)
Radium-226 1.77 3324 3.77£0.54 3.64 + 0.55 5.99 + 0.83 7.57 +0.98 3.02+0.49 4.89 + 0.67 1.73+0.3 3.15+0.51 2.92+0.49 2.26 +0.37 2.06 +0.34
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded resultindicates result greater than or equal to the investigation level
-Shaded result indicates analyte detected, where that analyte does not have an investigation level
mg/kg miligrams per kilogram
pCi/g picocuries per gram
NA An investigation level is not identified because selenium sample results in BG-3 were all non-detect
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-4b

Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B

Barton 3
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 4

Location Identification S220-SCX-008

S220-SCX-008 Dup  S220-SCX-009 S220-SCX-009 S220-SCX-010 S220-SCX-010 S220-SCX-011 S220-SCX-011

S$220-SCX-012

§220-SCX-012 S220-SCX-012 Dup

Date Collected 6/6/2017 6/6/2017 6/6/2017 6/6/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017
Depth (feet) 05-15 05-15 0-05 05-2 0-05 05-35 0-05 0.5-125 0-05 05-25 05-25
Sample Category subsurface subsurface surface composite surface composite surface composite surface composite composite
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab
Media sediment sediment sediment sediment sediment sediment soil soil soil soil soil
Analyte (Units)
Investigation
Metals' (mg/kg) Level
Arsenic 15 13 1.3 2.9 34 7.5 3.4 1.7 2 4.8 3.6 56
Molybdenum 0.367 <0.2 0.25 2.3 2 3.7 1.8 0.56 0.53 2.7 24 7.4
Selenium NA <1 <1 <1 <1 <1 <1 <0.99 <1 <0.96 <0.97 _
Uranium 1.13 1 11 4.4 5.2 5.3 2.7 1.7 1.8 5.2 6.1 54
Vanadium 12.6 10 10 59 71 88 36 21 18 56 64 65
Radionuclides (pCi/qg)
Radium-226 1.77 15+0.31 1.33+0.3 9.3+1.2 119+15 9.4+1.2 5.04 +0.71 253104 2.98 +0.47 7.08 + 0.95 9.6+1.2J- 8+11J-
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded resultindicates result greater than or equal to the investigation level
-Shaded resultindicates analyte detected, where that analyte does not have an investigation level
mg/kg miligrams per kilogram
pCi/g picocuries per gram
NA An investigation level is not identified because selenium sample results in BG-3 were all non-detect
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-4b

Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B

Barton 3

Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 3 of 4

Location Identification S220-SCX-017

§220-SCX-017 S220-SCX-017 Dup S220-SCX-017 S220-SCX-017 S220-SCX-018 S220-SCX-018 S$220-SCX-018

$220-SCX-019

$220-SCX-019

$220-SCX-019

Date Collected 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/7/2017 6/8/2017 6/8/2017 6/8/2017
Depth (feet) 0-0.5 05-4 05-4 4-9 9-12 0-0.5 05-4 4-7 0-0.5 05-75 11 -15.5
Sample Category surface composite composite composite composite surface composite composite surface composite composite
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil/bedrock soil soil soil soil soil soil
Analyte (Units)
Investigation
Metals' (mg/kg) Level
Arsenic 15 6.4 4.8 8.7 1.1 1.3 1.7 15 1.2 3.1 1.4 1.9
Molybdenum 0.367 7.7 5 8.8 0.27 0.63 0.48 0.29 0.6 3.3 0.95 0.77
Selenium NA <0.99 <0.99 <0.96 <0.99 <1 <0.97 <1 <1 <0.97 <0.99 <0.99
Uranium 1.13 5.8 4.5 5.6 11 1.7 2.9 2.4 14 3.1 1.2 1.6
Vanadium 12.6 56 46 47 6.1 8.4 17 17 9.4 33 11 20
Radionuclides (pCi/g)
Radium-226 1.77 10.1+1.3 10+1.3 85+1.1 0.47 +£0.18 1.67+0.3 2.47 £0.39 2+0.33 148 +0.31 6.73+£0.91 2.05+0.33 4.15 + 0.59
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded resultindicates result greater than or equal to the investigation level
-Shaded resultindicates analyte detected, where that analyte does not have an investigation level

mg/kg
pCi/g
NA

milligrams per kilogram

picocuries per gram

An investigation level is not identified because selenium sample results in BG-3 were all non-detect

Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
Result not detected above associated laboratory reporting limit

Data are estimated due to associated quality control data

Data are estimated and are potentially biased low due to associated quality control data

Data are estimated and are potentially biased high due to associated quality control data
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Table 4-4b

Site Characterization Soil and Sediment Sample Analytical Results for Survey Area B
Barton 3

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 4 of 4

Location Identification S220-SCX-019

S$220-SCX-020 S220-SCX-020 Dup  S220-SCX-020 S220-SCX-021 S220-SCX-021

$220-SCX-022

$220-SCX-022

$220-SCX-022

$220-SCX-023

$220-SCX-023

Date Collected 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/8/2017 6/6/2017 6/6/2017
Depth (feet) 75-11 0-05 0-05 05-25 0-05 05-2 0-05 19-20 5-10 0-05 05-2
Sample Category = composite surface surface composite surface composite surface composite composite surface composite
Sample Collection Method grab grab grab grab grab grab grab grab grab grab grab
Media soil soil soil soil soil soil/bedrock soil soil soil soil soil
Analyte (Units)
Investigation
Metals' (mg/kg) Level
Arsenic 15 1 2.1 2.7 25 3 4.3 14 14 2.2 13 1.6
Molybdenum 0.367 0.26 2.2 2.8 2.9 3.8 5.3 0.33 <0.2 15 0.22 <0.19
Selenium NA <1 <0.95 <1 <1 <0.97 <1 <0.99 <1 <0.94 <0.97 <0.96
Uranium 1.13 0.98 4.3 4.2 5 5.3 4.3 1 0.69 2.7 13 0.99
Vanadium 12.6 11 37 39 45 56 54 7.7 8.3 22 12 11
Radionuclides (pCi/qg)
Radium-226 1.77 0.99 +0.23 4.58 + 0.66 4.18 + 0.58 5.24+0.73 4.32+0.6 5.88 + 0.79 1.21+0.29 0.72+0.21 2.37+0.41 1.59+0.29 1.66 £0.35
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded resultindicates result greater than or equal to the investigation level
-Shaded result indicates analyte detected, where that analyte does not have an investigation level
mg/kg milligrams per kilogram
pCi/g picocuries per gram
NA An investigation level is not identified because selenium sample results in BG-3 were all non-detect
1 Analysis required a standard sample dilution of 10 times; reported values have been converted to non-diluted value
< Result not detected above associated laboratory reporting limit
J Data are estimated due to associated quality control data
J- Data are estimated and are potentially biased low due to associated quality control data
J+ Data are estimated and are potentially biased high due to associated quality control data
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Table 4-5
Summary of Investigation Level Exceedances in Soil/Sediment at Borehole Locations
Barton 3

Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1

Sample Location

Survey Area

Investigation Level Exceedances

S§220-SCX-003 B As, Mo, U, V, Ra-226, Static Gamma
$220-SCX-004 A As, Mo, V, Static Gamma

$220-SCX-005 A Mo, V, Static Gamma

S§220-SCX-006 A As, Mo, U, V, Ra-226, Static Gamma
S§220-SCX-008 B Ra-226, Static Gamma

S§220-SCX-009 B As, Mo, U, V, Ra-226, Static Gamma
§220-SCX-010 B As, Mo, U, V, Ra-226, Static Gamma
$220-SCX-011 B As, Mo, U, V, Ra-226, Static Gamma
§220-SCX-012 B As, Mo, U, V, Ra-226, Static Gamma
§220-SCX-013 A As, Mo, U, V, Ra-226, Static Gamma
$220-SCX-014 A As, Mo, V, Static Gamma
$220-SCX-015* A As, Mo, Se, U, V, Ra-226, Static Gamma
$220-SCX-016* A As, Mo, Se, U, V, Ra-226, Static Gamma
$220-SCX-0172 B As, Mo, U, V, Ra-226, Static Gamma
§220-SCX-018 B As, Mo, U, V, Ra-226, Static Gamma
S§220-SCX-019 B As, Mo, U, V, Ra-226, Static Gamma
$220-SCX-020? B As, Mo, U, V, Ra-226, Static Gamma
§220-SCX-021 B As, Mo, U, V, Ra-226, Static Gamma
S§220-SCX-022 B As, Mo, U, V, Ra-226, Static Gamma
$220-SCX-023 B As, U, Static Gamma

Notes

! Detections of Se included for reference, no IL is established for Se
?Includes a sample that crosses the soil to bedrock contact

As - Arsenic

Mo - Molybdenum

Ra-226 - Radium 226

Se - Selenium

U - Uranium

V - Vanadium
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

FIGURE ACRONYMS/ABBREVIATIONS
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Ra
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below ground surface
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radium-226

radium-226

selenium
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NOTE:
Based on field observations at the Site, bedrock units shown

| | are near surface (typically within 1 foot), but do not necessarily
| | outcrop and may be overlain by minor Q deposits.

| | REFERENCES:
| | Coordinate System: NAD 1983 UTM Zone 12N

| | Basemap image accessed from the National Agriculture
| Imagery Program (NAIP) web mapping service

(https://gis.apfo.usda.gov/arcgis/services/) on 09/2018.

Geology adapted from O'Sullivan, R.B., and Beikman, H.M (1963): |

O'Sullivan, R.B., and Beikman, H.M, 1963, Geology, structure and
uranium deposits of the Shiprock quadrangle, New Mexico and
Arizona: U.S. Geological Survey I-345, scale 1:250,000.
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- disturbance of the land surface
related to mining.

Q: Quaternary Deposits —
Undifferentiated (Pleistocene and
Holocene) — includes sandy to
gravelly colluvial and alluvial
deposits, and eolian sand
deposits.

JURASSIC

Jms: Salt Wash Member of the
Morrison Formation (Upper
Jurassic) — Yellowish gray to
greenish-gray cross-bedded very
fine to medium-grained calcareous
sandstone inter-bedded with
greenish-gray and reddish-brown
claystone.

Js: Summerville Formation (Upper
Jurassic) — Reddish-brown to light-
orange very fine- to fine-grained
flat bedded silty sandstone and
thin-bedded silty sandstone,
claystone, and siltstone; forms
banded steep slopes and cliffs.
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NOTES:

1. Portions of the areas delineated as exposed bedrock
contain small amounts of colluvium.

2. Exposed bedrock at the Site was mapped using
field observations and the aerial photograph (Cooper, 2017).

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys Co.
on June 16, 2017.

Geology adapted from O'Sullivan, R.B., and Beikman, H.M (1963):

O'Sullivan, R.B., and Beikman, H.M, 1963, Geology, structure and |

uranium deposits of the Shiprock quadrangle, New Mexico and
Arizona: U.S. Geological Survey 1-345, scale 1:250,000.
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gravelly colluvial and alluvial
deposits, and eolian sand
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Jms: Salt Wash Member of the
Morrison Formation (Upper
Jurassic) — Yellowish gray to
greenish-gray cross-bedded very
fine to medium-grained calcareous
sandstone inter-bedded with
greenish-gray and reddish-brown
claystone.

Js: Summerville Formation (Upper
Jurassic) — Reddish-brown to light-
orange very fine- to fine-grained
flat bedded silty sandstone and
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claystone, and siltstone; forms
banded steep slopes and cliffs.
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REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys Co.
on June 16, 2017.
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Document Path: U:\233001213\03_data\gis_cad\ MXDs\RSE\RSE Barton3\RSE Barton3 Historical Aerial Compilation 11x17 L 20180726.mxd

LEGEND
Barton 3
|"__| Claim Boundary
- ': Approximate Site Location,
I. = not georeferenced

NOTES:
1. Image is not georeferenced, scale not available.

2. Image is georeferenced. Scale bar applies to these
image frames only.

3. Site-specific imagery flown by Cooper Aerial Surveys
Co. on June 16, 2017.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Historical Aerial Imagery downloaded from
https://earthexplorer.usgs.gov/ (01/2016)
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REFERENCES:
1. Coordinate System: NAD 1983 UTM Zone 12N

2. 1979 aerial image downloaded from
https://earthexplorer.usgs.gov/ (01/2016) and
georeferenced using current image from BING
(03/2016).

3. Site-specific imagery flown by Cooper Aerial Surveys
Co. on June 16, 2017.
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REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 09/2018.
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Borehole Location - Surface
and Subsurface Samples

Borehole Location - Surface
Samples Only

Background Reference Area

Claim Boundary

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Main display and Background Area 1 and 2 basemap image
accessed from the National Agriculture Imagery Program
(NAIP) web mapping service

(https://gis.apfo.usda.gov/arcgis/services/) on 09/2018.

Background Area 3 basemap image insets flown
by Cooper Aerial Surveys Co. on June 16, 2017.
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Survey Area

LEGEND

Background Reference Area

Survey Area A
Survey Area B
Claim Boundary

NOTE:
Gamma survey area is approximately 15.4 acres.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 09/2018.
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Correlation Location
(30' x 30')

|_l_—| Claim Boundary

100-Foot Claim Buffer

Gamma Survey

Counts per Minute (CPM)
6,262 - 10,677

° (Minimum to BG-3 UTL)

10,678 - 14,523
(>BG-3 UTL to BG-1 UTL)
14,524 - 21,354
(>BG-1 UTL to 2x BG-3 UTL)
21,355 - 39,906
(>2x BG-3 UTL to Maximum)

NOTE:

Each correlation sample consists of five grab samples
collected from 0.0 - 0.5 feet below ground surface,
composited together for laboratory analysis.

REFERENCES:

Coordinate System: NAD 1983 UTM Zone 12N
Basemap image flown specifically for the project by
Cooper Aerial Surveys Co. on June 16, 2017.
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Gamma Survey

Counts per Minute (CPM)
5,407 - 10,677
(Minimum to BG-3 IL)

10,678 - 21,576
(>BG-3 IL to BG-1 IL)

21,577 - 43,152
(>BG-1 IL to 2x BG-3 IL)

43,153 - 61,743
(>2x BG-3 IL to Maximum)

NOTE:
Refer to Figure 3-4 for Survey Area delineation.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 10/2/2018
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Gamma Count Rate (cpm)
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Ra-226 (pCi/g)
Predicted Ra-226
Concentrations* (pCi/g)

° 0.4-2.9 (n)?
° 3.0-48(u+ 10°
4.9-6.7 (4 +20)
© 68-86(u+30)
NOTES: ® 8.7-22.7

1. Surface gamma survey measurements were converted to
predicted Ra-226 concentrations using the following correlation
equation: Gamma (cpm) =

2,499 x Surface Soil Ra-226 (pCi/g) + 4,918

2. Mean (u) of predicted concentrations of Ra-226 in soil
(2.9 pCi/g).

3. Standard deviation (o) of predicted concentrations of Ra-226
in soil (1.9 pCi/g).

4. Ra-226 concentrations predicted from gamma measurements
exceeding approximately 33,000 CPM or less than approximatel
9,000 CPM are extrapolated from the regression model and are
uncertain.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

S220-€05-0011
Basemap image accessed from the National Agriculture
Imagery Program (NAIP) web mapping service

(https://gis.apfo.usda.gov/arcgis/services/) on 10/2018.
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NOTES:

1. The number in parantheses following sample location IDs
represents the Ra-226 laboratory concentration in a soil/sediment
sample collected between 0.0 and 0.5 ft bgs at that location

2. Surface gamma survey measurements were converted to
predicted Ra-226 concentrations using the following correlation
equation: Gamma (cpm) =

2,499 x Surface Soil Ra-226 (pCi/g) + 4,918

3. Mean (u) of predicted concentrations of Ra-226 in soil
(2.9 pCi/g).

4. Standard deviation (o) of predicted concentrations of Ra-226
in soil (1.9 pCi/g).

5. Ra-226 concentrations predicted from gamma measurements
exceeding approximately 33,000 CPM or less than approximately
9,000 CPM are extrapolated from the regression model and are
uncertain.
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NOTES:

1. Surface gamma survey measurements were converted to
predicted Ra-226 concentrations using the following correlation
equation: Gamma (cpm) =

2,499 x Surface Soil Ra-226 (pCi/g) + 4,918

2. Refer to Figure 3-4 for Survey Area delineation.
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NOTES:

1. Range of Investigation Level (IL) Exceedance in
Unconsolidated Material selected based on Unconsolidated
Material analytical results, subsurface gamma measurements, and
subsurface observations.

2. Subsurface static gamma measurements are compared to the
subsurface static gamma ILs.

3. Refer to Figure 3-4 for Survey Area delineation.
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NOTE:

1. Portions of the areas delineated as exposed bedrock
contain small amounts of colluvium.
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NOTE:
Refer to Figure 3-4 for Survey Area delineation.
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Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture
Imagery Program (NAIP) web mapping service

(https://gis.apfo.usda.gov/arcgis/services/) on 10/2018.

e e S e

e e _,.-"-""'\_?

gy S S

B, e

NAVAJO
NATION

AUM Environmental
Response Trust-First Phase

LEGEND

Surface Sample Location

Borehole Location - Surface
and Subsurface Samples

Borehole Location - Surface
Samples Only

Borehole Location -
Subsurface Sample Only

TENORM Exceeding IL in
Unconsolidated Material at
Location

TENORM Area Exceeding
Surface Gamma ILs
(7.2 acres)

TENORM (9.4 acres)

Claim Boundary

Gamma Survey

Counts per Minute (CPM)

IL Not Exceeded
Survey Area A: 5,930 - 21,576
Survey Area B: 6,536 - 10,677

IL Exceeded
Survey Area A: 21,577 - 61,743
Survey Area B: 10,678 - 54,971

TENORM that Exceed ILs

PROJECT: . .
Removal Site Evaluation

Barton 3 Mine Site

DATE: 10/4/2018 DOCUMENT NAME:
Removal Site Evaluation Report
Al CBB

h ta nteC FIGURES:



https://gis.apfo.usda.gov/arcgis/services/)

NAVAJO
1. Gamma Survey Area A is approximately 3.4 acres
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Coordinate System: NAD 1983 UTM Zone 12N AUM Environmental
Response Trust-First Phase

: Basemap image flown specifically for the project by
“i| Cooper Aerial Surveys Co. on June 16, 2017.
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NOTE:
Refer to Figure 3-4 for Survey Area delineation.
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Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service

(https://gis.apfo.usda.gov/arcgis/services/) on 10/2018.
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1. Portions of the areas delineated as exposed
bedrock contain small amounts of colluvium.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N
Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 10/2018.

Volume Estimate of
TENORM that Exceeds ILs

Removal Site Evaluation
Barton 3 Mine Site

DATE: 10/8/2018 DOCUMENT NAME:
Removal Site Evaluation Report

Stantec cee
"y Oa



https://gis.apfo.usda.gov/arcgis/services/)

WY . 75 D) SRR . LS e il A LS W 9T

Estimated Depth and Volume of TENORM Exceeding IL e uet. | -f N NAV/\JO
. mmmmmm- AP e R NATION
| consenative B IERTE SV e RS Response Trust-First Phase

| |1 Depthinfeetbelow ground surface : : i s e LEGEND

<12 Areainsquare feet

¥
el
g
Lgm

" 13 Volume in cubic yards Surface Sample Location
- 4 I

S R

S220-CX:005=+

Borehole Location - Surface and
Subsurface Samples

Borehole Location - Surface
Samples Only

Borehole Location - Subsurface
Sample Only

Exposed Bedrock’

=R o L i v

T S220-SCX-011—9
Graded / Disturbed Reclaimed Area

MAI & = o x

0L CX-004—3

DIt 7 S220-SCX:010) - 3 Waste Pile

/ G S220-SEX:0,12 T e i R | Average TENORM Depth by Grou
B 2 R e o T ? | (feet below ground surface)

Group 1

S220-CX:001==3
Group 2

Group 3

S220-SECX:00¢ :& N 3

N
N\ \\ N S220SEX0AT —
szrz@-sc%(«- Y \ ®

522@5@.\@}3 N = SD20-SCX-015

Group 4
Group 5
Group 6
Claim Boundary

@
()
-
@
O
-
]

TE:
1. Portions of the areas delineated as exposed

1 -c 5 =": S’Z’Z@'SCX-®®4 e 33 bedrock contain small amounts of colluvium.
T o Yy ¥ 4% v B -y - !

Q AL ] REFERENCES:
= S220-SCX-003) RROMS S s, of s 4 U h Bt oL L g Coordinate System: NAD 1983 UTM Zone 12N
a T L ighza tbandll 3 T FE ey ) )
. el 1 =7 " - i d , ’ ¥ N ] Basemap image flown by Cooper Aerial Surveys Co.

on June 16, 2017.

Sample Locations and
TENORM that Exceeds ILs

Removal Site Evaluation
By Barton 3 Mine Site
3z
l‘

i.“ DATE: 10/8/2018 DOCUMENT NAME:
| Removal Site Evaluation Report

o AS
| Sta nteC FIGURE:
v
| 4

Document Path: U:\233001213\03 data\gis_cad\ MXDs\RSE\RSE Barton3\Section/\RSE_Barton




APPENDICES



BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

October 9, 2018

Appendix A Radiological Characterization of the Barton 3
Abandoned Uranium Mine

MAVAID
O stantec  [JRggHeT0N

Tankyl
Peaparas bl -Fril Mhaos



Radiological Characterization of the
Barton 3 Abandoned Uranium Mine

September 20, 2018

prepared for:

Stantec Consulting Services Inc.

2130 Resort Drive, Suite 350
Steamboat Springs, CO 80487

prepared by:

€RG

Environmental Restoration Group, Inc.

8809 Washington St. NE
Suite 150
Albuguerque, NM 87113



Contents

EXECUTIVE SUMIMAIY ittt bbbttt ettt eeee e e eeee et e eeeeeeeeeeeeeeeaeeeaeeaes iv

O o] o Te [N o1 AT ] o HU T O O PP PP PP PPPPOTPPPR 1

2.0 GPS-Based GamMIMa SUIMVEYS ....cceiuuiiiiieeeeeeiiiteeeeeeeseitteteeeesssestraseeaeesesssssseeaasssasstsssesasssaassssessasssasassrssnees 2
2.1 Potential Background REfErENCE AIBaS .........uueeiiiiieiiiiiiieeeeeciitte e e e e e eecttte e e e e e e e scatteeeeaeeeesnrsaeeeaeeesnannns 4
2.2 SUIVEY AT cettitiiiiiiiieiiitiiiiees e e e e et ettt ees s e e e eettetta i asseeeeeeaaetaaaseeeeeetaetsasanseeeeeeseeesssasseseeeesesesssannnensaees 7

3.0 COrrelation STUIES.....ueii ittt ettt e e s st e e s et e e s s bt e e s sabeeessabaeessnreeessabeeessnneeas 10
3.1 Radium-226 concentrations in surface soils and gamma count rates........cccccceeeecieeeecieeeeccieeeenne 10
3.2 Equilibrium in the UraniUm SEIIES .......ueeiiiiiccieiee ettt e e et e e e e e e e abrre e e e e e seabnraeeeaeeenns 14
3.3 Exposure rates and amma COUNT FAtES ..occeiicuiiiieie et ee et e e e e e errrre e e e e e e serrre e e e e e e e snnreaeeaaeeas 18

4.0 Deviations t0 RSE WOTK Plan.........iii ittt ettt ettt e st e e s sbte e e seabeeeesbeeeesans 22

5.0 CONCIUSIONS eiiiiiiie ettt ettt ettt e sttt e s st e e st e e s bt e e e s abe e e s eabbeeesaabbeesenabeeessasbeeeennbeeesanseeessnnres 22

6.0 REFEIENCES ...ttt ettt s e st e e bt e e sa b e e sabeesabeesbaeessbeesabeesabeesabeesnneeesabaesabeeenbeeens 23

Tables

Table 1 Detection systems used in the GPS-based gamma surveys

Table 2 Summary statistics for gamma count rates in the potential Background Reference Areas

Table 3 Summary statistics for gamma count rates in the Survey Area

Table 4 Gamma count rates and associated concentrations of radium-226 in samples of surface

soils obtained in the correlation study

Table 5 Concentrations of isotopes of thorium in samples of surface soils obtained in the
correlation study

Table 6 Predicted concentrations of radium-226 in the Survey Area

Table 7 Co-located gamma count rate and exposure rate measurements

Table 8 Predicted exposure rates in the potential Background Reference Areas
Table 9 Predicted exposure rates in the Survey Area

Radiological Survey of the Barton 3
Abandoned Uranium Mine i
Prepared for Stantec Consulting Services Inc.

ERG
September 20, 2018



Figures

Figure 1 Location of the Barton 3 Abandoned Uranium Mine

Figure 2 Gamma count rates in the potential Background Reference Areas

Figure 3 Histogram of gamma count rates in the potential Background Reference Areas

Figure 4 Gamma count rates in the Survey Area

Figure 5 Histogram of gamma count rates in the Survey Area

Figure 6 Box plot of gamma count rates in the Survey Area

Figure 7 GPS-based gamma count rate measurements made for the correlation study

Figure 8 Correlation of gamma count rates and concentrations of radium-226 in surface soils

Figure 9 Predicted concentrations of radium-226 in the Survey Area

Figure 10 Evaluation of secular equilibrium in the uranium decay series

Figure 11 Correlation of gamma count rates and exposure rates

Figure 12 Predicted exposure rates in the Survey Area

Appendices

Appendix A Instrument calibration and completed function check forms

Appendix B Exposure Rate Measurements

Appendix C Technical Memo from ERG to Stantec. “Statistical Analysis of the Navajo Trustee Mines
Dataset: Multivariate Linear Regression for Evaluation of Gamma Correlation with Ra-
226 and Evaluation of Secular Equilibrium Between Ra-226 and Th-230".

Appendix D Preliminary Report “Radiological Characterization of Barton 3 Abandoned

Uranium Mine”

Radiological Survey of the Barton 3

ERG

Abandoned Uranium Mine i

Prepared for Stantec Consulting Services Inc.

September 20, 2018



Acronyms

ANSI American National Standards Institute
AUM abandoned uranium mine

BG1 Background Reference Area 1

BG2 Background Reference Area 2

BG3 Background Reference Area 3

cpm counts per minute

DQOs data quality objectives

EPA U.S. Environmental Protection Agency
ERG Environmental Restoration Group, Inc.
ft foot

GPS global positioning system

MDC minimum detectable concentration
HR/h microRoentgens per hour

pCi/g picocuries per gram

R? Pearson’s Correlation Coefficient

RSE removal site evaluation

o standard deviation

Stantec Stantec Consulting Services Inc.

Radiological Survey of the Barton 3
Abandoned Uranium Mine iii
Prepared for Stantec Consulting Services Inc.

ERG
September 20, 2018



Executive Summary

This report addresses the radiological characterization of the Barton 3 abandoned uranium mine (AUM)
located in the Red Mesa Chapter of the Navajo Nation near Red Mesa, Arizona. It documents part of the
implementation of the Navajo Nation AUM Environmental Response Trust, First Phase, Removal Site
Evaluation Work Plan (RSE Work Plan: MWH, 2016). The work was performed by Environmental
Restoration Group, Inc. (ERG) of Albuguerque, New Mexico and Stantec Consulting Services Inc.
(Stantec) on behalf of the Navajo Nation AUM Environmental Response Trust — First Phase.

This report provides 1) the results of a Global Positioning System (GPS)-based gamma radiation (gamma)
survey, 2) comparisons of the gamma count rates at this AUM to exposure rates and concentrations of
radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium series. The field
activities addressed in this report were conducted on April 7 and October 3, 12, and 14, 2016; and April
17, June 7, and September 12 and 13, 2017. They included a GPS-based radiological survey of land
surfaces over a Survey Area consisting of the mine claim area out to a 100-foot (ft) buffer, roads and
drainages within a 0.25-mile radius of the 100-ft buffer, areas where the survey was extended; and
correlation studies.

The discussion of the results of soil sampling in this report is limited to concentrations of radium-226
and isotopes of thorium in samples taken from surface soils, as part of correlation studies. The objective
of the analysis of thorium isotopes was to 1) assess the potential effects of thorium-232 and thorium-
228 on the correlation of gamma count rates to concentrations of radium-226 in surface soils; and 2)
evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium in the uranium
decay series. These and additional results for the RSE are addressed in the “Barton 3 Removal Site
Evaluation Report” (Stantec, 2018).

The findings of the RSE pertaining to these activities are:

e The horizontal extent and magnitude of mining-related materials were delineated sufficiently to
support additional characterization of the subsurface.

e Elevated count rates were observed largely on naturally occurring rock outcrops situated north
of the mine claim.

e Three potential Background Reference Areas were established.

e The mean relationship between gamma count rates and concentrations of radium-226 in
surface soils (0 to 0.5 ft below ground surface) is described by a linear regression model:

Gamma Count Rate (cpm) = 2499 x [radium-226 (pCi/g)] + 4918
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e The distribution of concentrations of radium-226 in surface soils predicted using this model is
rightward tailed. The values in the Survey Area range from 0.4 to 22.7 pCi/g, with a central
tendency (median) of 2.3 pCi/g.

e The thorium series radionuclides do not appear to affect the prediction of concentrations of
radium-226 from gamma count rates.

e There is evidence that thorium-230 and radium-226 are in equilibrium, but not secular
equilibrium.

e The relationship between gamma count rates and exposure rates is described by a linear
regression model:

Exposure Rate (microRoentgens per hour [uR/h]) = Gamma Count Rate (cpm) x 5x10™* + 6.4064

e The distribution of exposure rates predicted using this model is rightward tailed. The values in
the Survey Area range from 9.4 to 37.3, with a central tendency (median) of 11.8 uR/h.
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1.0 Introduction

This report addresses the radiological characterization of the Barton 3 abandoned uranium mine (AUM)
located in the Red Mesa Chapter of the Navajo Nation near Red Mesa, Arizona. It documents part of the
implementation of the Navajo Nation AUM Environmental Response Trust, First Phase, Removal Site
Evaluation Work Plan (RSE Work Plan: MWH, 2016). The work was performed by Environmental
Restoration Group, Inc. (ERG) of Albuguerque, New Mexico and Stantec Consulting Services Inc.
(Stantec) on behalf of the Navajo Nation AUM Environmental Response Trust — First Phase.

The activities described here focus on the characterization of gamma radiation (gamma) emitted by
uranium series radionuclides in surface soils at the AUM. This report provides 1) the results of a Global
Positioning System (GPS)-based gamma radiation (gamma) survey, 2) comparisons of the gamma count
rates at this AUM to exposure rates and concentrations of radium-226 in surface soils, and 3) an
assessment of equilibrium in the uranium series. The objective of the correlation between field gamma
count rate and surface soil concentrations of radium-226 was to use field instrumentation to predict
surface soil concentrations of radium-226. The objective of the correlation between field gamma count
rate and exposure rate was to use field instrumentation to predict exposure rates.

The field activities addressed in this report were conducted on April 7 and October 3, 12, and 14, 2016;
and April 17, June 7, and September 12 and 13, 2017. They included a GPS-based radiological survey of
land surfaces over an approximately 15.4-acre Survey Area consisting of the mine claim area out to a
100-foot (ft) buffer, roads and drainages within a 0.25-mile radius of the 100-ft buffer, and areas where
the survey was extended; and correlation studies. Section 3.0 of the RSE Work Plan provides the data
quality objectives (DQOs) for the project.

The discussion of the results of soil sampling in this report is limited to concentrations of radium-226
and isotopes of thorium in samples taken from surface soils, as part of correlation studies. The objective
of the analysis of thorium isotopes was to 1) assess the potential effects of thorium-232 and thorium-
228 on the correlation of gamma count rates to concentrations of radium-226 in surface soils; and 2)
evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium in the uranium
decay series. These and additional results for the RSE are addressed in the “Barton 3 Removal Site
Evaluation Report” (Stantec, 2018).

Figure 1 shows the location of the AUM. Background information that is pertinent to the
characterization of this AUM is presented in the “Barton 3 Removal Site Evaluation Report” (Stantec,
2018).
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2.0 GPS-Based Gamma Surveys

This section addresses the GPS-based surveys conducted in three potential Background Reference Areas
and the Survey Area. The survey was extended to bound areas in which elevated count rates were
observed. Table 1 lists the detection systems used in the survey. Pursuant to the approved RSE Work
Plan, detectors were function checked each day to ensure the instruments were stable to the limits
prescribed by the Work Plan. Detector normalization was not performed as it was not addressed by the
RSE Work Plan. Appendix A presents the completed function check forms and calibration certificates for
the instruments. Standard operating procedures (SOPs) are discussed in Section 4.2 of the RSE Work
Plan and are provided in Appendix E therein. ERG followed the quality assurance and control
requirements stipulated in the approved Work Plan.

The 2x2 sodium iodide (Nal) detectors used in this investigation are sensitive to sub-surface radium-226
decay products and other gamma emitting radionuclides. The purpose of the gamma correlation was to
estimate radium-226 concentrations in the upper 15 cm of soil. ERG selected correlation plots based on
the range of gamma radiation levels observed. If subsurface soil concentrations of gamma emitting
radionuclides were variable between correlation locations, this variability would be included in the
regression model, and if the magnitude of the effect were sufficiently large, it would result in failure of
the DQOs related to the regression analysis.
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Figure 1. Location of the Barton 3 Abandoned Uranium Mine
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Table 1. Detection systems used in the GPS-Based gamma surveys.

Survey Area Ludlum Ludlum Model 2221
Model 44-10 Ratemeter/Scaler
Potential Background PR303727° 254772
Reference Areas

PR29260 254757
PR295014 196086
Survey Area PR320678 282971
PR303727° 254772°
PR355763 138368

Notes:
?Detection system used in the correlation studies described in Section 3.0.

2.1 Potential Background Reference Areas

Three potential Background Reference Areas were surveyed, the locations and results of which are
depicted on Figure 2. BG1, BG2, and BG3 in the figure are Background Reference Areas 1, 2, and 3,
respectively. Table 2 lists a summary of the gamma count rates, which in:

e BG1ranged from 7,228 to 36,911 counts per minute (cpm), with a mean and median of 11,990
and 9,936 cpm, respectively.

e BG2 ranged from 5,407 to 8,979 cpm, with a mean and median of 7,198 and 7,148 cpm,
respectively.

e BG3ranged from 6,583 to 11,726 cpm, with a mean and median of 9,354 and 9,290 cpm,
respectively.

The higher count rates observed in BG1 were associated with grey/green sands.

Figure 3 depicts histograms of the gamma count rates in the Background Reference Areas. The red and
green lines on the figure are theoretical normal and lognormal distributions, respectively. They are
presented to show what could be expected if the distributions were normal or lognormal.

Table 2. Summary statistics for gamma count rates in the potential Background Reference Areas.

Gamma Count Rate (cpm)
Potential Background n Minimum | Maximum Mean Median Starjda}rd
Reference Area Deviation
1 310 7,228 36,911 11,990 9,936 5,337
2 186 5,407 8,979 7,198 7,148 649
3 474 6,583 11,726 9,354 9,290 749
Notes:

cpm = counts per minute
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Figure 2. Gamma count rates in the potential Background Reference Areas.
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Figure 3. Histograms of gamma count rates in the Background Reference Areas.
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2.2 Survey Area

The gamma count rates observed in the Survey Area are depicted in Figure 4. The highest count rates
were observed north of the mine claim, on and around the reclaimed area.

Figure 5 is a histogram of the gamma count rate measurements made in the Survey Area, including the
area surveyed outside the 100-ft buffer. As stated in Section 2.1, the red and green lines on the figure
are theoretical normal and lognormal distributions, respectively. They are presented to show what could
be expected if the distributions were normal or lognormal. The distribution of the right-tailed set of
measurements, evaluated using U.S. Environmental Protection Agency software ProUCL (version
5.1.002), is not defined. The box plot in Figure 6 depicts cutoffs as horizontal bars, from bottom to top,
for the following values or percentiles: minimum, 0.5, 2.5, 10, 25, 50, 75, 90, 97.5, 99.5, and maximum.
The 25%, 50", and 75th percentiles (the three horizontal lines of the box inside the box plot) are 9,448,
10,723, and 13,142 cpm, respectively.

Table 3 is a statistical summary of the measurements, which range from 5,930 to 61,743 cpm and have a
central tendency (median) of 10,723 cpm.
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Figure 4. Gamma count rates in the Survey Area.
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Figure 6. Box plot of gamma count rates in the Survey Area.
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Table 3. Summary statistics for gamma count rates in the Survey Area.

Parameter Gamma Count Rate (cpm)
n 21,694
Minimum 5,930
Maximum 61,743
Mean 12,164
Median 10,723
Standard Deviation 4,785

Notes:

cpm = counts per minute

3.0 Correlation Studies

The following sections address the activities under two types of correlation studies outlined in the RSE
Work Plan: comparisons of 1) radium-226 concentrations in surface soils and gamma count rates and 2)
exposure rates and gamma count rates. GPS-based gamma count rate measurements were made over
small areas for the former study. The means of the measurements were used in this case. Static gamma
count rate measurements, co-located with exposure rate measurements, were used in the latter study.

3.1 Radium-226 concentrations in surface soils and gamma count rates

On October 14, 2016 field personnel made GPS-based gamma count rates measurements and collected
five-point composite samples of surface soils in each of five areas at the AUM. These areas were
selected using criteria established in the RSE Work Plan. No DQO was established for homogeneity of
the correlation plots and as described in Section 4.3 and Appendix E of the RSE Work Plan, homogeneity
of the correlation plots was evaluated qualitatively. Sub-samples were collected from the correlation
plot centroid and at each corner of the plot. The activities were performed contemporaneously, by area
and all on the same day, such that variations in the gamma count rate measurements could be limited
largely to those posed by the soils and rocks at the locations. Figure 7 shows the GPS-based gamma
count rate measurements in the five areas (labeled with location identifiers).

The soil samples were analyzed by ALS Laboratories in Ft Collins, CO for radium-226 and isotopic
thorium. The latter analysis was included to assess the potential effects of thorium series isotopes on
the correlation and evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium
in the uranium decay series. Table 4 lists the results of the gamma count rate measurements and
radium-226 concentrations in the soil samples. The means of the gamma count rate measurements
range from 8,673 to 32,608 cpm. The concentrations of radium-226 in the soil samples range from 0.98
to 10.6 pCi/g.

Table 5 lists the concentrations of isotopes of thorium (thorium-228, -230, and -232) in the same soil
samples. Laboratory analyses are presented in Appendix F.2, Laboratory Analytical Data and Data
Validation Report, in the “Barton 3 Removal Site Evaluation Report” (Stantec, 2018).
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Figure 7. GPS-based gamma count rate measurements made for the correlation study.
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Table 4. Gamma count rates and associated concentrations of radium-226 in samples of surface soils
obtained in the correlation study.

Gamma Count Rate (cpm) Ra-226 (pCi/g)

Location '(Ar:;? Mean Minimum | Maximum c Result Error 26 | MDC
$220-C01-001 120.1 8,673 6,262 13,383 1,051 0.98 0.26 0.46
$220-C02-001 30.2 23,849 19,568 29,530 2,006 6.44 0.84 0.4
$220-C03-001 33.0 32,608 27,746 39,906 2,372 10.6 14 0.6
$220-C04-001 56.4 17,557 14,336 21,006 1,151 6.73 0.89 0.46
$220-C05-001 108.5 12,564 10,126 17,552 1,080 3.52 0.51 0.35

Notes:

cpm = counts per minute

MDC = minimum detectable concentration
m? =square meters

pCi/g = picocuries per gram

o = standard deviation

Table 5. Concentrations of isotopes of thorium in samples of surface soils obtained in the correlation
study.

Thorium-228 (pCi/g) Thorium-230 (pCi/g) Thorium-232 (pCi/g)
Error + Error Error
Sample ID Result 20 MDC Result | t20 MDC | Result | t20 MDC
$220-C01 0.416 0.086 0.039 0.92 0.17 0.07 0.459 0.09 0.02
$220-C02 0.285 0.065 0.03 4.85 0.77 0.07 0.278 0.062 0.016
$220-C03 0.256 0.059 0.031 9.3 1.4 0.1 0.258 0.058 0.018
$220-C04 0.207 0.055 0.035 6.13 0.97 0.07 0.262 0.062 0.022
$220-C05 0.315 0.07 0.033 2.92 0.47 0.07 0.274 | 0.061 0.019

Notes:

MDC = minimum detectable concentration
pCi/g = picocuries per gram

o = standard deviation

A model was made of the results in Table 4, predicting the concentrations of radium-226 in surface soils
from the mean gamma count rate in each area. The mean relationship between the measurements,
shown in Figure 8, is a linear function with an adjusted Pearson’s Correlation Coefficient (adjusted R?) of
0.89, as expressed in the equation:

Gamma Count Rate (cpm) = 2499 x [radium-226 (pCi/g)] + 4918

The root mean square error and p-value for the model are 3.2x10% and 0.0.01, respectively; these
parameters are not data quality objectives (DQOs) and are included only as information. The R? value for
this model exceeds the project DQO of 0.8.

This equation was used to convert the gamma count rate measurements observed in the gamma
surveys to predicted concentrations of radium-226. Table 6 presents
summary statistics for the predicted concentrations of radium-226 in the Survey Area. The range of the
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predicted concentrations of radium-226 in the Survey Area is 0.4 to 22.7 pCi/g, with a mean and median
of 2.9 and 2.3 pCi/g, respectively. Note that the radium-226 concentrations predicted from gamma
count rate measurements exceeding approximately 33,000 cpm are extrapolated from the regression
model and are outside of the correlation dataset and therefore inherently uncertain. While the gamma

correlation equation can be used to convert gamma count rates to concentrations of Ra-226 in soil, the
resulting radium concentrations are highly uncertain estimates, as the wide prediction interval bands
illustrated in Figure 8 demonstrate. Users of the regression equation should be aware of the limitations

of the dataset and be cautious when estimating radium-226 concentrations.

Figure 9 shows the predicted concentrations of radium-226, the spatial and numerical distribution of

which mirror those depicted in Figure 4.
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Figure 8. Correlation of gamma count rates and concentrations of radium-226 in surface soils (blue
line) with 95% upper prediction level bands plotted (shaded blue area).

Table 6. Predicted concentrations of radium-226 in the Survey Area.

Parameter Radium-226 (pCi/g)
n 21,694
Minimum 0.4
Maximum 22.7
Mean 2.9
Median 2.3
Standard Deviation 1.9
Notes:

pCi/g = picocuries per gram
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Figure 9. Predicted concentrations of radium-226 in the Survey Area.
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Soil concentrations of potassium-40 (K-40) were not expected to be spatially variable within the site, and
therefore this radionuclide was not separately accounted for in the RSE Work Plan. If K-40
concentrations did vary, this variability would be included in the regression model and, if the magnitude
of the effect were sufficiently large, would result in failure of DQOs related to the regression analysis.

A multivariate linear regression (MLR) was used to evaluate the influence of thorium-232 and thorium-
228, isotopes in the thorium series, on the average gamma count rate in the correlation locations. The
MLR model was first run using radium-226, thorium-232, and thorium-228 as predictors of gamma count
rate. None of the prediction variables in this model exceeded the p = 0.05 significance criterion, and
therefore were not significant predictors of gamma count rate collectively. The MLR model was
subsequently run without thorium-228. For the second model, the p-values for radium-226 and thorium-
232 were both greater than 0.05 (0.06 and 0.5 respectively) and therefore not significant predictors of
gamma count rate collectively. Thorium-232 and radium-226 were then each modelled individually as a
predictor of gamma count rate. The p-value for thorium-232 was 0.24 with an adjusted R? of 0.22. The
thorium-232 coefficient is not significant and the R?value does not meet the project DQO. Subsequently
we conclude that thorium-232 and thorium-228 concentrations in soil are not significant predictors of
gamma count rate. Finally, the p-value for radium-226 as a predictor of gamma count rate was
significant (p = 0.01), as described above, and the adjusted R? value (0.89) exceeded the applicable
project DQO (R? > 0.8).

The depletion of surface radon-222 in surface soil due to environmental factors is assumed to be
relatively constant across the correlation locations (i.e., the loss is a fixed fraction of the available
source). Provided this is the case, any loss of radon-222 in surface soil is unimportant and accounted for
within the statistical model. If the loss is not a consistent fraction at each correlation location, it is one
of many potential correlation confounders that are all linked to spatial heterogeneity of the
environmental conditions, and especially spatial heterogeneity of the soil matrix.

The presence of heterogeneous concentrations of gamma emitting radionuclides in sub-surface soil can
affect the gamma correlation model. If subsurface soil concentrations of gamma emitting radionuclides
were variable between correlation locations, this variability would be included in the regression model,
and if the magnitude of the effect were sufficiently large, it would result in failure of the DQOs related to
the regression analysis.

3.2 Equilibrium in the uranium series

Secular equilibrium is a condition that occurs when the half-life of a decay-product nuclide is
significantly shorter than that of its parent nuclide. After a period of ingrowth equal to approximately
seven times the half-life of the decay product, the two nuclides effectively decay with the half-life of the
parent. When two radionuclides are in secular equilibrium, their activities are equal.

Equilibrium, for the purpose of this report, is defined as a condition whereby a parent nuclide and its
decay product are present in the environment at a fixed ratio, but this ratio — for whatever reason —is
not a one-to-one relationship indicative of secular equilibrium. Most commonly, an equilibrium
condition results from an environmental process which chemically selects for and transports one nuclide
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(parent or decay product) away from the other nuclide. Because a consistent fraction of one nuclide has
been removed, the two nuclides are present at a fixed ratio other than one-to-one.

