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Executive Summary
Introduction

The Tsosie 1 site (the Site) is located within the Navajo Nation, Shiprock Bureau of Indian Affairs
(BIA) Agency, Teec Nos Pos Chapter in northeastern Arizona. The Site is one of 46 “priority”
abandoned uranium mines (AUMs) within the Navajo Nation selected by the United States
Environmental Protection Agency (USEPA) in collaboration with the Navajo Nation Environmental
Protection Agency (NNEPA) for further evaluation based on radiation levels and potential for
water contamination (USEPA, 2013). Mining for uranium occurred prior to, during, and after
World War Il, when the United States (US) sought a domestic source of uranium located on
Navajo lands (USEPA, 2007a).

On 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 August 2015 and June 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 located in the northwestern Carrizo
Mountain mining region, along the Chezhindeza Mesa and Tsitah Wash. Bedrock on the Site
consists of the Jurassic Morrison Formation. The Morrison Formation produced approximately

4.7 million pounds of uranium from areas of Arizona and New Mexico (USEPA, 2007a). 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 on a
mesa top, mesa sidewall, and plains with elevation ranges from 5,790 feet above mean sea
level (ft amsl) to 5,910 ft amsl. On-site overland surface water flow, when present, is controlled by
a decrease in elevation from the mesa top to the surrounding plains.

The Site was only in operation during 1955 and was operated by G.B. Cree Drilling Company.
Details regarding mine workings at the Site were not provided in historical documents. The
United States Atomic Energy Commission (USAEC) ore production records showed production
from the Site in 1955 was 25 tons (approximately 50,000 pounds) of ore that contained 55 pounds
of 0.11 percent UsOsg (uranium oxide) and 647 pounds of 1.30 percent V205 (vanadium oxide).

In 1994 the Site was included in a reclamation bid document and in 1995 NAML oversaw the
following reclamation activities completed at the Site:

e Bulkheads were installed to close two portals

e The portals were backfilled with mine waste as much as possible and the remaining mine
waste was buried in a designated area

e A drainage located at one of the portals was diverted and the drainage course was lined
with riprap

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, 2016a)
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

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”

- NAVAID
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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:

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

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

o Site Characterization Activities and Assessment included surface and subsurface soil and
sediment sampling, and surface water 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. The results of the surface water analyses
were used to evaluate mining impacts to surface water

Findings and Discussion

Surface and subsurface soil and sediment sampling results. Two background reference areas
were selected to develop surface gamma, subsurface static gamma, Ra-226, and metals ILs for
the Site. Arsenic, molylbdenum, 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
analyses performed for this report along with the multiple lines of evidence, approximately

5.2 acres, out of the 35.0 acres of the Survey Area (i.e., the full areal of the Site surface gamma
survey), were estimated to contain TENORM. Of the 5.2 acres that contain TENORM, 3.4 acres
contain TENORM exceeding the surface gamma ILs. The volume of TENORM in excess of ILs was
estimated to be 15,383 yd3 (11,761 cubic meters).

Gamma Correlation Study results. Results of the Gamma Correlation Study indicated that
surface gamma survey results do not correlate sufficiently well with Ra-226 concentrations in soil.

] NAVAJD
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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. Therefore,
users of the regression equation should be aware of the limitations of the dataset and be
cautious when estimating radium-226 concentrations. Additional correlation studies may be
needed to identify the relationship between gamma and Ra-226.

Water sampling results. Water samples were collected from one surface water seep. Analytical
results indicated the surface water sample had uranium, Ra-226, adjusted gross alpha, total
dissolved solids (TDS), and sulfate concentrations greater than their respective the ILs. All other
metals and general chemistry parameters were below their respective ILs. Based on these results,
uranium, Ra-226, adjusted gross alpha, TDS, and sulfate are confirmed COPCs for the seep and
additional characterization may be considered at the seep in the future.

Based on the Site Clearance and RSE data collection and analyses for the Site, potential data
gaps were identified and are presented in Section 4.9 of this RSE report. These potential data
gaps can be taken into consideration for subsequent evaluations in support of future Removal or
Remedial Action evaluations at the Site.
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Acronyms/Abbreviations

°F
e.g.
etc.

ft

ft2

i.e.
mg/kg
Hg/L
HR/hr
pCi/g
yd®

Adkins
ags
amsl
AUM

bgs
BIA

Ccv
C.FR
COPC
Cooper
cpm

Dinétahdddo
DMP

DO

DQO

ERG
ESA

FSP

GIS
GPS

HASP

ICAL
ICB/CCB
ICV

IL

degrees Fahrenheit
exempli gratia

et cetera

feet

square feet

id est

milligram per kilogram
micrograms per liter
microRoentgens per hour
picocuries per gram
cubic yards

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

below ground surface
Bureau of Indian Affairs

continuing calibration verification
Code of Federal Regulations
constituent of potential concern
Cooper Aerial Surveys Company
counts per minute

Dinétahddd Cultural Resource Management

Data Management Plan
Department of the Interior
Data Quality Objective

Environmental Restoration Group, Inc.
Endangered