Determination of secular equilibrium for an AUM can be an important part of the risk assessment
process, as the assumed fraction of radium-226 decay products present in the environment greatly
influences a hypothetical receptor’s radiation dose and mortality risk. However, it is also acceptable and
conservative to assume secular equilibrium between radium-226 and its decay products for the purpose
of risk assessment, and therefore to avoid the need to conclusively determine the secular equilibrium
status of an AUM. Thus, an inconclusive result regarding secular equilibrium is not a study data gap, as
the risk assessment phase may still proceed, provided that conservative assumptions are included
regarding equilibrium concentrations of radium-226 decay products.

Regardless, the RSE Work Plan specified that an evaluation of secular equilibrium would be made at
each of the 16 Trust AUMs, and so a robust statistical examination of secular equilibrium status for
thorium-230 and radium-226 was conducted. The RSE Work Plan did not require an evaluation of
equilibrium condition of uranium-238 and uranium-234 because the natural activity abundance for
these isotopes is expected and therefore assumed. Likewise, thorium-234 and protactinium-234m were
not evaluated since their half-lives are sufficiently short that secular equilibrium can be assumed.
Uranium-235 is not in the uranium-238 decay series therefore it was not evaluated. The ratio of
thorium-230 to radium-226 can be evaluated even though different analytical methods were used to
measure activity concentrations. Radium-226 was measured by EPA method 901.1m, which is a total
activity method and thorium-230 was measured by alpha spectroscopy following digestion with
hydrofluoric acid, which is also a total-activity method. Thus, it is appropriate to compare the two
results.

The evaluation of secular equilibrium for each mine site proceeded as follows:

1. Construction of a figure that depicts soil concentrations of Th-230 plotted against soil
concentrations of Ra-226.

2. Simple linear regression is performed on the dataset; the p-value and the adjusted R? are
recorded. The resulting linear model and the 95% UCL bands are plotted on the figure
generated in step 1.

3. Theline y=x is added to the figure generated in step 2 (this line represents a perfect 1:1 ratio
between Th-230 to Ra-226, indicative of secular equilibrium).

4. An examination of the model and the figure is made sequentially:

a. If the p-value for the regression slope is insignificant (i.e., p > 0.05) or the adjusted R?
does not meet the study’s data quality objective (Adjusted R% > 0.8), ERG concludes that
there is insufficient evidence to conclude that Ra-226 and Th-230 are in equilibrium
(secular or otherwise).

Radiological Survey of the Barton 3
Abandoned Uranium Mine 16
Prepared for Stantec Consulting Services Inc.

ERG
September 20, 2018



b. If the p-value for the regression slope is significant (i.e., p < 0.05) and the adjusted R?
meets the DQO (Adjusted R* > 0.8) there are two possible conditions, which are
evaluated via visual examination of the figure generated in step 3.

i. If the y=xline falls fully within the bounds of the 95% UCL bands on the
regression, ERG concludes that there is evidence that Ra-226 and Th-230 are in
secular equilibrium at the site.

ii. If the y=xline falls partially or completely outside the bounds of the 95% UCL
bands on the regression, ERG concludes that there is evidence that Ra-226 and
Th-230 are in equilibrium, but not secular equilibrium at the site.

Based on this method, ERG concludes there is evidence that thorium-230 and radium-226 are in
equilibrium, but not secular equilibrium (Figure 10).
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Figure 10. Evaluation of secular equilibrium in the uranium decay series.
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3.3 Exposure rates and gamma count rates

On October 14, 2016 field personnel made co-located one-minute static count rate and exposure rate
measurements at the five locations within the Survey Area, representing the range of gamma count
rates obtained in the GPS-based gamma survey. Figure 7 shows the locations of the co-located
measurements, which were made in the centers of the areas.

The gamma count rate and exposure rate measurements were made at 0.5 m and 1 m above the ground
surface, respectively. The gamma count rate measurements were made using one of the sodium iodide
detection systems used in the GPS-based gamma survey of the AUM (Serial Number PR303727/254772).
The exposure rate measurements were made using a Reuter Stokes Model RSS-131 (Serial Number
07J00KM1) high pressure ionization chamber (HPIC) at six-second intervals for about 10 minutes. The
exposure rates used in the comparison was the mean of these measurements, less those occurring in
initial instrument spikes. The HPIC was in current calibration and function checked before and after use.
A correction factor of 1.02 was applied to the measured value per the manufacturer’s recommendation
by the software of the unit. Calibration forms for the HPIC are provided in Appendix A. Table 7 presents
the results for the two types of measurements made at each of the five locations. Appendix B presents
the individual (one second) exposure rate measurements.

The best predictive relationship between the measurements is linear with a R? of 0.9989. The root mean
square error and p-value for the model are 0.192959 and less than 0.0001, respectively; these
parameters are not DQOs and are included only as information.

The following equation is the linear regression (shown in Figure 11) between the mean exposure rate
and gamma count rate results in Table 7 that was generated using MS Excel:

Exposure Rate (uR/h) = 5x10™* x Gamma Count Rate (cpm) + 6.4064

Figure 12 presents the exposure rates predicted from the gamma count rate measurements, the spatial
and numerical distribution of which mirror those depicted in Figure 4.

Tables 8 and 9 present summary statistics for the predicted exposure rates in the three Background
Reference Areas and AUM, respectively. The range of predicted exposure rates at:

e BG1is10.0to 24.9 uR/h, with a mean and median of 12.4 and 11.4 uR/h, respectively
e BG2is9.1to 10.9 pR/h, with a mean and median of 10.0 pR/h

e BG3is9.7to12.3 uR/h, with a mean and median of 11.1 uR/h

The range of predicted exposure rates at the Survey Area is 9.4 to 37.3 uR/h, with a mean and median of
12.5 and 11.8 pR/h, respectively.
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Table 7. Co-located gamma count rate and exposure rate measurements.

Location Gamma Count Rate Exposure Rate
(cpm) (1R/h)
$220-C01-001 8,526 10.7
$220-C02-001 23,441 18.8
$220-C03-001 33,160 234
$220-C04-001 17,906 15.7
$220-C05-001 12,548 12.9

Notes:

cpm = counts per minute

UR/h = microRoentgens per hour
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Exposure Rate (UR/h)

5000 10000

Exposure Rate = 5x10* x Gamma Count Rate + 6.4064

15000 20000

R? =0.9989
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Figure 11. Correlation of gamma count rates and exposure rates.
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Table 8. Predicted exposure rates in potential Background Reference Areas.

Potential Background Reference Area | BG1 | BG2 | BG3
Exposure Rate
Parameter (LR/h)
n 310 186 474
Minimum 10.0 9.1 9.7
Maximum 24.9 10.9 12.3
Mean 12.4 | 100 | 111
Median 11.4 | 100 | 111
Standard Deviation 2.7 0.3 0.4

Notes:

BG1 = Background Reference Area 1
BG2 = Background Reference Area 2
BG3 = Background Reference Area 3
UR/h = microRoentgens per hour

Table 9. Predicted exposure rates in the Survey Area.

Parameter Exposure Rate (uR/h)
n 21,694
Minimum 9.4
Maximum 37.3
Mean 12.5
Median 11.8
Standard Deviation 2.4
Notes:

UR/h = microRoentgens per hour
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Figure 12. Predicted exposure rates in the Survey Area.
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4.0 Deviations to RSE Work Plan

The RSE Work Plan specifies that the comparison of gamma count rates and radium concentrations in
surface soils was to occur in 900 square foot areas. Field personnel adjusted the areas as necessary, to
minimize the variability of gamma count rates observed, particularly where the spatial distribution of
waste rock was heterogeneous.

5.0 Conclusions

The findings of the RSE pertaining to these activities are:

The horizontal extent and magnitude of mining-related materials were delineated sufficiently to
support additional characterization of the subsurface.

Elevated count rates were observed largely on naturally occurring rock outcrops situated north
of the mine claim.

Three potential Background Reference Areas were established.

The relationship between gamma count rates and concentrations of radium-226 in surface soils
(0 to 0.5 ft below ground surface) is described by a linear regression model:

Gamma Count Rate (cpm) = 2499 x [radium-226 (pCi/g)] + 4918

The distribution of concentrations of radium-226 in surface soils predicted using this model is
rightward tailed. The values in the Survey Area range from 0.4 to 22.7 pCi/g, with a central
tendency (median) of 2.3 pCi/g.

The thorium series radionuclides do not appear to affect the prediction of concentrations of
radium-226 from gamma count rates.

There is evidence that thorium-230 and radium-226 are in equilibrium, but not secular
equilibrium

The relationship between gamma count rates and exposure rates is described by a linear
regression model:

Exposure Rate (UR/h) = Gamma Count Rate (cpm) x 5x10-4 + 6.4064

The distribution of exposure rates predicted using this model is rightward tailed. The values in
the Survey Area range from 9.4 to 37.3, with a central tendency (median) of 11.8 puR/h.

Further work is recommended to support a robust gamma correlation.
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Appendix A Instrument calibration and completed function check forms
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[ FiS Resp. ck 7 Resstck. [ Window Operation I Geotropism
[ Audio ck. [] Aarm Setting ck. [« Batl ck.
[Calibrated in accordance with LM| SOP 14.8 ["] Calibrated in accordanca with LMI SOP 14.9
Thresh
istrument Vot Set | 500 V Input Sens. 10 mV Det. Oper. vV at mv Diurlmﬂa?g 100 = 10 m_v
[T HV Readout (2 paints)  Ref./Inst 500 | Soo V  Ref/inst 1500 I__ 156D v
SOMMENTS:
cdlibrated with 39" cable,
calibrated with Window in "QUT" position,
Firmwere: 26L027
iamma Calibration: GM cietectors positioned perpendiculer lo source except for M 44-8 in which t front of probe faces source.
REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
X 1000 400 Kepm N/~ Loy
X 1000 b 100 Kopm 100 i
X100 40 Kcom Yo =
X 100 10 Kcpm e log
_ X10_ 4 Kepm Yo
X 10 1Kepm —loo
X1 o 400 cpm - _ it L)
X 1 ] 100 cpm leo
N R TR L, ALL Rangels) Calibrated Electranically
REFEREMNCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEINED METER READING™ CAL. POINT RECEIVED METER READING®
2 ) L
i6adost _ 400Kepm Ml 3995k (o) |Scie —ookm N/ Go Kepr
40 Kecpm e (58 I L pm =l S0 F
— 4 hcom e e BT S __ 5HKepm 5
400 cem 4o i 500 cpm g0 4
_ 40c¢pm 4 50 cpm ) a0

T Masurements, Ino. cartfes that the BEaye nstrument has been callbraled by standards tracasbis o the Nsticnal insiituls of Standards snd Technology, o 1o the calibration facilites of

mwhbnﬂmum:mmarguuﬂmmumurrmmmfm-mmuml ital corsants or hava baen dervid by tha ratic type of callbralicn lechnigues

[ha calibration sysiem confarms bo the requinemanis of ANEINC SL Z940-1-1854 and ANS! N223-1878 SONE 17028:2005(E) State of Texas Calbration Licerae Ne. LOD-1883
Ralsrence [nstruments andior Sources: Gs-137 8m 088 [ 2171cP [ 2381cP [ ]720 [J7es e Otsr [Dmis [Joimee [ veee [Jmeer [] zaddmsit
[Jeerco [ 571900 [Ceoess [romor [Jrasto [ essa [ 6wz [ 2eeck [ sas4 []s-1054[ ] Tiocet [] 710082 Meutres Am2at Be ] T304 Red2e [ Yo2

[] Aipha SN [] BetaSM [] Cthar
[ m 500 SN 201834 ] Oscilloscopa SIN | 7 Multimeter SN _ 82780460
Calbrator  Josie  Title_Technician Date 25 % jig

Rukz __%LK'/ %lf}
QCd By -;%\& b e Senvice Dept QC mete _ dile 3 A1

[ ACInst [ Passed Distecric (HI-Pof) and Confinuity Test
| Onb [ | Faileg:

Thile cartificabe shall not b reproduesed axnepl in full, M tro wiitten approvel of Ludium Momuremanis, InG.
FORM SCIZA 12122015 F-u-_i_“"_ﬁ‘_




Environmental Resworation Group. Ine.

e nG Certiﬂcﬂte 0 f Cﬂlibrﬂﬁﬂn §E00 Washington St NE, Suite 150

Albuquergue, KM ET113

i ; S0F) 298-4224
Calibration and Voltage Plateau Em: ERGioffice com

Meter:  Manufacturer; Ludlum Madel Mumber: 2221y Serial Mumber: 138368

Detector: Manufacturer Ludium Model Number: 44-10 Serial Number: PR353763
¥ Mechanical Check @ THR/WIN Operation HY Check (+- 25%): M 500V |4 1000V ¥ 1500V
¥ F/S Response Check [ Reset Check Cable Length; [] 39-inch b 72-inch [J Other;
¥ Geotropism bl Audio Check
¥ Meter Zeroed Battery Check (Min 4.4 VDC) Barometric Pressure: 2475  inches Hg
Source Distance: [ ]Contact b 6 inches [] Other: Threshold: 10 mV Temperature: 76  °F

Source Geometry:pf Side  [] Below [ Other: Window: Relative Humidity: 20 Ba

Instrument found within tolerance: M Yes [ Mo

Range/Multiplier Reference Setting "As Found Reading” Meter Reading |_Ian?irg§:m Log Scale Count
x 1000 400 400 400 198875 400
x 1000 10 104 [ 00 100
x 100 400 400 400 39843 400
x 100 100 {14 [ 04D 100
X 10 400 400 400 3988 400
x 10 100 100 100 100
X 400 400 400 398 400
x 1 . 100 100 100 100
High Valtage Source Counts Background Waltage Plateau
To0 62275
ROO 58049 i
900 69726 70000 ?—o—o—o—&i
950 70112 9309 pady
1000 70068 4000
1050 71042 i
1100 77619 1 0131
o

CSTFPS S

Comments: Comments; HY Plateau Scaler Count Time = 1-min. Recommended HY = 950

Reference Instruments and/or Sources:

Ludlum pulser serial number: ] 97743 M 201932 Fluke multimeter serial number: 87490128

[ Alpha Source: Th-230 sn: 4098-03(12,800dpm/6,520 cpm ( 1/4/12) © Gamma Source Cs-137 @ 5.2 uCi (1/4/12) sn: 4097-03
[ Beta Source: | Tc-9P sn: 4099-03(@17,700dpm/ 11, 100cpm(1/4/12) [ Other Source:

Calibrated By: Calibration Date: li:;_.i’ {7 Calibration Due: 9“f 7"4?'

] ']
Reviewed By: [ . ;li& — Date: n'[f“aﬂ' ’.f 17

ERG Form ITC, 10LA
This padibration confirns fo the requiremants ond accepiable calibration coaditomns of ANS! N323A = J95§7




K &S Associates, Inc.

1828 Eim Traa Drive
MNashvila, Tennessee 3721 3718
Phona S00-522-2525 Faxd 15-87 10855

CALIBRATION REPORT

SUBMITTED BY: ERG
|K00 Washington Street Northeast
Suite 150
Albuquerque, NM 87113

NSTRUMENT: Reuter Stokes R8S-151, #(7I00KM1

REPORT NUMBER: 161866
IEs1 NUMBERIS) Vil61588
REPORT DATE: June 29, 2016

The CALIBRATION COEFFICIEN TS contained in this report were obtained by intercomparison with
instruments calibrated by. or directly wacea nle to. the National Institute of Standards and Technology
(NIST). K+ § Associates, Inc. is licensed by the State of Tennessee (R-19073-G97. R-191 36-B0O0 to
perform calibrations, and 15 recognized by the Health Physies Society (HPS)as an ACCREDITED
INSTRUMENT CALIBRATION LABORATORY. Aspart ol the accreditation K + 5 participates in
4 Megsurament assurance program conducted by the HPS and NIs 1. K = S also certifies that the
calibration was performed using quality policies. methods and procedures that meet vr exceed the
requirements of ISO/EC | 7025:20035.

This laboratory is aceredited by the Amencan Association for 1aboratory Accreditation (AZLA)and
the results shown in this report have been determined in accordance with the laboratory's terms of
accreditation unless stated otherwise in this report

[he CALIBRATION COEFFICIENIS ctated herein are valid under the conditions specificd. It
is the instrument user's responsibility 1o pertorm the appropriate CONSINC lests prior 10 shipment
and after return from calibration. 11 18 also the responsibility of the user 10 gssure that the

interpretation of the infarmation in this report is consistent with that intended by K = S Associates. Inc.

This report may not be reproduced excep! i full without the writlen permission of K= 8 Associates. Ine.



@ K &S Associates, Inc i %
MNashuilie, Tannessee 37210-3718

CALIBRATION CERTIFICATE

Calibration Date: 6/27/2016 Report Number: 161866 Test Number: MI161588

K&S certifies that the environmental radiation monitor identified below has been calibrated for
radiation measurement using collimated radiation sources whose output has been calibrated with
nstruments calibrated by or directly traceable to the National Institute of Standards and
Technology. K&S is accredited by the American Association for Laboratory Accreditation 10
perform environmental level calibrations and further certifies that the calibration was performed
using aceredited policies and procedures (S1 25) that meet or exceed the requirements of
ISO/LEC 17025:2005,

Sensor Type: 100 mR/Ah
Serial Number: 07JO0KMI

Average Calibration Coeflicient for the range of 0,012 mR/h - 0.220 mR/h*:
1.02 mRM"mR” reading

iMeasured o1 4 points)

Calibration Coeflicient for the 50.0 mR/h poimt®:
1.12 mRM"mR™ reading

Calibration Coefticient for the 80.0 mR/h point™:
1,10 mR/"mR" reading

Found RAC: 2.1689¢-8

*Multiply the reading in mR/h by the Calibration CoefTicient to obtain rue mR/h.

Calibrated By: %Mcw&d By: MKEP;. L

Title: Eais':.rumnTumnc_ua:l _ Title:

Log: M-53 Page: 73

Revision 12/12/2011 Page 2 of 3



K&S Associates, Inc
MNashvifle, Tennessee 37210-3718

AS FOUND DATA
Reuter-Stokes Chamber Calibration

June 27, 2016 Test Number MIG155%
CHAMBER: SUBMITTED BY:
Mifzr: Reuter Stokes ERG
Model:  R55-13]
Serial: 07JOOKMI Albuguergue, NM
ORIENTATION/CONDITIONS: ATMOSPHERIC COMMUNICATION:  SEALED

Serial number away from source

“True” background exposure rate of 6.7 uR/h. instrument reading was 0.0076 mR/h

POLARIZING POTENTIAL 401V LEAKAGE: negligible
BEAM QUALITY CALIBRATION

BEAM EXPOSURE RATE COEFFICIENT UNCERT LOG
CsEnZ20 (1 tmCi) 0. 22mRh N - 1.00 mRMhrdg 1% M-53 73
CsEnB0 (1 1mCi) 0.08mRH  N.= 1.03 mR/hirdg 11%
CsEnvi12 ( tmCi) 0.012ZmRE N = 1.01 mR/Wrdg 1%
CsEnvis { LnCi) 0.015mR/h N = 1.02 mR/h/rdg 11%
Cs199m (20 Ci) S0mR/K N = 1.12 mR/h'rdg R%
Cs252m (20 Ci) ROmRMh N,= .10 mE/h/rdg B

Comments  Batt 6.1V. Temp: 246 deg C,  K&S Environment: Temp:21 deg C . RH 59%, Press: 752 mmHg:

Report Mumber: 161866
Refer 1o Appendix | of this report for details on PIC ionization chamber calibrations. Procedure: 81 25
RAC Found: 2.165e-8

Calibrated By W@m Reviewed By: ff E’ra»
iehard Harceenn !

Title: Titke:

Checked By: Prepared By: ﬂfﬂ ¥ orm RSS

ACCREDITED INSTRUMENT CALIBRATION LABORATORY (5] Page 3 of 3




Eraironmentsd Restomnoe (o, Ing

E nG Single-Channel Function Check Log 505 Waahingion 1. . Sete 15
ARuuermil. Ny ET1 1
[S0%) D234
METER DETECTOR Comments:
oncionutintss M 1 L Maisalintn Lud (e MM ERT
Model 3121 Madel 44- o
Senal Ho =C 4331 Serial Mo Prict Iz
Cal. Due Date I-18-17 Cal. Due Date: 3-9- (3
Spurce. Cs=1 ¥3 Actiity: PR ks Source Dae EAL-Fey Distance 1o Source: by
Semial Mo 37354 Emisgion Rate 'n cpmi/Ern s ians
; High Source BKG Net £ :
Dare Time Baitery Vaoltage Threshhold Cannts Counts L ounis E Prgi et ":::t_:'ﬂ' pb‘.‘h
23| e e/ fao1 e i Hy3bg| Ep4ay SFAY | pin MA-09sy
a-13%-i 2617 : P 757 59 Geiizi fd2ee 37 3¥g| s Ak Digy
D-16=1L /023 .4 loet 94 e ey £241t 3¢ 3% | Comfurd Suile, forkery lot
1-2g-if f+ 5y EN Soed Fa /A AN g #4r L84 |ww Ma - 24
a-1%-i | o953y .Y [oof /oo Ywissr | yriy Eql2f |pw| G Cort S ide, F-tr-‘n:} Lot
e i 0 T S ¥ feeZ 71 Yéozy | o 2926 ¥ | NA-0azh
A-3e-ik 2920 g fued 94 G55 F FI4E | Zaaip | aw pA o0 Y
g-3u-tk 43¢ X3 PFE g4 Y43 g 62¢0 17294 |ww Ma - ofoly
ot =if oa; 4 r3? /oaz foe Grixe AL &) 2 féa9 |ams Calk 12y /135
fe-1-td féo§ 5S¢ yile 20 S 19 Yirax (23r 3 A Floags
p-z-16 | 2450 £1 roe i GGy SL i 29%3 |amv Becton 3
jo-3-1§ i 5: & P4 ie frges | s forey |uw Berten 3
Reviewed by: ﬁ'ﬁfﬁf;’z’ Review Due: 77 2 ':-“w"c';"'

ERG Form ITC.201.4



Ew iroromerial Resiovanon Girssp Ine

enG Single-Channel Function Check Log 301 Wihitydon 1. NE Sude 150
Albeguergue. ML ET 13
CMTp SVE=122
METER DETECTOR Commenis:
Manufseturer: Lad Lo m Manufaciurer: Lo kg P=eiCa T
Model: H"{-'I'ﬂ‘ Mlldt]. mi
Senal No 198l q..____—a-.. Serial Mo - PAISSOLY
Cal. Due Date: 1-49-13 Cal, Due Date 2-4-13
Sauree ["5_13-_? Alivity: 5.2 ul’y Source Dule; G-li-9y [Dhistance o Soarce ‘ Inclar |
Serial Mo 133-94 Emazian Rate: e epmyemissions
: _ High Sourre BKG Net = i
Date Tinme Barte ry Vollage Threshhold iz i T % i hT-:tl' e s
G-177=1L AT 4 % oo [T H58y) LFL Jao s |Mw MMA-OG oY
A~17-1g Le1a o 109y 49 Asvar | £n3 3Pr | WY MA ~050Y
q-18-iC lole 53 Il eo log Lys529 ¢282 TREYZ | M A= 0 0%
P1e-L 135y i o8 1&g 4uiyy EY 3y 3gre9 | M| Cfomdfod  Fiber Perki Lol
9-26-(L 94w 5. lyee 94 H3us] ThyYy 313217 |ww MA- 8938
9-25-ig [so 3 5.5 11 oy 12 Yyl YLy 2908 | v | fomlord SLwiles Fﬂ_lm} (RN
q-30-1¢ 041y .5 182 lag ubaqg S 39337 |ww pMA-pALE
f-1o-1L 1433 5.4 129 & los HHoul Y27 | 3¢ Mh-pholf
[ Lenl £52S 5.5 No2 (o8 L2429 Ti4e 13385 | el 124 (12§
lowi~16 leos 5.1 19452 10e Hyese £z23! 3HIFT |ww ploas,
19-3%- 14 edyt 5.9 1ico L 4334 LCLES 2gebY |Me Gorlus 3
Fo- A=t 1225 Y 1949 lop usHL ¥ 3¢/ do¥5pu | M Br ks 3
Reviewed by: 7ottt Review Dute: #4720 A7

ERG Form ITC.200.4



Single-Channel Function Check Log

Emunmraninl Retieatoor (eoup Ine
K00 Wasldagan 1 M Sails 150

Albaguergie N3 X718
LBl L S
METER DETECTOR Camments;
Manufacturer: bwdbum Manufacturer: Lol AR T
Model] 5334 Model. Hy-i e
Serial Noo|  5ey931 SealNo|  pe3yoyg13d
Cal. Due Diate; F=19-13 Cal. Due Date: J—19-1>
Sounce. C1-13% Activiry: il ul Source Dae £-é-9y Distance (o Source £ Jacles
Serial Mo 33135y Emission Rate- o cpmermmons
el Bl BB I el =3 0 =N | OO
Jo-=li-1f g9L3 T foel o 4559y Ery SIETE | M .::-4--='?n*f
re=1-ip (22 IXs q98 al dec30 | g5 Fzosy law | (oo fud foa_Eui,_tﬁ;
fa-z- 1L o853 5 /001 99 G 18 L3 1 T 3FY7Y | Ah-o523
fp=12=f¢ Jiig ¥ Mg 1% 4337 £23F 32490 |aiy | Gondud K e Lo
| fu-18-16 o8 L focd 99 4¢3 iy 39357 | we J.-’.q}.
101818 f4te 5.5 ¥i2 29 4s237 {éis I8¢ T | ]| Comfurt Sule, Pudiy Lot
do- HE=lL 2926 55 fov 99 4% M 224z IEH | £ordun 8
{0 v =14 /sye 5y 99g 94 “¥?3! | §4go | Tpel lew &wﬁﬁiﬁ_ﬁ,_&ﬁ@ﬁﬁ_
Pt (A T4 . [ 1 {oay 14 YY§9? £33 RPN lwww! Merus Blechoraly |
fo-ixr=td | /21y .y 21¢ 19 42528 4945 | Zaspa arnd| fHat Rogh [aa farkin, Lol
FoLy—i{ Fhey £ ey fvo tgead | Yo 35259 |~k Besd [iaj
r2-aq-1g Ret £0 / oot i, 46190 J12¢ | setcy |mw| Boou 1isi

2 Chamgeu 6&#-—‘,

Heviewed by: fﬁ-ﬁ%ﬁ—\

Review Date: /717 ‘?7/ =

ERG Form ITC 2004



(@

ERG Single-Channel Function Check Log Wb . St
i
METER DETECTOR Comments:
Maurufacturer: Lacadly, o Manufaciurer: m‘“b MadERT
Medel; el P Mode): TN
Serial No [EFE-YA SerislNo.|  gq 2g4<0I¥
Cal. Due Date: 1-9-13% Cul. Due Date 3-9-13
Sourece: [',-”J‘; Adivity. ¢ |2 uit Source Date:. f i L-gy Distance 1o Souree: ¢ Jacke s
Senal Mo 333-94 Emssion Rate A P TS
&8
Date Time Battery Vot | Thresbhotg [ Searce e i g S A we,
lo-M-if £934 £.5 liol low Yéduy Eo4 -'fé?a_z M= Ti_g..u !
| (0=u~t 320 g4 liwé | o0 4032 £5598 SN || Conburd Juibn ferkss Lat
1o=-%-14 oblz §.M lLa9 fal 4539y L E3Y Jabs  |ane | Comburd Saik: ..th.} Lot
[o=-%=14 (LR 3.3 logd oq HELog Lu2l || Hefp3 |mvw Tissle |
fo-b-te | oOfoy 5.4 lle3 Lo 4o 52) £2233 2014g |Me| Confod Siiles Peckiy Lot
lo-¢-1L 131€ 3.3 1049 {ep 45)3¢€ £y 3EY MY (ap bond S, Fackiny Lok
1e-1-l% 0 Ese 5.4 iloy o Hdjwog 2L 28E3Y | pe S d leafnet .
1e-1-14 (£33 59 [ eAg 71 4yd93e | ée32 38099 |ww| (onbrd Juibes farkey tof
19-&. 1L ofof M ey lee H5(le g Zog Ifto? |aw Aef Villeq Tobersacho.
10-g-8 | [b5F 5.3 lo Qg 1 45§10 (1€ 319614 || Lonlurk Suibir barkin, Lot
los11-1k 1331 3.4 {299 49 TLL 519 29992 | M| S d 3
[0-vi-tp | eIy s (047 St Hyypq {osu Z2guqd |™| o L4 Ik fekl, Ld

Reviewed by: W Review Dute: 7 ";’f G :rf"-:" =

ERG Form ITC.2001.A



€ERG

Single-Channel Function Check Log

Enmamwenial Resionmuen Group Ine
WA Washengton 51 NE Swie | 30
Albpaeue M50 8711%

(LT e
METER DETECTOR Comments:
Mamufacurer | Loa o Manufacturer | I L R, LA T
Model 21224 Model: 4410
Seral No. 1819%) Serial Ne M3
Cal Drue Daie I-13-1g Cal. Due Date 1-13-1p
Source Cs=-13 Activin o uCi Source Dare d-10-9¢ [Hslance b Source (T
Serial Mo Sud-16 Em msien Rate n cpmem issons
Diate Tiee Battery ‘_.'::'L Thresthold | 2" — P % Note(s):
4=17-13 %2 5.9 l=qq o 16292 topa 3226F |mw barder, 3
A-18~1F 135 59 1949 (=1 diad) Bea< 32397 | Claivs 28
A-15-1 163L it 1 2%3 [ %0713 9419 2y [ Cleian 2¢
A-g-13 coy % 1e49 L&) 4o99t 54 IOTY v Claie, 28
A=-19=-13 1150 £3 [od3 [= o 4a955 9152 %i@c] Cleia 28
4-22-12 o919 5.9 105 2 apl | G052 gy |m Clein. 28
q-20-13 154 3 (o4 e 40937 | 3549 34zt Claim 2P
B v .
_-_"_"—'-—-__
\x\u.
Heviewed by: F;g'!’ -r-"f{ ,J?"‘- Review Diate: ! C-":f?r—'r /{"’ ?

ERG Form ITC 2004



ERG

Single-Channel Function Check Log

Frvpemaremngl  Regios v Groep, ing
A5 Washinpon 51 NE Sase |39
Alboguerpas. WA K7L

(LRl Al

METER DETECTOR Commenis:
Manu facturer Ladbonm Manufacturer Latlonnm AL
Model; 1221 Mol Lh-| >

Serial No 19 e 86 Serial Mo PR 2954
Cal. Due Date 2-28-13 Cal. Due Drate. L 18%

Source Cs - 132 Activity 4 uCi Souce Date: -1 @8- & Disance 10 Source & lneks,

Seral No Tad- 454 Emasson Hate B cprifemissions

- High Source BRG Nt 2 "

e P ol Vaoltage TR Caunts Caunts Caunts E i
A-11~17% &9 31 s.5 oo lbp'-m-l ki% k] FTRod s MHE-cHZ B
A-l1-13 e 5. # | oag Lo e L9 & Scil adlr Adh- oGt (H.l_f-:r]
4-iz-13 5250 5.4 |\ s L3 3%eT THSo ) U938
4-12-13 15he s.3 1092 low 364353 524 pt | wa-eeecq
&-13-13 ogss S4 (Y 1o 3c99< 5343 Mt | pI& =592 8
G=13-13 (eog §-3 (p42 190 SBsil 53%1 Mu|  pih-2n04
41513 oB4e 5.4 e L1 3345 s wul Ma-oazp
£y | ek 5.2 leqe lgo 38041 fody pur|  Baddan 3
4-r3-13 PR ET 5.4 1ol {21 Jags [wy el A-RLE
4-13-13 1 3.2 lose (8D 2F050 5454 s Badu F
4-1g:-12 115 5.4 (k) 121 4598 3 pady o ot Clairm, 28
4-18-17 | le42 s 28 15 3499+ 0 8133 Pt | Claim 28

Reviewed by: ',ﬁ%
v

Review Date: fc,f ‘?/’,r" ?

EHRCG Form ITC200.A



€RG

Single-Channel Funetion Check Log

Ensrormsslal Beporion Teoup b
Sl Wi ngeam 54 NE. Suie |50
Alcustigee. N XT11D

{511%) -2

METER BETECTOR Commenis
Manufaciure: L G Manifacturer: | S pIMELT B IV,
Model- LA Model A4-15 )
Berml Mo.| 154971 Serial No. PLi.z 227
Cal Due Date: 2%y, | Cal. Due Date: L2g -1t
Source Cy-11% Axtivity & 1 Souree Date =y 15 b [istance o Souree: & vk
Serial Mo SHU-q Emission Kat:  pin Cpm/cmissivn
Date Time Battery Higch Threshhuold el L Tt 2 Note(s):
Valtage Counts Counts Connts E
£-3-1% lwod .4 53 99 3e138 3881 22924 |, piA 8528
(313 |39 .4 188 ‘ou 3179983 Sio4 32897 | m ulk- 0 LE ]
{-4-3 8 Q4n L 5493 iop 185% (L 2Ea 5985 | e MA-gqL G
{-4-13 [ 1) 5.4 9 85 {od 2 1gig Gesq IESY | W2 Fuibey Lot
£-5-13 S e40 <4 wiity 45 3585912 spas 31970F | AR-5ALE
L5473 Ext- —_— Bib |owT wne p—me— o e
[ iles 5.3 4 89 fou 1330 Tevt 31293 | Bardas I
£4-12 1410 5.3 7e3 19 36951 gi2d 30623 |mr Rt 3
{313 o < A 496 £ o SPd49 £41F 19 3e i Hone 1 e luk
L | g2l 5 - q40 joo 3y £33 P! 3os2e  |ww P T |
£ - Ly | S 94 iag 1eagl SeE} T - Seckse 16
L= | 4o 5 4 7 i 9 d 4ol Se98 1eh3 b §eckas 2i

Reviewed by: 'fﬂw %/L’—\

Review Diate: "’fr/{iffa//‘;z

ERG Form ITC.2001.A



Single-Channel Function Check Log

Environmenial Besiceaion Geoup, bn
i Woashingion S NE Sue | 50
M'uqml'ﬂ_."-!hl BT113

O, MET]

METER DETECTOR Comments:
Manufacturer: o fam Manufacturer Ldl e
Model 2221 Model. Al
Sierial Mo 2<a 357 Serial No.- P29 2090
Cal. Due Crate: g2 18 oo Cal Due Date: @-21-1g
-z5-18
Sourcs Cs-13% Activity 4 uCi Source Date: 4=1g-9 & Distance 1o Source & ladkes
Seral Mo Caa . g Emission Rale LA cpmiemissions
s | mme | omem | 28 | mesa | Ee= | B2 | JD | oo
A 2430 5.8 feos [y 37351 | 6287 U4 || Balon S
i el 1433 5.6 fonl il 13528 i4og dies |Mw Tsesie |
G-13-1% 0414 56 {og3 [1S 1985+ 6629 3T | ,me}s
=it | ied 7 947 ol 36194 | $I5¢ 30434 W | Perdun 3
ia- | w503 <. [oob (o2 3730g Lory 3ZBI | pHA-0G8%
Q-14~-13 1350 $ie 9 4e X} 362132 6ol8 20135 | An-o50d
G-15-1% | o425 9 feo 104 35435 | 5287 o186 |m S o ¢ sendf
G 1%-13 [ 325 5.8 799 fof 3eT2Z4 4944 26D |ww Euniu Bretad:
q-16m7 oqvs oy jou rodq 26047 srez 1o €3 |me uan bae Breenti
A~ib-rF {239 §3 loet ek 13299 Is5ee | il Furice Beceali & "f::f

Meview Date: f’C‘i‘ jdf{/"_/ i

ERC Farm ITCI01 A



Envimnmemal Rzssarmica Ciray s

GBG Single-Channel Function Check Log 390 Wonhingacn 51 NEL Sase 150
Alhuqarger, MM AT
(505 F-E
METER DETECTOR Comments:
Manufaciurer: L lon Manufacurer L“i! 2 MV Eat
Model: 172 | Maodel: 44-1n
Cal. Due [ate: L o I % Cal. Due Drate: §-3-1g
Source C: 133 Aptiviy: 4 ul’n Sowrce Date 4“‘_1 L Dastance 10 Sounce: 4 Fdaka
Serol Mo 5"1 "ﬁ E Emisson Rate ! ! CRmEm I S50s
gy =1
: High Somrce BKi: Net .
Date Time Hattery Vitkes Threshhold s e ] % Nute(s):
G-12-1% o914 5.4 g 51> fal 3935 &334 3cfoa |wuw|  Burda. 3
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Appendix B Exposure Rate Measurements

Radiological Survey of the Barton 3
Abandoned Uranium Mine Appendix B
Prepared for Stantec Consulting Services Inc.

ERG
September 20, 2018



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 10:11
10/14/2016 10:11
10/14/2016 10:11
10/14/2016 10:11
10/14/2016 10:11
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:12
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:13
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:14
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:17
10/14/2016 10:17

Barton 3 Exposure Rate Measurements for Correlation

0.0532
0.0923
0.0795
0.0534
0.0339
0.0223
0.0165
0.0135
0.0122
0.0116
0.0111
0.0108
0.0106
0.0104
0.0104
0.0103
0.0103
0.0103
0.0105
0.0108
0.0105
0.0102
0.0103
0.0103
0.01
0.0103
0.0104
0.0104
0.0102
0.0099
0.01
0.0104
0.0108
0.0106
0.0108
0.0108
0.0106
0.0105
0.01
0.01
0.0104
0.0104
0.0105
0.0111
0.0117
0.0116
0.0116
0.0114
0.0109
0.0111
0.0117
0.0117
0.0114
0.0109
0.011
0.011
0.0109

Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1

10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22

0.0109
0.0106
0.0108
0.0105
0.0105
0.0105
0.0106
0.0105
0.0104
0.0108
0.0109
0.011
0.0106
0.0105
0.0106
0.0108
0.0109
0.0111
0.0111
0.0111
0.011
0.0103
0.01
0.0104
0.0104
0.0102
0.0102
0.0104
0.0106
0.0109
0.0106
0.0105
0.0104
0.0104
0.0105
0.0104
0.0106
0.0109
0.0109
0.011
0.011
0.0108
0.0105
0.0105
0.011
0.0108
0.0105
0.0105
0.0105
0.0104
0.0103
0.01
0.0103
0.0106
0.0109
0.0112
0.0117

Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50

Barton 3 Exposure Rate Measurements for Correlation

0.0547
0.0969
0.0867
0.0618
0.0434
0.032
0.0254
0.0218
0.0199
0.019
0.0186
0.0182
0.0187
0.0192
0.0192
0.019
0.0188
0.0187
0.0187
0.0186
0.0189
0.0192
0.0194
0.0194
0.0189
0.0187
0.019
0.0187
0.0187
0.0192
0.019
0.0188
0.0188
0.019
0.0192
0.0188
0.0184
0.018
0.0185
0.0192
0.0194
0.0199
0.0199
0.0194
0.019
0.019
0.0188
0.0184
0.0182
0.0186
0.0184
0.0188
0.0189
0.0188
0.0186
0.0186
0.0185

Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2

10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 11:19
10/14/2016 11:19
10/14/2016 11:19
10/14/2016 11:19
10/14/2016 11:20
10/14/2016 11:20

0.0185
0.0182
0.0185
0.0187
0.0187
0.0186
0.0187
0.0187
0.0186
0.0187
0.019
0.019
0.0186
0.0184
0.0184
0.0187
0.0189
0.019
0.019
0.019
0.0192
0.0192
0.0192
0.019
0.0189
0.0188
0.0189
0.019
0.0192
0.019
0.0192
0.0188
0.0182
0.0182
0.0182
0.0184
0.0185
0.0188
0.0189
0.0188
0.0189
0.019
0.0192
0.0189
0.0185
0.0184
0.019
0.019
0.0192
0.0194
0.019
0.0556
0.0988
0.0895
0.0655
0.0474
0.036

Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25

Barton 3 Exposure Rate Measurements for Correlation

0.0299
0.0272
0.0259
0.0247
0.0239
0.0235
0.0233
0.0231
0.0232
0.0233
0.0233
0.0231
0.0232
0.0232
0.0228
0.0223
0.0227
0.0231
0.0232
0.0232
0.0231
0.0231
0.0237
0.0241
0.0241
0.0235
0.0237
0.024
0.0242
0.0243
0.0239
0.0237
0.0234
0.0241
0.0244
0.0243
0.024
0.0237
0.0235
0.0232
0.0233
0.0237
0.0242
0.0239
0.0237
0.024
0.0239
0.0242
0.0241
0.0239
0.024
0.0241
0.0242
0.0247
0.0247
0.0243
0.0241

Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3

10/14/2016 11:25
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:50

0.0239
0.0237
0.0237
0.0235
0.0235
0.0234
0.0233
0.0234
0.0232
0.023
0.023
0.0227
0.0229
0.0228
0.0227
0.0225
0.0223
0.0222
0.0221
0.0225
0.0231
0.0235
0.0235
0.0235
0.0239
0.0237
0.023
0.023
0.0235
0.0234
0.0233
0.0237
0.0235
0.023
0.0227
0.0228
0.0227
0.0229
0.0232
0.0233
0.0233
0.0235
0.0237
0.0234
0.0233
0.0233
0.0227
0.0227
0.0228
0.0229
0.0228
0.0542
0.095
0.084
0.0586
0.0398
0.0286

Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55

Barton 3 Exposure Rate Measurements for Correlation

0.0223
0.0189
0.0172
0.0163
0.016
0.0156
0.0156
0.0155
0.0156
0.0158
0.0158
0.0164
0.017
0.0172
0.0169
0.0162
0.0158
0.0155
0.0156
0.0158
0.0154
0.0154
0.0155
0.0155
0.0156
0.016
0.0158
0.0154
0.015
0.0147
0.0147
0.0152
0.0155
0.0154
0.0154
0.0154
0.0153
0.0152
0.0154
0.0156
0.016
0.0163
0.016
0.0156
0.0154
0.0154
0.0156
0.0158
0.016
0.016
0.016
0.0158
0.0158
0.0158
0.016
0.0156
0.0156

Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4

10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13

0.0154
0.0153
0.0152
0.0151
0.0152
0.0158
0.0162
0.016
0.016
0.016
0.0156
0.0154
0.0152
0.0151
0.0152
0.0156
0.0161
0.0166
0.0167
0.0168
0.0165
0.0161
0.016
0.0161
0.0161
0.0158
0.0161
0.016
0.0156
0.0155
0.0151
0.0149
0.0148
0.0151
0.0152
0.0151
0.0149
0.015
0.0148
0.0152
0.015
0.015
0.0152
0.0154
0.0156
0.0152
0.015
0.0534
0.0934
0.082
0.0565
0.0373
0.0263
0.0202
0.017
0.0151
0.014

Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19

Barton 3 Exposure Rate Measurements for Correlation

0.0133
0.0131
0.0128
0.0127
0.0124
0.0126
0.0129
0.0131
0.013
0.013
0.0129
0.0129
0.0133
0.0136
0.0134
0.0132
0.0134
0.0133
0.0132
0.0132
0.0131
0.0128
0.0124
0.0121
0.0118
0.0118
0.012
0.0122
0.0128
0.013
0.013
0.0132
0.0134
0.0136
0.014
0.0141
0.0138
0.0138
0.0134
0.0131
0.0128
0.0123
0.0123
0.0123
0.0122
0.0118
0.0118
0.0122
0.0123
0.0124
0.0123
0.0126
0.0134
0.0137
0.0135
0.0131
0.0127

Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5

10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:24
10/14/2016 12:24
10/14/2016 12:24

0.0124
0.0124
0.0128
0.0132
0.0135
0.0134
0.013
0.013
0.0137
0.0139
0.0134
0.0134
0.0132
0.013
0.013
0.0129
0.0124
0.0127
0.0131
0.0133
0.0132
0.0129
0.0126
0.0122
0.012
0.012
0.0122
0.0126
0.0128
0.0132
0.0134
0.0135
0.0131
0.0128
0.0128
0.0124
0.0124
0.0126
0.0128
0.0128
0.0129
0.0127
0.0123
0.0123
0.0124
0.0126

Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
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Environmental Restoration Group, Inc.
8809 Washington St NE, Suite 150

Albuquerque, NM 87113
ph: (505) 298-4224

fax: (505) 797-1404
www.ERGoffice.com

Memo

To: Kirsty Woods, Program Director, Stantec

From: Liz Ruedig, PhD, CHP, and Mike Schierman, CHP, Environmental Restoration
Group

Dae 7/31/2018

Re  Statistical Analysis of the Navgo Trustee Mines Dataset: Multivariate Linear
Regression for Evaluation of Gamma Correlation with Ra-226 and Eval uation of
Secular Equilibrium Between Ra-226 and Th-230



http://www.ERGoffice.com

Environmental Restoration Group, Inc.

Multivariate Linear Regression for Evaluation of Gamma Count Rate with Ra-
226 Concentrations in Surface Soil

Due to alarge number of reviewer comments at the sixteen Navajo Trust Abandoned Uranium
Mines (AUMSs) concerning the influence of gamma-emitting radionuclides not within the uranium-
238 decay series on the correlation between dynamic gamma count rate and soil concentration of
radium-226, Environmental Restoration Group has performed multivariate linear regression
(MLR), relating gamma count rate to multiple soil radionuclides simultaneously. MLR modelsthe
influence of aset of predictor variables (in this case, soil concentrations of several gamma-emitting
radionuclides, or surrogates for these radionuclides) on a single response variable (in this case,
dynamic gamma count rate), accounting for the influence of each predictor variable upon the
response variable independently of the other predictor variables within the set.

InaMLR, it is possible to distinguish from a large set of variables the subset that significantly
predicts aresponse variable. Thisis done by evaluating potential models on a number of criteria:

1. Themulti-collinearity of predictor variables.

Predictor variables that are linearly related to each other (i.e., variables y and x, where y
may also be mathematically expressed as some multiple of x) produce a condition known
as multicollinearity, where the matrix math used to solve the multivariate linear regression
becomes irreducible. A physical example of multicollinearity occurs when modelling the
influence of two radionuclides in equilibrium with each other (e.g., Th-230 and Ra-226)
on asingle response variable (e.g., gamma count rate). In order to compute amathematical
solution to the regression model, one of the multicollinear variables must be removed from
the regression matrix. The multicollinear variables are identifiable by a large variance
inflation factor (VIF), typically greater than 7, but in cases of near-perfect multicollinearity,
often much greater than this value (e.g., > 100).

It is also possible to identify multicollinear predictor variables by regressing two suspect
variables upon each other. A high degree of correlation (i.e., p < 0.05 and high adjusted
R?) between the two variables suggests that the predictor variables are multicollinear, and
that one variable should be eliminated from the multivariate regression prior to anaysis.

2. Thep-value of predictor variables

For avariable to be considered a significant predictor of the response variable, the p-value
of its slope (as calculated in an ANOVA table) must be significant (i.e,, p < 0.05). Ina
MLR, the adjusted R? value for individual predictor variables is not indicative of overall
model quality.

For the Navgjo Trust AUMSs there are three potential gamma-contributing radionuclides (defined
as radionuclides that emit gamma radiation, or whose short-lived decay products emit gamma
radiation) present in soil: thorium-232, radium-226 and, thorium-228. Thorium-230, which does
not emit gamma radiation, was excluded as a potentialy significant gamma-contributing
radionuclide.
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A MLR model: gamma = radium-226 + thorium-228 + thorium-232 was run for each AUM. For
15 of the 16 mines, thorium-232 and thorium-228 were multicollinear. On this basis, thorium-228
was excluded from the MLR. No multicollinearity was detected at Barton 3. However, none of
the predictor variables was a significant predictor of gamma count rate (p > 0.05) for the complete
model. As such, analysis for all 16 AUMs proceeded by removing thorium-228 from the set of
predictor variables and running a new MLR model: gamma = radium-226 + thorium-232. None
of the 16 models exhibited multicollinearity with the reduced model. After accounting for the
effect of radium-226, thorium-232 was not a significant predictor of gamma count rate at any of
the 16 AUMs. Radium-226 was a significant predictor (p < 0.05) of gamma count rate (after
accounting for the influence of thorium-232 and thorium-228) at some of the AUMSs (six of 16
AUMS).

Since neither predictor variable (thorium-232 or radium-226) was unambiguously a predictor in
the MLR, two univariate regression models were performed as afinal step: gamma = radium-226
and gamma = thorium-232. Thorium-232 was a significant predictor of gamma count rate (p <
0.05) only at Standing Rock, which isnot unexpected given the geological conditionsat thisAUM.
At all other sites, thorium-232 (and thorium-228 by association) were not significant predictors of
gamma count rate (p > 0.05). By way of contrast, radium-226 was a significant predictor of the
gamma count rate (p < 0.05) at 13 of the 16 AUMSs. At three AUMs (Mitten, NA-0928, and Tsosie
1) none of the measured radionuclides significantly predicted the gammacount rate. Additionally,
the adjusted R? values for the correlation models at the three AUMSs, plus Claim 28, fail to meet
the specified data quality objective (DQO) of greater than 0.8.

The failure to construct statistically defensible correlation models at four AUMSs has been
identified as a data gap in the relevant AUM report. The unsatisfactory correlation result at these
locationsislikely due to the small number of correlation locations, or environmental conditions at
the AUMSs (e.g., spatial heterogeneity in radionuclide concentration in soil, topographic features
influencing gamma count rate, etc.), or some combination thereof.

Note that while the statistical measures (i.e., conformance with the study DQO of R? > 0.8)
associated with these regressions can be improved by fitting a power curve to the data, and
reporting unadjusted R? values, with only five data points at each AUM, ERG does not believe
that any dtatistical correlation model is sufficiently robust to make meaningful inferences
concerning soil radium-226 concentration from the gamma scanning data. ERG believesthat linear
functions — not power curves — best mimic the conceptual model for the physical processes
governing the observed data. Fitting any other function in an effort to achieve the study DQO for
R?is not a statistically rigorous approach, and improving R? does not commensurately improve a
statistical model’ s predictive ability. Figure 1 compares the result of fitting alinear versus a power
function to the available correlation data for one AUM (Hoskie Tso); the other AUM results are
similar.
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Figure 1. Regression models (linear versus power curve) for gamma count rate regressed on radium-226
showing 95% UPLs (upper prediction limits). Both models meet the study DQO for adjusted R? (greater than
0.8). Gamma count rate is not an especially strong predictor of soil concentration of radium-226 for either
function.

ERG has updated the individual AUM reports with linear correlation functions and reported the
more robust measures of statistical performance described in this memo.

Evaluation of Secular Equilibrium Between Ra-226 and Th-230

Secular equilibrium is a condition that occurs when the half-life of a decay-product nuclide is
significantly shorter than that of its parent nuclide. After a period of ingrowth equal to
approximately seven times the half-life of the decay product, the two nuclides effectively decay
with the half-life of the parent. When two radionuclides are in secular equilibrium, their activities
are equal.

Equilibrium, for the purpose of this report, is defined as a condition whereby a parent nuclide and
its decay product are present in the environment at afixed ratio, but thisratio —for whatever reason
— is not a one-to-one relationship indicative of secular equilibrium. Most commonly, an
equilibrium condition results from an environmental process which chemically selects for and
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transports one nuclide (parent or decay product) away from the other nuclide. Because a consistent
fraction of one nuclide has been removed, the two nuclides are present at a fixed ratio other than
one-to-one.

Determination of secular equilibrium for an AUM can be an important part of the risk assessment
process, as the assumed fraction of radium-226 decay products present in the environment greatly
influences a hypothetical receptor’s radiation dose and mortality risk. However, it is aso
acceptable and conservative to assume secular equilibrium between radium-226 and its decay
products for the purpose of risk assessment, and therefore to avoid the need to conclusively
determine the secular equilibrium status of an AUM. Thus, aninconclusive result regarding secular
equilibrium is not a study data gap, as the risk assessment phase may still proceed, provided that
conservative assumptions are included regarding equilibrium concentrations of radium-226 decay
products.

Regardless, the Navgjo Nation AUM Environmental Response Trust RSE workplan specified that
an evaluation of secular equilibrium would be made at each of the 16 Trust AUMSs, and so arobust
statistical examination of secular equilibrium status for radium-226 and its decay products at each
AUM was conducted. One method of evaluating equilibrium between Ra-226 and Th-230 is to
calculate the ratio (¢) between the two nuclides for each soil samplelocation, i.e.,

[226Ra]

When ¢ is unity, the two nuclides may be said to be in secular equilibrium. Sometimes, ¢ is
averaged over a number of locations, and if the average is unity, the population of measurement
locations is said to be in secular equilibrium. Similarly, if ¢ is consistently some number other
than one, it may be concluded that the measured population isin equilibrium. This approach does
not account for the statistical uncertainty associated with making inferences across a population,
nor the bias introduced into the measurement by averaging a potentially large number of ratios. It
is aso difficult to establish defensible cutoffs for whether Ra-226 and Th-230 are in secular
equilibrium at aparticular site using aratio approach, asthereisno objective basisfor concluding,
e.g., that ¢ must be between 0.8 and 1.2 (versus any other range of values for ¢) for secular
equilibrium to occur.

Due to a large number of reviewer comments concerning secular equilibrium within the RSE
reports, Environmental Restoration Group opted to re-evaluate equilibrium at each mine siteusing
a more robust statistical method: simple linear regression. This was done after confirming the
methods to analyze Ra-226 (EPA Method 901.1) and Th-230 (apha spectroscopy following
sample digestion with hydrofluoric acid) are both total-activity methods with comparable results
(L. Steere, ALS personal email communication, July 25, 2018). Evaluation of secular equilibrium
for each mine site proceeded as follows:

1. Construction of a figure that depicts soil concentrations of Th-230 plotted against soil
concentrations of Ra-226.
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. Simple linear regression is performed on the dataset; the p-value and the adjusted R? are
recorded. The resulting linear model and the 95% UCL (upper confidence limit) bands are
plotted on the figure generated in step 1.

. Theline y=x is added to the figure generated in step 2 (this line represents a perfect 1:1
ratio between Th-230 to Ra-226, indicative of secular equilibrium).

. An examination of the model and the figure is made sequentially:

a. If thep-valuefor theregression slopeisinsignificant (i.e., p > 0.05) or the adjusted
R? does not meet the study’'s data quality objective (Adjusted R? > 0.8), ERG
concludes that there is insufficient evidence to conclude that Ra-226 and Th-230
are in equilibrium (secular or otherwise) therefore, it is listed as inconclusive (no
equilibrium). Figure 2 depicts the regression result for an AUM (Mitten) that failed
to meet the p-value and adjusted R? criteria.

b. If the p-valuefor theregression slopeissignificant (i.e., p < 0.05) and the adjusted
R? meets the DQO (Adjusted R? > 0.8) there are two possible conditions, which
are evaluated viavisua examination of the figure generated in step 3.

i. If the y=x linefalls fully within the bounds of the 95% UCL bands on the
regression, ERG concludes that there is evidence that Ra-226 and Th-230
are in secular equilibrium at the site. Figure 3 depicts the regression result
for an AUM (Harvey Blackwater) wherethereis evidence that Ra-226 and
Th-230 arein secular equilibrium.

ii. If the y=x line falls partially or completely outside the bounds of the 95%
UCL bands on the regression, ERG concludes that there is evidence that
Ra-226 and Th-230 are in equilibrium, but not secular equilibrium at the
site. Figure 4 depicts the regression result for an AUM (Alongo Mines)
where thereis evidence that Ra-226 and Th-230 are in equilibrium, but not
secular equilibrium.
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Figure 2. Result for Mitten secular equilibrium analysis, showing failure to meet p-value and adjusted R?
criteria, i.e., the data are poorly correlated.
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Figure 3. Result for Harvey Blackwater secular equilibrium analysis, showing excellent correlation between
the data and the y=x line, i.e., Th-230 and Ra-226 are in secular equilibrium.
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Figure 4. Result for Alongo Mines secular equilibrium analysis, showing excellent correlation between the
data, but poor agreement with the y=x line, i.e., Th-230 and Ra-226 are in equilibrium, but not secular
equilibrium.

ERG tested for secular equilibrium at each of the 16 Navajo AUMSs using the process described
above. The results are summarized in Table 1 and in the RSE report for each AUM, respectively.
ERG concluded that the data provide evidence that that Ra-226 and Th-230 are in secular
equilibrium in soils at two mines (Harvey Blackwater and NA-0928). At one mine (Mitten) there
was insufficient evidence to draw any conclusions regarding equilibrium. At the remaining sites,
thereis evidence that Ra-226 and Th-230 are in equilibrium.
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Table 1. Results of secular equilibrium analysis for each of the 16 Navajo Trust AUMSs.

Mine p-value | Adjusted R? | Conclusion

Alongo Mine <0.001 0.99 Equilibrium

Barton 3 <0.001 0.98 Equilibrium

Boyd Tisi <0.001 0.99 Equilibrium
Charles Keith <0.001 0.99 Equilibrium

Claim 28 <0.001 0.99 Equilibrium

Eunice Becenti <0.001 0.99 Equilibrium
Harvey Blackwater 0.008 0.91 Secular Equilibrium
Hoskie Tso <0.001 0.99 Equilibrium

Mitten 0.2 0.29 No Equilibrium
NA-0904 0.001 0.98 Equilibrium
NA-0928 0.002 0.97 Secular Equilibrium
Oak 124-125 <0.001 0.99 Equilibrium
Occurrence B <0.001 0.98 Equilibrium
Section 26 0.002 0.96 Equilibrium
Standing Rock 0.008 0.91 Equilibrium

Tsosie 1 0.02 0.86 Equilibrium
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Executive Summary

This report addresses the radiological characterization of the Barton 3 abandoned uranium mine (AUM)
located in the Red Mesa Chapter of the Navajo Nation near Red Mesa, Arizona. It documents part of the
implementation of the Navajo Nation AUM Environmental Response Trust, First Phase, Removal Site
Evaluation Work Plan (RSE Work Plan: MWH, 2016). The work was performed by Environmental
Restoration Group, Inc. of Albuquerque, New Mexico and Stantec Consulting Services Inc. (Stantec) on
behalf of the Navajo Nation AUM Environmental Response Trust — First Phase.

This report provides 1) the results of a Global Positioning System (GPS)-based gamma radiation (gamma)
survey, 2) comparisons of the gamma count rates at this AUM to exposure rates and concentrations of
radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium series. The field
activities addressed in this report were conducted on April 7 and October 3, 12, and 14, 2016; and April
17, June 7, and September 12 and 13, 2017. They included a GPS-based radiological survey of land
surfaces over a Survey Area consisting of the mine claim area out to a 100-foot (ft) buffer, roads and
drainages within a 0.25-mile radius of the 100-ft buffer, areas where the survey was extended; and
correlation studies.

The discussion of the results of soil sampling in this report is limited to concentrations of radium-226
and isotopes of thorium in samples taken from surface soils, as part of correlation studies. The objective
of the analysis of thorium isotopes was to 1) assess the potential effects of thorium-232 and thorium-
228 on the correlation of gamma count rates to concentrations of radium-226 in surface soils; and 2)
evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium in the uranium
decay series. These and additional results for the RSE are addressed in “Barton 3 Removal Site
Evaluation Report” (Stantec, 2018).

The findings of the RSE pertaining to these activities are:

e The horizontal extent and magnitude of mining-related materials were delineated sufficiently to
support additional characterization of the subsurface.

e Elevated count rates were observed largely on naturally occurring rock outcrops situated north
of the mine claim.

e Three potential Background Reference Areas were established.

e The relationship between gamma count rates and concentrations of radium-226 in surface soils
(0 to 0.5 ft below ground surface) is described by a linear regression model:

Radium-226 concentration (picocuries per gram [pCi/g]) =
4 x 10* x Gamma Count Rate (in counts per minute [cpm])—1.3309
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e The distribution of concentrations of radium-226 in surface soils predicted using this model
resembles a lognormal distribution. The values in the Survey Area range from 1.0 to 23.4, with a
central tendency (median) of 3.0 pCi/g.

e The thorium series radionuclides do not appear to affect the prediction of concentrations of
radium-226 from gamma count rates.

e The uranium series radionuclides appear not to be in secular equilibrium.

e The relationship between gamma count rates and exposure rates is described by a linear
regression model:

Exposure Rate (microRoentgens per hour [uR/h]) = Gamma Count Rate (cpm) x 5x10™* + 6.4064

e The distribution of exposure rates predicted using this model resembles a lognormal
distribution. The values in the Survey Area range from 9.4 to 37.3, with a central tendency
(median) of 11.8 uR/h.
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1.0 Introduction

This report addresses the radiological characterization of the Barton 3 abandoned uranium mine (AUM)
located in the Red Mesa Chapter of the Navajo Nation near Red Mesa, Arizona. It documents part of the
implementation of the Navajo Nation AUM Environmental Response Trust, First Phase, Removal Site
Evaluation Work Plan (RSE Work Plan: MWH, 2016). The work was performed by Environmental
Restoration Group, Inc. of Albuquerque, New Mexico and Stantec Consulting Services Inc. (Stantec) on
behalf of the Navajo Nation AUM Environmental Response Trust — First Phase.

This report provides 1) the results of a Global Positioning System (GPS)-based gamma radiation (gamma)
survey, 2) comparisons of the gamma count rates at this AUM to exposure rates and concentrations of
radium-226 in surface soils, and 3) an assessment of equilibrium in the uranium series. The field
activities addressed in this report were conducted on April 7 and October 3, 12, and 14, 2016; and April
17, June 7, and September 12 and 13, 2017. They included a GPS-based radiological survey of land
surfaces over an approximately 13.5-acre Survey Area consisting of the mine claim area out to a 100-
foot (ft) buffer, roads and drainages within a 0.25-mile radius of the 100-ft buffer, and areas where the
survey was extended; and correlation studies.

The discussion of the results of soil sampling in this report is limited to concentrations of radium-226
and isotopes of thorium in samples taken from surface soils, as part of correlation studies. The objective
of the analysis of thorium isotopes was to 1) assess the potential effects of thorium-232 and thorium-
228 on the correlation of gamma count rates to concentrations of radium-226 in surface soils; and 2)
evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium in the uranium
decay series. These and additional results for the RSE are addressed in “Barton 3 Removal Site
Evaluation Report” (Stantec, 2018).

Figure 1 shows the location of the AUM. Background information that is pertinent to the
characterization of this AUM is presented in “Barton 3 Removal Site Evaluation Report” (Stantec, 2018).

2.0 GPS-Based Gamma Surveys

This section addresses the GPS-based surveys conducted in three potential Background Reference Areas
and the Survey Area. The survey was extended to bound areas in which elevated count rates were
observed. Table 1 lists the detection systems used in the survey, which were function-checked before
and after each day of use and within calibration, in accordance with American National Standards
Institute (ANSI) Standard N232A (ANSI, 1997). Appendix A presents the completed function check forms
and calibration certificates for the instruments.
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Figure 1. Location of the Barton 3 Abandoned Uranium Mine
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Table 1. Detection systems used in the GPS-Based gamma surveys.

Survey Area Ludlum Ludlum Model 2221
Model 44-10 Ratemeter/Scaler
Potential Background PR303727° 254772
Reference Areas

PR29260 254757
PR295014 196086
Survey Area PR320678 282971
PR303727° 254772°
PR355763 138368

Notes:

?Detection system used in the correlation studies described in Section 3.0.

2.1 Potential Background Reference Areas

Three potential Background Reference Areas were surveyed, the locations and results of which are
depicted on Figure 2. BG1, BG2, and BG3 in the figure are Background Reference Areas 1, 2, and 3,
respectively. Table 2 lists a summary of the gamma count rates, which in:

e BG1ranged from 7,228 to 36,911 counts per minute (cpm), with a mean and median of 11,990

and 9,936 cpm, respectively.

e BG2 ranged from 5,407 to 8,979 cpm, with a mean and median of 7,198 and 7,148 cpm,

respectively.

e BG3ranged from 6,583 to 11,726 cpm, with a mean and median of 9,354 and 9,290 cpm,

respectively.

The higher count rates observed in BG1 were associated with grey/green sands.

Figure 3 depicts histograms of the gamma count rates in in the Background Reference Areas. The red
and green lines on the figure are theoretical normal and lognormal distributions, respectively. They are

presented to show what could be expected if the distributions were normal or lognormal.

Table 2. Summary statistics for gamma count rates in the potential Background Reference Areas.

Gamma Count Rate (cpm)
Potential Background n Minimum | Maximum Mean Median Starjda}rd
Reference Area Deviation
1 310 7,228 36,911 11,990 9,936 5,337
2 186 5,407 8,979 7,198 7,148 649
3 474 6,583 11,726 9,354 9,290 749
Notes:
cpm = counts per minute
Radiological Survey of the Barton 3 ERG
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Figure 2. Gamma count rates in the potential Background Reference Areas.
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Figure 3. Histograms of gamma count rates in the Background Reference Areas.
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2.2 Survey Area

The gamma count rates observed in the Survey Area are depicted in Figure 4. The highest count rates
were observed north of the mine claim, on and around the reclaimed area.

Figure 5 is a histogram of the gamma count rate measurements made in the Survey Area, including the
area surveyed outside the 100-ft buffer. As stated in Section 2.1, the red and green lines on the figure
are theoretical normal and lognormal distributions, respectively. They are presented to show what could
be expected if the distributions were normal or lognormal. The distribution of the right-tailed set of
measurements, evaluated using U.S. Environmental Protection Agency software ProUCL (version
5.1.002), is not defined; i.e., neither normal or logarithmic. The box plot in Figure 6 depicts cutoffs as
horizontal bars, from bottom to top, for the following values or percentiles: minimum, 0.5, 2.5, 10, 25,
50, 75, 90, 97.5, 99.5, and maximum. The 25", 50*", and 75th percentiles (the three horizontal lines of
the box inside the box plot) are 9,448, 10,723, and 13,142 cpm, respectively.

Table 3 is a statistical summary of the measurements, which range from 5,930 to 61,743 cpm and have a
central tendency (median) of 10,723 cpm.
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Figure 4. Gamma count rates in the Survey Area.
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Figure 6. Box plot of gamma count rates in the Survey Area.
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Table 3. Summary statistics for gamma count rates in the Survey Area.

Parameter Gamma Count Rate (cpm)
n 21,694
Minimum 5,930
Maximum 61,743
Mean 12,164
Median 10,723
Standard Deviation 4,785

Notes:

cpm = counts per minute

3.0 Correlation Studies

The following sections address the activities under two types of correlation studies outlined in the RSE
Work Plan: comparisons of 1) radium-226 concentrations in surface soils and gamma count rates and 2)
exposure rates and gamma count rates. GPS-based gamma count rate measurements were made over
small areas for the former study. The means of the measurements were used in this case. Static gamma
count rate measurements, co-located with exposure rate measurements, were used in the latter study.

3.1 Radium-226 concentrations in surface soils and gamma count rates

On October 14, 2016 field personnel made GPS-based gamma count rates measurements and collected
five-point composite samples of surface soils in each of five areas at the AUM. The activities were
performed contemporaneously, by area and all on the same day, such that variations in the gamma
count rate measurements could be limited largely to those posed by the soils and rocks at the locations.
Figure 7 shows the GPS-based gamma count rate measurements in the five areas (labeled with location
identifiers).

The soil samples were analyzed by ALS Laboratories in Ft Collins, CO for radium-226 and isotopic
thorium. The latter analysis was included to assess the potential effects of thorium series isotopes on
the correlation and evaluate thorium-230 and radium-226 activities to indicate the status of equilibrium
in the uranium decay series. Table 4 lists the results of the gamma count rate measurements made only
on May 24, 2017 and radium-226 concentrations in the soil samples. The means of the gamma count
rate measurements range from 8,673 to 32,608 cpm. The concentrations of radium-226 in the soil
samples range from 0.98 to 10.6 pCi/g.

Table 5 lists the concentrations of isotopes of thorium (thorium-228, -230, and -232) in the same soil
samples.

Laboratory analyses are presented in Appendix D, Laboratory Analytical Data and Data Usability Report,
in “Barton 3 Removal Site Evaluation Report” (Stantec, 2018).
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Figure 7. GPS-based gamma count rate measurements made for the correlation study.
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Table 4. Gamma count rates and associated concentrations of radium-226 in samples of surface soils
obtained in the correlation study.

Gamma Count Rate (cpm) Ra-226 (pCi/g)
Location Mean Minimum | Maximum (o] Result Error t1c | MDL
$220-C01-001 8,673 6,262 13,383 1,051 0.98 0.26 0.46
$220-C02-001 23,849 19,568 29,530 2,006 6.44 0.84 0.4
$220-C03-001 32,608 27,746 39,906 2,372 10.6 1.4 0.6
$220-C04-001 17,557 14,336 21,006 1,151 6.73 0.89 0.46
$220-C05-001 12,564 10,126 17,552 1,080 3.52 0.51 0.35

Notes:

cpm = counts per minute
MDL = method detection limit
pCi/g = picocuries per gram

o = standard deviation

Table 5. Concentrations of isotopes of thorium in samples of surface soils obtained in the correlation
study.

Thorium-228 (pCi/g) Thorium-230 (pCi/g) Thorium-232 (pCi/g)
Error Error Error
Sample ID Result 1o MDL Result | t10 MDL | Result | t1c MDL
$220-C01 0.416 0.086 0.039 0.92 0.17 0.07 0.459 0.09 0.02
$220-C02 0.285 0.065 0.03 4.85 0.77 0.07 0.278 0.062 0.016
$220-C03 0.256 0.059 0.031 9.3 1.4 0.1 0.258 0.058 0.018
$220-C04 0.207 0.055 0.035 6.13 0.97 0.07 0.262 0.062 0.022
$220-C05 0.315 0.07 0.033 2.92 0.47 0.07 0.274 | 0.061 0.019

Notes:

MDL = method detection limit
pCi/g = picocuries per gram

o = standard deviation

A model was made of the results in Table 4, predicting the concentrations of radium-226 in surface soils
from the mean gamma count rate in each area. The best predictive relationship between the
measurements, shown in Figure 8 is a strong, linear function with a Pearson’s Correlation Coefficient (R?)
of 0.9164, as expressed in the equation:

Radium-226 concentration (pCi/g) = 4 x 10* x Gamma Count Rate (cpm)— 1.3309

R%is a measure of the dependence between two variables and is expressed as a value between -1 and
+1 where +1 is a positive correlation, 0 is no correlation, and -1 is a negative correlation. The root mean
square error and p-value for the model are 1.210937 and 0.0105, respectively; these parameters are not
data quality objectives (DQOs) and are included only as information.

The concentrations of thorium-232 and thorium-228, isotopes in the thorium series, in the correlation
samples are similar and at most 0.459 pCi/g. Given these low concentrations and the high R? of the

Radiological Survey of the Barton 3
Abandoned Uranium Mine - Preliminary 11
Prepared for Stantec Consulting Services Inc.

ERG
February 20, 2018



linear function, the thorium series radionuclides do not appear to affect the prediction of concentrations
of radium-226, using gamma count rates.

This equation was used to convert the gamma count rate measurements observed in the gamma
surveys to predicted concentrations of radium-226. Table 6 presents summary statistics for the
predicted concentrations of radium-226 in the Survey Area. The range of the predicted concentrations
of radium-226 in the Survey Area is 1.0 to 23.4 pCi/g, with a mean and median of 3.5 and 3.0 pCi/g,
respectively. Note that the radium-226 concentrations predicted from gamma count rate measurements
exceeding approximately 33,000 com are extrapolated from the regression model and are uncertain.

Figure 9 shows the predicted concentrations of radium-226, the spatial and numerical distribution of
which mirror those depicted in Figure 4.

12
Ra-226 (pCi/g) = 4x10* (Gamma Count Rate in cpm) - 1.3309 °
2 _
10 R%=0.9164
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Figure 8. Correlation of gamma count rates and concentrations of radium-226 in surface soils.
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Table 6. Predicted concentrations of radium-226 in the Survey Area.

Parameter Radium-226 (pCi/g)
n 21,694
Minimum 1.0
Maximum 23.4
Mean 3.5
Median 3.0
Standard Deviation 1.9

Notes:
pCi/g = picocuries per gram

3.2 Equilibrium in the uranium series

Secular equilibrium occurs when the activities of a parent radionuclide and its decay product are equal.
This can occur in a closed system, when the half-life of the parent radionuclide is much larger than that
of the decay product.

The ratio of the concentrations of radium-226 to thorium-230 can be used as an indicator of the status
of equilibrium in the uranium series. The half-lives of thorium-230 and radium-226 are 77,000 and 1,600
years, respectively. The ratios in the five correlation samples are 1.1 (Sample $220-C01-001), 1.3
(Sample S220-C02-001), 1.1 (Sample S220-C03-001), 1.1 (Sample S220-C04-001), and 1.2 (Sample S220-
C05-001) indicating that thorium-230 is depleted in relation to radium-226 and, by extrapolation, the
uranium series itself is not in secular equilibrium.

Note this observation is based on the results of five samples, subject to differing analytical methods.
Gamma spectroscopy, the method used to determine the concentration of radium-226, assesses an
intact portion of the whole sample as it was collected. The concentration of thorium-230 was
determined by alpha spectroscopy of an acid-leached aliquot of the sample.

This evaluation is not related to the correlation of radium-226 concentrations in surface soils and
gamma count rates. It may be used for a future risk assessment.
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Figure 9. Predicted concentrations of radium-226 in the Survey Area.
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3.3 Exposure rates and gamma count rates

On October 14, 2016 field personnel made co-located one-minute static count rate and exposure rate
measurements at the five locations within the Survey Area, representing the range of gamma count
rates obtained in the GPS-based gamma survey. Figure 7 shows the locations of the co-located
measurements, which were made in the centers of the areas.

The gamma count rate and exposure rate measurements were made at 0.5 m and 1 m above the ground
surface, respectively. The gamma count rate measurements were made using one of the sodium iodide
detection systems used in the GPS-based gamma survey of the AUM (Serial Number PR303727/254772).
The exposure rate measurements were made using a Reuter Stokes Model RSS-131 (Serial Number
07J00KM1) high pressure ionization chamber (HPIC) at six-second intervals for about 10 minutes. The
exposure rates used in the comparison was the mean of these measurements, less those occurring in
initial instrument spikes. The HPIC was in current calibration and function checked before and after use.
Calibration forms for the HPIC are provided in Appendix A. Table 7 presents the results for the two types
of measurements made at each of the five locations. Appendix B presents the individual (one second)
exposure rate measurements.

The Pearson’s Correlation Coefficient (R?) is a measure of the dependence between two variables, and is
expressed as a value between -1 and +1 where +1 is a positive correlation, 0 is no correlation, and -1 is a
negative correlation. The best predictive relationship between the measurements is linear with a R? of
0.9989, indicating a strong, positive correlation. The root mean square error and p-value for the model
are 0.192959 and less than 0.0001, respectively; these parameters are not DQOs and are included only
as information.

The following equation is the linear regression (shown in Figure 10) between the mean exposure rate
and gamma count rate results in Table 7 that was generated using MS Excel:

Exposure Rate (uR/h) = 5x10* x Gamma Count Rate (cpm) + 6.4064

Figure 11 presents the exposure rates predicted from the gamma count rate measurements, the spatial
and numerical distribution of which mirror those depicted in Figure 4.

Tables 8 and 9 present summary statistics for the predicted exposure rates in the three Background
Reference Areas and AUM, respectively. The range of predicted exposure rates at:

e BG1is10.0to 24.9 uR/h, with a mean and median of 12.4 and 11.4 uR/h, respectively
e BG2is9.1to 10.9 uR/h, with a mean and median of 10.0 uR/h

e BG3is9.7to 12.3 uR/h, with a mean and median of 11.1 pR/h

The range of predicted exposure rates at the AUM is 9.4 to 37.3 uR/h, with a mean and median of 12.5
and 11.8 uR/h, respectively.
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Table 7. Co-located gamma count rate and exposure rate measurements.

Location Gamma Count Rate Exposure Rate
(cpm) (1R/h)
$220-C01-001 8,526 10.7
$220-C02-001 23,441 18.8
$220-C03-001 33,160 234
$220-C04-001 17,906 15.7
$220-C05-001 12,548 12.9
Notes:

cpm = counts per minute
UR/h = microRoentgens per hour
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X Exposure Rate = 5x10* x Gamma Count Rate + 6.4064
R? =0.9989
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Figure 10. Correlation of gamma count rates and exposure rates.
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Table 8. Predicted exposure rates in potential Background Reference Areas.

Potential Background Reference Area | BG1 | BG2 | BG3
Exposure Rate
Parameter (LR/h)
n 310 186 474
Minimum 10.0 9.1 9.7
Maximum 24.9 10.9 12.3
Mean 12.4 | 100 | 111
Median 11.4 | 100 | 111
Standard Deviation 2.7 0.3 0.4

Notes:

BG1 = Background Reference Area 1
BG2 = Background Reference Area 2
BG3 = Background Reference Area 3
UR/h = microRoentgens per hour

Table 9. Predicted exposure rates in the Survey Area.

Parameter Exposure Rate (uR/h)
n 21,694
Minimum 9.4
Maximum 37.3
Mean 12.5
Median 11.8
Standard Deviation 2.4
Notes:

UR/h = microRoentgens per hour
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Predicted Exposure Rate (pRihr)
@ 9.4-125(u msan)
125-14.8 (u + 10)
14.9-17.3 (p + 20)
17.3-19.7 (p + 30)
19.7-37.3
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Figure 11. Predicted exposure rates in the Survey Area.
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4.0 Deviations to RSE Work Plan

The RSE Work Plan specifies that the comparison of gamma count rates and radium concentrations in
surface soils was to occur in 900 square foot areas. Field personnel adjusted the areas as necessary, to
minimize the variability of gamma count rates observed, particularly where the spatial distribution of
waste rock was heterogeneous.

5.0 Conclusions

The findings of the RSE pertaining to these activities are:

e The horizontal extent and magnitude of mining-related materials were delineated sufficiently to
support additional characterization of the subsurface.

e Elevated count rates were observed largely on naturally occurring rock outcrops situated north
of the mine claim.

e Three potential Background Reference Areas were established.

e The relationship between gamma count rates and concentrations of radium-226 in surface soils
(0 to 0.5 ft below ground surface) is described by a linear regression model:

Radium-226 concentration (pCi/g) = 4 x 10™* x (Gamma Count Rate [cpm]) —1.3309

e The distribution of concentrations of radium-226 in surface soils predicted using this model
resembles a lognormal distribution. The values in the Survey Area range from 1.0 to 23.4, with a
central tendency (median) of 3.0 pCi/g.

e The thorium series radionuclides do not appear to affect the prediction of concentrations of
radium-226 from gamma count rates.

e The uranium series radionuclides appear not to be in secular equilibrium.

e The relationship between gamma count rates and exposure rates is described by a linear
regression model:

Exposure Rate (UR/h) = Gamma Count Rate (cpm) x 5x10™* + 6.4064

e The distribution of exposure rates predicted using this model resembles a lognormal
distribution. The values in the Survey Area range from 9.4 to 37.3, with a central tendency
(median) of 11.8 uR/h.
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Appendix A Instrument calibration and completed function check forms
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Certificate of Calibration

Calibration and Voltage Plateau
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 Mechanical Check ¥ THRAWTN Operation
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Source Geometry « Side | Below  Other: Window:
Instrument found within tolerance:  Yes Mo
Range/Mulliplier Reference Sering "As Found Reading” Meter Reading
x 1000 400 400 400
x 1000 1 TH) 100 100
% 100 400 400 400
x 100 100 100 100
x 10 400 400 400
x 10 100 100 100
x| 400 400 400
% 10W 100 104
High Valage Source Counts Background
700 53957
&00 65946
Q00 690449
Q50 H968T
1000 70240 9925
1050 TO288
1100 Ti224
1150 TI563
1200 71161

Comments: HY Plateau Scaler Count Time = 1-min. Recommended HV = 1000

Reference Instruments and/or Sources:
Ludlum pulser serial number:__ 97743 ¥ 201932
- Alpha Source: Th-230 @ 12,800 dpm (1/4/12) sn: 4098-03

| Beta Source: -99 @ 17,700 dpm (1/4/12) sn: 4099-03

_ Other Source:

Calibrated By: Calibration Dale: .30 -/,

Date: .’/}-{J/-‘G

ERG Form ITC, 1014

Reviewed By:

L -

Thix calibration comforms io the reaviramear @il aociritahls codibssicos »

Serial Number:

Serial Mumber:

Environmental Restoration Group, Inc.
BBO0A Washington 5t NE, Suie 150
Albuquerque. NM BT113

(3053 2084224

waww CRGoff o¢com

254772

PRIQITIT

HV Check (/- 2.5%); & 500V o 1000V W 1500V
39-inch W 72-inch

Onher;

Barometric Pressure: 246 inches Hg
Temperature: 73 oF
Relative Humidity: 20 %
Integrated
1-Min. Count  LoOE Scale Count
398773 400
100
39887 400
100
3988 400
100
399 400
100
Valtage Plateay
00
TOMI) P . — — =
G >
*
50000
S 000
30004
20000
1000
0 —r

G T R .

Fluke multimeter serial number: ~ 8749012
. Gamma Source Cs-137 @ 5.2 uCi (1/4/12) sn; 4097-03
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Calibration and Voltage Platean
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K &S Associates, Inc.

1828 Eim Traa Drive
MNashvila, Tennessee 3721 3718
Phona S00-522-2525 Faxd 15-87 10855

CALIBRATION REPORT

SUBMITTED BY: ERG
|K00 Washington Street Northeast
Suite 150
Albuquerque, NM 87113

NSTRUMENT: Reuter Stokes R8S-151, #(7I00KM1

REPORT NUMBER: 161866
IEs1 NUMBERIS) Vil61588
REPORT DATE: June 29, 2016

The CALIBRATION COEFFICIEN TS contained in this report were obtained by intercomparison with
instruments calibrated by. or directly wacea nle to. the National Institute of Standards and Technology
(NIST). K+ § Associates, Inc. is licensed by the State of Tennessee (R-19073-G97. R-191 36-B0O0 to
perform calibrations, and 15 recognized by the Health Physies Society (HPS)as an ACCREDITED
INSTRUMENT CALIBRATION LABORATORY. Aspart ol the accreditation K + 5 participates in
4 Megsurament assurance program conducted by the HPS and NIs 1. K = S also certifies that the
calibration was performed using quality policies. methods and procedures that meet vr exceed the
requirements of ISO/EC | 7025:20035.

This laboratory is aceredited by the Amencan Association for 1aboratory Accreditation (AZLA)and
the results shown in this report have been determined in accordance with the laboratory's terms of
accreditation unless stated otherwise in this report

[he CALIBRATION COEFFICIENIS ctated herein are valid under the conditions specificd. It
is the instrument user's responsibility 1o pertorm the appropriate CONSINC lests prior 10 shipment
and after return from calibration. 11 18 also the responsibility of the user 10 gssure that the

interpretation of the infarmation in this report is consistent with that intended by K = S Associates. Inc.

This report may not be reproduced excep! i full without the writlen permission of K= 8 Associates. Ine.



@ K &S Associates, Inc i %
MNashuilie, Tannessee 37210-3718

CALIBRATION CERTIFICATE

Calibration Date: 6/27/2016 Report Number: 161866 Test Number: MI161588

K&S certifies that the environmental radiation monitor identified below has been calibrated for
radiation measurement using collimated radiation sources whose output has been calibrated with
nstruments calibrated by or directly traceable to the National Institute of Standards and
Technology. K&S is accredited by the American Association for Laboratory Accreditation 10
perform environmental level calibrations and further certifies that the calibration was performed
using aceredited policies and procedures (S1 25) that meet or exceed the requirements of
ISO/LEC 17025:2005,

Sensor Type: 100 mR/Ah
Serial Number: 07JO0KMI

Average Calibration Coeflicient for the range of 0,012 mR/h - 0.220 mR/h*:
1.02 mRM"mR” reading

iMeasured o1 4 points)

Calibration Coeflicient for the 50.0 mR/h poimt®:
1.12 mRM"mR™ reading

Calibration Coefticient for the 80.0 mR/h point™:
1,10 mR/"mR" reading

Found RAC: 2.1689¢-8

*Multiply the reading in mR/h by the Calibration CoefTicient to obtain rue mR/h.

Calibrated By: %Mcw&d By: MKEP;. L

Title: Eais':.rumnTumnc_ua:l _ Title:

Log: M-53 Page: 73

Revision 12/12/2011 Page 2 of 3



K&S Associates, Inc
MNashvifle, Tennessee 37210-3718

AS FOUND DATA
Reuter-Stokes Chamber Calibration

June 27, 2016 Test Number MIG155%
CHAMBER: SUBMITTED BY:
Mifzr: Reuter Stokes ERG
Model:  R55-13]
Serial: 07JOOKMI Albuguergue, NM
ORIENTATION/CONDITIONS: ATMOSPHERIC COMMUNICATION:  SEALED

Serial number away from source

“True” background exposure rate of 6.7 uR/h. instrument reading was 0.0076 mR/h

POLARIZING POTENTIAL 401V LEAKAGE: negligible
BEAM QUALITY CALIBRATION

BEAM EXPOSURE RATE COEFFICIENT UNCERT LOG
CsEnZ20 (1 tmCi) 0. 22mRh N - 1.00 mRMhrdg 1% M-53 73
CsEnB0 (1 1mCi) 0.08mRH  N.= 1.03 mR/hirdg 11%
CsEnvi12 ( tmCi) 0.012ZmRE N = 1.01 mR/Wrdg 1%
CsEnvis { LnCi) 0.015mR/h N = 1.02 mR/h/rdg 11%
Cs199m (20 Ci) S0mR/K N = 1.12 mR/h'rdg R%
Cs252m (20 Ci) ROmRMh N,= .10 mE/h/rdg B

Comments  Batt 6.1V. Temp: 246 deg C,  K&S Environment: Temp:21 deg C . RH 59%, Press: 752 mmHg:

Report Mumber: 161866
Refer 1o Appendix | of this report for details on PIC ionization chamber calibrations. Procedure: 81 25
RAC Found: 2.165e-8

Calibrated By W@m Reviewed By: ff E’ra»
iehard Harceenn !

Title: Titke:

Checked By: Prepared By: ﬂfﬂ ¥ orm RSS

ACCREDITED INSTRUMENT CALIBRATION LABORATORY (5] Page 3 of 3
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Radiological Survey of the Barton 3
Abandoned Uranium Mine— Preliminary Appendix B
Prepared for Stantec Consulting Services Inc.
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10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:15
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:16
10/14/2016 10:17
10/14/2016 10:17

Barton 3 Exposure Rate Measurements for Correlation

0.0532
0.0923
0.0795
0.0534
0.0339
0.0223
0.0165
0.0135
0.0122
0.0116
0.0111
0.0108
0.0106
0.0104
0.0104
0.0103
0.0103
0.0103
0.0105
0.0108
0.0105
0.0102
0.0103
0.0103
0.01
0.0103
0.0104
0.0104
0.0102
0.0099
0.01
0.0104
0.0108
0.0106
0.0108
0.0108
0.0106
0.0105
0.01
0.01
0.0104
0.0104
0.0105
0.0111
0.0117
0.0116
0.0116
0.0114
0.0109
0.0111
0.0117
0.0117
0.0114
0.0109
0.011
0.011
0.0109

Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1

10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:17
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:18
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:19
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:20
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:21
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22
10/14/2016 10:22

0.0109
0.0106
0.0108
0.0105
0.0105
0.0105
0.0106
0.0105
0.0104
0.0108
0.0109
0.011
0.0106
0.0105
0.0106
0.0108
0.0109
0.0111
0.0111
0.0111
0.011
0.0103
0.01
0.0104
0.0104
0.0102
0.0102
0.0104
0.0106
0.0109
0.0106
0.0105
0.0104
0.0104
0.0105
0.0104
0.0106
0.0109
0.0109
0.011
0.011
0.0108
0.0105
0.0105
0.011
0.0108
0.0105
0.0105
0.0105
0.0104
0.0103
0.01
0.0103
0.0106
0.0109
0.0112
0.0117

Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1
Correlation Location 1



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:45
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:46
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:47
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:48
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:49
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50

Barton 3 Exposure Rate Measurements for Correlation

0.0547
0.0969
0.0867
0.0618
0.0434
0.032
0.0254
0.0218
0.0199
0.019
0.0186
0.0182
0.0187
0.0192
0.0192
0.019
0.0188
0.0187
0.0187
0.0186
0.0189
0.0192
0.0194
0.0194
0.0189
0.0187
0.019
0.0187
0.0187
0.0192
0.019
0.0188
0.0188
0.019
0.0192
0.0188
0.0184
0.018
0.0185
0.0192
0.0194
0.0199
0.0199
0.0194
0.019
0.019
0.0188
0.0184
0.0182
0.0186
0.0184
0.0188
0.0189
0.0188
0.0186
0.0186
0.0185

Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2

10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:50
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:51
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:52
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:53
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:54
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 10:55
10/14/2016 11:19
10/14/2016 11:19
10/14/2016 11:19
10/14/2016 11:19
10/14/2016 11:20
10/14/2016 11:20

0.0185
0.0182
0.0185
0.0187
0.0187
0.0186
0.0187
0.0187
0.0186
0.0187
0.019
0.019
0.0186
0.0184
0.0184
0.0187
0.0189
0.019
0.019
0.019
0.0192
0.0192
0.0192
0.019
0.0189
0.0188
0.0189
0.019
0.0192
0.019
0.0192
0.0188
0.0182
0.0182
0.0182
0.0184
0.0185
0.0188
0.0189
0.0188
0.0189
0.019
0.0192
0.0189
0.0185
0.0184
0.019
0.019
0.0192
0.0194
0.019
0.0556
0.0988
0.0895
0.0655
0.0474
0.036

Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 2
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:20
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:21
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:22
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:23
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:24
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25
10/14/2016 11:25

Barton 3 Exposure Rate Measurements for Correlation

0.0299
0.0272
0.0259
0.0247
0.0239
0.0235
0.0233
0.0231
0.0232
0.0233
0.0233
0.0231
0.0232
0.0232
0.0228
0.0223
0.0227
0.0231
0.0232
0.0232
0.0231
0.0231
0.0237
0.0241
0.0241
0.0235
0.0237
0.024
0.0242
0.0243
0.0239
0.0237
0.0234
0.0241
0.0244
0.0243
0.024
0.0237
0.0235
0.0232
0.0233
0.0237
0.0242
0.0239
0.0237
0.024
0.0239
0.0242
0.0241
0.0239
0.024
0.0241
0.0242
0.0247
0.0247
0.0243
0.0241

Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3

10/14/2016 11:25
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:26
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:27
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:28
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:29
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:30
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:49
10/14/2016 11:50

0.0239
0.0237
0.0237
0.0235
0.0235
0.0234
0.0233
0.0234
0.0232
0.023
0.023
0.0227
0.0229
0.0228
0.0227
0.0225
0.0223
0.0222
0.0221
0.0225
0.0231
0.0235
0.0235
0.0235
0.0239
0.0237
0.023
0.023
0.0235
0.0234
0.0233
0.0237
0.0235
0.023
0.0227
0.0228
0.0227
0.0229
0.0232
0.0233
0.0233
0.0235
0.0237
0.0234
0.0233
0.0233
0.0227
0.0227
0.0228
0.0229
0.0228
0.0542
0.095
0.084
0.0586
0.0398
0.0286

Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 3
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:50
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:51
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:52
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:53
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:54
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:55

Barton 3 Exposure Rate Measurements for Correlation

0.0223
0.0189
0.0172
0.0163
0.016
0.0156
0.0156
0.0155
0.0156
0.0158
0.0158
0.0164
0.017
0.0172
0.0169
0.0162
0.0158
0.0155
0.0156
0.0158
0.0154
0.0154
0.0155
0.0155
0.0156
0.016
0.0158
0.0154
0.015
0.0147
0.0147
0.0152
0.0155
0.0154
0.0154
0.0154
0.0153
0.0152
0.0154
0.0156
0.016
0.0163
0.016
0.0156
0.0154
0.0154
0.0156
0.0158
0.016
0.016
0.016
0.0158
0.0158
0.0158
0.016
0.0156
0.0156

Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4

10/14/2016 11:55
10/14/2016 11:55
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:56
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:57
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:58
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 11:59
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:00
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13
10/14/2016 12:13

0.0154
0.0153
0.0152
0.0151
0.0152
0.0158
0.0162
0.016
0.016
0.016
0.0156
0.0154
0.0152
0.0151
0.0152
0.0156
0.0161
0.0166
0.0167
0.0168
0.0165
0.0161
0.016
0.0161
0.0161
0.0158
0.0161
0.016
0.0156
0.0155
0.0151
0.0149
0.0148
0.0151
0.0152
0.0151
0.0149
0.015
0.0148
0.0152
0.015
0.015
0.0152
0.0154
0.0156
0.0152
0.015
0.0534
0.0934
0.082
0.0565
0.0373
0.0263
0.0202
0.017
0.0151
0.014

Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 4
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5



Date and Time

Exposure Rate
(mR/h)

Location

Date and Time

Exposure Rate
(mR/h)

Location

10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:14
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:15
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:16
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:17
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:18
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19

Barton 3 Exposure Rate Measurements for Correlation

0.0133
0.0131
0.0128
0.0127
0.0124
0.0126
0.0129
0.0131
0.013
0.013
0.0129
0.0129
0.0133
0.0136
0.0134
0.0132
0.0134
0.0133
0.0132
0.0132
0.0131
0.0128
0.0124
0.0121
0.0118
0.0118
0.012
0.0122
0.0128
0.013
0.013
0.0132
0.0134
0.0136
0.014
0.0141
0.0138
0.0138
0.0134
0.0131
0.0128
0.0123
0.0123
0.0123
0.0122
0.0118
0.0118
0.0122
0.0123
0.0124
0.0123
0.0126
0.0134
0.0137
0.0135
0.0131
0.0127

Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5

10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:19
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:20
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:21
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:22
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:23
10/14/2016 12:24
10/14/2016 12:24
10/14/2016 12:24

0.0124
0.0124
0.0128
0.0132
0.0135
0.0134
0.013
0.013
0.0137
0.0139
0.0134
0.0134
0.0132
0.013
0.013
0.0129
0.0124
0.0127
0.0131
0.0133
0.0132
0.0129
0.0126
0.0122
0.012
0.012
0.0122
0.0126
0.0128
0.0132
0.0134
0.0135
0.0131
0.0128
0.0128
0.0124
0.0124
0.0126
0.0128
0.0128
0.0129
0.0127
0.0123
0.0123
0.0124
0.0126

Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
Correlation Location 5
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Appendix B Photographs
B.1 Site Photographs

B.2 Regional Site Photographs
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Document Path: U:\233001213\03_data\;
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~~ Photograph Indicating
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Approximate Overland Water
Flow Direction

Drainage

Potential Haul Road
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Excavation

Graded / Disturbed
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Claim Boundary
100-Foot Claim Buffer

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys Co.
on June 16, 2017.
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Document Path: U:\233001213\03_data\,

USDARSAAREOAerial Photography,

NAVAJO
NATION

AUM Environmental
Response Trust-First Phase

LEGEND

EI!.---"" Photograph Indicating
~., Direction Taken

{} Habitable Building
Flow Direction
Tribal Road
Local Road
Potential Haul Road
Road
Intermittent Stream/River
Claim Boundary

1/4-Mile Claim Boundary
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1-Mile Claim Boundary Buffer
Other Claim Boundary

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture
Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 07/2018.

Regional Site Photographs

Removal Site Evaluation
Barton 3 Mine Site

DATE: 213012018 DOCUMENT NAME:
Removal Site Evaluation Report
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Appendix C Field Activity Forms
C.1 Soil Sample Field Forms

C.2 Drilling and Hand Auger Borehole Logs
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C.1 Soil Sample Field Forms



SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Dardon 3

SAMPLELD. _S2T20- G { -~ 00}

SAMPLE COLLECTION DATE \O/ /il

SAMPLE COLLECTION TIME O83 w

SAMPLE COLLECTED BY C.lee

ﬁ‘_o €
WEATHER CONDITIONS 2 9 2 _ (tsody _ gluo-¥ Lot

FIELD USCS DESCRIPTIONS Sy Sond

mMAJOR DIvisiONS: dod UcH OQwmu Uon Qer Uwme Usc
Ksv Qsp Osw Qeec QOem Qep OQaw
QUALIFIERS: [ TRACE Iminor [ somEe;sanpsize [ rNE UJ mMEDIUM [ COARSE

MOISTURE: ,ﬁ pRY Imoist AwWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 y T2 \_P\°‘-—

P ~ Methra
ANALYSES: i L]

o
L

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e

SURFACE SOIL SAMPLE LOG FORM

2
AREA #/NAME Voo o 3

SAMPLE 1.D. S270 -Qal-002-

SAMPLE COLLECTION DATE W/ lo/tle

SAMPLE COLLECTION TIME oY ‘

SAMPLE COLLECTED BY Coilbog

WEATHER CONDITIONS §6°, shody, slyud win]

. J
FIELD USCS DESCRIPTIONS $~ + 7 % °"-J

mAJOR DIVISIONS: LdoH QOcu UmH Won Qe Ome Usc
Gksm Usp Usw Qeec Uem Uap Uaw
QUALIFIERS: (JTRACE ImMINOR T soME;sAND sizE [ FINE L MEDIUM 1 COARSE

MOISTURE: &NDbry moisTt QWET

SAMPLE CONTAINERS (NUMBER AND TYPE) T2 _2uploc

ANALvsEs: ="l | MARG

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 3 or o 2
SAMPLE I.D. L2220 -Rul-003

SAMPLE COLLECTION DATE WO/ /Ui

SAMPLE COLLECTION TIME Y498

SAMPLE COLLECTED BY (e

WEATHER CONDITIONS __ 552, elowly, Sl wel

U
FIELD USCS DESCRIPTIONS St +4 so“J
MAJOR DIVISIONS: doH dcH OwmH Qo der Llme Qsc
Hem Osp Usw dac Udaem Oep Qaw
QUALIFIERS: L TRACE U miNoR [ somE; sanpsizé 1 FINE (] MEDIUM (] COARSE

MOISTURE: PRy O moist O wWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 P

ANALYSES: e T2 o, Mudpaly

™
v

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 6 av o 3

SAMPLE LD. $220~ G\ -0y

SAMPLE COLLECTION DATE \Or b /i\e

SAMPLE COLLECTION TiME 045 2

SAMPLE COLLECTED BY Cobne

G
WEATHER CONDITIONS 55° cloedy, Sﬁ‘J“" wrnd

FIELD USCS DESCRIPTIONS S e My 5 a"‘"“'J

MAJOR DIVISIONS: doH Qcx OmH OoH Qe dme Wsc
Mesm Odsp Usw Uae Aoem Wep daw
QUALIFIERS: I TRACE TImINOR ) somEe; sanND size O AINE 1 mEDIUM U] COARSE

MOISTURE: XJpRy AmoisT I WET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 . '?—\‘a\ O

ANALYSES: R~ P2 te,  [Maihmts

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM
AREA #/NAME Bt >

SAMPLE LD. ST20~- Rl - 00%

SAMPLE COLLECTION DATE \O/o /e

SAMPLE COLLECTION TIME 0as Y

SAMPLE COLLECTED BY Co~ne

WEATHER coNDITIONs _ SO°  cloudly, afiywt wind

FIELD USCS DESCRIPTIONS __2! {“"7 S ‘-'-”‘"-'J

MAJOR DIVISIONS: (JoH TdcH Umn UQon Uer Ume Usc
Ksw sp Asw Uee Uam Qep Oew
QUALIFIERS: O TRAcE O miNnor U some; sanp sizé 1 FINE 1 mEDIUM () COARSE

MOISTURE: XIDRY UmMoist LIWET

M 1
SAMPLE CONTAINERS (NUMBER AND TYPE) 2 \ 7—"3‘""0

ANALYSES: Qe Udte (Masiz oy

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME o 3
SAMPLE 1.D. SLZLO- Fiqa\~O0 e

SAMPLE COLLECTION DATE ___\O/ /lte

SAMPLE COLLECTION TIME \COoZ.

SAMPLE COLLECTED BY Crisne

. ~— .
weaTHER conpitions S5 clowly, sht” win)

FIELD USCS DESCRIPTIONS Cits son/

MAJORDIVISIONS: (Doxd Uer dmi Qod el Ome Usc
Fsm dsp Usw Oee Uem Uer Ulaw
QUALIFIERS: I TrAceE U minoR ) soME: sanp size L) FINE 1 mEDIUM (] COARSE

MOISTURE: MDRY LImoisT L wEeT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 . pleoc

ANALYSES; BTG Mk s

-~
U

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME G orxon

SAMPLE 1D, S220-~ B\ -00T md5 MyD

SAMPLE COLLECTION DATE __\O/ e/t

SAMPLE COLLECTION TIME \O1o
- \~te

SAMPLE COLLECTED BY

WEATHER CONDITIONS €52, elouely | sliyet wid

FIELD USCS DESCRIPTIONS Y (42 50""\-]

maJor DIvisions: (JoH dcH Odmy donw Qo Udme Usc
Ksm Qsp Osw Qee Qem Qep Qaw
QuaLiFiERS: [ TRAcE Uminor U some; sanp size 1 FINE U] MEDIUM ] COARSE

MOISTURE: E}‘BHY WU moisT LI WET

SAMPLE CONTAINERS (NUMBER AND TYPE) & ‘ ’2-\‘9\0 -

ANALYSES: o~ 272G . Med=\s

.,
oF

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME G orvm 3

SAMPLE 1.D. Szzo - &al-o00 Y
SAMPLE COLLECTION DATE YA NARY-
SAMPLE COLLECTION TIME o2 e

SAMPLE COLLECTED BY C: \ea

WEATHER coNDITIONs _ SS°, clovdy , .S(;} v

FIELD USCS DESCRIPTIONS __ 9x {4 Sow/

MAJORDIVISIONS: UoH UcH OwmH Oon Qoo Ume Qsc
Rsm Osp Osw Dac Qam Uapr Uew
QUALIFIERS: U TRace U minor U some;sanp size ( FINE U meEDIuM (] COARSE

MOISTURE: JAdory Umoist U WET

SAMPLE CONTAINERS {(NUMBER AND TYPE) 2 Nl 3. f‘" D&

ANALYSES: e 220 et ls

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Beoton B
SAMPLE 1.D. $220- 3@\ - 00 F

SAMPLE COLLECTION DATE {Crbortie

SAMPLE COLLECTION TIME 103 2

SAMPLE COLLECTED BY Crlbee

WEATHER CONDITIONS §5° ' efouvdy L S “J w1 wind

FIELD USCS DESCRIPTIONS S; { 'I’y .-SO"VJ

MAJOR DIVISIONS: (Jon QcH UmH WoH Oeor UM Usc
Ksm Usp Usw Oge Oam Qap OJaw
auaLiFiers: LlTrace [ minor (U somE; sanp size 1 FINE U MEDIUM [ COARSE

MOISTURE: XIDRY dmoist L weT

SAMPLE CONTAINERS (NUMBER AND TYPE) ~ \ q—-'Fl Ot

ANALYSES: Qa2 MaSkmls

i
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPL.E LOG FORM

AREA #/NAME Rervn 'S

SAMPLE L.D. 5210 ~-Bqal- Oio
SAMPLE COLLECTION DATE \orb/stie
SAMPLE COLLECTION TIME (O3
SAMPLE COLLECTED BY C. \~oe

WEATHER CONDITIONS __ §5 © | clowl y S(aJM o,

FIELD USCS DESCRIPTIONS S ( ‘{'}‘ S@”J

maJORDIVISIONS: [(JoH Oecr OmH Qow et Qme Usc
sm Osp Osw Dce Uam Dap dew
QUALIEIERS: 2 TRAcE minor Llsome;sanp size U FINE L MEDIUM L) COARSE

MoISTURE: &Ry W moist O weT

SAMPLE CONTAINERS (NUMBER AND TYPE) > ’3‘-‘[9\0*-«'-""

ANALYSES: @—»—m‘ M‘J

"

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME f?“)/}uf‘}(%‘ﬁ [ g
SAMPLE 1D, ___ 2272 “¥a\ - OW
SAMPLE COLLECTION DATE % ] 2;%\2.0\ X

H ¥

SAMPLE COLLECTION TIME lDO {D,
SAMPLE COLLECTED BY \C:B . y&?

WEATHER CONDITIONS Uhﬁ%v oveveesy | S EY €

FIELD USCS DESCRIPTIONS _~ Peg(ouw v OV S/ o"**;\) G,
mMAJOR DIVISIONS: (JoH UcH WUmH UQoH WceL g ML U sc
esm Dsp Osw Uaeec Oem Hap Uaew
QUALIFIERS: ] TRACE [Iminor (1some; sanDsizé R FINE ) MeEDIUM (] COARSE

MOISTURE: [ pRY !?_s] moisT LI WET

MUNSELL COLOR E‘\v\ AN

SAMPLE CONTAINERS (NUMBER AND TYPE) /. 21 o lees
ANALYSES: M el S Yo il

A
o

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME M'w/é
SANMPLE 1D. D770 -2\ ~ OVL

SAMPLE COLLECTION DATE ’Q\L ‘Z%\t 26X

428
SAMPLE COLLECTION TIME pherrS” ols
. e
SAMPLE COLLECTED BY &

\ o
WEATHER CONDITIONS Ddaercosi - A vui»uj) LA f?’r

FIELD USCS DESCRIPTIONS E""\m\%& L, @/\’Sﬁ"'

mAJOR DIVISIONS: (doH OcH Odmu Uonw Uer bme O sc
Osm UOsp Osw WUae dem Uep U aw
QUALIFIERS: U TRACE U miNoR L soME; sanpD sizeé SbFINE U mEDluM [ COARSE

MOISTURE: 1pry 8 moist QweT

MUNSELL COLOR N ‘?\

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ /. "2\ \o\acﬁm

ANALYSES: I N Waekalsg

‘\;}

o

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

""? -
AREA #/NAME___ O T 5

SAMPLE 1.D. Q72400 " Rig\ ENT

SAMPLE COLLECTION DATE 2 ! 23 \ TONF
SAMPLE COLLECTION TIME LoV

_ o
SAMPLE COLLECTED BY =1 ’ Y

- -
WEATHER CONDITIONS __ (Wi 2 st t u,u‘r\c:&»:\) LS

FIELD USCS DESCRIPTIONS Ml %.\\3\'%5) Sl

MAJORDIVISIONS: JoH OcH OmH Jonw e Wme Qsc
B¥sm Osp Usw aec Uem Qaep Qaew
quaLiFiers: L TRACE T mMiNOR ] SOME; SAND SIZE (@ Fine [ Mepium () cOARSE

MOISTURE: bRy Amoist JWET

MUNSELL COLOR A ¥

SAMPLE CONTAINERS (NUMBER AND TYPE) . A, ‘ﬂ\a [

ANALYSES: M\ o\e - Vo722 L e

s

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME /i)x;*e\/«\"ﬁ\r\ =
SAMPLE 1D, 7120 - €a\ - C)\L\’

SAMPLE COLLECTION DATE 5 \ (S \ 2T
SAMPLE COLLECTION TIME FOUS
SAMPLE COLLECTED BY [N \ 4

= f#]
WEATHER cONDITIONS _ ( Neveper,  anvlq S [&
- \\/‘é;;’

FIELD USCS DESCRIPTIONS D(NVIRONY: NP A

MAJOR DIVISIONS: JoH Ucw Oms dow Uer Ome Osc
Qsm Dsp Msw Uec Uem Uep Uoew

QuALIFIERS: (O TRACE SAMINOR [1sOME; sanDsizeé & FINE [ MEDIUM YCOARSE

MOISTURE: EE[)DRY O wmoist LJweT

MUNSELL COLOR N %’

SAMPLE CONTAINERS (NUMBER AND TYPE) . " &\ p\oC =

ANALYSES: _@9 s ‘ W&P/\S

A
\

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID

Aavede As




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME /?DW’\’UV‘ S

SAMPLE LD, __ 977C -~ al - O\S

SAMPLE COLLECTION DATE 3‘\ 7,51 70N~

SAMPLE COLLECTION TIME O

& K
SAMPLE COLLECTED BY \CB \7

WEATHER CONDITIONS (e ePs N UJL\'\d"V\ L’\g f_

FIELD USCS DEscmPﬂous’(lmn Xo v Ao cm/\y\cv&%w(\ w\ AV €025

MAJOR DIVISIONS: (1 OH EICH Oms QoHw U CL Uwme dsc Dyu 23
Qsm dse Asw Uaee Daem Lap Uaw
QUALIFIERS: [ATRACE (dmINOoR [ somE; sanp sizeé [ FINE [ MEDIUM 2 COARSE

MOISTURE: DRY U moisT O weT

MUNSELL COLOR N
SAMPLE CONTAINERS (NUMBER AND TYPE) U A AlecS
ANALYSES:. (o~ 7 2o : Mokl s

Iy
\LJ

MARK INRIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME (\3 artn. 3

SAMPLE D, _ 92%®~ B2 - 6o\

SAMPLE COLLECTION DATE (0371

SAMPLE COLLECTION TIME {0302

SAMPLE COLLECTED BY C‘ L‘-‘—

o
WEATHER CONDITIONS (OO ¢ wivd 7

FIELD USCS DESCRIPTIONS _ Sttt o/ aymee (s

v
MAJORDIVISIONS: (JoH Uen Umn don Oeor Thme Wsc
Bsm Qs Osw Uee Qv Qep Qew

QUALIFIERS: ALTRACE LImiNOR (O soME; sanp size [ FiNe O mEDIUM  1-COARSE

MOISTURE: Q—onv Qmoist UweT

SAMPLE CONTAINERS (NUMBER AND TYPE) A, 2oploc

ANALYSES:  Ra—2726¢. Miikmts

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS [N GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Lo~ D

SAMPLE LD, . S220- Bul~ od2-

SAMPLE COLLECTION DATE IO/3/tw

SAMPLE COLLECTION TIME lod Y

SAMPLE COLLECTED BY C.' Lae

WEATHER CONDITIONS 00 ° : whndy

FIELD USCS DESCRIPTIONS s tt wt / ;/mw( s
MAJOR DIVISIONS: JoH Uen Umr on e Ume Usc
Hsm dsp Osw Qeec Oaem dap Qaw
QUALIFIERS: G TRACE tminor L sOME; sAND sizé (U FINE (1 MEDIUM XTI COARSE

MOISTURE: XIDRY U moisT IweT

SAMPLE CONTAINERS (NUMBER AND TYPE) __"2-_ 2p\oc
ANALYSES: _ Po-272.6, Mok 's

L
D

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME % C\J"&u\n—g

SAMPLE 1.D. {220~ R@Ga-ood

SAMPLE COLLECTION DATE _\O( 3 /L s

SAMPLE COLLECTION TIME o4 L

SAMPLE COLLECTED BY Y

weaTHeR conprrions — {(00°, wnndy

FIELD USCS DESCRIPTIONS ____S1ULf w/ ¢mles

4
MAJOR DIVISIONS: [doH UcH Umu 50}-{ e Ome Wsc
Nom Usp Wsw Uae Waem Uaepr Llaw
QUALIFIERS: BTRACE LIMINOR L) SOME; SAND SIZE 3 FINE 1 MEDIUM XT coanse

MOISTURE: DRY moisT JWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 ptoc

ANALYSES: __@a=22¢, fade

.@.

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

<2
AREA #/NAME L av i O
SAMPLE LD. gzzo- a2 -00Y

SAMPLE COLLECTION DATE __ \n!( 3/ {\=

“
SAMPLE COLLECTION TIME (oS “f

SAMPLE COLLECTED BY . L"a"-‘

<
WEATHER CONDITIONS  ©0° | stnd y

FIELD uscs pEscripTions 5t LF wf grave Ls
MAJOR DIVISIONS: doH OdecH Ume Jow Uer Ome Usc
Hsm Usp Usw Waec daem dap Uaw
QUALIFIERS: STRACE mINOR [ sOME; sanD sizé 1 FINE (1 mEDIUM B TOARSE

MOISTURE: pry Umoist AWET

SAMPLE CONTAINERS (NUMBER AND TYPE) T2 2velec

ANALYSES: _Qa”l'l‘ﬂ" Moo s

[}
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME G ordon 3

SAMPLE L.D. S2LOo~ B2 - 0o &

SAMPLE COLLECTION DATE \O/3/ e
SAMPLE COLLECTION TIME \WOo
SAMPLE COLLECTED BY C Voo

WEATHER conpiTions __20° . yind y

FIELD USCS DESCRIPTIONS __Setd w/ j@w&(}
mAJOR DIVISiONsS: LJor UcH Umn don Uer Ume Usc
@sm Qsp Usw Uee Udam Uar dew
QUALIFIERS: OFTRACE LImMINOR [ some; sanD sizé O FINE 0 MEDIUM &} TOARSE

MOISTURE: ¥DRY (ImoisT O wer

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 2eploc

ANALYSES: (Qe-c’?z%, _Lu:kkts

W

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Qo kom 3

SAMPLE LD. $220-04G2 -0 ,2060 ¢ D.p/

SAMPLE COLLECTION DATE 1013/t
SAMPLE COLLECTION TIME \WO
SAMPLE COLLECTED BY . bee

WEATHER CONDITIONS ___(00° |\ y

FIELD USCS DESCRIPTIONS __ St (# o/ Sreve! S

maJoRr DIvisions: Jow Uen Umn Uod e Ume Usc
Xsm Osp Osw Jeec Oem Oep Oaw
QUALIFIERS: ITRACE LI MINOR (1 SOME; SAND sizE ) FINE 1 MEDIUM &J-COARSE

MOISTURE: &pry U moist U weT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 2vola

ANALYSES: Cen " 2240, Mase\s,

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Lot~ D
SAMPLE L.D. SLo - By —o T

SAMPLE COLLECTION DATE \of 3 o

SAMPLE COLLECTION TIME WO

SAMPLE COLLECTED BY C e

WEATHER CONDITIONS lLO ° . u.!l"’“-“ Vi

FIELD USCS DESCRIPTIONS __ St wif eyeurls

1
MAJOR bivisions: (JoH lcH O mH d)ou e Ome Usc
Rsm Qsp Osw Qeec Oam Oepr Qew
QUALIFIERS: kTRACE miNnor O somE; SAND sizé O FINE U MEDIUM & COARSE

MOISTURE: MDRY dmoist W WET

SAMPLE CONTAINERS (NUMBER AND TYPE) __ "2~ 2 (ploc

ANALYSES: ¥~ 22('? Mgz ¢

i
Y

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




.

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME G et~ 3

SAMPLE 1.D. 22122~ QB Q2L ~voYy

SAMPLE COLLECTION DATE \o 3/t

SAMPLE COLLECTION TIME (U—=o

SAMPLE COLLECTED BY (_— . l-'-“&

WEATHER conpiTions (20, winad y

FIELD USCS DESCRIPTIONS __5t (t Lv/ fave {1

L
MALJOR DIVISIONS: (JoH UdcH QwmH El oH e Ume Qsc
Hem Usp Usw UQeec Uaem Uer Uew
QUALIFIERS: [XTRACE dmiNOR (1 someg; sanp sizé () FINE () mEDIUM [FCOARSE

molsTURE: pry moist Qwer

SAMPLE CONTAINERS (NUMBER AND TYPE)  “Z~, Ziploc

ANALYSES: __\Za~22 6 Maka Ls

)
v,

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME G o 3D
SAMPLE LD. 120 -39l ~ 009

SAMPLE COLLECTION DATE \©/37lw

SAMPLE COLLECTION TIME W6

SAMPLE COLLECTED BY (. \rac

WEATHER CONDITIONS (00"i .,u.:w.)n,

FIELD USCS DESCRIPTIONS __ S It u-{/ Fruet &

MAJOR DIVISIONS: JoH e UmH UdoH Uer Ume WUse
Xksmv Ose Osw OQaec Oem Qe Qaw
QUALIFIERS: DETRACE LImMINOR [ soME; saND sizé U FINE [ MEDIUM &} COARSE

MOISTURE: XIDRY dwmoist U weT

SAMPLE CONTAINERS (NUMBER AND TYPE) 21 2.4 PLo«.—

ANALYSES:  @e T2 M, &

F

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM
AREA #/NAME @DW\"H E

SAMPLE LD. S2ro- B2 -owo

SAMPLE COLLECTIONDATE . \©/3 /(o

~
SAMPLE COLLECTION TIME WS -
SAMPLE COLLECTED BY € bee
o .
WEATHER CONDITIONS 1) PN w«Qg/

FIELD USCS DESCRIPTIONS __5t (f v/ ReT ‘¢

MAJOR DIVISIONS: (JoH TdcH Jmd Jod Uer WUme Qsc
Msm Usep Usw Uee Waem Hgp Qew
QUALIFIERS: [NTRACE [ MINOR (1 soME; saND sizé O FiNe O MEDIUM B-COARSE

MOISTURE: HXpry A moisT L WET

SAMPLE CONTAINERS (NUMBER AND TYPE) P . "?—1|ﬂLu._

ANALYSES: Qr«*’l’/%i Mt ¢

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME %&w‘-‘hﬂJ
sAMPLEID. S22 0-BRéED ~oo |

SAMPLE COLLECTION DATE——ﬁg;/ZéZ/—/wL‘:}' e

SAMPLE COLLECTION TIME m tt 9

SAMPLE COLLECTED BY C/L

WEATHER CONDITIONS ,C“n)m«r? ~ O & =t

FIELD USCS DESCRIPTIONS (2. ) ?ﬂwly ‘ ftw—ﬁw\ Yoo £ d Dry loege (= p,

mAaJOR DIVISIONS: on OceH Owmi Oon Qe Qdme Usc WQ}/W’) FL—-J'F fes fy
Osw @sp Osw Oac Qem Qap Qaw o debil

auaLiriers: O trace Blwinor O some; sanpsize O Five O mepivm O cOARSE

MoISTURE: [ApRY LlmoisT LIWET

— '
SAMPLE CONTAINERS (NUMBER AND TYPE) pra Zp BN

ANALYSES: Ra—226 . Metal ¢

P
S

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID

a




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME B ot
SAMPLEID. 2220w B&ER - 002

SAMPLE COLLECTION DATELr—égL,Zg- é',j}z—————mﬁf

SAMPLE COLLECTION TIME - > -
<l

SAMPLE COLLECTED BY

-

WEATHER CONDITIONS LY, Wy MBS F

4
[ r). : . o L . } 1 .
FIELD USCS DEscmPTlomsCé\’) {eord, 3@-&”5\ Sand Bl Doy faosn Frace

MAJOR DIVISIONS: ‘doH OcH Owmi OoH Qe Qme Osc  Coatse Soad adk
LY . g f‘a-\-"r_,(j

Osv Bsp Qsw Oac Oam Dep Oaw  S° PR 2
QUALIFIERS: (FTrace (minor [ soME:saND sizE O3 FiNe 3 MEDIUM ZA-COARSE s &

MOISTURE: %RY Umoist DweT

2 Zieleals

SAMPLE CONTAINERS (NUMBER AND TYPE)
ANALYSES: Ko -z2 <, e A ( g

N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID

e



SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME gwﬁm\j
SAWPLELD, 5220 ~B&3 — <oy

SAMPLE COLLECTION DATEMQ,/&Q/ LF SR

SAMPLE COLLECTIONTIME __ 2 ¢ &

SAMPLE COLLECTED BY C L

a .o
WEATHER CONDITIONS SU :\Jf»“'y ol u

FIELD Uscs pEscriPTions (5P P@ﬁr@ g Sl gﬁé@( @75 ) Fove s (5 ) G

o
MAJOR Divisions: doH Ocd Omy Uon Qe Wme Usc 7 ““5*’ RS Py
Osw Msp Osw Uac Oew Dep Daw i
QUALIF:ERS:)EfITRACE W mmnor U some; sanp sizeé O Ane O mepum [ COARSE

MOISTURE: ﬁonv Uwmost OweT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 /141@ (e <
ANALYSES: fon -22 4 . Meedele
D,
U__X"

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID

e ) d

budy




SURFACE SOIL SAMPLE LOG FORM
AREA #/NANE B o

SAMPLEID. 222 O " Bé&3-coy

SAMPLE COLLECTION DATE 3/9 é}/‘ 7 S O

samPLE coLLecTionTE [ 2 2 S
.

SAMPLE COLLECTED BY

WEATHER CONDITIONS __ DU pphy 50 £
FIELD USCS DESCRIPTIONS @P\ éwa glei Sowd R eoes Doy < 170 He o

MAJOR DIvVIsioNs: (dor Och OmH Uon et me Usc (g 7 el d"”’*“d
Osvw Osp Usw Uac Uaem Uap Uaw ¢ob argvlar yai
QuALIFIERS: [ TRACE KmiNor () somE; sanpsizé O FINe (3 mEDIUM [} COARSE

MOISTURE: MDRY Qmoist LIWET

SAMPLE CONTAINERS (NUMBER AND TYPE} g¥ 2*“‘\'5" ‘C’c \C%

ANALYSES: Car22( AT ALY

N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID

L {




SURFACE SOIL SAMPLE LOG FORM

AREA#NANE.__ (Sar Tt

S22 ~BE2 00l

SAMPLE 1.D.

SAMPLE COLLECTION DATEm-ﬁ&g/éZﬁ/ (4 B— U ——

L2
SAMPLE COLLECTION TIME j O s lg-

SAMPLE COLLECTED BY CAL

WEATHER CoNDITIONs S wspinly  ~ &0

{&x_gtm’

! .)
FIELD Uscs pescriPTions (5F > prerty @“'A“’\ Fve ol Bl P v

MAJOR DIvisionNs: Llod cH OwH O od Uer Omn Usc
Osm Msp Osw Oee Oem Qap Qaw
quaLIFiErs: A TRACE O wminor [ soME; sanp size U AN U MEpium (1 COARSE

moIsTURE: bRy Qwmoist LIWET

2 Zolec lzs
SAMPLE CONTAINERS (NUMBER AND TYPE) : -*“fg') Cor T

ANALYSES: __£opn = 200 : Mok s

(AY
E,\/

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Bapdey 5
SAMPLELD. SZ20 — B3 e &

SAMPLE COLLECTION DATE_EQ_/',ZGZG;Z/? e e

fo2 o
£ -

SAMPLE COLLECTION TIME

SAMPLE COLLECTED BY
(-
WEATHER CONDITIONS =2 &~ 7" !\/ L

FIELD USCS DESCRIPTlONS@@ %WL,;, grrd N ZaX {Dm? - Eery Facdo

mAaJor bivisions: Ldon UcH Ume Uon Qe Qwme Usc Sty Gt
Dsm Wep Osw Uee Oem UaP DGW  nlpur ooty
quaLiFiERS: [ Trace Tminor U some;sanp size U FINE L) MEDIUM (1 COARSE

moisTURE: BWpry Qwmoist LAWET

SAMPLE CONTAINERS (NUMBER AND TYPE) A 'tg))o g
G e . _
ANALYSES: e 226 , Pl *a( <

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 1,45F o
SAMPLELD.  <272.2.0 ~ Bk B~ £ -

. & /o i .
SAMPLE COLLECTION DATE G‘;/ 26 / I R |

SAMPLE COLLECTION TIME (6.25

5
SAMPLE COLLECTED BY &

. 2 -
WEATHER CONDITIONS (vw“ﬁ' ey 6(7 (’

FIELD USCS DESCRIPTIONS D) ;{ M‘:ﬁ” ‘\‘ﬁé‘s"“f\ 9ﬂ‘~s\ e £ Py loo e

MAJOR DIVISIONS: QoH Ucen QwH D OH CI cL OwmL Qsc leer & mo_, S w\
Osm Ffsp OQsw Jaeec Oem Qep dew
QUALIFIERS: O Ttrace O minor [ some; sanpsizé U FINE (J mepum (1 COARSE

MOISTURE: }ﬁnnv O moist I WET

SAMPLE CONTAINERS (NUMBER AND TYPE) Z E_ﬁ? (KR:, (—< 4

ANALYSES: o ;’22@ 4 M Fed ¢,

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAM Do ré% ond
SAMPLE 1D. Sz220 - BE2 0ok
SAMPLE COLLECTION DATE gg/ 2 é/fﬁﬂ

SAMPLE COLLECTIONTIME __[ & « 4O

SAMPLE COLLECTED BY o

WEATHER CONDITIONS . Cotry  ~&50 |

/ .

FIELD USCS DESCRIPTIONS (§‘§) rf?@&r“gy ‘ fjm‘i.g\ sundl, {Q«,Q T'P(}; ,,T oo, @Sﬁ,\

mAJOR DIVISIoNs: CtoH Uch Uwmd Qod Oer Om Osc (“;/) rees | g rand
Osm Bep Usw Jeec Qem Oep Uaw iz%—*fmwgub—fiwc\:

FAvT Fowe™ g

QuALIFiERs: KX Trace Pdminor O somEe; sanp sizé O FiNe [ mepiunm () COARSE

MOISTURE: Hory Qmoist Ower

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 Zﬁ‘f loddcg
ANALYSES: P\ e " 226; Aty ‘ 4

m
U

IO S

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID
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fa e

-



SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME %@‘%wg’
SAMPLE 1D, 2D —~ B2 09

SAMPLE COLLECTION DATE- 5/«?/ / R S U —

SAMPLE COLLECTION TIME Hioo

(-

SAMPLE COLLECTED BY

WEATHER CONDITIONS %u LY
FIELD USCS DESCH[PTlONS(&E‘?) Peer-|, EM,Q L d{wﬁ. @z)\ Pe 4 f( 20 St (‘fS' /)

maJoRr DIVISIONS: Jon e Uma Don Qo Omw D sc (S /) gw\ 5@;«1
‘ Usm jasp Lsw Oaeec Oam Qapr L oW Sobanyylor bt |
QUALIFIERS: ' TRAce (Ummor [ soMe;sanpsizé [ riNe U MEDIUM [ COARSE

moisTURE: E'pry O moist D weT

¢
SAMPLE CONTAINERS (NUMBER AND TYPE) =7Z = e f@g_,&;g

ANALYSES: ¥oot, "2 2 (:Di M, ‘H‘tut S

N
N7

—

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID

e 5
S



SURFACE SOIL SAMPLE LOG FORM
AREA #/NAME (-‘?mr"&@n/ _
sampLE D, o220~ B &R~ e\0 é Duep L‘usﬁ'B

SAMPLE COLLECTION DATE g/ 2 Cﬁ/ lr;f S S S

¢
SAMPLE COLLECTION TIME ﬁ‘{‘?/d

SAMPLE COLLECTED BY C L

WEATHER CONDITIONS LgUNM?,, ~ 80 F
FIELD USCS DESCRIPTIONS (5?5 P‘M*'y 3%&.‘\ sah . {;L.A/ Bey oo m.

mAJOR PvisioNs: Lon Qew Owme Uon Uer Ume Lisc (oo /e Fove  Selh
Osm KWAsp Usw Uac Uam Uap Uaew
quaLIFiERs: O Ttrace Qmmor U soME;sanpsizé U FINE 1 mEDIUM [ COARSE

MOISTURE: 2fbry [ moist O WwET

2 z :?)Oﬂ- llv&

SAMPLE CONTAINERS (NUMBER AND TYPE)

ANALYSES: B.a-22¢ f N %m\ 5

MARK INDIVIDUAL GRAE SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA#/NAME___ G20~ 10150\ { Zaven 3)

Sirpe ~ WON - BUY

SAMPLE LD.
SAMPLE COLLECTION DATE YDy e
SAMPLE COLLECTION TIME top$
SAMPLE COLLECTED BY o
WEATHER CONDITIONS =35, hens

FIELD USCS DESCRIPTIONS g"""“""" sond y Sk

mMAJOR DIVISIONS: Oon Och &me Qow Oce Dme Osc
Usv Usp Osw Uac Qam Uep daw
QUALIFIERS: A TRACE LdmINOR [ some; sanNp size U riNe (3 mMepium 0 coARsE

MOISTURE: kDRY O moist O weT

t

SAMPLE CONTAINERS (NUMBER AND TYPE) L plont=

ANALYSES: R 2 ZAN LYV

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME LD ~ LSl { Coe \{‘.v"’é;r\i
SAMPLE 1D, SVl ~ U5z T GO

SAMPLE COLLECTION DATE Vo /i1 /e

SAMPLE COLLECTION TIME I© %

SAMPLE COLLECTED BY (s et

WEATHER CONDITIONS 10 ) e

FIELD USCS DESCRIPTIONS \W Thsun  gomdy  sutid”
MAJOR DIVISIONS: doH OcH X@wmH Jonw Ucer Lhme Osc
dsm Osp Usw ac Udem Oep Uaw
QUALIFIERS: & TRACE (dmiNOR (1 sOME; sanp sizeé [ FINE L1 MEDIUM ] COARSE

mMoIsTURE: [XprYy moisT L wer

i .
SAMPLE CONTAINERS (NUMBER AND TYPE} L gt
ANALYSES: SLan - s “’(,\/\,@T/LW.

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME SV L0073 o ) (@W xn,;“z)
SAMPLE 1.D. 2o - LOT —biy

SAMPLE COLLECTION DATE Lo/ At

SAMPLE COLLECTION TIME (WS
SAMPLE COLLECTED BY S
WEATHER CONDITIONS Ho's, Ao

FIELD USCS DESCRIPTIONS \i\e{Guum , sewdy  suiA

MAJOR DIVISIONS: doH UcH 8@wH QoH Qe Qme Usc
s dsp Wsw Uaeec Jem Qap Uew
QUALIFIERS: XTRACE LI MINOR [ soME;sanpsizeé U FINE () MEDIUM (] COARSE

MOISTURE: KIDRY dmoist O weT

. J
SAMPLE CONTAINERS (NUMBER AND TYPE) b ?/VX‘?LLL‘/-"”

ANALYSES: Lo LU ﬂ‘% e

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Ll = Los - 2o ) ( QE;M&-{J"@)

SAMPLE 1.D. BT LD L e O

SAMPLE COLLECTION DATE A e AL

SAMPLE COLLECTION TIME A S

SAMPLE COLLECTED BY (. Lee

WEATHER CONDITIONS 1o dea

FIELD USCS DESCRIPTIONS ___ Lol eod ‘oroem by @0

MAJOR DIVISIONS: [JoH UcH R Qon Qe Ome Qsc
Osm Qsp Usw daec dew Uap Waw

QUALIFIERS: @’T’nACE dmiNor [ somE; sanp size L1 FINE (O mEDium  (J COARSE
MOISTURE: gknnv Wmoist QweT
SAMPLE CONTAINERS (NUMBER AND TYPE) | e ‘“‘if’k‘*"’w
ANALYSES: Nt Ve TN g
J i)
£ o
o

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME LAt Ll - 0o G(\éav Yo FE’)

SAMPLE I.D. SULLO LT~ oY

SAMPLE COLLECTION DATE Vot iy

SAMPLE COLLECTION TIME VZor

SAMPLE COLLECTED BY Lo e

WEATHER CONDITIONS o sy e

FIELD USCS DESCRIPTIONS Qo Soudy Sk

MAJOR DivISiONS: DoH OcH @mi Qow Qe Ome Osc
dsm Usp Usw Uae Uem WUap Llagw
QUALIFIERS: X Trace L minor [Ysome:sanpsizé [ FINE £ mEDlumM [ COARSE

MOISTURE: KIDRY UImoisT A weT

SAMPLE CONTAINERS (NUMBER AND TYPE) | e plert
ANALYSES: Y Tle .’ A i
7
L
J
[

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e

SURFACE SOIL

AREA #/NAME STLO —~ (—ev\

SAMPLE L.D.

SAMPLE LOG FORM
Rerdon 3

S L Lo=Uer—o0o)

SAMPLE COLLECTION DATE “S/T

SAMPLE COLLECTION TIME o2
SAMPLE COLLECTED BY s e
WEATHER CONDITIONS 0% guwany

FIELD USCS DESCRIPTIONS

Fine Sme sad, L8U oq,ﬂw el ()
MAJOR DIVISIONS: [dod Uerd UmH Ood Qe M sC

Qsm Msp Osw Qeec Uem Qep Jaw
QUALIFIERS: JJd'TRACE LI MINOR Jsome; sanD sizé U FINE [ MEDIUM 3 COARSE

MOISTURE:

SAMPLE CONTAINERS (NUMBER AND TYPE)

ANALYSES:

Mory Udwmoist L wWET

2 Zplabd,

RCa Tl Mdkets

10!

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME S VRO = Le—EP2~

SAMPLE I.D. Srie-Os~ o2

SAMPLE COLLECTION DATE 15/

SAMPLE COLLECTION TIME Iz
SAMPLE COLLECTED BY Mw /e
WEATHER CONDITIONS 1 "”‘5, Sviam.y

FIELD USCS DESCRIPTIONS Totre dam / lavk \omwwn  <p0)

MAJOR DIVISIONS: UoH UcH dmH E?OH e Ume Qsc
Usm Qksp Usw Oaec Qew Uep Oew
QuALIFIERS: [ TRACE LlmMINOR U soME; sAND sizE [ FINE [ MEDIUM [ COARSE

MOISTURE: ¥pRY U moistT LAWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 put

ANALYSES: Ca e | MaAa

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME $1UL0 -(x-003 203

SAMPLE I.D. STLp -t~ 083

SAMPLE COLLECTION DATE ___ /S /IF

SAMPLE COLLECTION TIME 1435

SAMPLE COLLECTED BY Hw/Le-

WEATHER CONDITIONS 7o'y Suang

FIELD USCS DESCRIPTIONS Fint “un/esd se) & &2 (Y5 1"} sipaster youed 4 o

MAJORDIVISIONS: (doH dcH Omu Qow Qo Ome WUsc
Osm sp Osw Ueec Qem Qep Jew
QUALIFIERS: [JTRACE TImMmNOR [ some; sanp size U FINE U mEDIUM [ COARSE

MOISTURE: NORY AmoisT JWeT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2- ‘8?‘-“-"""

ANALYSES: et , Mokals

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME SULO =L~ vt

SAMPLE 1.D. 57220 - Cx - oY

SAMPLE COLLECTION DATE /1 8/17

SAMPLE COLLECTION TIME PR N ¢

SAMPLE COLLECTED BY Ny Jed-

WEATHER CONDITIONS __ “[D's | Swan®)

FIELD USCS DESCRIPTIONS _Fint L bvion  gand | Avene gl S

MAJORDIVISIONS: doH dcH UMH QoH Uer Tme Qsc
UsmXsp Osw Qaeec Oem Qep Oew
QUALIFIERS: J#TRAcE AmiNor (1 soME:sanDsize O Fine O mepium O cOARSE

MOISTURE: ADRY QO moisT O wWET

SAMPLE CONTAMINERS (NUMBER AND TYPE) Y i 0 T et

ANALYSES: Cu VL, Merels

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 52720 - x-co§
SAMPLE L.D. $20 - X-O&S
SAMPLE COLLECTION DATE Yy /19
SAMPLE COLLECTION TIME 82~
SAMPLE COLLECTED BY Nw [
WEATHER CONDITIONS 10's / Sunnvy

FIELD USCS DESCRIPTIONS TM"V-V"/V“J San

MAJOR DIVISIONS: [doH e UmH WUQod der Qme Qsc
Osm Msp Osw Oac Dam Uapr Oaw
quaLIFIERs: 1 Trace U mmor U some; sanp size (O AINE O MEDIUM 1 COARSE

MOISTURE: =XDRY moisT QWET

-

SAMPLE CONTAINERS (NUMBER AND TYPE) 2z fvpl‘v‘-‘

ANALYSES: Ba T, Mkl

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME SUWW-E =0 MG/ MED
SAMPLE LD. &0 - ¢ - CD

SAMPLE COLLECTION DATE K08 /17

SAMPLE COLLECTION TIME 1504
SAMPLE COLLECTED BY Nw /e~
WEATHER CONDITIONS 10y, swny

FIELD USCS DESCRIPTIONS _ Fow lbﬂ" o
MAJOR DIVISIONS: JoH UdcH Umu Uon Uer Ume Qsc
Qsmisp Usw Uac Uam Dep Uaw
quAaLFIERS: TRAacE AmiNOR T soME; sanD size U mNE U mEDIuM [ COARSE

MOISTURE: SdDRY moisT L wET

SAMPLE CONTAINERS (NUMBER AND TYPE) “Qd&rm}-'——

anaLvses:  GVLL | Waka's

L. N
¥

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 3210 - G-vo)
SAMPLE 1.D. S0 - L~ 0N
SAMPLE COLLECTION DATE /s /17
SAMPLE COLLECTION TIME Sy
SAMPLE COLLECTED BY Hw /L
WEATHER CONDITIONS 1 ‘"5, L

. .
FIELD USCS DESCRIPTIONS __LawA \outon, Qw_ st} Ara 72 -1 gt

MAaJOR DIVISIONS: donH donw UmH Ddon Wer Ume Usc
Dsm Gdse Osw Uee Oaem ep Uaw
QUALIFIERS: Yd TRACE dmiNoR U some;sanDsize 1 Ane O mepium L COARSE

MOISTURE: bRy O moist DweT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 ’VFW

ANALYSES: - Tl Modals

&
<F

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e,

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 40 - - oYW

SAMPLE 1.D. $ 20 -t~ 20Y

SAMPLE COLLECTION DATE Y ARVAK)

SAMPLE COLLECTION TIME 1527

SAMPLE COLLECTED BY Hw /e

WEATHER CONDITIONS 205, sy

FIELD USCS DESCRIPTIONS __ Fom.4un Sa-d, e L vy vou - /'

MAJORDWISIONS: (JoH (cH Umu Uod Qe Awme Qsc
Osm Xsp Usw eec Uem Mep Oaw
QUALIFIERS: 1 TRACE L mINOR ) SOME; sanD size 1 rNe 1 mepium ) COARSE

MOISTURE: DRY Umoist O weT

SAMPLE CONTAINERS (NUMBER AND TYPE) Z fur‘wf»‘

ANALYSES: La- Tl | Mol

N

[, Y

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Sl ~ P0G

SAMPLE LD. 4900 <Lt~ 2D

SAMPLE COLLECTION DATE QAS L1

SAMPLE COLLECTION TIME (WYX
SAMPLE COLLECTED BY Hw /L
WEATHER CONDITIONS qets  Soan)

FIELD USCS DESCRIPTIONS _ FintAun 0l un @S (g, toute gond @ﬁwu.w‘ by

MAJOR DIVISIONS: (JoH UcH UmdH JodH Qe Qm Qsc
Osmydse dsw deec Uem Oap Qaw
auaLifiers: U trace U mmnor L soME; sanDsizé [ FINE (O MEDIUM O COARSE

MOISTURE: JbbRY U mMoisT U WET

SAMPLE CONTAINERS (NUMBER AND TYPE) = Aplay/™

ANALYSES: LT\ Ml

A"

AN

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




AREA #/NAME

SURFACE SOIL SAMPLE LOG FORM
G 22-0 = X ~ofo Em—*fm_B

SAMPLE 1.D.

5220~ (X —ofe

il i
SAMPLE COLLECTION DATE “Afi }// +

i
SAMPLE COLLECTION TIME I 1 7

SAMPLE COLLECTED BY ___ .. Loeee

WEATHER CONDITIONS Cops Iy

FIELD USCS DESCRIPTIONS € "“47 gmﬁj AP | S e (j-,rwu._f
MAJOR DIVISIONS: [JoH e Umk Qo Uer Ume Osc

QUALIFIERS:

Qem sp Usw deec Uam dep Uaw
TRACE I mNOR () SOME; SAND SIZE /Ef FINE _t mEDIUM [ COARSE

MOISTURE: ;ﬁfmv 1 moisT A WET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 < ip foctes

ANALYSES:

ha-226 jn-::ﬁ(q

™
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




C.2 Drilling and Hand Auger Borehole Logs



NAVAJO
@ Stantec NATION

AL Ervvircanrresnibal
Rasponse Trust-Arst Phose

BOREHOLE ID:  S220-SCX-002 (BG-1)
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Barton 3

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 638574.32 NORTHING: 4089037.64
DRILLING EQUIPMENT: Hand auger DATE STARTED: 10/12/2016 DATE STARTED: 10/12/2016
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
» Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- [OF9) o o o o
£s | 8% S S S8
ol | 3< LITHOLOGICAL DESCRIPTION 5 o b o w2 LAB
W o o Ire) (S WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
g ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 SILTY SAND (SM): with some trace gravel. B ]
No downhole
gamma data S§220-SCX-002-1 | 0-0.5 |grab 2.1
collected.
Terminated hand auger borehole at 0.5 ft. below ground Meter W_as not B N
surface. Refusal on bedrock. working.
1 ]
2i
3i
4—
5
Notes: cpm = counts per minute grab = grab sample

pCi/g = picocuries per gram comp = composite sample

- - - - = approximate contact




NAVAJO
@ Sta ntec ﬁ.‘ﬂxlrl\'g::rlmnlul
RFasponse Trust-Arst Phoase

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

$220-SCX-001 (BG-2)
NNAUMERT
Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 638272.65 NORTHING: 4089019.92
DRILLING EQUIPMENT: Hand auger DATE STARTED: 10/12/2016 DATE STARTED: 10/12/2016
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1.8 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
0o o o o 8
Eo QT S 9o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION 3 8 B 3 D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 SILTY SAND (SM): B ]
S220-SCX-001-1 | 0-0.5 |grab 0.77
7171 - .
S$220-SCX-001-2 | 0.5-1.2 | grab 0.59
Csighty moist. 7270
7280 S$220-SCX-001-3 | 1.2-1.8 | grab 0.69
7761 | i
Terminated hand auger borehole at 1.8 ft. below ground
21 surface. Refusal on bedrock.
3i
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact
pCi/g = picocuries per gram comp = composite sample 1




NAVAJO

@ Stantec NATION

AL Erviranrmenic
Respanse Tnist-Arst Phasa

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S220-BG3-011
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 638338.24 NORTHING: 4089451.28
DRILLING EQUIPMENT: Hand auger DATE STARTED: 8/26/2017 DATE STARTED: 8/26/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
0o o o o 8
£ | 8 S g 58
ad | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 — 9313 - =
POORLY GRADED SAND (SP): fine sand 90% red, dry
loose, gravel 10% subangular white.
S$220-BG3-011 0-0.5 | grab 1.48
s 11112 + —
Terminated hand auger borehole at 0.5 ft. below ground
surface. Refusal on rock.
1 ]
2i
3i
4—
5

Notes: cpm = counts per minute
pCi/g = picocuries per gram comp = composite sample

grab = grab sample

- - - - = approximate c

ontact




NAVAJO

@ Stantec NATION

Al Ervirganrmental
Rasponse Trust-Arst Phase

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S220-SCX-003
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 638371.48 NORTHING: 4089266.49
DRILLING EQUIPMENT: Hand auger DATE STARTED: 4/15/2017 DATE STARTED: 4/15/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1.25 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
0o o o o 8
Eo QT S 9o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION B 8 8 8 D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
. 14894 - =
POORLY GRADED SAND WITH SILT (SP): red, fine
grained sands, moist.
S$220-SCX-003-01 | 0-0.5 |grab 3.15
17587 - 7
S$220-SCX-003-02 | 0.5-1 |grab 2.92
S$220-SCX-003-03 | 1-1.25 | grab 2.26
12609 - =

Terminated hand auger borehole at 1.25 ft. below
ground surface. Refusal on hard surface or rock.

5

Notes:

cpm = counts per minute grab = grab sample
pCi/g = picocuries per gram comp = composite sample

- - - - = approximate contact




NAVAJO
@ Sta ntec tﬂﬂl‘rlvgrl:rllr:nlnl
Rasponie Trust-Arst Phose

BOREHOLE ID: S220-SCX-004
CLIENT: NNAUMERT

SITE LOCATION:  Barton 3

PROJECT: Removal Site Evaluation

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 638340.21 NORTHING: 4089272.96
DRILLING EQUIPMENT: Hand auger DATE STARTED: 4/15/2017 DATE STARTED: 4/15/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- Q0o o o o o
ad | 2% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L Bz (pCilg)
0 POORLY GRADED SAND (SP): tan, dry. 6949 B 7
S220-SCX-004-01 5.86
$220-SCX-204-01 | 005 | grab 6.18
s 71103 - 7
Terminated hand auger borehole at 0.5 ft. below ground
surface. Refusal on bedrock.
1 ]
2i
3i
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




BOREHOLE ID: S220-SCX-005
NAVAJO : NNAUMERT
() stantec NATION CLENT
Eé‘g:q':';;:w'"‘_l 'r';,"l,,_luse PROJECT: Removal Site Evaluation
SITE LOCATION:  Barton 3
DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 638304.81 NORTHING: 4089276.96
DRILLING EQUIPMENT: Hand auger DATE STARTED: 4/15/2017 DATE STARTED: 4/15/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.75 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- [OF9) o o o o
ad | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
POORLY GRADED SAND (SP): red and tan, fine 14880 B 7
grained, dry.
S$220-SCX-005-01 | 0-0.5 |grab 4.62
0644 - 7
Terminated hand auger borehole at 0.75 ft. below 23434
1 ground surface. Refusal on bedrock.
2i
3i
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




O

NAVAJO
Stantec NATION

Al Ervircanrmesntal
RFasponse Trust-Arst Phoase

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S220-SCX-006
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 638289.84 NORTHING: 4089271.58
DRILLING EQUIPMENT: Hand auger DATE STARTED: 4/15/2017 DATE STARTED: 4/15/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 2.5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
So o o o o
= = o o o O
Eo QT S 9o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION 8 8 8 8 . LAB
L o o - N O < as=
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
POORLY GRADED SAND (SP): red, fine grained, trace B ]
gravel, dry.
S$220-SCX-006-01 | 0-0.5 |grab 7.23
S$220-SCX-006-02 | 1.5-2 |grab 3.13
6140 - |
S$220-SCX-006-03 | 2-2.5 |grab 56.30
166611 - =

Terminated hand auger borehole at 2.5 ft. below ground
surface. Refusal on bedrock.

Notes

> cpm = counts per minute grab = grab sample
pCi/g = picocuries per gram comp = composite sample

- - - - = approximate contact




NAVAJO
@ Stantec NATION

AL Ervvitanrmesnbal
Racponse Trusl-Arst Phase

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S220-SCX-007
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 638297.66 NORTHING: 4089207.64
DRILLING EQUIPMENT: Hand auger DATE STARTED: 4/17/2017 DATE STARTED: 4/17/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.75 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- [OF9) o o o o
ad | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 SILTY SAND (SM): red, trace gravels. 6804 B 7
S$220-SCX-007-01 | 0-0.75 | grab 1.04
— 359
i 296 - |
Terminated hand auger borehole at 0.75 ft. below
1 ground surface. Refusal on bedrock.
2i
3i
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




@ Stantec

DRILLING CONTRACTOR:
DRILLING METHOD:
DRILLING EQUIPMENT:
SAMPLING METHOD:

NAVAJO
NATION

AL Erwviranrmenbal
Rasponse Trust-Arst Phose

Cascade Drilling
Rotary Sonic
Geoprobe 8140LC

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

EASTING:
DATE STARTED:

LOGGED BY:

COORDINATE SYSTEM:

TOTAL DEPTH (ft.): 4

S220-SCX-008
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N
638255.56 NORTHING: 4089305.24
6/6/2017 DATE STARTED: 6/6/2017

BOREHOLE ANGLE: 90 degrees
Tom Osborn

Gamma (cpm)

pCi/g = picocuries per gram

comp = composite sample

2 o| SUBSURFACE SAMPLE INFORMATION
- Q0o o o o o
a8 | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
9406 - =
POORLY GRADED SAND (SP): red (5YR 5/6), loose,
dry, fine sands 95%, trace gravel 5%.
S220-SCX-008-001| 0-0.5 |grab 2.06
5220-SCX-008-002 1.50
13940 5220-50X-008-202 | %51 | grab 1.33
SANDSTONE: Buff weathered, fine to coarse | ]
sandstone with trace sub-rounded gravels in the matrix.
0440
26742
Terminated borehole at 4 ft. below ground surface in
bedrock.
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




BOREHOLE ID: S220-SCX-009
ﬁﬂﬁ%‘h@ CLIENT NNAUMERT
iy :
@ Stantec Al Brvitarimental PROJECT: Removal Site Evaluation
Rasponie Trust-Arst Phose )
SITE LOCATION:  Barton 3
DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Rotary Sonic EASTING: 638294.14 NORTHING: 4089308.78
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/6/2017 DATE STARTED: 6/6/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 3 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
Q0o o o o 8
Eo QT S 9o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION B 8 8 8 . LAB
W o o Ire) (S WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 POORLY GRADED SAND (SP): red (5YR 5/6), Io0se, 17968 B 7
dry, fine sands 95%, trace gravel 5%.
S220-SCX-009-001| 0-0.5 |grab 9.30
8284 . |
1—
S220-SCX-009-002| 0.5-2 |comp 11.90
39114
2 SANDSTONE: buff, weathered, fine grained sand | ]
matrix.
2948
3 Terminated borehole at 3 ft. below ground surface in
bedrock.
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample 1




@ Stantec

DRILLING CONTRACTOR:
DRILLING METHOD:
DRILLING EQUIPMENT:
SAMPLING METHOD:

NAVAJO
NATION

AL Erwviranrmenbal
Rasponse Trust-Arst Phose

Cascade Drilling
Rotary Sonic
Geoprobe 8140LC

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

EASTING:
DATE STARTED:

COORDINATE SYSTEM:

TOTAL DEPTH (ft.): 4

S220-SCX-010
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N
638278.35 NORTHING: 4089341.1
6/7/2017 DATE STARTED: 6/7/2017
BOREHOLE ANGLE: 90 degrees

pCi/g = picocuries per gram comp = composite sample

LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- Q0o o o o o
ad | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
: 18596 - .
POORLY GRADED SAND (SP): red (5YR 5/6), dry, fine
sand.
S$220-SCX-010-001| 0-0.5 |grab 9.40
26314
26722 S220-SCX-010-002| 0.5-3.5 |comp 5.04
22477
SANDSTONE: white, fine to medium grained sand | N
matrix.
Terminated borehole at 4 ft. below ground surface in 18224
bedrock.
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




@ Stantec

DRILLING CONTRACTOR:
DRILLING METHOD:
DRILLING EQUIPMENT:
SAMPLING METHOD:

NAVAJO
NATION

Al Ervircanrmesntal
RFasponse Trust-Arst Phoase

Cascade Drilling
Rotary Sonic
Geoprobe 8140LC

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

EASTING:
DATE STARTED:

TOTAL DEPTH (ft.): 14

S220-SCX-011
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N
638271.15 NORTHING: 4089363.86
6/7/2017 DATE STARTED: 6/7/2017
BOREHOLE ANGLE: 90 degrees

pCi/g = picocuries per gram comp = composite sample

LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- Q0o o o o o
ad | 2< LITHOLOGICAL DESCRIPTION o 8 8 B8 "= LAB
o= | 25 SAMPLE T % ©| SAMPLE | RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
POORLY GRADED SAND (SP) red (5YR 5/6), dry, fine S220-SCX-011-001| 0-0.5 grab e 253 N
to medium grained sand 97% trace subangular gravels ’ =
3%, trace grass and organics. __ _ __ _ _ __
no organics.
S$220-SCX-011-002|0.5-12.5|comp 2.98
BOULDER: white, tan, with fine sand grainsand |
: -~subangular gravels matrix. __
] POORLY GRADED SAND (SP): red (5YR 5/6), dry,
fine to medium grained sand, trace subangular gravel.
| with minor coarse sand and gravel. |
CONGLOMERATE: Bedrock, white, weathered, fine | ]
sand with subrounded gravels matrix.
Terminated borehole at 14 ft. below ground surface in
4 bedrock.
15
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




@ Stantec

NAVAJO
NATION

AL Ervvitanrmesnbal
Racponse Trusl-Arst Phase

BOREHOLE ID:
CLIENT:
PROJECT:

S220-SCX-012
NNAUMERT
Removal Site Evaluation

SITE LOCATION:  Barton 3

DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Rotary Sonic EASTING: 638311.96 NORTHING: 4089342.53
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/7/2017 DATE STARTED: 6/7/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 7 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
Q0o o o o 8
£s | 8% S S S8
ad | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
= 5 16048 - =
POORLY GRADED SAND (SP): fine sand 90%, gravel
10%, with a few cobbles, subangular, cobbles are $220-SCX-012-001| 0-0.5 |grab 7.08
sandstone and petrified wood. Petrified wood has -
slightly elevated gamma.
27364
5220-SCX-012-002 9.60
5220-5CX-012-202 | -5-2 {comp 8.00
12280
CONGLOMERATE: Bedrock, white, fine to coarse sand | ]
. and gravel matrix, gravels are subrounded.
s 8416
415, 8802
-2l
e
5 1" ooy
Sl g
=
6 ¢
e
L b
L9
7 Terminated borehole at 7 ft. below ground surface in
bedrock.
8i
gi
10
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




@ Stantec

NAVAJO
NATION

ALA Erviranmezntol
Respanse Trust-Rrst Phose

BOREHOLE ID: S220-SCX-013
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Barton 3

NAD 1983 UTM Zone 12N

pCi/g = picocuries per gram comp = composite sample

DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM:
DRILLING METHOD: Rotary Sonic EASTING: 638318.65 NORTHING: 4089293.28
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/7/2017 DATE STARTED: 6/7/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 3 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
g o o o o SUBSURFACE SAMPLE INFORMATION
_ | g% S 8 8
g | 9% LITHOLOGICAL DESCRIPTION S S8 8 . LAB
e o o I3Y < © Ui~
e IO SAMPLE T & D| SAMPLE |RESULTS
5 ‘ ‘ IDENTIFICATION | Sl g | TYPE | RA-226
L] hZ (pCilg)
- 8730 - .
POORLY GRADED SAND WITH GRAVEL (SP): red
(7.5YR 6/6), fine to medium grained, angular to
subangular gravel. S220-SCX-013-001| 0-0.5 |grab 26.50
| light red (5YR 7/6), with woody debris, angularto | R ]
rounded, gravels are shale, sandstone and petrified 161238
wood. Thin lenses, orange (10YRG6/8).
S220-SCX-013-002| 0.8-1.8 | grab 75.60
SANDSTONE: weathered, white, fine grained | T ]
sandstone with subangular gravels matrix. 25896
318434
Terminated borehole at 3 ft. below ground surface in
bedrock.
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




@ Stantec

NAVAJO
NATION

AL BErviranrmenbal
Rasponie Trust-Arst Phose

BOREHOLE ID: S220-SCX-014
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Barton 3

NAD 1983 UTM Zone 12N

pCi/g = picocuries per gram comp = composite sample

DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM:
DRILLING METHOD: Rotary Sonic EASTING: 638327.94 NORTHING: 4089292.9
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/7/2017 DATE STARTED: 6/7/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 4 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o o o ol SUBSURFACE SAMPLE INFORMATION
[SF9) S o o S
Eo QT S 9o 9O 9
o g QL LITHOLOGICAL DESCRIPTION 8 8 8 8 W LAB
we | o o - O ® 3 WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
ERRNARNARRRRENAE nz (pCilg)
WELL GRADED SAND WITH GRAVEL (SW): red (5YR | 0102 B 7
5/5), fine to coarse sands, angular gravel.
S220-SCX-014-001| 0-0.5 |grab 8.40
S220-SCX-014-002| 0.5-1 |grab 10.00
SANDSTONE: white, fine to medium grained. | [[20°%0 I
" with interbedded shale, tan, orange and light green. | 163278
| white, fine to medium grained matrix. =~~~ |
199862
Terminated borehole at 4 ft. below ground surface in 230440
bedrock.
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




BOREHOLE ID: S220-SCX-015
NAVAJO : NNAUMERT
() stantec NATION CLENT
%mg::g%rrﬁli:__:l}li:;lm_lnE& PROJECT: Removal Site Evaluation
SITE LOCATION:  Barton 3
DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Rotary Sonic EASTING: 638356.12 NORTHING: 4089291.95
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/7/2017 DATE STARTED: 6/7/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o o o o SUBSURFACE SAMPLE INFORMATION
Q0o S & & o
£z | 82 S § 58
g | 9% LITHOLOGICAL DESCRIPTION 3 8 3 & . LAB
L o o - N O < as=
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
- - 3334 - .
POORLY GRADED SAND (SP): red (5YR 5/6), fine to
medium grained, dry.
S220-SCX-015-001| 0-0.5 |grab 11.80
S220-SCX-015-002| 0.5-1 |grab 33.20
" SANDSTONE: white, cobble, fine to medium grained | 168028 ui i
S$220-SCX-015-003| 1.25-2 | grab 78.40
' SANDSTONE: white, fine to medium grained mafrix. | 258420 I
| SHALE: orange, thin bedding thickness. |
SANDSTONE: white, medium grained sand grains. |
Terminated borehole at 5 ft. below ground surface in
bedrock.
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




@ Stantec

DRILLING CONTRACTOR:

NAVAJO
NATION

Al Ervircanrmesntal
RFasponse Trust-Arst Phoase

Cascade Drilling

BOREHOLE ID:
CLIENT:
PROJECT:

S220-SCX-016
NNAUMERT
Removal Site Evaluation

SITE LOCATION:  Barton 3

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N

DRILLING METHOD: Rotary Sonic EASTING: 638343.95 NORTHING: 4089291.98
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/7/2017 DATE STARTED: 6/7/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
Gamma (cpm)
-
g o o o o 8 SUBSURFACE SAMPLE INFORMATION
= = o o o O
£s | 8% S S S8
ad | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
- 20614 - .
POORLY GRADED SAND (SP): red (5YR 5/6), fine
sand 100%.
S220-SCX-016-001| 0-0.5 |grab 7.16
S$220-SCX-016-002| 0.5-0.8 | grab 8.20
BOULDER: composed of fine to coarse sand with | [7 ]
subangular gravels matrix. | B
| SILTY SAND WITH GRAVEL (SM): orange and tan (7.5 |
YR 5/8), minor wood and roots, dry.
S220-SCX-016-003| 1-2 |grab 36.90
L s - $220-SCX-016-004| 2-3 |grab 206.00
| B

e N

SANDSTONE: white, tan, fine to medium grained, dry,
with very thin interbedded shale.

Terminated borehole at 5 ft. below ground surface in
bedrock.

Notes: cpm = counts per minute

grab = grab sample
comp = composite sample

pCi/g = picocuries per gram

- - = approximate contact




@ Stantec

DRILLING CONTRACTOR:
DRILLING METHOD:
DRILLING EQUIPMENT:
SAMPLING METHOD:

NAVAJO
NATION

ALA Erviranmezntol
Respanse Trust-Rrst Phose

Cascade Drilling
Rotary Sonic
Geoprobe 8140LC

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

EASTING:
DATE STARTED:

TOTAL DEPTH (ft.): 12.5

S220-SCX-017
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N
638392.48 NORTHING: 4089299.91
6/7/2017 DATE STARTED: 6/7/2017
BOREHOLE ANGLE: 90 degrees

LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
0o o o o 8
Eo QT S 9o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION B 8 8 8 D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 POORLY GRADED SAND (SP): red (5YR 5/6), fine to (8682 B 7
. : . : ’ S220-SCX-017-001| 0-0.5 |grab 10.10
medium grained sand, with trace gravels, dry, roots and B
organics.
1+ 31938
2 2882 5220-SCX-017-002 (54 |oomol | | 10.00
S220-SCX-017-202| P 8.50
30 " POORLY GRADED SAND WITH GRAVEL (SP): red | 37316
(5YR 5/6), fine to medium grained sand, sand 80%,
gravel 20%.
4 “POORLY GRADED SAND (SP): red (5YR 5/8), fine | 36758 7
grained sand, sand 100%.
5 7922
6 13854
S$220-SCX-017-003| 4-9 |comp 0.47
7 13512
8 12964
9 13392 =
101 47 | CONGLOMERATE: Bedrock, fine to coarse gravel | [102%0
Tt matrix, subrounded to subangular gravels. $220-SCX-017-004| 9-12 |comp 167
11—, 19588
Dl
J- 0
g
12—.‘-_-_.5 19492 N
O 4
Terminated borehole at 12.5 ft. below ground surface in
13 bedrock.
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




BOREHOLE ID:  $220-SCX-018
NAVAJO
@ Stantec NATION GLIENT: NNAUMERT
b Bt neanicy PROJECT: Removal Site Evaluation
Response Trust- Arst Phass )
SITE LOCATION:  Barton 3
DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Rotary Sonic EASTING: 638404.7 NORTHING: 4089276.01
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/7/2017 DATE STARTED: 6/7/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 12.5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
g o o| SUBSURFACE SAMPLE INFORMATION
_ | g% S 8 88
o8 S% LITHOLOGICAL DESCRIPTION B 8 8 8 . LAB
i o o s} ~ - UL
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L Bz (pCilg)
0 POORLY GRADED SAND (SP): red (5YR 6/6), fine to 11724 B 7
! . : ’ S220-SCX-018-001| 0-0.5 |grab 247
medium grained sand, trace gravels. B
1+ 17520
2 17662
S220-SCX-018-002| 0.5-4 |comp 2.00
3 15764
4 16248 =
5+ 16182
S220-SCX-018-003| 4-7 |comp 1.48
6 15202
7 SANDSTONE: white, fine to medium grained mafrix. | |1 0402 il
8 16396
9. 18954
10— 19624
11— 10354
12— 8950
Terminated borehole at 12.5 ft. below ground surface in
13 bedrock.
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




@ Stantec

DRILLING CONTRACTOR:
DRILLING METHOD:
DRILLING EQUIPMENT:
SAMPLING METHOD:

NAVAJO
NATION

AL Ervvitanrmesnbal
Racponse Trusl-Arst Phase

Cascade Drilling
Rotary Sonic
Geoprobe 8140LC

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

S220-SCX-019
NNAUMERT
Removal Site Evaluation

SITE LOCATION:  Barton 3

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
EASTING: 638425.76 NORTHING: 4089303.11
DATE STARTED: 6/8/2017 DATE STARTED: 6/8/2017
TOTAL DEPTH (ft.): 17 BOREHOLE ANGLE: 90 degrees

LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- Q0o o o o o
a8 | 9% LITHOLOGICAL DESCRIPTION 5 o b o D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
POORLY GRADED SAND (SP): red (5YR 5/6), fine {5514 $220-SCX-019-001| 0-0.5 |grab | 673 |
grained sand, dry, loose, trace gravels. 7
26882
19658
13542
| trace coarse sand and gravel, moderately dense. |
11262 S$220-SCX-019-002| 0.5-7.5 |comp 2.05
11562
12068
12392
dense. ] ]
12362
12624 S$220-SCX-019-003| 7.5-11 |comp 0.99
| sand 100%. ]
| sand 90%, gravel 10%. | |
| with petrified wood and minor gravels. |
| POORLY GRADED SAND (SP): red (5YR 5/6), fineto | $220-SCX-019-004/ 11-15.5 |comp 4.15
medium grained sand, trace coarse grained sand.
CONGLOMERATE: Bedrock, white, tan and red, fine | |
sand to cobble matrix, gravels are rounded, weathered,
chert,.
becoming hard.
| Terminated borehole at 17 ft. below ground surface in
bedrock.
18—
19+
20
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




@ Stantec

DRILLING CONTRACTOR:
DRILLING METHOD:
DRILLING EQUIPMENT:
SAMPLING METHOD:

NAVAJO
NATION

AL Erviranrmental
RFasponse Trust-Arst Phase

Cascade Drilling
Rotary Sonic
Geoprobe 8140LC

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

EASTING:
DATE STARTED:

COORDINATE SYSTEM:

TOTAL DEPTH (ft.): 4

S220-SCX-020
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N
638393.81 NORTHING: 4089339.43
6/8/2017 DATE STARTED: 6/8/2017
BOREHOLE ANGLE: 90 degrees

pCi/g = picocuries per gram comp = composite sample

LOGGED BY: Tom Osborn
B Gamma (cpm)
¢ o| SUBSURFACE SAMPLE INFORMATION
T [OX &) o o o o
£z | 32 S 8 88
o < LITHOLOGICAL DESCRIPTION o & g B S W LABR
o= | 25 SAMPLE T % ©| SAMPLE | RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
ERRNARNARRRRENAE hz (pCilg)
U POORLY GRADED SAND (SP): red (YR 5/6), fine 13644 uE 7
grained sand 100%, dry, loose, trace grass and roots. S220-SCX-020-001 458
5220-SCX-020-201 | *-0° |grab 418
1 25502
S220-SCX-020-002| 0.5-2.5 |comp 5.24
2 CONGLOMERATE: Bedrock, white, fine sand to cobble | 24990
matrix.
3 18994
4 Terminated borehole at 4 ft. below ground surface in
bedrock.
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




BOREHOLE ID: S220-SCX-021
NAVAJO : NNAUMERT
() stantec NATION orE
QA_’?&:gl.?s'.»“ﬂ;'.rrﬁlf:-'!'}lz:flﬂhn:e PROJECT: Removal Site Evaluation
SITE LOCATION:  Barton 3
DRILLING CONTRACTOR:  Cascade Dirilling COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Rotary Sonic EASTING: 638381.34 NORTHING: 4089324.89
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/8/2017 DATE STARTED: 6/8/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 3.5 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
- % Q o o o o
a8 | 9% LITHOLOGICAL DESCRIPTION 5 3 ®» o = LAB
W o o N b N - w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
- 16076 —— —
POORLY GRADED SAND (SP): red (5YR 5/6), fine
grained sand, trace grass and roots.
S$220-SCX-021-001| 0-0.5 |grab 4.32
30796
S$220-SCX-021-002| 0.5-2 |comp 5.88
SANDSTONE: white, fine grained. | 34790 il
5620
Terminated borehole at 3.5 ft. below ground surface in
bedrock.
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




@ Stantec

DRILLING CONTRACTOR:

NAVAJO
NATION

AL Ervvircanrresnibal
Rasponse Trust-Arst Phose

Cascade Drilling

BOREHOLE ID: S220-SCX-022
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Barton 3

COORDINATE SYSTEM: NAD 1983 UTM Zone 12N

pCi/g = picocuries per gram comp = composite sample

DRILLING METHOD: Rotary Sonic EASTING: 638455.21 NORTHING: 4089303.19
DRILLING EQUIPMENT: Geoprobe 8140LC DATE STARTED: 6/8/2017 DATE STARTED: 6/8/2017
SAMPLING METHOD: Sonic Core Barrel, 4 inch diameter TOTAL DEPTH (ft.): 23 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Tom Osborn
B Gamma (cpm)
< o o o SUBSURFACE SAMPLE INFORMATION
[OF9) o o S o
£z | 32 S 8 88
o 9 g& LITHOLOGICAL DESCRIPTION o 8 & B8 8 W@ LAB
o~ | 25 SAMPLE T % ©| SAMPLE | RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
POORLY GRADED SAND (SP): red (5YR 5/6), fine S$220-SCX-022-001| 0-0.5 |grab [ 121 ]
grained sand, trace medium grained sand, dry.
S$220-SCX-022-002| 5-10 |comp 2.37
POORLY GRADED SAND (SP): red (5YR 5/6), fine || i
sand, dry. $220-SCX-022-003 19-20 |grab 0.72
SANDSTONE: red, fine grained matrix, thin green
discontinuous lenses of silt.
Terminated borehole at 23 ft. below ground surface in
bedrock.
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1




@ Stantec

NAVAJO
NATION

AL Erviranemgntol
Respansa Trust-Rrst Phoss

DRILLING CONTRACTOR:  Cascade Drilling
DRILLING METHOD: Rotary Sonic
DRILLING EQUIPMENT: Geoprobe 8140LC

SAMPLING METHOD:

Sonic Core Barrel, 4 inch diameter

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

EASTING:
DATE STARTED:

TOTAL DEPTH (ft.): 7.5

S220-SCX-023
NNAUMERT

Removal Site Evaluation

Barton 3

NAD 1983 UTM Zone 12N
466692.81 NORTHING: 3968852.04
6/6/2017 DATE STARTED: 6/6/2017

BOREHOLE ANGLE: 90 degrees

LOGGED BY: Tom Osborn
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
Q0o o o o 8
Eo QT S 9o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION B 8 8 8 w2 LAB
W o o Ire) (S WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 POORLY GRADED SAND (SP): red (5YR 5/6), fine 2082 B 7
sand, dry loose. S$220-SCX-023-001| 0-0.5 |grab 1.59
1 12848
S220-SCX-023-002| 0.5-2 |comp 1.66
2 SANDSTONE: fine to medium grained matrixwith | 12120 il
lenses of coarse grained sand matrix.
3 11336
4| 10852
5 10406
6—- 10568
7 11358
Terminated borehole at 7.5 ft. below ground surface in
bedrock.
8i
gi
10
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact
pCi/g = picocuries per gram 1

comp = composite sample
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

BACKGROUND REFERENCE AREA SELECTION

1.0 INTRODUCTION

This appendix presents the rationale for selection of the background reference areas for the
Barton 3 Site (Site). To select the background reference areas for the Site, personnel considered
geology, predominant wind direction, distance from the Site, hydrologic influence, similarities of
vegetation and ground cover, and visual evidence of impacts due to mining (or other
anfthropogenic sources) in accordance with the Multi-Agency Radiation Survey and Site
Investigation Manual — Appendix A ([MARSSIM] USEPA, 2000).

2.0 POTENTIAL BACKGROUND REFERENCE AREAS

The potential background reference area study was initiated during the Site Clearance desktop
study and field investigations. Two potential background reference areas (BG-1 and BG-2) were
identified during the Site Clearance to represent the Salt Wash Member of the Morrison
Formation (Morrison Formation) at the Site (see Figure D.1-1). The surface gamma surveys at BG-1
and BG-2 were conducted in April 2016 and the soil sampling was conducted in October 2016.
Following review of data collected at BG-1, BG-2 and the Site, it was determined that additional
samples were needed to characterize BG-1 and an additional potential background reference
area may be required to characterize the soil and sediments within the Summerville Formation,
which occurs north of the Site where mining-related earthworks are present (see Figure D.1-1).
Additional soil samples were collected because the areal extent of the initial samples did not
cover the areal extent of the gamma survey due to field personnel oversight. Green sands were
also observed in the area of BG-1 and the additional samples were collected to provide better
coverage of that area of the background reference area. The additional samples were
collected at BG-1 in March 2017. Three additional potential background reference areas

(BG-3, BG-4, and BG-5) were identified to represent the Summerville Formation and surface
gamma surveys were conducted in June 2017; BG-3 was also within Quaternary deposits.
Multiple areas were surveyed (BG-3, BG-4 and BG-5) because the gamma survey data could
not be reviewed in the field in real-time and needed to be downloaded from the data logger
first. The field team reviewed the data from the different areas after completion of the surveys to
select the most representative area. BG-3 was selected over BG-4 and BG-5 as described in
Section 3.0 below, and soil samples were collected from BG-3 in August 2017. During further
review of the Baseline Studies data, it was determined that BG-2, BG-4, and BG-5 would not be
used to represent the Site, as described in Section 3.0 below.

The locations of the five potential background reference areas (BG-1, BG-2, BG-3, BG-4, and
BG-5) are shown along with the Site geology and predominant wind direction in Figure D.1-1.
The wind rose in Figure D.1-1 depicts regional wind data from the Cortez, CO airport,

1 NAVAJD
D1.1 @ Staritec NATION
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

approximately 50 miles northeast of the Site, and it shows that the predominant wind direction
from the northeast. However, field personnel generally observed wind from the west when at the
Site, and the Site sits in a valley that runs west to east as well. The potential background
reference areas are described below.

e BG-1 encompasses an area of 2,093 ft2 (approximately 0.05 acres), is located 1,020 ft
southeast of the claim boundary, and is cross-wind and hydrologically cross-gradient from
the Site. The thin soils and bedrock outcrops represent the majority of the Site within the claim
boundary and 100 ft buffer, and are the same geologic unit, the Morrison Formation. Areas
of BG-1 have weathered sandstone fragments and green sands atf the surface which
contain elevated naturally occurring radioactive material (NORM.) The vegetation and
ground cover at BG-1 are similar to the majority of the Site.

e BG-2 encompasses an area of 2,031 ft2 (approximately 0.05 acres), is located 630 ft south of
the claim boundary, and is cross-wind and hydrologically upgradient from the Site. The thin
soils and bedrock outcrops represent the maijority of the Site within the claim boundary and
100 ft buffer, and are the same geologic unit, the Morrison Formation. The vegetation and
ground cover at BG-2 are similar to the maijority of the Site.

e BG-3 encompasses an area of 4,710 ft2 (approximately 0.11 acres), is located 540 ft north of
the claim boundary, and is cross-wind from the Site. Regionally, BG-3 is hydrologically
downgradient from the Site but is locally fopographically elevated and does not receive Site
runoff. The thin soils and bedrock outcrops represent both the Summerville Formation and
Quaternary deposits. The vegetation and ground cover at BG-3 are similar to the northern
areas of the Site near the Earthworks.

e BG-4 encompasses an area of 3,406 ft2 (approximately 0.08 acres), is located 390 ft
northwest of the claim boundary, and is cross-wind from the Site. Regionally, BG-4 is
hydrologically downgradient from the Site but the ground surface is generally flat between
the Site and the BG-4, and field personnel observed that the minor drainages from the Site
terminated well before reaching the area of BG-4. The thin soils represent the Summerville
Formation. The vegetation and ground cover at BG-4 are similar to the northern areas of the
Site near the Earthworks.

e BG-5encompasses an area of 9,539 ft2 (approximately 0.22 acres), is located 260 ft
northwest of the claim boundary, and is cross-wind from the Site. Regionally, BG-5 is
hydrologically down-gradient from the Site but the ground surface is generally flat between
the Site and the BG-5, and field personnel observed that the minor drainages from the Site
terminated well before reaching the area of BG-5. The thin soils represent the Summerville
Formation. The vegetation and ground cover at BG-5 are similar to the northern areas of the
Site near the Earthworks.

The potential background reference area evaluation included surface gamma surveys, surface
and subsurface static gamma measurements, and collection of surface soil samples and
subsurface soil samples as described below.

e BG-1-16surface soil grab samples were collected from 16 locations; a borehole could not
be advanced beyond 0.5 ft at $260-SCX-002 due to refusal on bedrock, so no subsurface

] NAVAIO
D1.2 () stantec i



BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

samples were collected at BG-1; surface and/or subsurface static gamma measurements
were not collected in the attempted borehole due to a gamma meter malfunction

e BG-2- 11 surface soil grab samples were collected from 11 locations; two subsurface soil
grab samples and subsurface static gamma measurements were collected from borehole
location S002-SCX-001

e BG-3- 11 surface soil grab samples were collected from 11 locations; a borehole could not
be advanced beyond 0.5 ft af S260-BG3-011 due fo refusal on bedrock, so no subsurface
samples were collected at BG-3; surface and subsurface static gamma measurements were
collected from borehole location $220-BG3-011

The sample locations for BG-1, BG-2, and BG-3, and the surface gamma survey data for BG-1,
BG-2, BG-3, BG-4 and BG-5, are shown in Figure D.1-2. Samples were categorized as surface soil
or sediment samples where sample depths were up to 0.5 ft below ground surface (bgs), and as
subsurface soil or sediment samples where sample depths were greater than 0.5 ft bgs. Static
gamma measurements were categorized as subsurface gamma measurements where static
gamma was measured at or greater than 0.1 ft bgs. Table 4-1 in the RSE Report provides the
results of the sample analyses, and Tables D.1-1 and D.1-2 provide descriptive statistics for alll
metals/Ra-226 concentrations and the surface gamma measurements, respectively. Field forms,
including borehole logs, are included in Appendix C of the RSE Report.

The equipment used for the surface gamma surveys were also used for static one-minute
gamma measurements at the ground surface and for subsurface measurements at borehole
locations. Soil samples and gamma measurements were collected according fo the methods
described in the Removal Site Evaluation Work Plan (MWH, 2016).

3.0 SELECTION OF BACKGROUND REFERENCE AREA

Background reference areas were selected to represent the formations present at or near the
Site where mining-related disturbances may have occurred: BG-1 and BG-2 are representative
of the Morrison Formation, BG-3 is representative of the Summerville Formation and Quaternary
deposits, and BG-4 and BG-5 are representative of the Summerville Formation. BG-1 was
selected over BG-2 to represent the areas of the Site within the Morrison Formation (i.e., outcrops
and thin soil cover within the 100 ft buffer where mining-related disturbance at the Site
occurred). BG-2 better represented the southern portion of the claim area where little fo no
disturbance occurred, and where there was more soil cover. However, BG-2 does provide a
valuable comparison to BG-1 regarding the variation in gamma measurements that may occur
in background areas and the heterogeneity that is present within the Morrison Formation. As a
result, BG-2 is included in the RSE Report for discussion purposes. It is also noted in the RSE report
that because of the disparity in UTL values between BG-1 and BG-2, and also due to the
potential heterogeneity observed in BG-1 (i.e., green sands), additional study to develop a
representative background reference area for the Morrison Formation may be warranted.

BG-4 and BG-5 were not selected as background reference areas because they are oo close
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

to disturbed areas of the Site and it was observed that a historical road passed through the area
of BG-5. BG-3 was selected over BG-4 and BG-5 because it was located further from the mining-
and reclamation-disturbed areas of the Site and represents both the Summerville Formation and
thin Quaternary deposits overlying the Summerville Formation. Gamma survey measurements,
subsurface static gamma measurements, and soil sample results collected from BG-1 and BG-3
were used for the remainder of the Removal Site Evaluation of the Site.

4.0 REFERENCES

MWH, 2016. Navajo Nation AUM Environmental Response Trust — First Phase Removal Site
Evaluation Work Plan. October.

USEPA, 2000. Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), EPA 402-R-
97-016, Rev. 1.
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Table D.1-1

Soil and Sediment Sampling Summary

Barton 3

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 2

Statistic

Arsenic (mg/kg)

Molybdenum (mg/kg)

Selenium (mg/kg)

Uranium (mg/kg)

Vanadium (mg/kg)

Radium-226 (pCi/g)

Background Reference Area Study - Background Area 1 - Morrison Formation

Total Number of Observations 16 16 16 16 16 16
Percent Non-Detects -- 69% 100% -- -- --
Minimum? 0.900 -- -- 0.960 4.70 0.900
Minimum Detect? -- 0.180 -- -- -- --
Meant? 1.89 -- -- 2.30 7.83 3.24
Mean Detects? -- 0.228 -- -- -- --
Mediant 1.85 -- -- 1.95 7.15 2.13
Median Detects? -- 0.200 -- -- -- --
Maximum? 3.80 -- -- 6.80 19.0 13.4
Maximum Detect? -- 0.290 -- -- -- --
Distribution Normal Normal Not Calculated Gamma Normal Gamma
Coefficient of Variation?! 0.407 -- -- 0.630 0.412 0.946
CV Detects? -- 0.231 -- -- -- --
UCL Type 95% Student's-t UCL 95% KM (t) UCL Not Calculated 95% Adjusted Gamma UCL 95% Student's-t UCL  95% Adjusted Gamma UCL
UCL Result 2.22 0.144 Not Calculated 3.01 9.24 4.75
UTL Type UTL Normal UTL KM Normal Not Calculated UTL Gamma WH UTL Normal UTL Gamma WH
UTL Result 3.83 0.332 Not Calculated 6.36 16.0 11.8
Background Reference Area Study - Background Area 2 - Morrison Formation
Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- 82% 100% -- -- --
Minimum 1.10 -- -- 0.500 7.70 0.77
Minimum Detect -- 0.210 N/A -- -- --
Mean 1.43 -- -- 0.592 9.20 0.902
Mean Detects -- 0.445 N/A -- -- --
Median 1.40 -- -- 0.610 9.10 0.910
Median Detects -- 0.445 -- -- -- --
Maximum 1.70 -- -- 0.660 11 1.06
Maximum Detect -- 0.680 N/A -- -- --
Distribution Normal Unknown Not Calculated Normal Normal Normal
Coefficient of Variation 0.154 -- -- 0.104 0.101 0.0987
CV Detects -- 0.747 -- -- -- --
UCL Type 95% Student's-t UCL  95% KM (Chebyshev) UCL Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 1.547 0.458 Not Calculated 0.625 9.71 0.950
UTL Type UTL Normal Non-Parametric -Max Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 2.045 0.68 Not Calculated 0.764 11.83 1.152
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Table D.1-1

Soil and Sediment Sampling Summary

Barton 3

Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 2

Statistic

Arsenic (mg/kg) Molybdenum (mg/kg)

Selenium (mg/kg)

Uranium (mg/kg)

Vanadium (mg/kg)

Radium-226 (pCi/g)

Background Reference Area Study - Background Area 3 - Summerville Formation and Quaternary Deposits

Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- -- 100% -- -- --
Minimum? 0.900 0.250 -- 0.910 9.90 1.24
Minimum Detect? -- -- -- -- -- --
Mean? 1.06 0.289 -- 0.981 10.6 1.44
Mean Detects? -- -- -- -- -- --
Median? 1.00 0.300 -- 0.990 11.0 1.45
Maximum? 1.40 0.330 -- 1.10 12.0 1.63
Maximum Detect? -- -- -- -- -- --
Distribution Normal Normal Not Calculated Normal Normal Normal
Coefficient of Variation? 0.148 0.096 -- 0.053 0.065 0.081
UCL Type 95% Student's-t UCL 95% Student's-t UCL Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 1.15 0.304 Not Calculated 1.01 11.0 151
UTL Type UTL Normal UTL Normal Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 1.50 0.367 Not Calculated 1.13 12.6 1.77

Notes

CV Coefficient of variation

KM Kaplan Meier

mg/kg Milligrams per kilogram

-- Not applicable

pCi/g Picocuries per gram

WH Wilson Hilferty

1 This statistic is reported by ProUCL when the dataset contains 100 percent detections.
%This statistic is reported by ProUCL when non-detect values exist in the dataset. The value reported is calculated using detections only.
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Table D.1-2
Surface Gamma Survey Summary
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of 1

Geologic Formation

Statistic

Background Reference
Area 4 (BG-4)

Background Reference Background Reference
Area 1 (BG-1) Area 2 (BG-2)

Background Reference
Area 3 (BG-3)

Summerville Formation &
Quaternary Deposits

Summerville Formation &
Quaternary Deposits

Morrison Formation Morrison Formation

Background Reference
Area 5 (BG-5)

Summerville Formation &
Quaternary Deposits

Total Number of Observations 310 186 474 412 706
Minimum 7,228 5,407 6,583 7,833 8,010
Mean 11,990 7,198 9,354 9,426 10,631
Median 9,936 7,148 9,290 9,402 10,576
Maximum 36,911 8,979 11,726 11,953 13,276
Distribution Normal Normal Normal Gamma Gamma
Coefficient of Variation 0.445 0.0902 0.08 0.0769 0.0828

UCL Type 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL 95% Approximate Gamma UCL 95% Approximate Gamma UCL
UCL Result 12,490 7,277 9,411 9,484 10,686

UTL Type UTL Normal UTL Normal UTL Normal UTL Gamma WH UTL Gamma WH
UTL Result 21,576 8,395 10,677 10,737 12,207
Notes

cpm Counts per minute

UCL Upper confidence limit

UTL Upper tolerance limit

WH Wilson Hilferty
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NOTE:
Based on field observations at the Site, bedrock units shown

are near surface (typically within 1 foot), but do not necessarily
| | outcrop and may be overlain by minor Q deposits.

| | REFERENCES:
| | Coordinate System: NAD 1983 UTM Zone 12N

| | Basemap image accessed from the National Agriculture
| Imagery Program (NAIP) web mapping service

(https://gis.apfo.usda.gov/arcgis/services/) on 09/2018.
Wind Rose: USEPA, 2007a

Geology adapted from O'Sullivan, R.B., and Beikman, H.M (1963):
O'Sullivan, R.B., and Beikman, H.M, 1963, Geology, structure and

| uranium deposits of the Shiprock quadrangle, New Mexico and

: Arizona: U.S. Geological Survey I-345, scale 1:250,000.
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.2 STATISTICAL EVALUATION

STATISTICAL EVALUATION

1.0 INTRODUCTION

This statistical evaluation presents the methods used in, and results of, statistical analyses
performed on gamma radiation survey results and soil sample analytical results collected from
the Barton 3 Site (Site). The evaluation includes comparing background reference area and
Survey Area data distributions, and documents the decision process followed to select site-
specific investigation levels (ILs). The ILs are used to confirm contaminants of potential concern
(COPC:s) listed in the RSE Work Plan, and to support identification of technologically enhanced
naturally occurring radioactive materials (TENORM) at the Site.

2.0 EVALUATIONS

The evaluation process included compiling the results for gamma radiation surveys and soil
sample analytical results from two background reference areas and two Survey Areas. These
areas are designated Background Reference Area 1 (BG-1), Background Reference Area 3 (BG-
3), Survey Area A and Survey Area B. The Background Reference Areas BG-1 and BG-3 were
selected to represent the site conditions at Survey Areas A and B, respectively, as described in
Appendix D.1. The gamma radiation survey data and soil sample analytical results for the
background reference areas and Survey Areas were evaluated to determine the appropriate ILs
for the Site as follows:

1. Identify and examine potential outlier values. Potential outlier values were identified
statistically and, if justified upon further examination, removed from a dataset prior to further
evaluation and calculations. No data were removed from the dataset for the calculations
presented in this appendix.

2. Compare data populations between BG-1 and Survey Area A, and BG-3 and Survey Area B
(box plots, probability plots, hypothesis testing with Wilcoxon Mann-Whitney test). Soil sample
and gamma radiation survey results were compared between BG-1 and Survey Area A, and
BG-3 and Survey Area B qualitatively and quantitatively to evaluate similarity or difference in
data distributions between the areas, and as a component of evaluating background
reference area adequacy and representativeness.

3. Develop descriptive statistics. Descriptive statistics for gamma survey results and soil sample
analytical results (e.g., number of observations, mean, maximum, median, etc.) were
generated to facilitate qualitative comparisons of soil sample and gamma radiation survey
results from one area to another.

4. Select ILs for the Site based on the results of the statistical evaluations.
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.2 STATISTICAL EVALUATION

3.0 RESULTS

The following sections present the evaluation of potential outlier values in the dataset,
calculated descriptive statistics, and comparison of data populations between groups in
support of determining ILs for use at the Site.

3.1 POTENTIAL OUTLIER VALUES

A potential outlier is a data point within a random sample of a population that is different
enough from the majority of other values in the sample as to be considered potentially
unrepresentative of the population, and therefore requires further inspection and evaluation.
Unrepresentative values in a dataset have the potential to yield distorted estimates of
population parameters of interest (e.g., means, upper confidence limits, and upper percentiles).
Therefore, potential outliers in the Site data were evaluated further prior to performing data
comparisons (Section 3.2) and developing the descriptive statistics (Section 3.3). In the context
of this statistical evaluation, extreme values and statistical outliers are referred to as potential
outliers.

A potential outlier value in a sample may be a true representative value in the test population
(not a “discrepant” value), simply representing a degree of inherent variation present in the
population. Furthermore, a statistical determination of one or more potential outliers does not
indicate that the measurements are actually discrepant from the rest of the data set. Therefore,
general statistical guidance does not recommend that extreme values (potential outliers) be
removed from an analysis solely on a statistical basis. Statistical outlier tests can provide
supportive information, but a reasonable scientific rationale needs to be identified for the
removal of any potential outlier values (e.g., sampling error, records error, or the potential outlier
is determined to violate underlying assumptions of the sampling design, such as the targeted

geology).

At BG-1 and BG-3, soil samples were collected randomly. Potential outliers in the BG-1 and BG-3
datasets were examined using box plots, probability plots and statistical testing. Descriptive
statistics were then calculated with and without the potential outliers, as applicable. Finally, the
potential outlier values were evaluated to determine if a scientific reason could be found to
remove the data points before calculating the final statistics. The results of these evaluations are
described in the following sections.

In Survey Areas A and B, soil samples were collected using a judgmental sampling approach.
Specifically, some sample locations were selected to characterize areas of higher gamma
radiation and, as a result, potential outlier values are not unexpected. Descriptive statistics and
comparisons of the Survey Areas to BG-1 and BG-3 are still presented for qualitative assessment.
However, potential outlier values in the Survey Areas are not evaluated further nor removed
from the dataset.
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APPENDIX D.2 STATISTICAL EVALUATION

3.1.1 BoxPlots

Box plots depict descriptive statistics from a group of data (Figure 1A). The interquatrtile range is
represented by the bounds of the box, the minimum and maximum values, not including
potential outlier values (extreme values), are depicted by the whiskers (vertical lines), and any
potential outliers are identified as singular dots. Potential outliers in this context are defined as
values outside 1.5 times the interquartile range above or below the box.

3.1.1.1 Soil Sample Results Box Plots

Figure 1A. Survey Areas A, B and Background Reference Areas 1 (BG-1) and 3 (BG-3) Soil Sample
Box Plots
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The soil sample box plots shown on Figure 1A depict differences in the data distribution for
analytical constituent concentrations between background reference areas and Survey Areas.

Potential outlier values are shown for both background reference areas and the Survey Areas at
the Site.
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APPENDIX D.2 STATISTICAL EVALUATION

Potential outlier values are of greatest concern in the background reference area datasets as
the data from the background reference areas are used to determine the ILs. Background
reference area data are presented alone in Figure 1B.

Figure 1B. Background Reference Area 1 (BG-1) and 3 (BG-3) Soil Sample Box Plots
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One high value (i.e., outside 1.5 times the interquartile range) for arsenic (As) and radium (Ra-
226), and two values for uranium (U) and vanadium (V) were identified as potential outlier values
in the BG-1 box plots in Figure 1B. One high value each for arsenic (As) and uranium (U) were
identified as potential outlier values in the BG-3 box plots in Figure 1B. These potential outlier
values are further evaluated with the use of probability plots in Section 3.1.2 and statistical outlier
testing in Section 3.1.3.
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APPENDIX D.2 STATISTICAL EVALUATION

3.1.1.2 Gamma Radiation Results Box Plots

Figure 2A. Survey Areas A, B and Background Reference Areas 1 and 3 Gamma Radiation Box
Plots

60,000 -
[ ]
! &
L ]
.
L ]
.
[ ]
- :
E 40,000
o .
— L ]
w .
E .
5
] |
:
]
$
20,000~
| 3
. I * ' | :
L ]
BG-1 BG-3 SVY-A SVY-B
(n=310) (n=474) (n=30,294) (n=21,710)

Area
Background Background
Reference Reference E;-'ETEEF E;—Ieﬁéey
Area J\rea
1

The gamma radiation survey results box plots shown on Figure 2A depict differences in the data
distribution for gamma measurements between the background reference areas and Survey
Areas. The large number of potential outlier values in the box plots for the Survey Areas indicates
high skewness, or possibly non-normally distributed data, instead of outlier values. This is
evaluated with the use of probability plots in Section 3.1.2 and further statistical outlier testing in
Section 3.1.4. Based on Site geology, the potential gamma radiation outlier values observed for
the Survey Area data on Figure 2A represent localized areas of higher gamma radiation with
respect to other parts of the Survey Areas, as would be expected in areas with varying levels of
mineralization, naturally occurring radioactive material (NORM), and potential TENORM.
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APPENDIX D.2 STATISTICAL EVALUATION

Figure 2B. Background Reference Areas 1 and 3 Gamma Radiation Box Plots
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As shown in Figure 2B there are potential outlier values shown for the gamma data in the BG-1
dataset. These values are quite high, up to 37,000 counts per minute (cpm), and may represent
heterogeneity within BG-1.
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APPENDIX D.2 STATISTICAL EVALUATION

3.1.2 Probability Plots

The normal probability plot is a graphical technique for assessing whether a data set is
approximately normally distributed and where there may be potential outlier values. The data
are plotted against a theoretical normal distribution in such a way that the points, if normally
distributed, should form an approximate straight line. Curved lines may indicate non-normally or
log-normally distributed data, and "S"-shaped lines may indicate two distinct groups within the
dataset.

3.1.2.1 Soil Sample Results Probability Plots
Figure 3 depicts the probability plots for metals and Ra-226 results at BG-1.

Figure 3. Background Reference Area 1 (BG-1) Soil Sample Probability Plots
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One extreme value in the arsenic dataset, one extreme value in the Ra-226 dataset, and two
extreme values in each of the uranium and vanadium datasets were identified in the box plots in
Figure 1B. When viewed in the probability plots in Figure 3, the highest arsenic value does not
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APPENDIX D.2 STATISTICAL EVALUATION

appear to be substantially higher than, or out of line with, the rest of the arsenic dataset. The
extreme Ra-226 value does indeed appear to be removed from the rest of the dataset, being
approximately twice as high as the next lower value in the dataset. The two highest uranium
values, and the highest vanadium value, likewise do not conform to the general distribution of
their respective datasets; the second highest vanadium value is only slightly out of line with the
rest of the vanadium dataset. These six potential outlier values were tested for statistical
significance in Section 3.1.3. All 11 soil samples at BG-1 were non-detect for selenium (Se).

Figure 4. Background Reference Area 3 (BG-3) Soil Sample Probability Plots
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One extreme value in the arsenic dataset, and one extreme value in the uranium dataset were
identified as potential outliers in the box plots in Figure 1B. When viewed in the probability plots in
Figure 4, the highest arsenic value does not appear to be substantially higher than, or out of line
with, the rest of the arsenic dataset. The highest uranium value does indeed appear to be
removed from the rest of the dataset, though given the scale of the plot, the difference
between the highest value and the next highest value is no more than 0.10 mg/kg. These two
values were tested for statistical significance as potential outliers in Section 3.1.3. All 11 soil
samples at BG-3 were non-detect for selenium (Se).
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3.1.2.2 Gamma Survey Results Probability Plots

Figure 5 depicts the probability plots for gamma radiation results at the two background
reference areas and two Survey Areas.

Figure 5. Survey Area and Background Reference Area Gamma Probability Plots
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Gamma survey results indicate a generally normal distribution in the Background Reference
Area 3 (BG-3) dataset, and likely a non-normal distribution in the Background Reference Area 1
(BG-1) and both Survey Area datasets (Figure 5). When viewed in the probability plot, the values
identified as potential outliers in the BG-1 gamma dataset in the box plot in Figure 2B conform to
the general distribution of the rest of the dataset, suggesting they are representative of BG-1.
However, these values are extreme in comparison to the gamma levels normally observed in
background reference areas for other Sites.

The shape and smoothness of the probability plots for the Survey Areas and BG-1 gamma results
confirm that the gamma radiation data are more log-normally distributed than the BG-3
gamma results. This suggests that these higher values are not outliers but rather are
representative of the spatial variability of gamma radiation in the Survey Areas. For BG-1, the
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gamma results appear log-normally distributed and are heterogeneous. The potential outlier
values from BG-1 occur in a small, localized area in the southern portion of the background
reference area and represent a mineralized zone within that area, as shown in Appendix D.1.
Nevertheless, these values were tested for statistical significance as potential outliers in Section
3.1.4.

3.1.3 Potential Soil Sample Data Outliers

Eight high values were identified as potential outlier values in the background reference area
datasets in the box plots in Figure 1B and probability plots in Figures 3 and 4.

These values are:

Background Reference Area 1 (BG-1)

< Arsenic: 3.80 mg/kg

- Ra-226: 13.4 pCi/g

- Uranium: 4.30 mg/kg, 6.80 mg/kg

< Vanadium: 10.0 mg/kg, 19.0 mg/kg

Background Reference Area 3 (BG-3)

< Arsenic: 1.40 mg/kg

- Uranium: 1.10 mg/kg
Dixon’s Test (Dixon, 1953) is designed to be used for datasets containing only one or two
potential outlier values. Therefore, Dixon's Test was performed to the 95% confidence level on

each of the potential soil sample outlier values. The results of Dixon’s Test are summarized in
Table 1.
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Table 1. Summary of Dixon's Test on Maximum Values

Area Constituent Location ID Method Hypothesis p_Value Conclusion

As $220-BG1-009 Dlxor_l test fqr High vaIl_Je 3.8Q is >0.05 Hypothesw
potential outliers | a potential outlier rejected

Ra-226 $220-BG1-012 Dlxor_l test fqr High vaIl_Je 13.4_ is <0.05 Hypothesis

potential outliers | a potential outlier accepted

U $220-BG1-009 DIXOI"'I test fqr High valge G.SQ is <005 Hypothesis

Background potential outliers | a potential outlier accepted

Areal (BG-1) U $220-BG1-010 Dixon test for High value 4.301is | _ o Hypothesis
potential outliers | a potential outlier ' rejected

v $220-BG1-009 Dixon test for High value 19.0 is <0.05 Hypothesis

potential outliers | a potential outlier ' accepted

Dixon test for High value 10.0 is Hypothesis
v $220-8G1-010 potential outliers | a potential outlier >0.05 rejected

As $220-BG3-003 Dixon test for High value 1.40 is <0.05 Hypothesis

Background potential outliers | a potential outlier ' accepted

Area 3 (BG-3) U $220-BG3-008 Dixon test for High value 1.101is | _ o o Hypothesis
potential outliers | a potential outlier ' rejected

As - Arsenic, Mo - Molybdenum, Se - Selenium, Ra-226 - Radium 226, U - Uranium, V - Vanadium

The test confirms that four potential soil sample outlier values are statistically significant (p value
< 0.05). These statistically significant potential outlier values were further investigated by
reviewing sample forms, field notes and laboratory reports.

For BG-1, field staff and field notes did not indicate anything in error with these samples and how
they were collected. The laboratory dataset shows no data quality flags were applied to these
values that would call their accuracy into question. Four “J” flags were reported by the
laboratory, though this is not a sufficient reason for rejecting these results.

While no sampling or laboratory errors were identified in the records review, the geology at BG-1
was noted visually to be possibly heterogeneous. The gamma measurements and some of the
metals analytical results at BG-1 support this observation as presented in the box plots and
probability plots for this background reference area. The size of the Morrison Formation that was
investigated (BG-1, 0.05 acres and Survey Area A, 3.36 acres) was small and it is unknown if the
green sands observed in BG-1 are truly representative of the Morrison Formation. These sands
were also observed at another nearby site being investigated by the Trust i.e., NA-0928 in an
undisturbed area. Further investigation of the Morrison Formation is suggested.

For BG-3, the laboratory dataset shows no data quality flags were applied to these values that
would call their accuracy into question. The potential outlier values at BG-3 are considered
representative of the natural variation present at this background reference area.

In each case for BG-1 and BG-3, descriptive statistics were calculated inclusive of all data
(Section 3.3.1).
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3.1.4 Potential Gamma Data Outliers

Potential gamma survey outlier values are observed for the BG-1 and BG-3 gamma datasets
shown in the box plots in Figure 2B. When viewed in the probability plot in Figure 5, the values do
appear to conform to the general distribution of the BG-1 gamma dataset. Potential outlier
values in the BG-3 dataset are shown to conform to the general distribution of the BG-3 gamma
dataset. Because the number of values in the BG-1 and BG-3 gamma datasets is >30, Dixon’s
Test was not appropriate for testing potential outliers. Instead, it was appropriate to identify
potential statistical outliers using Z, t and chi squared scoring methods at the 95% confidence
level. These tests were performed in the 'Outliers' package in R (Lukasz Komsta, 2011), and the
results are summarized in Table 2. The R programming language complements ProUCL in its
ability to provide more meaningful and useful graphics and summarizes the results equivalent to
ProUCL. Because ProUCL and R packages follow similar statistical procedures, the results are
comparable. The interquartile range evaluation (values outside 1.5 times the interquatrtile range)
results are also provided in Table 2.

The values shown in Table 2 are deemed statistical outliers (potential outliers) and represent 29
(BG-1) and 5 (BG-3) out of 784 data points (4.3 percent). One possible reason for the potential
outlier in the gamma radiation dataset may be the presence of a localized source of radiation
within a background reference area, which was observed at BG-1 (see Appendix D.1). This was
evaluated in the BG-1 dataset by viewing the relative position of the extreme values relative to
each other. The extreme values are clustered together in the central southern portion of BG-1.
The cluster supports the hypothesis of a localized source of radiation at BG-1. The field notes and
the gamma data record did not indicate a reason for these values to be excluded from the
dataset related to sampling errors (e.g., data handling error, equipment malfunction); however
there was green sand observed at BG-1. Due to the small survey area of BG-1, uncertainty
surrounds the representativeness of the green sands recorded in the Morrison Formation. Based
on available information, and a similar field observation at a nearby mine site being investigated
by the Trust, there is no scientific justification to exclude the area. Further investigation of the
Morrison Formation is suggested as part of site investigation activities in the future.

The field notes and the gamma data records for BG-3 did not indicate a scientific reason for the
potential outlier values to be excluded from the dataset (e.g., data handling error, equipment
malfunction), there was no record of anomalous soil at BG-3, and the potential outlier values
were randomly located throughout the BG-3 area, rather than being collocated as in BG-1.
There is no basis to remove the potential outlier values from the BG-3 dataset for determining the
IL.
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Table 2. Potential Gamma Outlier Interquartile Range, Z Score, t Score and Chi Squared Score

Results
Area Value (cpm) ér;%(lu;er:ﬁt Z Score Result t Score Result Chi Sq Score Result
36,911 High Potential Outlier Potential Outlier Potential Outlier
36,767 High Potential Outlier Potential Outlier Potential Outlier
35,563 High Potential Outlier Potential Outlier Potential Outlier
34,721 High Potential Outlier Potential Outlier Potential Outlier
32,454 High Potential Outlier Potential Outlier Potential Outlier
32,320 High Potential Outlier Potential Outlier Potential Outlier
29,432 High Potential Outlier Potential Outlier Potential Outlier
28,842 High Potential Outlier Potential Outlier Potential Outlier
28,059 High Potential Outlier Potential Outlier Potential Outlier
28,058 High Potential Outlier Potential Outlier Potential Outlier
27,730 High Potential Outlier Potential Outlier Potential Outlier
27,530 High Potential Outlier Potential Outlier Potential Outlier
27,250 High Potential Outlier Potential Outlier Potential Outlier
25,939 High Potential Outlier Potential Outlier Potential Outlier
Backgzggﬁ)Area 1 25,162 High Potential Outlier Potential Outlier Potential Outlier
24,144 High Potential Outlier Potential Outlier Potential Outlier
24,090 High Potential Outlier Potential Outlier Potential Outlier
23,786 High Potential Outlier Potential Outlier Potential Outlier
23,504 High Potential Outlier Potential Outlier Potential Outlier
23,353 High Potential Outlier Potential Outlier Potential Outlier
23,285 High Potential Outlier Potential Outlier Potential Outlier
22,320 High Potential Outlier Potential Outlier Potential Outlier
22,262 High Potential Outlier Potential Outlier Potential Outlier
21,656 High Potential Outlier Potential Outlier Potential Outlier
21,555 High Potential Outlier Potential Outlier Potential Outlier
20,328 High Potential Outlier Potential Outlier Potential Outlier
20,041 High Potential Outlier Potential Outlier Potential Outlier
19,279 High Potential Outlier Potential Outlier Potential Outlier
19,051 High Potential Outlier Potential Outlier Potential Outlier
11,726 High Potential Outlier Potential Outlier Potential Outlier
11,608 High Potential Outlier Potential Outlier Potential Outlier
Backgzggjg)Area 3 11,490 High Potential Outlier Potential Outlier Potential Outlier
11,333 High Potential Outlier Potential Outlier Potential Outlier
6,583 Low Potential Outlier Potential Outlier Potential Outlier

cpm Counts per minute

Potential outlier values in the gamma datasets for the Survey Areas appear in the Figure 2B box
plots. However, because of the non-linear shape and continuous distribution of gamma results
shown in the probability plot in Figure 5, these values are thought to be representative of the
heterogeneous nature of radioactive materials within the Survey Areas and are not outlier
values. Indeed, Figure 4-1 of the RSE Report shows that while gamma results for the majority of
each of the Survey Areas are within the range of background, localized areas of elevated
gamma results associated with mineralized areas are also present.
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3.2 COMPARE DATA POPULATIONS

Group comparison analyses provide insight into the relative concentrations of constituents
between background reference areas and the Survey Areas. Observations made during these
analyses may indicate the need for further evaluation or discussion regarding the influence of
potential outlier values, and the use of background data. For instance, if two or more
background areas were determined to be statistically similar to each other, these data could be
combined to calculate more robust statistics (not a factor in this evaluation, as one background
area each was selected to represent the two Survey Areas). Alternatively, testing of this kind
may reveal background concentrations statistically higher than corresponding Survey Area
concentrations, requiring additional interpretation or modifications in the use of background
area datasets. Finally, results of these evaluations are a component of determining background
reference area representativeness, though statistical comparisons are not the only factors to be
considered in judging representativeness. Factors such as geologic materials, topographic
gradient, distance from the site being represented, wind direction and non-impacted condition
are all important to the selection of background reference areas.

Group comparisons, therefore, are considered instructive as a component of the overall
evaluation of soil sample and gamma radiation survey results collected from BG-1, BG-3 and the
Survey Areas. Relative data distributions were investigated by evaluating the box plots and
probability plots in Figures 1A through 5, and by hypothesis testing with the non-parametric
Mann-Whitney test, as applicable.

3.2.1 Evaluation of Box Plots
3.2.1.1 Soil Sample Box Plots

When interpreting the soil sample box plots in Figures 1A and 1B, it is important to note that
samples at the background reference areas were collected randomly, while samples in the
Survey Areas were collected judgmentally from areas of suspected contamination. Analytic
constituent results from background reference areas tend to be lower than, or similar to,
analytical results from their counterpart Survey Areas. Analytical constituent-specific
observations from the box plots in Figures 1A and 1B indicate:

e Arsenic. Arsenic results appear slightly elevated at BG-1 relative to BG-3, and at Survey Area
A relative to Survey Area B. Arsenic results at Survey Area A and Survey Area B are each
higher than arsenic results in the background reference areas.

e Molybdenum. Molybdenum results appear similar in BG-1 and BG-3. Molybdenum in Survey
Area A and Survey Area B appear to be similar. The molybdenum results in Survey Area A
and Survey Area B are each higher than molybdenum results in the background reference
areas.
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e Ra-226. Ra-226 results appear slightly elevated at BG-1 relative to BG-3, and at Survey Area B
relative to Survey Area A. Ra-226 results at Survey Area A and Survey Area B are each higher
than Ra-226 results in the background reference areas.

e Selenium. Selenium was largely not detected in the background reference areas or Survey
Areas, with a single detection at Survey Area A.

e Uranium. Uranium results appear slightly elevated at BG-1 relative to BG-3, and at Survey
Area B relative to Survey Area A. Uranium results at Survey Area A and Survey Area B are
each higher than uranium results in the background reference areas.

e Vanadium. Vanadium results appear similar in BG-1 and BG-3 although the median
concentration is higher at BG-3 than at BG-1, and in Survey Area A and Survey Area B
although the median concentration is higher at Survey Area A than at Survey Area B. The
vanadium results in Survey Area A and Survey Area B are each higher than vanadium results
in the background reference areas.

3.2.1.2 Gamma Radiation Box Plots and Probability Plots

The boxplot comparison in Figures 2A and 2B suggests that median values are similar between
background reference areas and Survey Areas. However, gamma radiation results from BG-1
are more skewed and contain much higher results than BG-3. Gamma radiation data
distributions between background reference areas and Survey Areas shown on Figure 5 are
similarly non-normal between BG-1 and Survey Area A, while the data at BG-3 are normally
distributed and are not similar to the non-normally distributed data shown for Survey Area B.
These observations are further evaluated in Section 3.2.2 using the non-parametric Mann-
Whitney test.

3.2.2 Mann-Whitney Testing

The Mann-Whitney test (Bain and Engelhardt, 1992) is a nonparametric test used for determining
whether a difference exists between two or more population distributions. This test is also known
as the Wilcoxon Rank Sum (WRS) test. This test evaluates whether measurements from one
population consistently tend to be larger (or smaller) than those from another population. This
test was selected over other comparative tests such as the Student’s t test and analysis of
variance (ANOVA) because it remains robust in the absence of required assumptions that these
two tests require, such as normally distributed data and equality of variances.

Soil samples at the background reference areas were collected randomly, while soil samples in
the Survey Areas were collected judgmentally (see Section 3.1). Data collected in a judgmental
manner violate an underlying assumption of the Mann-Whitney test. Therefore, the Mann-
Whitney tests were not performed with soil sample data from BG-1, BG-3 or the Survey Areas. The
gamma radiation data, however, do represent non-judgmental sampling, and so the Mann-
Whitney test was appropriate for comparison between BG-1, BG-3 and the Survey Areas (Table
3). Therefore, the test was performed two-sided between background areas, and the Survey
Areas. The two-sided test accounts for results from one group being lower or higher than any
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other group (i.e., independent of which group is higher). A test result p-value of 0.05 or smaller

indicates that a significant difference exists between any two groups that are compared. Results
of Mann-Whitney testing are presented in Table 3.

Table 3. Summary of Gamma Survey Mann-Whitney Test Results

Comparison p_Value Description
Background Reference Area 1 (BG-1) vs Survey Area A 0.563 No Significant
) Difference
Background Reference Area 1 (BG-1) Potential Outliers Excluded vs Background Significant
Reference Area 1 (BG-1 <0.05 ]
( ) Difference
Background Reference Area 1 (BG-1) Potential Outliers Excluded vs Survey Area A 0.071 No Significant
) Difference
Background Reference Area 3 (BG-3) vs Survey Area B <0.05 Significant
) Difference
Background Reference Area 3 (BG-3) Potential Outliers Excluded vs Background No Significant
- 0.867 .
Reference Area 3 (BG-3) Difference
Background Reference Area 3 (BG-3) Potential Outliers Excluded vs Survey Area B <0.05 Significant
) Difference
Background Reference Area 1 (BG-1) vs Background Reference Area 3 (BG-3) <0.05 Significant
) Difference
Survey Area A vs Survey Area B <0.05 Significant
) Difference

The results of the Mann-Whitney testing on gamma radiation survey results in Table 3 indicate the
following:

e There is no statistical difference between gamma results in Survey Area A relative to BG-1,
both with and without the inclusion of outliers at BG-1. Gamma results are statistically
elevated in the full BG-1 dataset when compared with the BG-1 dataset with outliers
removed.

e Gamma results at Survey Area B are statistically elevated with respect to gamma results at
BG-3. This observation is valid with and without inclusion of outliers in the BG-3 dataset.

e Gamma results at BG-1 and Survey Area A are statistically elevated relative to gamma
results at BG-3 and Survey Area B, respectively.

e The observation that gamma results at Survey Area B are statistically elevated relative to
gamma results at BG-3 is likely attributable to the fact that BG-3 may not fully represent the
degree of natural mineralization present at the Survey Area (see RSE Report Section 3.2.2.2).
This latter point does not prohibit use of the gamma ILs calculated from BG-3, but this
observation should be considered, as Site conditions are further evaluated for remediation.

e The inclusion or removal of outlier values has no statistical effect on data comparison
between Survey Area A and BG-1 or Survey Area B and BG-3.
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3.3 DESCRIPTIVE STATISTICS

Descriptive statistics, including the upper confidence limit (UCL) of the mean and the 95-95
upper tolerance limit (UTL), were calculated from gamma survey data and soil sample results.
Descriptive statistics are important for any data evaluation to present the basic statistics of a
data set with regards to its limits (maximum and minimum), central tendencies (mean and
median) as well as data dispersion (coefficient of variance). The ILs for the Site also are taken
from the descriptive statistics, namely the 95-95 UTL. The UTL value is selected by ProUCL as the
maximum value in the dataset when the data are determined to be non-parametric. The
parameters and constituents evaluated include gamma radiation, arsenic, molybdenum,
selenium, uranium, vanadium, and Ra-226. Selenium results were 100 percent non-detect at BG-
1 and BG-2, and, therefore, no statistics were calculated for selenium at these areas.

Statistics were calculated using Environmental Protection Agency (EPA) ProUCL version 5.1
software. Statistical methodology employed by the software is documented in the ProUCL
Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with
and without Nondetect Observations (EPA, 2015). In the case of non-detect results, ProUCL does
not recommend detection limit substitution methods (e.g., 1/2 the detection limit), considering
these methods to be imprecise and out of date (EPA, 2015). The software instead calculates
descriptive statistics for the detected results only, and follows various methods accordingly to
calculate UCL and UTL values based on the percentage of non-detect results present in the
dataset and on the distribution of the data (i.e., normal, lognormal, gamma, or unknown
distribution).

Descriptive statistics for soil samples and gamma radiation survey results have been calculated
with and without the potential outlier values previously identified, as applicable. Select
descriptive statistics for these constituents are presented in Tables 4 and 5.

3.3.1 Soil Sample Analytical Results Summary

As described in Section 3.2.1.1, arsenic, molybdenum, uranium, vanadium, and Ra-226 results
appear elevated at Survey Area A relative to BG-1 and at Survey Area B relative to BG-3.
Selenium was not detected in the samples collected from BG-1 or BG-3. However, an important
consideration when comparing concentrations of metals and Ra-226 between background
reference areas and Survey Areas is that the background reference areas were selected to be
representative of the geology present in the region around the Site, whereas the Survey Areas
were selected as part of the mine claim because they are in an area of mineralized bedrock
likely to have localized, naturally elevated uranium concentrations (see RSE Report Section
3.2.2.2). In addition, soil sampling for metals and Ra-226 in background reference areas was
conducted in a random manner, whereas soil sampling for metals and Ra-226 in the Survey
Areas was judgmental. As a result, it’s not surprising that metals and Ra-226 concentrations in the
Survey Areas appear to be elevated relative to concentrations in the background reference
areas.
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It should be noted, however, that concentrations of several of the metals measured in the
Survey Areas are generally within the range of metals concentrations typically observed in
Western U.S. soils (United States Geological Survey [USGS], 1984):

e Arsenic (mean = 5.5 mg/kg; range <0.10 — 97 mg/kg)

e Molybdenum (mean = 0.85 mg/kg; range <3 - 7 mg/kg)
e Selenium (mean = 0.23 mg/kg; range <0.1 - 4.3 mg/kQ)
e Uranium (mean = 2.5 mg/kg; range 0.68 — 7.9 mg/kQ)

¢ Vanadium (mean = 70 mg/kg; range 7 - 500 mg/kQ)

As shown in Table 4, maximum detected concentrations of arsenic, molybdenum, selenium, and
vanadium at Survey Area A, and maximum detected concentrations of arsenic, selenium, and
vanadium at Survey Area B are within typical ranges reported for Western U.S soils, and may not
be related to the uranium mineralization. Exceptions to the above are uranium at Survey Area A,
and molybdenum and uranium at Survey Area B; elevated concentrations of these constituents
in the Survey Areas are likely attributable to residual uranium concentrations and Ra-226
concentrations associated with the mining-related disturbances at the Site.

Table 4 presents the descriptive statistics output from the ProUCL software for the soil sample
results.
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Table 4. Summary of Soil Sampling Results

Area Statistic Arsenic (mg/kg) Molybdenum (mg/kg) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg) Radium-226 (pCi/g)
Total Number of Observations 16 16 16 16 16 16
Percent Non-Detects -- 69% 100% -- -- --
Minimum? 0.900 -- -- 0.960 4.70 0.900
Minimum Detect? -- 0.180 -- -- -- --
Mean? 1.89 -- -- 2.30 7.83 3.24
Mean Detects? -- 0.228 -- -- -- --
Median? 1.85 -- -- 1.95 7.15 2.13
Median Detects? -- 0.200 -- -- -- --
Background Reference Area 1 (BG-1) All Data Maximum? 3.80 -- -- 6.80 19.0 13.4
Maximum Detect? -- 0.290 -- -- -- --
Distribution Normal Normal Not Calculated Gamma Normal Gamma
Coefficient of Variationt 0.407 -- -- 0.630 0.412 0.946
CV Detects? -- 0.231 -- -- -- --
UCL Type 95% Student's-t UCL 95% KM (t) UCL Not Calculated 95% Adjusted Gamma UCL 95% Student's-t UCL 95% Adjusted Gamma UCL
UCL Result 2.22 0.144 Not Calculated 3.01 9.24 4.75
UTL Type UTL Normal UTL KM Normal Not Calculated UTL Gamma WH UTL Normal UTL Gamma WH
UTL Result 3.83 0.332 Not Calculated 6.36 16.0 11.8
Total Number of Observations -- -- -- 15 15 15
Minimum? -- -- -- 0.960 4.70 0.900
Mean! -- -- -- 2.00 7.08 2.56
Mediant -- -- -- 1.80 7.10 2.11
Background Reference Area 1 (BG-1) Excluding Potential Maximum® — — — 4.30 10.0 6.61
Outliers 2 Distribution -- -- -- Normal Normal Normal
Coefficient of Variationt -- - -- 0.418 0.179 0.579
UCL Type -- -- -- 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result -- -- -- 2.38 7.66 3.24
UTL Type -- -- -- UTL Normal UTL Normal UTL Normal
UTL Result -- -- -- 4.14 10.3 6.37
Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- -- 100% -- -- --
Minimum? 0.900 0.250 -- 0.910 9.90 1.24
Minimum Detect? -- -- -- -- -- --
Mean? 1.06 0.289 -- 0.981 10.6 1.44
Mean Detects? -- -- -- -- -- --
Median? 1.00 0.300 -- 0.990 11.0 1.45
Background Reference Area 3 (BG-3) All Data Maximum? 1.40 0.330 -- 1.10 12.0 1.63
Maximum Detect? -- - -- - -- --
Distribution Normal Normal Not Calculated Normal Normal Normal
Coefficient of Variationt 0.148 0.096 -- 0.053 0.065 0.081
UCL Type 95% Student's-t UCL 95% Student's-t UCL Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 1.15 0.304 Not Calculated 1.01 11.0 1.51
UTL Type UTL Normal UTL Normal Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 1.50 0.367 Not Calculated 1.13 12.6 1.77
Total Number of Observations 10 - -- - -- --
Minimum? 0.900 -- -- -- -- --
Mean? 1.03 -- -- -- -- --
Median? 0.995 -- -- -- -- --
Background Reference Area 3 (BG-3) Excluding Potential l\/‘|a>f|mu‘m1 1.30 = = = = =
Outliers 3 Distribution Gamma -- -- -- -- --
Coefficient of Variationt 0.112 -- -- -- -- --
UCL Type 95% Adjusted Gamma UCL - - - - -
UCL Result 1.11 -- -- -- -- --
UTL Type UTL Gamma WH -- -- -- -- --
UTL Result 1.38 -- -- -- -- --
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Area Statistic Arsenic (mg/kg) Molybdenum (mg/kg) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg) Radium-226 (pCi/Q)
Total Number of Observations 10 10 10 10 10 10
Percent Non-Detects - 10% 90% - - -
Minimum? 1.10 - - 2.20 5.70 1.65
Minimum Detect? - 0.370 1.60 - - -
Mean! 4.94 - - 5.44 49.8 10.5
Mean Detects? - 2.02 1.60 - - -
Mediant 3.70 - - 3.80 53.5 7.20
Median Detects? -- 1.40 -- -- -- --
Survey Area A Maximum? 17.0 - -- 21.0 83.0 26.5
Maximum Detect? -- 6.60 1.60 -- -- --
Distribution Normal Normal Not Calculated Lognormal Normal Gamma
Coefficient of Variationt 0.932 -- -- 1.02 0.535 0.800
CV Detects? -- 0.924 -- - -- --
UCL Type 95% Student's-t UCL 95% KM (t) UCL Not Calculated 95% H-UCL 95% Student's-t UCL 95% Adjusted Gamma UCL
UCL Result 7.61 2.93 Not Calculated 8.63 65.2 18.7
UTL Type UTL Normal UTL KM Normal Not Calculated UTL Lognormal UTL Normal UTL Gamma WH
UTL Result 184 6.97 Not Calculated 26.7 127 48.5
Total Number of Observations 20 20 20 20 20 20
Percent Non-Detects - - 100% - - -
Minimum? 1.20 0.220 - 1.00 7.70 1.21
Minimum Detect? - - - - - -
Mean! 2.70 1.75 - 4.39 50.1 6.24
Mean Detects? - - - - - -
Median?® 2.00 1.00 - 3.15 36.5 4.45
Survey Area B Maximum? 7.50 7.70 -- 26.0 280 33.2
Maximum Detect? - - - - - -
Distribution Gamma Gamma Not Calculated Lognormal Gamma Gamma
Coefficient of Variation® 0.651 1.05 - 1.21 117 1.11
UCL Type 95% Adjusted Gamma UCL 95% Adjusted Gamma UCL Not Calculated 95% H-UCL 95% Adjusted Gamma UCL 95% Adjusted Gamma UCL
UCL Result 3.46 2.70 Not Calculated 6.34 73.8 8.99
UTL Type UTL Gamma WH UTL Gamma WH Not Calculated UTL Lognormal UTL Gamma WH UTL Gamma WH
UTL Result 7.59 7.83 Not Calculated 19.8 199 23.6
1 This statistic is reported by ProUCL when the dataset contains 100 percent detections.
2 This statistic is reported by ProUCL when non-detect values exist in the dataset. The value reported is calculated using detections only.
3 Statistics are shown for the constituents where potential outliers were identified, calculated with potential outliers removed.
CvV Coefficient of variation
KM Kaplan Meier
mg/kg Milligrams per kilogram
- Not applicable
pCi/g Picocuries per gram
WH Wilson Hilferty

The UTL result that is shown on the table is based on the output from ProUCL. ProUCL evaluates the data and provides all possible UCLs from its UCL module for three possible data

Note

distributions, then identifies a recommended UCL value. ProUCL does not identify a recommended UTL value. The UTLs are therefore based on the distribution of the recommended UCL.

Please refer to ProUCL Version 5.1 Technical Guide Statistical Software for Environmental Applications for Data Sets with and without Non-detect Observations (EPA, 2015) for further

information
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3.3.2

Gamma Radiation Results Summary

Table 5 presents the descriptive statistics output from the ProUCL software for the gamma

radiation survey results.

Table 5. Summary of Walk-over Gamma Results

Area

Statistic

Gamma (cpm)

Total Number of Observations

310
Minimum 7,228
Mean 11,990
Median 9,936
Maximum 36,911
Background Reference Area 1 (BG-1) All Data Distribution Normal
Coefficient of Variation 0.445
UCL Type 95% Student's-t UCL
UCL Result 12,490
UTL Type UTL Normal
UTL Result 21,576
Total Number of Observations 281
Minimum 7,228
Mean 10,504
Median 9,720
Background Reference Area 1 (BG-1) Excluding Potential Ma>'<|mgm 18,585
outliers Distribution Normal
Coefficient of Variation 0.212
UCL Type 95% Student's-t UCL
UCL Result 10,723
UTL Type UTL Normal
UTL Result 14,523
Total Number of Observations 474
Minimum 6,583
Mean 9,354
Median 9,290
Maximum 11,726
Background Reference Area 3 (BG-3) All Data Distribution Normal
Coefficient of Variation 0.080
UCL Type 95% Student's-t UCL
UCL Result 9,411
UTL Type UTL Normal
UTL Result 10,677
Total Number of Observations 469
Minimum 7,429
Mean 9,341
Median 9,286
Background Reference Area 3 (BG-3) Excluding Potential Ma>'<|mgm 11,239
outliers Distribution Normal
Coefficient of Variation 0.076
UCL Type 95% Student's-t UCL
UCL Result 9,396
UTL Type UTL Normal
UTL Result 10,602
27 NAMAJD
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Area Statistic Gamma (cpm)
Total Number of Observations 5,399
Minimum 5,930
Mean 13,185
Median 10,137
Maximum 61,743
Survey Area A Distribution Normal
Coefficient of Variation 0.558
UCL Type 95% Student's-t UCL
UCL Result 13,350
UTL Type UTL Normal
UTL Result 25,543
Total Number of Observations 16,295
Minimum 6,536
Mean 11,825
Median 10,833
Maximum 54,971
Survey Area B Distribution Normal
Coefficient of Variation 0.294
UCL Type 95% Student's-t UCL
UCL Result 11,870
UTL Type UTL Normal
UTL Result 17,612

CPM  Counts per minute

As noted for metals and Ra-226 in Section 3.3.1, gamma results measured within Survey Areas
appear to be elevated relative to gamma results measured in background reference areas
because background reference areas were selected to represent the geology present in the
region around the Site, whereas the Survey Areas were part of the mine claim because they are
in an area of mineralized bedrock likely to have localized naturally elevated uranium
concentrations. Therefore, it’s not surprising that gamma results within the Survey Areas are
somewhat higher than gamma results at the background reference areas. Elevated gamma
results in portions of the Survey Areas are likely attributable to historic waste piles, as well as a
higher degree of natural mineralization within the Survey Areas relative to the background
reference areas. However, as noted in Section 3.2.2 and Table 3, although the maximum
gamma results are higher at Survey Area A than at BG-1, the mean gamma results are not
statistically different between these two areas, indicating that the amount of uranium between

Survey Area A and BG-1 is similar.

4.0 INVESTIGATION LEVELS

The calculated 95-95 UTL values described in Section 3.3 are used as the ILs for gamma
measurement results and soil sampling results because they reflect the natural variability in the
background data, and provide an upper limit from background data to be used for single-point
comparisons to Survey Area data. The ILs for analytical results of soil samples and gamma
radiation results to be applied to Survey Areas A and B are based on Background Reference

Areas BG-1 and BG-3, respectively.
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4.1 SURVEY AREA A INVESTIGATION LEVELS

The ILs for Survey Area A are based on the results from BG-1.
e Arsenic (mg/kg): 3.83

e Molybdenum (mg/kg): 0.332

¢ Selenium (mg/kg): None (all results were non-detect)

e Uranium (mg/kg): 6.36

e Vanadium (mg/kg): 16.0

e Ra-226 (pCi/g): 11.8

¢ Gamma radiation measurements (cpm): 21,576
4.2 SURVEY AREA B INVESTIGATION LEVELS

The ILs for Survey Area B are based on all data from BG-3.
e Arsenic (mg/kg): 1.50

e Molybdenum (mg/kg): 0.367

e Selenium (mg/kg): None (all results non-detect)

e Uranium (mg/kg): 1.13

e Vanadium (mg/kg): 12.6

e Ra-226 (pCi/qg): 1.77

e Gamma radiation measurements (cpm): 10,677
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1. INTRODUCTION AND PROJECT BACKGROUND

The federal Endangered Species Act (ESA) of 1973, 16 U.S.C. §1531 et seq., requires all federal
departments and agencies to conserve threatened, endangered, and critical and sensitive species and
the habitats on which they depend, and to consult with the U.S. Fish and Wildlife Service (USFWS) on all
actions authorized, funded, or carried out by each agency to ensure that the action will not likely
jeopardize the continued existence of any threatened and endangered species or adversely modify critical
habitat [USFWS 1998]. This report describes the potential for federal ESA-listed species and Navajo
Nation Endangered Species List (NESL) endangered, threatened, candidate, or otherwise designated
sensitive flora and fauna to occur in the proposed action area. The action area with regard to the ESA is
defined as any area that may be directly or indirectly impacted by the proposed action [50 CFR §402.02].
This report is intended to provide the responsible official with information to make determinations of effect
on species with special conservation status.

As the result of settlement by the United States, the US established funding to address certain
abandoned uranium mines located across Navajo lands. For this funding, scientific investigation of these
sites is required prior to potential remediation activities in the future. MWH Global, a division of Stantec
(MWH), will conduct exploratory activities at the Barton No. 3 abandoned uranium mine (AUM) such as
pedestrian gamma surveys, mapping, well sampling, and surface soil sampling within the mine claim
boundaries and surrounding buffer zone. Subsequent earthwork and long term monitoring may be
involved after final approval by the Navajo Nation Environmental Protection Agency (NNEPA) in
conjunction with the U. S. Environmental Protection Agency (USEPA).

In support of this project, MWH contracted Adkins Consulting, Inc. (ACI) to conduct surveys for ESA-listed
fauna and Navajo Nation Endangered Species List (NESL) endangered, threatened, candidate, or
otherwise designated sensitive fauna. MWH contracted Redente Ecological Consultants (Redente) to
conduct surveys for NESL and ESA-listed plant species. The results of the 2016 Redente biological
investigations will be incorporated in Sections 4.2 and 4.3 of this report and can be found in entirety
attached as Appendix C.
The objectives of the biological surveys were as follows:
e To compile a list of ESA-listed or NESL species potentially occurring in the proposed action area.
e To provide a physical and biological description of the proposed action area.

e To determine the presence of ESA-listed or NESL species in the proposed action area.

e To assess potential impacts the proposed action may have on any ESA-listed or NESL species
present in the area.

e To assess potential impacts to species protected under the Migratory Bird Treaty Act (MBTA).

2. PROJECT DESCRIPTION

2.1. Location

Barton No. 3 is located in Apache County Arizona, approximately 5 miles southwest of Red Mesa, AZ at
an elevation of approximately 5,450 feet. Global Positioning System coordinates are 36°56'20” N by
109°26'48” W NAD 83. The site is located on Navajo Tribal Trust Lands within the Bureau of Indian
Affairs (BIA) Shiprock Agency. The legal description of the project surface location is as follows: Section
21, Township 41 North, Range 27 East, Gila and Salt River Principle Meridian. Project area maps are
provided in Appendix A.



2.2. Estimated Disturbance

MWH proposes a phased approach to scientific investigations at the Barton No. 3 AUM. The study area
encompasses the claim boundary and a 100-foot perimeter buffer zone for a total of approximately 3.1
acres. Please refer to Appendix A for maps delineating the mine claim boundary and buffer zone.

The project will also include a walkover survey for gamma radiation across a small area known as the
“background area”. Please refer to Appendix A for a map of the background sample areas. A few soil
samples approximately 3 inches in diameter and up to 6 inches deep will be collected by hand in these
areas.

» Phase I: Spring of 2016 activity would entail pedestrian biological surveys and land surveying.
Fall of 2016 work would entail pedestrian activity including gamma surveys, mapping, well
sampling, and surface soil sampling. In 2016 there will be a maximum of 5 people onsite for no
more than 5 to 7 days. Surface disturbance would be minimal and noise would be light.

» Phase Il: Beginning in 2017, equipment including an excavator or small mobile drilling unit may
be used to collect one or more soil samples. Up to 8 people may be onsite all day for a period of
one week. Equipment travel would be confined to a temporary travel corridor approximately 20
feet in width. Within the travel corridor, vegetation and surface soil would sustain some
disturbance but would not be bladed or bulldozed. During Phase Il, noise may be moderate for a
short duration, and surface disturbance will be light to moderate but confined to a minimal
footprint within the study area. No permanent structures will be left on site.

3. AFFECTED ENVIRONMENT

3.1. Proposed Project Area (PPA)

The proposed project area (PPA) at Barton No. 3 includes the mine boundary and a 100-foot perimeter
buffer zone for a total of approximately 3.1 acres. The affected environment or action area includes any
area that may be directly or indirectly impacted by the proposed activities. Project area maps are
provided in Appendix A.

3.1.1. Environmental Setting

Project activities would occur in northeastern Arizona located within the USEPA designated Arizona/New
Mexico Plateau Level Ill Ecoregion. The Arizona/New Mexico Plateau occurs primarily in Arizona,
Colorado, and New Mexico, with a small portion in Nevada. This ecoregion is approximately 45,870,500
acres, and the elevation ranges from 2,165 to 11,949 feet. The ecoregion’s landscapes include low
mountains, hills, mesas, foothills, irregular plains, alkaline basins, some sand dunes, and wetlands. This
ecoregion is a large transitional region between the semiarid grasslands to the east, the drier shrublands
and woodlands to the north, and the lower, hotter, less vegetated areas to the west and south.

Barton No. 3 is located approximately 1200 feet southwest of several residences and 1.5 miles northwest
of Toh Atin Mesa. The site is comprised of open shrubland and rolling rocky terrain.

Flora

Vegetation communities found within the Arizona/New Mexico Plateau ecoregion 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 pifion pine and juniper woodlands. The Barton No. 3 site is open shrubland with mixed grasses
and sparsely vegetated rocky hills.



Fauna

Wildlife or evidence of wildlife observed within or near the PPA included turkey vulture (Cathartes aura),
common raven (Corvus corax), and kangaroo rat (Dipodomys sp.). A mound with numerous burrows
characteristic of the banner-tailed kangaroo rat was observed approximately 200 feet northeast of the of
the PPA boundary. Further analysis of sensitive species can be found in Section 4 of this document.

Hydrology/Wetlands

Under Executive Orders 11988 and 11990, Federal agencies are required to minimize the destruction,
loss, or degradation of wetlands and floodplains, and preserve and enhance their natural and beneficial
values. These habitats should be conserved through avoidance, or mitigated to ensure that there would
be no net loss of wetlands function and value.

Run-off from precipitation in the project area generally drains north and northwest for 27 miles through
Gothic Creek. Gothic Creek joins the San Juan River approximately 8 miles downriver (west) from Bluff,
Utah. There are no wetlands, seeps, springs, or riparian areas within the proposed project area. The
proposed project activities would contribute to a negligible increase in sedimentation down gradient of the
project area. This increase is not anticipated to be a factor due to the distance from perennial waters.
There is no suitable habitat for ESA-listed fish, nor critical habitats thereof, within 27 miles of the PPA.

Cumulative impacts to surface waters would be negligible. Surface-disturbing activities other than the
proposed action that may cause accelerated erosion include, but are not limited to, construction of roads,
other facilities, and installation of trenches for utilities; road maintenance such as grading or ditch-
cleaning; public recreational activities; vegetation manipulation and management activities; natural and
prescribed fires; and livestock grazing. Because the proposed action would have a negligible impact to
downstream surface water quality, the cumulative impact also would be negligible when added to other
past, present, and reasonably foreseeable activities.

4. THREATENED, ENDANGERED, AND SENSITIVE SPECIES
EVALUATION

The Endangered Species Act (ESA) of 1973 requires all federal departments and agencies to conserve
threatened, endangered, and critical and sensitive species and the habitats on which they depend, and to
consult with the U.S. Fish and Wildlife Service (USFWS) on all actions authorized, funded, or carried out
by the agency to ensure that the action will not likely jeopardize the continued existence of any
threatened and endangered species or adversely modify critical habitat.

4.1. Methods

41.1. Off-site Methods

Prior to conducting fieldwork, ACI compiled data on animal species listed under the ESA. Informal
consultation was initiated by requesting an Official Species List from the USFWS Information, Planning,
and Conservation System (IPaC) website (http://ecos.fws.gov/ipac/). ACI received the Official Species
List (02EAAZ00-2016-SLI-0354) on April 7, 2016. See Table 1 for USFW S-listed threatened, endangered,
or candidate species with potential to occur in the PPA.

The Navajo Nation Department of Fish and Wildlife (NNDFW), Navajo Natural Heritage Program (File #
15mwh101) sent MWH a NESL information letter dated 29 December, 2015. The letter suggests
biologists determine habitat suitability within the project area for the provided list of species of concern
with potential to occur on the 7.5-minute quadrangles containing the project boundaries. The Navajo
species of concern listed in the NESL information letter are included in Table 2.a below.


http://ecos.fws.gov/ipac/

In addition to the above listed species, ACI reviewed species protected under the MBTA with potential to

occur in the proposed project and action area (Table 3).

4.1.2.

On-site Survey Methods

An on-site pedestrian survey was conducted in April 2016 by ACI personnel under a permit issued
NNDFW. The purpose of the survey was to assess habitat potential for ESA-listed or NESL animal
species. Field biologists with considerable experience identifying local wildlife species lead survey crews.
The survey consisted of walking transects ten feet apart throughout the PPA including a survey buffer of
approximately 50 feet beyond the PPA edge of disturbance. The surrounding areas were visually
inspected with binoculars for nests, raptors, or past signs of raptor use. Weather conditions were clear
and visibility was good.

Redente conducted surveys for plant species of concern. The results of the 2016 Redente biological
investigations will be incorporated in Sections 4.2 and 4.3 of this report and can be found in entirety
attached as Appendix C.

4.2. ESA-Listed Species Analysis and Results

4.2.1.

Species from the USFWS IPaC Official Species List

Table 1 includes ESA-listed species that have the potential to occur in the project area based on the
USFWS IPaC Official Species List. Biologists evaluated habitat suitability within and surrounding the
PPA for the species in Table 1.

Table 1: USFWSIPaC Official SpeciesList for the Barton No. 3 Project

: Occurrence : Potential to Occur
SRR SE LD Within Region gl within Action Area
BIRDS

In the southwestern U.S,,
Western yellow- Possible rare associated with riparian No potential. Action
billed cuckoo Threatened summer/breedin woodlands dominated by area does not provide
(Coccyzus > 9 | cottonwood or willow trees. suitable habitat for

. OCCUrrences. ) . :

americanus) In New Mexico, native or Species to occur.
exotic species may be used.?
FISHES
San Juan and .
M ancos Rivers No potential. No
Rarely ) perennial watersin
encountered in Rocky runs, rapids, and pools or near the F.)PA'. )
) Action areais within
Roundtail chub Proposed recent surveys, of creeks and small to large the San Juan River
(Gila robusta) Thrzaten od some found from | rivers; also large reservoirsin Watershed: however
Shiprock to near the upper Colorado River ligibl ' off '
Lake Powell with | system.? negligible effects
most between ' from the project to
Shiprock and any drainage system
Angth, 23 are expected.




Table 1: USFWS 1 PaC Official SpeciesList for the Barton No. 3 Project

Occurrence

Potential to Occur

SEe S Within Region e within Action Area
Native to
headwater
streams of the Low-velocity pools and pool-
Zuni bluehead Little Colorado runs with seasonally dense No potential. Action
sucker River in east- perilithic and periphytic area does noi provide
(Catostomus Endangered central AZ and algae, particularly shady, uitable habitat for
discobolus west-central NM; | cobble/boulder/bedrock .
yarrowi) current rangein substrates in streams with Species to oceur.
NM islimitedto | frequent runs and pools.?
the upper Rio
Nutria drainage.?
MAMMALS
Open habitat, including No p((j)tentlal. ACt'(.)g
grasdands, steppe, and shrub area ablo eﬁgk())_t pr;)w €
Reintroduced into | steppe. Closely associated suitable habitat for
Black-footed ferret : . g . species to occur--
- Endangered Coconino with prairie dog colonies. At ;
(Mustela nigripes) c 1 = action area does not
ounty. least 40 hectares of prairie dog ide prairie do
colony required to support one provide p dog
ferret 2 golonles of sufficient
size
Not limited to any particular
habitat type. Viable
InNE AZ, South | populations occur only where
of Hwy 60 in human population density and | No potential. Action
Apache, persecution level arelow and | areais outside of
Coconino, and prey densities are high. range for this
%:%J;?H us) g(opefr)iﬁdent a Navajo County; Birthing dens may be on species. Human
P P In NW NM, south | bluffs or slopes among rocks | activity and lack of
of 1-40in Cibola, | orinenlarged badger holes. prey base are
McKinley and In Arizonaand New Mexico, | limiting factors.
Catron County.? | diet includes primarily elk

and sometimes livestock,
deer, rodents, or lagomorphs.?

REPTILES




Table 1: USFWS 1 PaC Official SpeciesList for the Barton No. 3 Project

Occurrence

Potential to Occur

SEe S Within Region e within Action Area
Considered ariparian obligate
except during dispersal
behavior. Occurs chiefly in
the following general habitat
types: (1) Source-area
wetlands [e.g., cienegas (mid-
elevation wetlands with
highly organic, reducing
Northern Mexican Most of AZ; In gggkcia(;:kzl i((g%;el)e?rltlﬁén No potential. Action
gartersnake. Threatened SE NM including impoundment), etc.; (2) large area does not provide
(Thamnophis eques Cgtron, Grant angi river riparian woodiands and sunable habitat for
megal ops) Hildago County forests; and (3) streamside species to occur.
gallery forests (as defined by
well-devel oped broadl eaf
deciduous riparian forests
with limited, if any,
herbaceous ground cover or
dense grass). Occurs at
elevations from 130 to 8,497
(ft).?
PLANTS
From the Navajo
Creek drainagein
Coconino Co,
east to the Tsegi
Canyon
leggg]gg '20 uth _ _ No potential. Actiqn
to the Roclé Typ|9al ly found in seeps_and area does not provide
Navajo sedge Point/Mexican hanging gardens, on vertical suitable habitat for
. Threatened sandstone cliffsand alcoves. | speciesto occur. No
(Carex specuicola) Water & Canyon K \ati ndividuals found
de Chelly nown populations occur individuals foun
National from 4600ft to 7200ft. Qurl ng Rgdente plant
Monument, investigations.*
Apache Co, AZ
area. Also known
from Chinle
Creek, San Juan
Co, UT.

1USFWS; 2NatureServe Explorer; 3Navajo Endangered Species List, Species Accounts 2008; “Redente 2016

4.2.2.

ESA-Listed Species Eliminated From Further Consideration

Table 1 includes seven (7) ESA-listed species that have the potential to occur in the project area based
on the USFWS IPaC Official Species List. All of the species in Table 1 have been eliminated from further
discussion in this report because the action area does not provide suitable habitat for them to occur.
There would be no direct, indirect or cumulative impacts to the species in Table 1.




4.3. NESL Species Analysis and Results

4.3.1.

Navajo Endangered Species List (NESL) and Species of Concern

Table 2.a lists species of concern with potential to occur on the 7.5-minute quadrangle(s) containing the
project boundaries. According to the NESL information letter received from the NNFWD found in
Appendix D, there are no species known to occur within three miles of project site. Biologists evaluated
the potential for species of concern listed in the table below to occur within the project area.

Additionally, the NESL information letter requested that the potential for black-footed ferret (Mustela

nigripes) be evaluated if prairie dog towns of sufficient size (per NFWD guidelines) occur in the project
area, and that potential for Parish’s alkali grass (Puccinellia parishii) be evaluated if wetland conditions
exist that contain white alkaline crusts. Species listed by the USFWS in Table 1 are not reiterated here.

Table 2.a: Navajo Endangered Species List (NESL) and Species of Concern

Potential to Occur in

(Buteo regalis)

shrub, sagebrush-grass & pifion-juniper
plant associations.

Species Status Habitat Associations Project or Action Area
ANIMALS
Rocky runs, rapi ds,. and F)ools of creeks No potential. No perennial
and small to largerivers; aso large ;
o : watersin or near the PPA.
reservoirsin the upper Colorado River : Lo
Roundtail chub system. Rarely encountered in the San Theaction areais within the
: NESL G2 ) . ) San Juan River watershed,
(Gila robusta) Juan and Mancos Rivers; they have been i
; however, negligible effects
found from Shiprock to near Lake from the broiect to an
Powell with most between Shiprock and . proj Y
Aneth.3 drainage system are expected.
No potential. No perennial
Warm-water rivers and tributaries of the VAvgi%f] I:rga: Ir;e\;s\t/rl ttr:?] TE:San
Colorado pikeminnow | NESL G2 | Colorado River basin.®* Known to occur Juan River watershed:
(Ptychocheiluslucius) | USFWS-E | in San Juan River from Shiprock to Lake o ’
24 however, negligible effects
Powel. 3 .
from the project to any
drainage system are expected.
Southwestern Willow : :
No potential. Action area
Flyca_tcher - NESL G2 Breeds in dense riparian habitat. 3 does not provide suitable
(Empidonax traillii USFWS-E : )
. habitat for speciesto occur.
extimus)
Typically nestsin flat (<2% slope) to
dightly rolling expanses of grassland,
semi-desert, or badland, in an areawith
short, sparse vegetation, large bare areas
Mountain plover (often >1/3 of total area), and that is No potential. Action area
(Charadrius NESL G4 | typically disturbed (e.g. grazed); may does not provide suitable
montanus) also nest in plowed or fallow cultivation | habitat for speciesto occur.
fields. Nest isa scrapein dirt often next
to agrass clump or old cow manure pile.
Migration habitat is similar to breeding
habitat.3
Golden eadle In the west, mostly open habitatsin Action area provides
en g NESL G3 | mountainous, canyon terrain. Nests potential foraging habitat for
(Aquila chrysaetos) o el 3 .
primarily on cliffs. species to occur.
Breed in open country, usually prairies, . .
. - ) . Action area provides
Ferruginous hawk NESL G3 plains and badlands; semi- desert grass- potential foraging habitat for

species to occur.

10




Potential to Occur in

(Zigadenus vaginatus)

6700ft. 3

Species Status Habitat Associations Project or Action Area
Western burrowing Open grassands and sometimes other Burrows observed northest of
owl NESL Ga | openaess (such asvacant lots). Nests the PPA boundary. No Sians
(Athene cunicularia in abandoned burrows, such as those dug Y. 9
- 34 of use by burrowing owl.
hypugaea) by prairie dogs.
PLANTS
Alkaline springs, seeps, and seasonally g‘gé’%ﬁntlﬂvggg?t:rble:
Parish’sakali grass NESL G4 | wet areasthat occur at the heads of habitat foe eI S 10 OCeUr
(Puccinellia parishii) NM-E drainages or on gentle slopes. indi 'dsgl found duri ’
Elevation: 2600-7200 feet.2? No individuals found during
' ' Redente plant investigations.®
No potential. Action area
Rvdbera's Thistle Hanging gardens, seeps and sometimes | does not provide suitable
(C):lirsi ur?w dbergii) NESL G4 | stream banks below hanging gardens, habitat for speciesto occur.
ydberg 3300-6500 ft. 3 No individuals found during
Redente plant investigations.®
Seeps, hanging gardens, and moist No potential. Action area
. stream areas from the desert shrub to X .
Alcove Bog-orchid imon-iuniper & Ponderosa pine/mixed does not provide suitable
(Platanthera NESL G3 | Pmion-juniperc r b habitat for speciesto occur.
zothecina) conifer communities. Known No individuas found durin
populations occur between 4000 and ed lant i ) auring 5
7200ft elevation. 3 Redente plant investigations.
No potential. Action area
Hanging gardensin seeps and alcoves, does not provide suitable
Alcove Death Camass NESL G3 | mostly on Navajo Sandstone, 3700 — habitat for speciesto occur.

No individuas found during
Redente plant investigations.®

Species are listed by the NESL as; Group 2: Endangered (survival or recruitment in jeopardy); Group 3: Endangered (survival
or recruitment in jeopardy in foreseeable future); and Group 4: Species of Consideration. NESL Species with New Mexico
State Endangered or Threatened status are labeled as NM-T or NM-E.

Sources: Sources: *New Mexico Natural Heritage Program 2010, 2NatureServe Explorer; *Navajo Endangered Species

List, Species Accounts 2008, 4 [UCN Red List, *Redente 2016, ¢ Hammerson et a 2004.

4.3.2.

NESL Species Eliminated From Further Consideration

Table 2.a includes eleven (11) NESL and Navajo Species of Concern that have the potential to occur in
the project area based on the general geographical association. The following species have been
eliminated from further discussion in this report because the action area does not provide suitable habitat
for them to occur: Roundtail chub (Gila robusta), Colorado pikeminnow (Ptychocheilus lucius),
Southwestern Willow Flycatcher (Empidonax traillii extimus), Mountain plover (Charadrius montanus),
Parish’s alkali grass (Puccinellia parishii), Rydberg's Thistle (Cirsium rydbergii), Alcove Bog-orchid
(Platanthera zothecina), and Alcove Death Camass (Zigadenus vaginatus). None of these species were
observed during surveys of the proposed project area or immediate surroundings. Critical habitats of
these species do not exist within or adjacent to the proposed project area. There would be no direct,
indirect or cumulative impacts to these species.

4.3.3.

NESL Species Warranting Further Analysis

Table 2.b lists NESL and Navajo Species of Concern with potential to occur within the proposed project
area based on habitat suitability or actual record of observation.
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Table 2.b: NESL and Navajo Species of Concern Warranting Further Analysis

: : . Potential to Occur in Project
Species Status Habitat Associations or Action Area
ANIMALS
Golden eagle In the west, mostly open habitatsin Action area provides potential
en ey NESL G3 | mountainous, canyon terrain. Nests foraging habitat for speciesto
(Aquila chrysaetos) C :
primarily on cliffs.3 occur.

. Brgeq n open country, usual'ly : Action area provides potential
Ferruginous hawk NES. g3 | Prairies plains and badlands; semi- foraning habitat for Species to
(Buteo regalis) desert grass-shrub, sagebrush-grass & oc;?r 9 $

pifion-juniper plant associations. 3 '
Western burrowing Open grasslands and sometimes other Burrows observed northeast of
owl open areas (such as vacant lots). .
(Athene cunicularia NESL G4 Nests in abandoned burrows, such as LZZ I;Ppglﬁ?gcv?grybv'\lvlo signs of
hypugaea), those dug by prairie dogs. 22 y g oWl

Species are listed by the NESL as; Group 2: Endangered (survival or recruitment in jeopardy); Group 3: Endangered (surviva
or recruitment in jeopardy in foreseeable future); and Group 4: Species of Consideration. NESL Species with New Mexico
State Endangered or Threatened status are labeled as NM-T or NM-E.

Sources: New Mexico Natural Heritage Program 2010, 2NatureServe Explorer; *Navajo Endangered Species List,

Species Accounts 2008, 4 IUCN Red List, SRedente 2016, ® Hammerson et a 2004.

4.4. Migratory Bird Species

The Migratory Bird Treaty Act (MBTA) implements various treaties and conventions between the U.S. and
Canada, Japan, Mexico and the former Soviet Union for the protection of migratory birds. Under the Act,
taking, killing or possessing migratory birds is unlawful.

The bald eagle (Haliaeetus leucocephalus) was delisted under the ESA on August 9, 2007. Both the bald
eagle and golden eagle (Aquila chrysaetos) are still protected under the MBTA and Bald and Golden

Eagle Protection Act (BGEPA). The BGEPA affords both eagles protection in addition to that provided by
the MBTA, in particular, by making it unlawful to "disturb” eagles.

In preparation for conducting the migratory bird survey, information from the New Mexico Partners In
Flight website (http://www.hawksaloft.org/pif.shtml), the New Mexico PIF highest priority list of species of

concern by vegetation type, the USFWS’s Division of Migratory Bird Management website
(http://www.fws.gov/migratorybirds/), and the 2002 Birds of Conservation Concern Report for the

Southern Rockies/Colorado Plateau Bird Conservation Region (BCR) No. 16, were used to develop a list
of high priority migratory bird species with potential to occur in the area of the proposed action. Species
addressed previously will not be reiterated here.

Table 3: Priority Birds of Conservation Concern with Potential to Occur in the Project Area

Species Name

Habitat Associations

Potential to Occur in the Project
Area

Black-throated sparrow
(Amphispiza bilineata)

Xeric habitats dominated by open shrubs with
areas of bare ground.

Suitable habitat is present within
the action area for species to occur.

Brewer's sparrow
(Spizella breweri)

Closely associated with sagebrush, preferring
dense stands broken up with grassy areas.

No suitable habitat is present within
the action area for species to occur.

Gray vireo (Vireo
vicinior)

Open stands of pifion pine and Utah juniper
(5,800 — 7,200 ft) with a shrub component
and mostly bare ground; antel ope bitterbrush,
mountain mahogany, Utah serviceberry and
big sagebrush often present. Broad, flat or
gently sloped canyons, in areas with rock

No suitable habitat is present within
the action area for species to occur.
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outcroppings, or near ridge-tops.

Loggerhead shrike
(Lanius ludovicianus)

Open country interspersed with improved
pastures, grasslands, and hayfields. Nestsin
sagebrush areas, desert scrub, and woodland
edges.

No suitable habitat is present within
the action area for species to occur.

Mountain bluebird (Salia
currucoides)

Open pifion-juniper woodlands, mountain
meadows, and sagebrush shrublands; requires
larger trees and snags for cavity nesting.

No suitable habitat is present within
the action area for species to occur.

Mourning dove (Zenaida
macroura)

Open country, scattered trees, and woodland
edges. Feeds on ground in grasslands and
agricultural fields. Roost in woodlandsin the
winter. Nestsin trees or on ground.

No suitable habitat is present within
the action area for species to occur.

Large and contiguous areas of tall and dense

Sage sparrow (Amphispiza | sagebrush. Negatively associated with seral No suitable habitat is present within
belli) mosaics and patchy shrublands and the action area for species to occur.
abundance of greasewood.
Marginal habitat is present within
Sage thrasher ) . . the action area for species to occur.
(Oreoscoptes montanus) Shrub-steppe dominated by big sagebrush. Lack of significant sagebrush

shrubland likely alimiting factor.

Scaled quail (Callipepla
squamata)

Brushy arroyos, cactus flats, sagebrush or
mesquite plains, desert grasslands, Plains
grasslands, and agricultural areas. Good
breeding habitat has a diverse grass
composition, with varied forbs and scattered
shrubs.

No suitable habitat present within
the action area for species to occur.
Lack of diverse grass composition
with varied forbs likely alimiting
factor.

Swainson’s hawk (Buteo
swainsoni)

A mixture of grassland, cropland, and shrub
vegetation; nests on utility polesand in
isolated treesin rangeland. Nest densities
higher in agricultural areas.

Marginal habitat is present within
the action area for species to occur.

Vesper sparrow
(Pooecetes gramineus)

Dry montane meadows, grassands, prairie,
and sagebrush steppe with grass component;
nests on ground at base of grass clumps.

No suitable habitat present within
the action area for species to occur.
Lack of significant grassland/prairie
component alimiting factor.

Bald eagle (Haliaeetus
leucocephal us)

Near lakes, rivers and cottonwood galleries.
Nests near surface water in large trees. May
forage terrestrially in winter

No suitable habitat present within
the action area for species to occur.

Bendire's thrasher
(Toxostoma bendirei)

Typically inhabits sparse desert shrubland &
open woodland with scattered shrubs; breeds
in scattered locationsin AZ, central &
western portions of NM; most common in
southwest NM.

Suitable habitat is present within
the action area for species to occur.

Pifion jay (Gymnorhinus

Foothills throughout CO and NM wherever
large blocks of pifion-juniper woodland

No suitable habitat present within

cyanocephalus) habitat occurs the action area for species to occur.

Prairie falcon Arid, open country, grasslands or desert Action area provides potential

(Falco mexicanus) scrub, rangeland; nests on cliff ledges, trees, foraging habitat for speciesto
power structures. occur.

American peregrine
falcon
(Falco peregrinus)

Nest in ledges or potholes on cliffsin
wooded/forested habitats; Forage over
riparian woodlands, coniferous & deciduous
forests, shrublands, prairies. 3

No suitable habitat present within
the action area for species to occur.
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5. EFFECTS ANALYSIS

Effects or impacts can be either long term (permanent or residual) or short term (incidental or temporary).
Short-term impacts affect the environment for only a limited period and then the environment reverts
rapidly back to pre-action conditions. Long-term impacts are substantial and permanent alterations to the
pre-existing environmental condition. Direct effects are those effects that are caused by the action and
occur in the same time and place as the action. Indirect effects are those effects that are caused by or will
result from the proposed action and are later in time but still reasonably certain to occur [USFWS 1998].

5.1. Direct and Indirect Effects

The PPA at Barton No. 3 includes the ERT mine boundary and a 100-foot perimeter buffer zone for a total
of approximately 3.1 acres. The project will also include a walkover survey for gamma radiation across a
small area known as the “background area” (see Appendix A for map). A few soil samples approximately
3 inches in diameter and up to 6 inches deep will be collected by hand in these areas. The proposed
action would result in a short term increase in human activity within the PPA at varying degrees
depending on the project phase:

» Phase I: Spring of 2016 activity would entail pedestrian biological surveys and land surveying.
During 2016, work would entail pedestrian activity including gamma surveys, mapping, well
sampling, and surface soil sampling. For this phase, there will be a maximum of 5 people onsite
for no more than 5 to 7 days. Surface disturbance would be minimal and noise would be light.

» Phase Il: Beginning in 2017, equipment including an excavator or small mobile drilling unit may
be used to collect one or more soil samples. Up to 8 people may be onsite all day for a period of
one week. Equipment travel would be confined to a temporary travel corridor approximately 20
feet in width. Within the travel corridor, vegetation and surface soil would sustain some
disturbance but would not be bladed or bulldozed. During Phase II, noise may be moderate for a
short duration, and surface disturbance will be light to moderate but confined to a minimal
footprint within the study area. No permanent structures will be left on site.

Best Management Practices (BMPs) incorporated into project design will reduce potential impacts
including: confining equipment travel to PPA boundary, minimizing travel corridors as much as
practicable, limiting truck and equipment travel within the PPA when surfaces are wet and soil may
become deeply rutted, and using previously disturbed areas for travel when possible.

5.1.1. Golden eagle, Ferruginous hawk

Due to the mobility of adult raptors and the lack of appropriate nesting sites in the vicinity of the proposed
project area, it is unlikely that the proposed project would result in 1) injury to a raptor, 2) a decrease in its
productivity, by substantially interfering with normal breeding, feeding, or sheltering behavior, or 3) nest
abandonment, by substantially interfering with normal breeding, feeding, or sheltering behavior. Short
term audial and visual disturbances associated with the Phase Il activity could cause minor indirect
habitat loss by temporarily deterring raptors from using available habitat adjacent to the proposed project
area.

5.1.2.  Western Burrowing Owl

ACI biologists determined the open gently sloping areas in and surrounding the PPA to be potential
habitat for western burrowing owl. During the April 2016 survey of the PPA, surveyors observed a
kangaroo rat mound approximately 200 feet northeast of the project area boundary. Surveyors did not
observe any signs of use by burrowing owl within or surrounding the burrows. With the implementation of
BMPs discussed in Section 5.1, no impacts are expected to this species.
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5.1.3.  Migratory Birds

The PPA encompasses approximately 3.1 acres of potential migratory bird habitat in the form of Great
Basin Desert scrub. No trees would be removed as a result of the proposed project.

Phase I

Noise and surface disturbance will be low during pedestrian survey activity. Adult migratory birds would
not be directly impacted by Phase | because of their mobility and ability to avoid areas of human activity.
Minor human presence during project activities within the breeding season may indirectly disturb or
displace adults from nests and foraging habitats for a short period of time. Direct and indirect effects are
expected to be short term and minor.

Phase llI:

Adult migratory birds would not be directly harmed by the activities because of their mobility and ability to
avoid areas of human activity. During Phase Il, noise may be moderate but for a short duration, and
surface disturbance will be light to moderate but confined to a minimal footprint within the study area. No
permanent structures will be left on site. Direct impacts are more likely if surface disturbing activities occur
during the breeding season (April 1 through August 15); however, surface disturbance will be confined to
a minimal footprint (likely less than one acre) within the study area. The increased human presence
during project activities within the breeding season may indirectly disturb or displace adults from nests
and foraging habitats for a short period of time.

5.2. Cumulative Effects

Cumulative impacts of an action include the total effects on a resource or ecosystem. Cumulative effects
in the context of the Endangered Species Act pertain to non-Federal actions, and are reasonably certain
to occur in the action area [USFWS 1998].

5.2.1. Golden eagle, Ferruginous hawk

Additional existing surface disturbances within the action area include unimproved access roads to the
residences nearby, all-terrain vehicle use and active wildlife and livestock grazing. Local plant and animal
pest control are also activities that may occur in the vicinity. These foreseeable actions would
cumulatively impact raptors through habitat loss or contamination. Human activity may also increase
available prey base if the activity leads to an increase in rodent population numbers. The intensity of
indirect effects would be dependent upon the species, its life history, time of year and/or day and the type
and level of human and vehicular activity is occurring.

5.2.2.  Western Burrowing Owl

The potential habitat is not currently occupied by this species. With the implementation of BMPs
discussed in Section 5.1, no direct or indirect impacts, and therefore no cumulative impacts, are expected
from the proposed action.

5.2.3.  Migratory Birds

With the implementation of BMPs discussed in Section 5.1, the cumulative impact of the proposed action
on migratory birds would be low based on the minimal surface disturbance involved and the availability of
adjacent similar habitats.

6. CONCLUSIONS

U.S. Fish and Wildlife Service Listed Species (USFWS)

ACI conducted informal consultation with the USFWS and received an Official Species List for the
proposed project area. Qualified ACI biologists evaluated habitat suitability within and surrounding the
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PPA for these species and concluded the potential does not exist for USFWS-listed species to occur
within the proposed project area. No further consultation with the USFWS is required.

Migratory Birds

The proposed action phases would result in varying degrees of noise and surface disturbance within
approximately 3.1 acres of potential migratory bird habitat in the form of Great Basin Desert scrub. During
Phase I, noise and surface disturbance will be low during pedestrian survey activity. Direct and indirect
effects are expected to be short term and negligible. For Phase II, the total surface disturbance is
unknown at this point; however equipment movement would be confined to only a few temporary travel
corridors. Within the travel corridors, vegetation and surface soil would sustain some disturbance but
would not be bladed or bulldozed. Possible direct impacts would be short term and are more likely if
surface disturbing activities occur during the breeding season (April 1 through August 15). Effects to
potential habitat for migratory birds is anticipated to be minor and short term due to the limited degree of
vegetation and soil disruption and the abundance of adjacent habitat for these species.

Wetlands

Under Executive Orders 11988 and 11990, Federal agencies are required to minimize the destruction,
loss, or degradation of wetlands and floodplains, and preserve and enhance their natural and beneficial
values. These habitats should be conserved through avoidance, or mitigated to ensure that there would
be no net loss of wetlands function and value. No impacts to wetlands are anticipated. The proposed
project activities would contribute to a negligible increase in sedimentation down gradient of the project
area. This increase is not anticipated to be a factor due to the distance from perennial waters. There is no
suitable habitat for ESA-listed fish, nor critical habitats thereof, within greater than 20 miles of the PPA.

Navajo Endangered Species List (NESL) and Species of Concern

Three (3) NESL and Navajo species of concern have potential to occur within or near the PPA based on
habitat suitability or actual record of observation. Based on site surveys, AC| determined the PPA
contains potential foraging habitat for golden eagle and ferruginous hawk. Additionally, ACI observed a
kangaroo rat mound northest of the PPA boundary. The burrows are not currently used by burrowing owl
and are not likely to be used in the near future as they appear to be actively in use by some other animal.

Potential effects to these species are discussed in detail in Section 5 above. The short term increase in
human activity and ground disturbance associated with Phase Il of the project would have a negligible
impact on these species provided recommendations discussed in Section 7 below are implemented.

7. RECOMMENDATIONS FOR AVOIDANCE

ACI recommends that the proponent implement standard Best Management Practices (BMPs) designed
to protect sensitive wildlife species during project activity including: confining equipment travel to PPA
boundary, minimizing travel corridors as much as practicable, limiting truck and equipment travel within
the PPA when surfaces are wet and soil may become deeply rutted, and using previously disturbed areas
for travel when possible.
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8. SUPPORTING INFORMATION

8.1. Consultation and Coordination

John Nystedt, Fish and Wildlife Biologist/AESO Tribal Coordinator
USFWS AZ Ecological Services Office - Flagstaff Suboffice
Southwest Forest Science Complex, 2500 S Pine Knoll Dr, Rm 232
Flagstaff, AZ 86001

Pam Kyselka, Project Reviewer and

Chad Smith, Zoologist

Navajo Nation Department of Fish and Wildlife
Natural Heritage Program

PO Box 1480

Window Rock, AZ 86515

8.2. Report Preparers and Certification

Adkins Consulting, Inc.

180 E. 12t Street, Unit 5

Durango, Colorado 81301

Lori Gregory, Biologist; Sarah McCloskey, Field Biologist; Arnold Clifford, Lead Field Biologist

It is believed by Adkins Consulting that the proposed action would not violate any of the provisions of the

Endangered Species Act of 1973, as amended. Conclusions are based on actual field examination and
are correct to the best of my knowledge.

10 June 2016

Lori Gregory Date
Wildlife Biologist

Adkins Consulting

505.787.4088
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INTRODUCTION

Purpose of Report
A biological survey was conducted at the Barton 3 site as part of the Navajo Nation AUM

Environmental Response Trust Project. The purpose of the survey is to determine if
plant species of concern are present within the claim boundary and extending 100 feet
around the site. Biological clearance is required at each site prior to any site investigation
to determine if the project may affect potential species-of-concern or potential federal
threatened and endangered (T&Es) species and/or critical habitat.

Site Location
Barton 3 is located in Apache County Arizona, approximately 138 km (86 miles) west of

Farmington, New Mexico at an elevation of approximately 1,668 m (5,472 ft). Global
Positioning System coordinates are 36° 56’ 21” N by 109° 26’ 48" W (North American
Datum of 1983). The site is located on Tribal Trust Land (TTL).

Environmental Setting

Climate
The climate of the Barton 3 site is classified as arid, with an average annual precipitation

of 203 mm (8 in) with the greatest precipitation months occurring in July and August.

Average annual temperature is 13.3° C (56° F).

Soils
The U.S. Department of Agriculture (USDA) Soil Survey of the Shiprock Area, Parts of

San Juan County, New Mexico and Apache County, Arizona was published in 2001 in
cooperation with the Bureau of Indian Affairs. This area of Apache County is mainly
escarpments separated by terraces and riverwashes. The general mapping unit for the
area is Piute-BlueChief-Rock Outcrop (USDA 2001). Rock outcrops consist of exposed
sandstone bedrock occurring as small areas of short irregular ledges intermingled with

Piute soil. The Piute soil is a gravelly loamy fine sand with slopes ranging from 2 to 25%.
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Plant Community Type
The vegetation on the Barton 3 site is part of the Colorado Plateau Shrub-Grassland type

(USDA 2001). The most common species on the site include cliffrose (Purshia
stansburiana), broom snakeweed (Gutierrizia sarathrae), green rabbitbrush (Ericameria
teretifolia), Mormon tea (Ephedra viridis), Bigelow sagebrush (Artemisia bigelovi), black
grama (Bouteloua eriopoda), galleta (Pleuraphis jamesii), and Indian ricegrass
(Achnatherum hymenoides).

Land Use
The land type on the Barton 3 site is rangeland and the principal land uses are livestock

grazing and wildlife habitat.

REGULATORY SETTING
The survey for vegetation species-of-concern was conducted according to the Navajo

Natural Heritage Program (NNHP) guidelines and the Endangered Species Act (ESA),
including the procedures set forth in the Biological Resource Land Use Clearance
Policies and Procedures (RCP), RCS-44-08 (NNDFW 2008), the Species Accounts
document (NNHP 2008), and the USFWS survey protocols and recommendations. Data
requests for species of concern were submitted to the NNHP and for federal T&E
species to the USFWS. NNHP responded to the request for species of concern with a
letter to MWH dated 19 November 2015. The letter provided a list of species of concern
known to occur within the proximity of the project area. The list of species included their
status as either NESL (Navajo Endangered Species List), Federally Endangered,
Federally Threatened, or Federal Candidate. Species were further classified as G2, G3
or G4. G2 includes endangered species or subspecies whose prospects of survival or
recruitment are in jeopardy. G3 includes endangered species or subspecies whose
prospects of survival or recruitment are likely to be in jeopardy in the foreseeable future.
G4 are “candidates” and includes those species or subspecies which may be endangered
but for which we lack sufficient information to support being listed.
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The Navajo Natural Heritage Program identified four endangered plant species that may
occur in the project area— Alcove death camas (Zigadenus vaginatus), Alcove bog-orchid
(Platanthera zothecina), Rydberg’s thistle (Cirsium rydbergii), and Navajo sedge (Carex
specuicola). The USFWS also listed Navajo sedge as a threatened species that may

occur in the area.

METHODS

Study Area
The area evaluated for plant species of concern was defined by the claim boundary, with

an additional 100 foot buffer around all sides.

Database Queries and Literature Review
Prior to initiating field surveys, a target list of all potentially occurring species of concern

identified by NNHP and the USFWS was compiled. Ecologic and taxonomic information
was reviewed for each species prior to initiating field work to better understand ecological
characteristics of the species, habitat requirements and key taxonomic indicators for
proper identification (ANPS 2000).

Rare Plant Survey Protocols
The plant survey followed currently accepted resource agency protocols and guidelines,

for conducting and reporting botanical inventories for special status plant species
(USFWS 1996). According to these protocols, rare plant surveys were conducted by
botanists with considerable experience with the local flora. All species observed during
the surveys were identified to the degree necessary to correctly identify the species and
determine if the plant had special status. The survey was conducted in the summer (July)
of 2016 during the appropriate season to observe the phenological characteristics of the
special status plant species that were necessary for identification.

The botanical survey team was assisted during the survey by GIS trained staff from MWH
with training specifically in the use of a Garmin Montana 600. The GPS operator was also

instructed in sight identification of species of concern to help delineate points or polygons
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and other data collection and data management tasks. GPS units were preloaded for the
plant team with background and data files that showed the aerial photographic base map,
the site boundaries, and the study area, so team members could clearly identify their
exact location in the field at all times.

2016 Field Survey
The project site was surveyed by a field botanist. The botanist walked meandering

“transect” lines through each area and looked for suitable habitat for these species, such
as seeps and hanging gardens for Cirsium rydbergii, Platanthera zothecina, Zigadenus
vaginatus, and Carex specuicola. The most emphasis was placed in areas with suitable
habitat for the species of concern. If a species of concern was identified, the location
would be recorded using the point or polygon feature in the GPS units. Further, the
population size was planned to be obtained either by direct counts, estimations, or by
sampling the population.

Field botanists documented every field visit on field forms, by area, and took photographs
of field conditions and species of concern, if found on site. The botanist also recorded all
plant communities and plant species observed during each field visit. Plant community

types were also photographed to document site conditions (Photos #1 and #2).

RESULTS
A total of four plant species of concern were identified as potentially occurring within the

proximity of the project area. These species included Zigadenus vaginatus Platanthera

zothecina, Cirsium rydbergii, and Carex specuicola.

Zigadenus vaginatus is a native perennial forb that grows in hanging gardens in seeps
and alcoves, mostly on Navajo sandstone. This species is endemic to the Colorado
Plateau in southern Utah and northern Arizona at elevations between 1,127 and 2,042 m
(3,698 and 6,999 ft). Platanthera zothecina is a native perennial forb that grows in seeps,
hanging gardens and moist stream areas from the desert shrub to the Pinyon-Juniper
communities. This species is found in New Mexico, Utah and Arizona at elevations
between 1,220 and 2,195 m (4,003 and 7,201 ft). Cirsium rydbergii is a native perennial
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forb that occurs in hanging gardens, seeps and stream banks below hanging gardens at
elevations between 1,005 and 1,980 m (3,297 and 6,946 ft). Its distribution includes
southern San Juan County along with Coconino and Apache Counties in Arizona. Carex
specuicola is a native perennial grass-like plant that grows in seeps and hanging gardens
primarily on sandstone cliffs and alcoves. Known populations occur at elevations between
1,402 and 2,195 m (4,600 and 7,201 ft) in San Juan County and northern Arizona.

The survey at Barton 3 on July 21, 2016 did not identify any of the four species that have
been listed as potential species of concern for this site. These four species occur in

seeps, alcoves or hanging gardens that were not found on the site.

Photo #1—Overview of general landscape and plant community at
Barton 3.
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Photo #2—Overview of general landscape and plant community at
Barton 3.
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APPENDIX D. NESL LETTER

NNHP

MNavajo Natural Heritage Program

PO Box 1480 P 926 6716472 httpinnhg. nndivw.org
Wincow Rock, AZ F 928 8717803
BE515
15mwh 101
Ti-Movember-2015
Eilesrs Dewmfest - Project Manager
AWH Amencas
30685 John F Kennedy Farfkoway
Bidg 1. Suite 206
Ft Colins, CO 80528

SUBJECT: Navajo Mation AUM Environmental Response Trust (ERT) Project - 16 Abandoned Uranium
Blire [ALIM) Sites

Elgtrs Dornbest,

HNHP has pedormed an analysis of your prosect in companison 10 known baological resources of the Navao
Mation and has included the findings in this leder. The ketter 5 composed of seven parts. The sectons as
thasy appear m the beller are

Known Species — a list of all specas within relatve procdmity 10 the progect

Potential Specses - 3 ist of polersal species based on project proomaty o respectve sudable habstat
Quadrangles — an exhaustree It of quads contasining the: project

Project Summany - 4 caligorized list of bickogecal resouncers within relatve proximity 1o the propect
prouped by ndedual propeet S5} o quads

5. Conditional Critenia Notes — additonal detash conceming vanous speces. habetal eic

8. Personnel Contacts = 3 list of empioyse contacts

7. Resources - dentifies sources for further infomaton

oo

Mavago Naton Department of Frsh and Wiidide (MNDFUW) there ane no “speces of conoemn™ within proxmty (o
the progect  Refer 1o the Navajo Endangered Species List (NESL) Species Accounts for recommendsd
avoadance measures., biology. and distnbubon of NESL species on the Novapo Maticn

(hizpclinnhp. nndhw.org'sp_acoount.hitm)

Potential Species Ists species thal ane potentially within proxamety 1o the project area and need 1o be evaluated
for presencaiabsence. I no speces are found within the Known or Potental Species lists, the project is not
Sapaciad 1 At any federally lated apasiaa, nor pignfoamly impssy any trisally s spesien oF athar
specws of concem. Potenbal for speces has been determened prmanly on habdat charadenstos ad species
range information. A thorough habfiat analysis, and if NeceSsary, Species SpEcific SUNVeys. ane requined 1o
determine the potential for each species.

Specwes of conoem inchude protected, candicate, and Other rane o CHCNENMSE SEnSing species, mdluding

Certaen native specss and specrs of economec o cultural signeficance. For legally proledied specees, the
folowing ribal and federal statuses are indicated: NESL federal Endangered Specist Act (ESAN, Migratery
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Bird Treaty Act (META). and Eagie Protection Act (EFAL Na legal protection is aforded species with only
ESA candidate, NESL group 4 status, and species lsted on the Sensitve Species List Please be aware of
s SPECs OuNng SUNVEYS and inform the NNDPYW of cbservatons. Reported chsarvations of Dse
speces and documenting them in project planning and management is imporiant for conservaton and may
CONTrbLLE L0 SMEANing they wil not be up [sted in e future.
in anry and 8l comespondence With NNDFWY or NNHFP concsming Tis prosect pleass ote e Data Request

Code ssscciated with this document. |k can be found in this report on the lop night comer of the every page.
Addisonally please cite thrs code in any bological evaluaton documents returned 10 our office.

1. Known Species nesi=navai Endangered Species List FE=Federally Endangered
FTaFeceraly Thresnenes, FORFEOE® Canaigae)

Species

AMPE = Amsonia peeblesi | Pesbles’ Blue-star  MESL G4

AGQCH= Aquila chrysaeios | Goiden Eagle WESL G3

CASP = Carex gpacuionts | Navaps Sedge NESLG3 FT

LIFi = Lithobaters pipeens / Northern Leopard Frog  WNESL G2

PEAMC| = Perognathus amplus cnens | Wupatii Pocket Mouse NESL G4

PUFA = Puccinelia parishil | Parish's Alkali Grass MNESL G4

4l o pans of this project curmently ang within aneas protected by the Goiden and Bald Eagle Nest Protecton
Reguiations. consult with NNDFW zoclogist or EA Reviewsr for mons information and recommendations.

2. Potential Species

Species

AL GO = Alium gooddingll | Gooding's Onion  NESL G3

AMPE = Amacnis pesblesil | Pesbles’ Blus-star RESL G4
ACQCH = Aquila chrysaeios | Goiden Eagle HESL G3

ASBE = Astragaius beathil / Beath Mill-wetch NESL G4

ASHA = Astragabus naturitensis | Naturita Milk-veich NESL G3
ASWE = Asclepaas weltha / Welsh's Miloweed MNESL G3 FT
ATOU = Athene cumculana / Bumowing Owl NESL G4

BURE = Buteo regaks | Fermuginous Hawk MNESL G3

CASP = Caren specuola ! Mavap Sedge MESL G3 FT
CHMO = Charadrius montanus / Mountain Plover NESL G4
CIME = Cinclus memcanus | Amencan Dipper  NESL G3

CIRY = Cirsiumn rydbergi / Rydbeng’s Thistle MESL G4

CYUT = Cystoptens ulahenus / Litah Bladder-fern  NESL G4
ENTREX = Empedonax traslln extierys [ Souttwesten Wilow Fiycatcher NESL G2 FE
ERAC = Enigeron scomanus § Acoma Fleabane MESL G3
ERRH = Engeran rhizomatus | Rhizome Fleabanazuni Fleabane MESL G2 FT
ERRD = Errazurzia mowndata / Round Dunsbroom NESL G3
ERS! = Engeron sivinskll [ Sivinsk's Fleabane NESL G4

FAPE = Falco peregrnus | Peregrme Falcon  NESL G4

SIRO = Gila robwsta / Roundiel Chub NESL G2

LEMA = Lesguenslls runapeein | Navad Bladderpsd MEZL G3
LIP| = Lithobates pipiens / Northern Lecpard Frog MESL G2
MUNI = Mustéla rignpes / Black-focted Femet WESL G2 FE
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PEAMCI = Perognathus smplus conens. | Wupatt: Pocket Mouse NESL G4
PLZ0 = Pistanthara rothedna | Aloove Bog-orchid MESL 53

PRSP = Primula specuicola / Cave Primmase NWESL G4

PTLU = Pichocheilrs lucwus [ Colorado Pikeminnow MESL G2

PUPA = Puconedia panshe | Pansh's Alkalh Grass MNESL G4

SAPAER = Sakia pachyphyla s5p eremopictus [ Anzona Rose Sage NESL G4
ETOCLU = Sirix occidenials lusida | Mexean Spotted Owl MESLG3 FT
VUMA = Viulpes macrotis / KR Fox NESL G4

ZIVA = Dgadenus vaginatus [ Aloowe Death Camass NESL G3

S5eravh 1 01

3. Quadrangles (7.5 Minute)

Cnuachrangles
Cameron SE (35111.G3) /AT

Dafton Pass (35108-F3) / NM

D Musro (38109-B4) 7 AZ

Dos Lomas (35107-C7) / MM

Galiup East (35108-E8) / HM

Garnel Radge (38100-HT) [ AZ UT
Horse Mesa (30100-F1)/ AZ, NM
Inciian Wells (35110-D1)/ AZ

Maodcan Hat SE (3TI1D0AT) /) UT, AZ
Ofeto (37 110-A3) / UT, AZ

Tob At Mess Exst (30100-H3)/ AZ. UT
Toh Atn Mesa West (38108-H4) /1 AZ UT

Project Summary (ec1 mieo 3 Mies=elements occuring within 1 & 3 mies,

SITE EO1MI EC3M QUAD MSO

FOTS

[orerre— Hone G [Fre—— raane
(AT AT,
HE

P, FAPE,
ENMTRER,
A, BUE,
ATCU, ACCH.
TN, PUPA,
BLAD, CaRY,

Tioh Aln Mesa hane
W (0 Ot
AZUT

Argad

Camarmn SE T
(M11-GY) /AT

Argal

O (7110437 | hone
UT. AZ

Area 1 Amal
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EO3MI

MSO

POTS

15mwh101
AREAS

Eunice Becentl

Gaup East
(35106-E5) / NM

FAPE,
EMTREX,
ATCU, AQCH,
LENA, ERS,
ERRH, ERAC

Areal

Harvey Blackwater
No. 3

Gamet Rioge
(36109-HT) /1 AZ

VUMA, LIPL
FAPE,
EMTREX, CIME,
BURE, ATCU,
AQCH, ZIVA,
PUPA, PRSP,
PLZO, CIRY,
CASP, ASWE

Harvey Slackwater
No.3

Mexican Hat SE
(37108-A7) / UT.
AZ

VUMA, FAPE,
EMTREX,
ATCU, AQCH,
JVA, PLZO,
CiRY, CASP,
ASWE

Hostle Tso No. 1

g

§

Inglan Weis
{35110-D1)/AZ

§

FAPE, CHMO,
BURE, ATCU,
AQCH, SAPAER

Areal

Miten No. 3

§

g

Oljeto (37110-A3)/
UT.AZ

§

LIF, FARPE,
EMTREX,
CHMO, BURE,
AQCH

Areald

Toh Afin Mesa
East (36109-H3) /
AZ UT

STOCLU, LA,
PTLU, GIRO,
FAPE,
EMTREX
CHMO, ATCU,
AQCH, PUPA

Toh Alln Mesa
[East (36109-H3) /
AZ UT

STOCLU, U™,
PTLU. GIRO,
FAPE,
EMTREX,
CHMO, ATCU,
AQCH, PURA

Areald

Oak124, Oak125

Horse Mesa
(36108-F1) 1 AZ,
NM

LIPL, FAPE,
EMTREX,
CHMO, BURE,
AQCH, ZIVA,
PUPA, PLZO,
CIRY, CASP

Areal

Del Muero
(36109-84) 1 AZ

Areal

Section 26
| (Desiageno Growp)

Dos Lomas
(35107-C7)/ NM

Areal

Standing Rock

5 §

5l §

Daiton Pass
(35108-F3)/ NM

5 §

Areal
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SITE EQ1MI ECaMI QUAD M50 POTS AREAS
TeosR 1 ROCH MOCH Toh ASr Liess Nore ETOCLU, UMy, Area i Amal
Eal1 | M IDRHE| BT, IR,
AZUT FARE,
ENTHRER,
M, ADICH,
R

5. Conditional Criteria NOtes (mecen revisions made pioase mad thorcughty. For certain

speces, andior crcumslances, please read and comply)

4. Bological Resource Land Use Clearance Polickes and Procedures. [RCP) - The purpose of the RCF
10 anwst the Navapo Nateon govermament and chapters snsunt comphante with federal and Navao lws
whach protect, widifie resources, indludng plants, and fhesr habits reswting in an expedited nd wse
clearancs process. After pears of nesearch and study, the NNDEW has identified and mapped wildife
habitat and sentire sreas thal oover the entire Mavajo Nation
The follcmannig 15 & Drief summmnary of 5o (B) waldife areas:

1 Highly 5engsitrve Area — recommended no development with few exceptions.

ZModerately Sensitive Arkd - MOSETIME MEETICDONSE ON SevHoDMEnT 10 Av0id Bt SPECELTADIL.
1 Lees Senciive Ares — e al reatreSant &N e lopment

4. Comumuruly Developrment Anes = Gréas in and aroursd towns with few o no resStnclions on
Gewpment.

5 Biological Presenve = no development uniess compatible with the purpose of this anea.

A Recreairon Area = no devslopment uniess compatble with the purpose of this ama.

None - outside the boundanes of the Mavao Haton

Thes is not intended 10 be & full description of the RGP please reler 1 the our website for addibonal
niommation at hitp fasww nndhe orgiclup him.

B Raplors - If raptors are known 1o ooour wilfun 1 mle of progect locaten: Contact Chad Smith st
F71-7070 reganding your evaluaton of potentus impacds and migation.
o Golden and Bald Eagles- If Golden or Bald Eagle ame imown fo ocour within 1 mile of the project.
decision makers need o ensure that they are not in wolabon of the Golden and Bald Eagle Mesi Proteciion
Beguiatony found al hitpinnhp nndfe org/docs_reps/ghen pd!
o Fermuginous Hawks — Refer to "Havapo Naton Departrment of Fsh and Wildide's Fermuginous
Hrwk Managernent Guidelines for Nest Protection” hep: 'nnhp nndfe crgidoes_reps_him for relevant
inforrnation on avoiding impacts o Fermugenows. Hawkes within 1 mile of project locaton,
& Mexican Spotted Owl - Flaass refer 0 T Navaje Navon Mewcan Spoies Owi Manapgman Pian
hep innhp. nindfw.org/docs_reps.him for relevant information on proger project planning neacwithin

C. Surveys - Biglogical surveys need 10 be conducted duning the appropnite saason 1o ensure they are
complete and aocurate please refer to NN Species Accounts hitp 'mnhp nndiw ong'sp_socount him
Survaysrs of the Mavai Matoh mut be pemitted by the Dirsctor, NNDPW. Contact Je Cole at (028)
E71-T068 for permeiing procsdunes.  Cuershons pertarng to sunveys shoukd be dinected to the NNDFW
Zoologrst (Chad Srth) for ansmals at 871-T070. and Botanst (Andrea Hazwelton | for plants st
{B28)523-3221. Ouestions reganding biclogical evaluation should be directed to Jeff Cole at 87 1-T088.

0. OiGas Lease Sakes = Any SeTing of $vVADOration DL hat could hold contamenants should be lined and

covered Covenng pis with a net or other matenial will deter waterfvd and other migratory bird Lse
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Guy Wires - Does T project Sasign inciuds guy winks for SUuctural suppon? If 50, and if bed speacies
may ooour i relatreely high concentrabions in the propec] area. then guy wires should be equipped with
Righly visual Markers 10 MEUcE the potential mortainy dus 1o bird-guy wire colisions. Exampies of visual
markers include aviation balls and bird fight diveriers. Birds can be expected 1o coour in nelathvaly high
CONCRNTALONS MONg MQraton routes (£.5.. M. Ndges or other disinctve linear Iopographic features)
or where important habitat for breeding. feeding. oossng, etc. ococurs. The ULS. Fish and Wikdlife Service
FECOMIMEnds Marking guy wires with at ieast one marker pes 100 meters of wire.

San Juan River — On 21 March 1004 (Federal Register. Vol 58, No. 54), the U 5. Fish and Widife
Service designated portions of the San Juan River (5JR) a3 ortical habitat for Prychochesius lucius
[Colorade pikeminnow) and Xyrauchen teasnus (Razorback sucker). Colorads pikerninnow cntcal habitad
inchudes the SR and s 100-pear fioodpiaen from U Slate Houte 371 Bridge in TZ0N, R1IW, see. 17
[Hew Mexico Meridian) to Mesksha Canyon in the San Juan am of Lake Powel in T415. R1IE. sec 28
[Salt Lake Mendian) up to the full pool skevabon. Rarorback sucker onbical habeiat mcudes the SR and
s 100-yeor Boodplain from the Hogbeck Dreersson m T20N. R16W., sec. § (New Meoco Mendan) o the
full pooil edevaton af the mouth of Neskahas Canyon on the San Juan amn of Lake Powsd in T413. R11E.
sec. 29 [Salt Lake Mendian]. All schions camed oul, funded or suthonzed by & federal agency whech may
after the consttuent slaments of critieal habits must undenge section 7 sonsultation under the Endangersd
Species Actof 1873, as amended, Constituent elements are those physical and biclogica! attribules
essental o 3 specikes conservation ond indlude. bul are not lerrted o, water, physical habist and
beckogecal ervinonment &8 required for each pamcular ife stage of 4 species

Litthe Colorado River - On 21 March 1004 (Federal Regmter. Vol 50, Ma. 54 the U.S. Fish and Wikdide
Senhce cesipnated Crtical Habitat akong porteons of the Coloraco and Lithe Colorado Rrvers (LCR) for
Gda oypha (humpback chub), Within or adiacent 10 T Navajo Nation this oritical habitat inciudes the LCR
and its 100-year Boodpdan from nver mile 8 in TIZN REE_ sec. 12 (Sak and Gia Rirver Menidun) to s
confluence with the Colorado River in T32H RSE sea. | (SAGRM) and the Colorado Rbver and | 00-year
Aoodplan from Nautulosd Carmpon (Rreer Mide 34) T36N REE sec. 35 (SAGRM) to ity confusnce uath the
LCR. Al achons camed out, funded o authorzed by a federal agency which may alter he conitiuent
whprments of Criboal Habita! must undengs sechon T corviudiabon under the Endangered Speoes Ad of
1973, a5 amenced. Consinuent slments are hose physical and bological astnbutes essental o a
emironment as reguired for each partoular ide stage of a species.
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Wetlands — In Anzons and M Meood, potental impacts 10 wetlancs should a0 be evaiuated. The
U3, Fah & Widids Sernoe's Habonal Wellards Irvendory (MWI) maps should be sxameed o determmine
WOt Areas CIASSMEd 35 WTANCS are IDCEed cio3e ENOUGH D T PrOMCT ST §) 10 be mpacted. i
cases whene the maps are inconclusve (¢.g.. due o Thesr small scale), Beld surveys must be completed.
For field surveys, wetlands identfication and defineation methodology comtained in the “Comps of
Enginssrs Wetands Delins aion Manual™ [Technical Report 'Y-87-1) should be used. When wetiands ars
present, potential impacts misst be addressed in an envirormental assessment and the Army Corps of
Enginesrs, Fhoenix office. must be contacied. NWI maps are available for exammnation at the Navap
Matural Heritage Program {NNHF) office. or may be purchased through the U.5. Gedlogical Survey (order
forms are avaidable through S NNHPL The NMNHP has complete coverage of the Navajo Nation,
avcheding Ltah, at 1:100,000 szals: and coverags ot 1:24 000 sesls in the souhwerism partion of e
Havao Nation. in Uhah, the US. Fish & Wiidlife Senvice’s National Wedands Inventony maps ane not yet
mvailabis for the Ltsh portian of the Marvajs MNation, therefore. Beld surveys should be completed o
determine whether welands are located dose enough 1o the project sie(s) 1o be imgacted For field
sunveys. wetands dentficaton and delneaton methodology contained in the “Corps of Engresrs
Wietlands Dwlineation Manual™ (Techmical Repont Y-87-1) should be used, When wetlands are present,
potential mpacts must be addressed in an emoronmental assessment and the Army Cops of Engineers.
Phosnix office. must be contacted. For mone information contact the Navaio Emdronmental Prowction
Agency's Water Cuality Program.

Life Length of Data Request - The information in this report was identfied by the NNHP and NNDPW's
Baslogists and computenzed databace, and & based on dala svalable st the tae of thig response. If
propect planning takes mone than two (02) years from the date of this response. venfication of the
wifarrration pronaded Rlren & Recai By |1 Ehould not be regarded sk the fnal etalement on the
oocumencs Of any speces, Nor sfould 1t substtute for on-sde sunveys. Also, because the NNDPW
mikormation is contnually updated, any grven information response is only wholly appropnate for it
FESpeCive Nequest.

Ground Waisr Pumping - Projects imvabang the ground water pumping for mining operatians,
agnouliural projects of comsmencial wells (incuding muncpal wedls) will have o provicde an analysis on the
efects o surface waler and address potentisl impacts on all aqusbe snd'or wetiands species isted below.
MESL Species potentially impacted by ground walsr puming: Canss speciucols [Navajo Sedge), Cirsam
rycbergii (Rydbeng's Thste), Primula specuicals (Cave Primicss). Platanthers 2othesins [Alsovwe Bag
Orchid), Puccingliia parishil (Parish Alkali Grass), Zigedenus vaginatus (Alkove Death Camas), Fertyls
specuicola (Aloove Rock Daisy). Symphyotrichum welshi (Welsh's Amencan-asier), Coacyzus
americanus (Yellow-biled Cuckoo), Empidonax trailld extimus (Southwestern Willow Fiycatcher), Rana
pipsens (Northemn Leopand Frogl, Gia cypha (Humpbadk Chub), Gda robusts (Roundiail Chub).
Prychochedus. lucius (Colorade Fikemimnow]. Xyrauchen texamus (Razorbach Sucker], Cinclus mexicanus
(American Dipper ), Speyena nokomis (Westemn Sesep Frtllary ), Aschmophorus clarkia (Clark's Grebe),
Ceryle alcyon (Behed Kingfisher). Dendrosca petechia (7 eflow Warbler), Porzana carclina (Sora),
Catmtormus discobobus (Blushasd Sucker), Cothus baord [Motthed Soulpn). Oxyloma kanabense (Kanab
Ambersnal)
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6. Personnel Contacts

Wilcllbe Manager
Sam Diswood
524 8T1.T062

sdiswoodi@nndtw.org

Zodlodist
Chael Smith

S22 8T1. 7070
Esmithinndfe.org

Botanist
Vacant

Biclogical Reviewer
Famels Kyselka
928,871, 7085
physelaflnndbe.om

GiS Supsndecs
Dexter D Prail
9249 6452858

prali@nndte org

Wildife Tech
Sonja Detsoi
524 BT 6472
Ssdetsond nndfe.org
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7. Resources

Hatonal Ervaronmentad Poloy Act

wmmm
Specs Accounts

Biciogieal Investgaton Pemit Agpication
npinnhp.nndt ory/shidy pemmyLhem

Variows Species Management andior Document and Reports

bilip jlnnbg, Aredte grg/docs rps hitm

Comraaiftard Lost
{Camning So0n)

g by Do 0 Mgl
P-CARn O b ke

Dexter D Prall Zewres ™

Dexter D Prall, GiS Supenisor - Natural Henlage Program
Navapo Natson Department of Fish and Wildife
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Novemmber 18, 2015

TO: Navzjo Natusal Heritazz Program
Navzjo Nation Dept of Fishand Wildlifs
ATTN: Sonjz Detsgd and Dievder Pzl
PO Bax 1480
Windaow Fack, AT B6515

FROML AWH Americas
ATTH: Eilesn Domfest, Projecthlanases
5445 John F Eennsdy Parkway
Bldz 1, Snite 204
Ft Callins, OO0 BO525
Phons: {870% 3772410
Fax: (9700 3772404
E-mzil: EilesnDomfest@mwhsokzloom

SUBJECT:  Feguest for Tand E Informationfor 16 Abandonsd Uraninm hlins (AT Sites

PROJECT NAME:

Navzjo Nation AUM Environmenial Response Trost (ERT) Project

LOCATION:

16 ATA Bitas (artached in (IS shaps filss and TGS roposraphic maps)

EUNMARY DESCRIPTION OF PROJECT:
The vtk is ta be conduct=d at 16 Absndonad Urzninm Minss (ATTM:) and includss
Femaval Site Evalnations (R2Es) accordinz to CERCLA ateach of the Sites The E5Es
2re site investizztions that includa the following activitias:

L ]

conducting backeround 5041 studiss

conducting samims radiztion scans of surfacs s0ils

sampling surface and subsurfacs soiks and sediment r=laied tohistoric mining
Opefations

assessingradiztion exposwe insids mine operations oidings, homss, or other
nezrby stroctures {ifprasant at the Sdtes)

sampling existing and accessible sroundwater walls

mitizzting physical hazasds and other interim responss actions
preparing a final wriren rpont docwmentne the vk performed and informaton
obtained for sach of the Sites



TOPOGRAPHIC MAPS ATTACHED:

»  Blos Gap Juadrangls, Arizonz-Apsche o

« Cameron S3E Qnadmpsls Arzons-Cacaning So.

» Czmeron Sonth Quadrngls, Arrons-Coconing Ca.

»  Dal Muerto Qnadsanze], Arironz-Apache Co.

=  Five Buttes Juadransle, Arizma-Mavajo Co.
Gamest Fidzs Quadranzls, Arizonsz-Tizh
Hagse Mesa Qnadmnge, Arizone-New Megicg
Indizn Wells Quadransle, Arizona-Mavaio Co
Tzh Ches Wash (uadransls, Arizons-Apachs Ca.
Toh Atin Mesz Ezst Quadranzle, Aripons-TTtzh
Toh Atip Mesz Wast Juedransls, Arizonz-TEh
Blusvwater (nadransls, Wew hlexica
Brazd Sprinss Quadrangls Mewr Mavica-AcE mley Ca.
Dialvon Pass Juadrangle New haxico MK inky Cao
Cios Lomas Juadransls, Mew hlexico
Gallop East Quadrangls, Mew hlaxicoAlcEinkey Co
»  Sand Spring Quadransle, Mew hlaxico-5an Joan Co
« Standing Rock Quadrangle, New Mexico-McEmnly Co
=  Mexican Hat SE Quadransle, Titah-San Juan Co
=  {(Niato Quadrangls, Utzh-5an Juan Ca



THE NAVAJO NATION
HISTORIC PRESERVATION DEPARTMENT

PO Box 4950, Windew Rock, Arlzana B&5S15
TEL: (928) 871-7198  FAX:([928) 871-78846

CULTURAL RESOURCE COMPLIANCE FORM

' ROUTE COPIES TO: | NNHPD NO.: HPD-16-588
" @DCRM ~ | OTHER PROJECT NO.: DCRM 2016-06

PROJECT TITLE: A Cultural Resaource Inventory of Eight Abandoned Uranium Mines (Northern Region) for MWH
Americas, Inc. in the Western and Shiprock Agencies of the Navajo Nation, in Utah, Arizona, and New Mexico.

LEAD AGENCY: BIA/NR

SPONSOR: Sadie Hoskie, Trustee, Navajo National AUM, Environmental Response Trust, P.O. Box 3330, Window
Rock, AZ 86515

PROJECT DESCRIPTION: The proposed undertaking will involve proposing to complete Removal Site Evaluations
to define the horizontal extent of contamination in surface soils and sediments at the eight former uranium mine areas.
The proposed undertaking may involve intensive ground disturbance with the use of heavy equipment and hand tools.
The area of potential effect is 54.4-acres.

"LAND STATUS: | Navajo Tribal Trust -
 CHAPTER: _ Dlgato Dennehotsn Mexican Water Sweetwater and Red Valley .
LOCATION: | 7. | 43 |S, R | 24814 E | Sec. | 14824; Ofato Quadrangle, !fjgn County | UT | SLPM
| .| 43 s., R| 14 |E |Sec | 13 EDljato Quadrangle, 'fﬁ;‘n County | UT SLPM
‘7| & |s, |R | 19823 | E- | Sec. | UP; gﬁj’::' Quadrangle, | Apache | County | AZ s&spcpw
] T4 (N R| 18 | sec| UB |0 ouatange, | Apache | Couny | AZ | GBSRPY
g . | 2L | Toh Atin !
| T. | 41840 | N, | R. | 2B& | E- | Sec. | UP; | Mesa Quadrangle, | Apache | County g AZ | GRSRPN
JESSEOIY. BEN (AR el - e ____..________I_""""e“ }
Tl [m[R| 2w se| Ur [ [audenge 5 | comy || e
PROJECT ARCHAEOLOGIST: i ' Rena Martin o =
NAVAJO ANTIQUITIES PERMIT NO.: _ B16728 B -
DATE INSPECTED: il | 4/16/2016, 5/18/2016 i
DATE OF REPORT: | 7/15/2016 -
TOTAL ACREAGE INSPECTED: | 105.2 —ac
'METHOD OF INVESTIGATION:  Class lll pedestrian inventory with transects spaced 10 m apart.
| (8) sites (UT-B-59-8, UT-C-63-12, AZ-5-25, AZ- |-
7-72, AZ-1-6-79, NM-1-24-87, NM-1-24-88, NM-I-24-
LIST OF CULTURAL RESOURCES FOUND: 89)
' (1) In Use Area
- - - | (23) Isolated Occurrences (10s)
' (8) sites (UT-B-59-8, UT-C-63-12, AZ-1-5-25, AZ-I-
LIST OF ELIGIBLE PROPERTIES: | 7-72, AZ-1-6-79, NM-1-24-87, NM-I-24-88, NM-1-24-
S R e 1 |
LIST OF NON-ELIGIBLE PROPERTIES: 1 {1)InUse Area, (23) I0s

' ' (5) sites (UT-B-59-8, UT-C-63-12, AZ-I-7-72, AZ-I-

& LIST OF ARCHAEOLOGICAL RESDUHCEE | 6-79, NM-1-24-89)




HPD-16-588 / DCRM 2016-06
Page 2, continued

EFFECT/CONDITIONS OF COMPLIANCE: No historic properties affected with the following conditions:

Sites: UT-B-59-8, UT-C-63-12, AZ-1-5-25, AZ- I-7-72, AZ-1-6-79, NM-1-24-87, NM-1-24-89:

1. Prior to any construction, the site boundaries will be flagged and/or temporarily fenced under the
direction of a qualified archaeologist & shown to the construction foreman. '

2. All ground disturbance within the 50 ft. of the site boundaries will be monitored by a qualified
archaeologist. '

3. No construction, equipment or vehicular traffic will be allowed within the site boundaries.

4. A brief letter/report documenting the result of the monitoring will be submitted to NNHPD within 30 days
of monitoring activities.

5. All future maintenance activities shall avoid the site by a minimum of 50 ft. from the site boundaries.

Site NM-1-24-88:
Given the environmental hazards the mine possesses, and the thorough extent of the ethnographic
information, all research potential has been exhausted. No further work is warranted.

TCPs.
No effect by proposed undertaking.

In the event of a discovery ["discovery” means any previously unidentified or incorrectly identified cultural resources including but not limited to
archaeological deposits, human remains, or locations reportedly associated with Native American religiousftraditional beliefs or practices], all
operations in the immediate vicinity of the discovery must cease, and the Navajo Nation Historic Preservation Department must be notified at

(928) 871-7198.

FORM PREPARED BY: Tamara Billie
FINALIZED: September 9, 2016

Notification to Proceed B Yes o NO 9 / 2 //Q

Recommended _ '
Conditions: BYes o No  TheNavajoNation | Date
Historic Preservation Office

Navajo Region Approval %es o No /V SEP 2 8 2016

BIAZ Navajo Regional Office Date
v Acting
A\
\



NNDFW Review No. 15mwh101-b3

BIOLOGICAL RESOURCES COMPLIANCE FORM
NAVAJO NATION DEPARTMENT OF FISH AND WILDLIFE
P.O0. BOX 1480, WINDOW ROCK, ARIZONA 86515-1480

It is the Department’s opinion the project described below, with applicable conditions, is in compliance with Tribal
and Federal laws protecting biological resources including the Navajo Endangered Species and Environmental Policy
Codes, U.S. Endangered Species, Migratory Bird Treaty, Eagle Protection and National Environmental Policy Acts.
This form does not preclude or replace consultation with the U.S. Fish and Wildlife Service if a Federally-listed
species is affected.
PROJECT NAME & NO.: Barton No. 3 - Abandoned Uranium Mine Project
DESCRIPTION: Proposed Phase I & Il scientific investigations at an abandoned mine site. Phase | would entail
biological and land surveying with a maximum of 5 people onsite for no more than 5-7 days. Disturbance would be
light. Phase II would require the use of an excavator or a small mobile drilling unit to collect one or more soil samples
with up to 8 people onsite for a period of one week. A temporary travel corridor 20 ft. in width would be necessary to
move equipment to the site. Disturbance would be light to moderate. No permanent structures would be left onsite.
Total land use would be approximately 3.1 acres.
LOCATION: 36°5620"N 109°26'48"W, Red Mesa Chapter, Apache County, Arizona
REPRESENTATIVE: Lori Gregory, Adkins Consulting, Inc. for MWH Global/Stantec
ACTION AGENCY: U.S. Environmental Protection Agency and Navajo Nation
B.R. REPORT TITLE / DATE / PREPARER: BE-Barton No. 3 Abandoned Uranium Mine Project/JUN 2016/Lori
Gregory, Plant Survey Report for Species of Concern At Barton 3 Project Site/AUG 2016/Redente Ecological
Consultants
SIGNIFICANT BIOLOGICAL RESOURCES FOUND: Area 3. Suitable nesting habitat is present in the project area
for Migratory Birds not listed under the NESL or ESA. Migratory Birds and their habitats are protected under the
Migratory Bird Treaty Act (16 USC §703-712) and Executive Order 13186. Under the EO, all federal agencies are
required to consider management impacts to protect migratory non-game birds.
POTENTIAL IMPACTS

NESL SPECIES POTENTIALLY IMPACTED: Athene cunicularia (Burrowing Owl) G4, MBTA. Breeding
season: 01 MAR-15 AUG.

FEDERALLY-LISTED SPECIES AFFECTED: NA

OTHER SIGNIFICANT IMPACTS TO BIOLOGICAL RESOURCES: NA
AVOIDANCE / MITIGATION MEASURES: Mitigation measures will be implemented to ensure that there are no

impacts to migratory birds that could potentially nest in the project area.
CONDITIONS OF COMPLIANCE*: NA
FORM PREPARED BY / DATE: Pamela A. Kyselka/10 NOV 2016

C:\old_pc2010\My Documents\NNHP\BRCF_2016\15mwh101_b3.doc

Page 1 of 2
NNDFW -B.R.C.F.: FORM REVISED 12 NOV 2009



COPIES TO: (add categories as necessary)

] O]
2 NTC § 164 Recommendation: Signatu Date
XApproval .
OConditional Approval (with memo) W [ [ [é LE
[CIDisapproval (with memo) Glofia*M. Tom, Director, Navajo Nation Department of Fish and Wildlife

[CJCategorical Exclusion (with request letter)
[CONone (with memo)

*I understand and accept the conditions of compliance, and acknowledge that lack of signature may be grounds for
the Department not recommending the above described project for approval to the Tribal Decision-maker.

Representative’s signature Date

C:\old_pc2010\My Documents\NNHPABRCF_2016\1 5mwh101_b3.doc

Page 2 of 2
NNDFW -B.R.C.F.: FORM REVISED 12 NOV 2009




From: Nystedt, John

To: Justin Peterson

Cc: Lori Gregory; Pam Kyselka; thillie@navajo-nsn.gov; Harrilene Yazzie; Melissa Mata
Subject: Navajo Nation AUM Environmental Response Trust - -First Phase

Date: Monday, November 07, 2016 4:08:30 PM

Attachments: image001.png

Justin,

Thank you for your November 6, 2016, email. This email documents our response regarding
the subject project, in compliance with section 7 of the Endangered Species Act of 1973
(ESA) as amended (16 U.S.C. 1531 et seq.). Based on the information you provided, we
believe no endangered or threatened species or critical habitat will be affected by this project;
nor isthis project likely to jeopardize the continued existence of any proposed species or
adversely modify any proposed critical habitat. No further review isrequired for this project
at thistime. Should project plans change or if new information on the distribution of listed or
proposed species becomes available, this determination may need to be reconsidered. In all
future communication on this project, please refer to consultation numbers given below.

In keeping with our trust responsibilities to American Indian Tribes, by copy of this email, we
will notify the Navajo Nation, which may be affected by the proposed action and encourage
you to invite the Bureau of Indian Affairsto participate in the review of your proposed action.

Should you require further assistance or if you have any questions, please contact me as
indicated below, or my supervisor, Brenda Smith, at 556-2157. Thank you for your continued
efforts to conserve endangered species.

Claim 28 02EAAZ00-2016-SL1-0358
Section 26 (Desiddero Group) 02ENNMO00-2016-SL1-0447
Mitten #3 06E23000-2016-SL1-0210
NA-0904 02EAAZ00-2016-SL1-0363
Occurrence B 02EAAZQ0-2016-SL1-0361
Standing Rock 02ENNMO00-2016-SL1-0448
Alongo Mines 02ENNMOQ00-2016-SL 1-0465
Tsosie 1* 02EAAZQ0-2016-SL1-0364
Boyd Tisi No. 2 Western 02EAAZ00-2016-SL1-0355
Harvey Blackwater #3 02EAAZ00-2016-SL1-0356 / 06E23000-2016-SL1-0207
Oak 124/125 02ENNMOQ00-2016-SL 1-0466
NA-0928 02EAAZ00-2016-SL1-0360
Hoskie Tso #1 02EAAZ00-2016-SL1-0362
Charles Keith 06E23000-2016-SL 1-0208
Barton 3 02EAAZQ0-2016-SL1-0354
Eunice Becenti 02ENNMO00-2016-SL1-0444

* |t is our understanding that the Tsosie No. 1 site has been put on hold indefinitely due to
accessissues. However, provided the results of the survey were negative (i.e., no potential for


mailto:tbillie@navajo-nsn.gov

any ESA-listed species) then we would come to the same conclusion, above, as for the other
15 projects.

Fish and Wildlife Biologist/ AESO Tribal Coordinator

USFWS AZ Ecological Services Office - Flagstaff Suboffice

Southwest Forest Science Complex, 2500 S Pine Knoll Dr, Rm 232

Flagstaff, AZ 86001-6381 (928) 556-2160 Fax-2121 Cell:(602) 478-3797
http://www.fws.qgov/southwest/es/arizona/



http://www.fws.gov/southwest/es/arizona/
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Appendix F Data Usability Report, Laboratory Analytical
Data, and Data Validation Reports

F.1 Data Usability Report

F.2 Laboratory Analytical Data and Data
Validation Reports

(provided in a separate electronic file due tfo its file size and length)
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

DATA USABILITY REPORT

1.0 INTRODUCTION

This data usability report presents a summary of the validation results for the sample data
collected from the Barton 3 Site (the Site) as part of the Removal Site Evaluation (RSE) performed
for the Navajo Nation AUM Environmental Response Trust—First Phase. The purpose of the
validation was to ascertain the data usability measured against the data quality objectives
(DQOs) and confirm that results obtained are scientifically defensible.

Samples were collected between October 3, 2016 and August 26, 2017 and were analyzed by
ALS Environmental of Ft. Collins, Colorado, for all methods. Samples were analyzed for one or
more of the following:

e Radium-226 in soil by United States Environmental Protection Agency (USEPA) Method 901.1
¢ Metals in soil by USEPA Method SW6020

e Isotopic thorium in soil by USDOEAS-06/EMSL/LV

Samples were collected and analyzed according to the procedures and specific criteria
presented in the Quality Assurance Project Plan, Navajo Nation AUM Environmental Response
Trust (QAPP) (MWH, 2016).

Project data were validated as follows:

e Laboratory Data Consultants, Inc. (LDC) of Carlsbad, California, performed validation of all
radiological soil data, plus ten percent of the non-radiological data (Level IV only)

e Al non-radiological soil data were validated by the Stantec Consulting Services Inc.
(Stantec; formerly MWH) Project Chemist (Level lll only)

e Allsamples received Level lll data validation

e Ten percent of the sample results for all methods received a more detailed Level IV
validation

The analytical data were validated based on the results of the following data evaluation
parameters or quality control (QC) samples:

e Compliance with the QAPP
e Sample preservation

¢ Sample extraction and analytical holding times

1 NAVAJD
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

e Initial calibration (ICAL), initial calibration verification (ICV), and continuing calibration
verification (CCV) results

e Method and initial/continuing calibration blank (ICB/CCB) sample results
e Matrix spike/matrix spike duplicate (MS/MSD) sample results

e Laboratory duplicate results

e Serial dilution (metals analysis only)

e Inferference check samples (ICS) (metals analysis only)

e Laboratory control sample (LCS) and laboratory control sample duplicate (LCSD) results
e Field duplicate sample results

¢ Minimum detectable concentration (radiological analyses only)

e Reporting limits

e Sample result verification

e Completeness evaluation

e Comparability evaluation

Sample results that were qualified due to quality control parameters outside of acceptance
criteria are listed on Table F.1-1.

2.0 DATA VALIDATION RESULTS

Stantec reviewed the data validation reports and assessed the qualified data against the DQOs
for the project. The following summarizes the data validation findings for each of the data
evaluation parameters.

2.1 QUALITY ASSURANCE PROJECT PLAN COMPLIANCE
EVALUATION

Based on the data validation, all samples were analyzed following the quality control criteria
specified in the QAPP, with the following exception: ALS routinely dilutes all metals samples by a
factor of 10 times in order to protect their ICP-MS instrument from the adverse effects of running
samples with high total dissolved solids. This also includes running a long series of samples (as is
common in a production laboratory) with intermediate dissolved solids. The vulnerable parts of
the instrument are the nebulizer, which produces an aerosol, and the cones, which disperse the
aerosol. These areas form scaly deposits from the samples in the sample solution, despite the

1 NAVAJD
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

nitric acid and other acids present in the digestate. These parts of the instrument periodically
need to be taken apart and cleaned, but in a production setting the laboratory wants to avoid
any downtime as much as possible. As an ameliorating factor, the laboratory also takes account
of this dilution factor up front in the project planning stages. The laboratory will not quote a
reporting limit for this instrument that cannot be achieved after the 10 fimes dilution required for
the instrument. Not all of the requested reporting limits can be met using the laboratory's routine
protocol. The dilution is narrated by the laboratory merely as a matter of transparency, as well as
for the validator’s information. The dilution should have no impact on the project’s sensitivity
goals.

Sample Preservation Evaluation. All samples were preserved as specified in the QAPP.
Holding Time Evaluation. All analytical holding times were met.

Initial Calibration, Initial Calibration Verification, and Continuing Calibration Verification
Evaluation. All ICAL, ICV, and CCYV results were within acceptance criteria.

Method Blank Evaluation. No sample data were qualified due to method blank results.

Initial and Continuing Calibration Blank Evaluation. No sample data were qualified due o
ICB/CCB data.

Matrix Spike/Matrix Spike Duplicate Samples Evaluation. All MS/MSD recoveries were within
acceptance criteria with the exception of one MS recovery and four MSD recoveries for the
analysis of metals. Table F.1-1 lists the analytes where an MS and/or MSD percent recovery was
outside the acceptance criteria. Sample results were qualified with a *J+" flag for results that
were estimated and potentially biased high; sample results were qualified with a “J-" flag for
results that were estimated and potentially biased low. All MS/MSD RPDs were within
acceptance criteria.

Laboratory Duplicate Sample Evaluation. For some analyses, the laboratory prepared and
analyzed a duplicate sample. RPD results were evaluated between the parent and laboratory
duplicate samples. All RPDs were within acceptance criteria except one sample for the analysis
of molybdenum and one sample for the analysis of vanadium. The results were qualified with a
"J" flag to indicate an estimated result.

Serial Dilution Evaluation. All serial dilution percent differences were within acceptance criteria.

Interference Check Sample Evaluation. All interference check samples were within acceptance
criteria.

Laboratory Control Sample/Laboratory Control Sample Duplicate Evaluation. All LCS and LCSD
recoveries were within acceptance criteria. All LCS/LCSD RPDs were within acceptance criteria.

7| MAVAIC
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

Field Duplicate Evaluation. The RPDs were less than the guidance RPD of 30 percent established
in the QAPP for all field duplicate pairs, with the exception of results for five metals. The primary
cause for RPDs exceeding 30 percent for some duplicate pairs is assumed to be the
heterogeneity/variability of soil samples. The sample IDs, sample results, and RPDs for those
results that did not meet the guidance RPD are listed in Table F.1-2. Sample results were not
qualified due to RPDs exceeding the guidance criteria, as described in the QAPP.

Minimum Detectable Concentration Evaluation. All minimum detectable concentrations met
reporting limits with the exception of five samples for the analysis of radium-226. However, the
reported activity for each of these samples was greater than the achieved minimum detectable
concentration and no qualification was needed.

Reporting Limit Evaluation. All sample data were reported to the reporting limit established in the
QAPP, with the exception of the metals, as discussed at the beginning of this section related to
dilution.

Sample Result Verification. All sample result verifications were acceptable with the exception of
seven samples analyzed for radium-226. The sample density exceeded the limit of +/- 15% of the
density of the calibration standard. In all cases the results were qualified with a “J-* flag as
estimated, potentially biased low (see Table F.1-1).

Completeness Evaluation. All samples and QC samples were collected as scheduled, resulfing in
100 percent sampling completeness for this project. Based on the results of the data validation
described in the previous sections, all data are considered valid as qualified. No data were
rejected; consequently, analytical completeness was 100 percent, which met the 95 percent
analytical completeness goal established in the QAPP.

Comparability Evaluation. Comparability is a qualitative parameter that expresses the
confidence that one data set may be compared to another. For this project, sample collection
and analysis followed standard methods and the data were reported using standard units of
measure as specified in the QAPP. In addition, QC data for this project indicate the data are
comparable. As aresult, the data from this project should be comparable to other data
collected aft this Site using similar sample collection and analytical methodology.

3.0 DATA VALIDATION SUMMARY

Precision. Based on the MS/MSD sample, LCS/LCSD sample, laboratory duplicate sample, and
field duplicate results, the data are precise as qualified.

Accuracy. Based on the ICAL, ICV, CCV, MS/MSD, and LCS, the data are accurate as qualified.

Representativeness. Based on the results of the sample preservation and holding fime
evaluation; the method and ICB/CCB blank sample results; the field duplicate sample

- :"*!.l"\"-'r.l"'q...]'_:'
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BARTON 3 (#220) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

evaluation; and the RL evaluation the data are considered representative of the Site as
reported.

Completeness. All media and QC sample results were valid and collected as scheduled;
therefore, completeness for this RSE is 100 percent.

Comparability. Standard methods of sample collection and standard units of measure were
used during this project. The analysis performed by the laboratory was in accordance with
current USEPA methodology and the QAPP.

Based on the results of the data validation, all data are considered valid as qualified.
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Table F.1-1
Summary of Qualified Data
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1
Field Sample Sample Analysis Sample . C C C Added
Identificat?on Dat% Cogi/e Analyte ResSIt units TSpe Rgsult L?mit Flag Comment
$220-BG1-007 10/6/16  SW6020 Uranium 2.2 mg/kg MSD 128% 75% - 125% J+ Resultis estimated, potentially biased high.
MSD recovery above acceptance criteria.
$220-BG1-003 10/6/16 E901.1 Radium-226 1.63 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
S$220-BG1-004 10/6/16 E901.1 Radium-226 2.11 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
S$220-BG1-001 10/6/16 E901.1 Radium-226 3.68 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
$220-C04-001 10/14/17  E901.1 Radium-226 6.73 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
S$220-CX-006 4/15/17  SW6020 Vanadium 59 mg/kg LR 26% 20% J Result is estimated, bias unknown. LR RPD
outside acceptance criteria.
$220-CX-006 4/15/17  SW6020 Uranium 3.1 mg/kg MSD 150% 75% - 125% J+ Resultis estimated, potentially biased high.
MSD recovery above acceptance criteria.
$220-SCX-013-002 6/7/17 SW6020 Arsenic 16 mg/kg MS 51% 75% - 125% J- Resultis estimated, potentially biased low.
MSD 62% 75% - 125% MS and MSD recoveries below
acceptance criteria.
$220-SCX-013-002 6/7/17 SW6020 Molybdenum 2 mg/kg LR 24% 20% J Result is estimated, bias unknown. LR RPD
outside acceptance criteria.
$220-SCX-012-002 6/7/17 E901.1 Radium-226 96 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
§220-SCX-012-202 6/7/17 E901.1 Radium-226 8 pCi/g Result +15% J-  Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
$220-SCX-013-001 6/7/17 E901.1 Radium-226 26.5 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
$220-BG3-001 8/26/17 SW6020 Vanadium 10 mg/kg MSD 131% 75% - 125% J+ Resultis estimated, potentially biased high.
MSD recovery above acceptance criteria.
Notes
mg/kg milligrams per kilogram MS matrix spike
pCi/g picocuries per gram MSD matrix spike duplicate
LCS laboratory control sample RPD relative percent difference

LR laboratory replicate (duplicate)
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Table F.1-2
Results that did not Meet the Relative Percent Difference Guidance
Barton 3
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase
Page 1 of1

Primary Sample / Duplicate Primary  Duplicate

Sample Date Parameter Units RPD (%)

Indentification Result Result
$220-CX-002/5220-CX-202 4/15/2017 Molybdenum 1.2 1.7 mg/kg 35%
§220-SCX--017-002/5220-SCX-017-202 6/7/2017 Arsenic 4.8 8.7 mg/kg 58%
§220-SCX--017-002/S220-SCX-017-202 6/7/2017 Molybdenum 5 8.8 mg/kg 55%
§220-SCX-012-002/5220-SCX-012-202 6/7/2017 Arsenic 3.6 56 mg/kg 176%
§220-SCX-012-002/5220-SCX-012-202 6/7/2017 Molybdenum 2.4 7.4 mg/kg 102%

Notes
mg/kg milligrams per kilogram
RPD relative percent difference
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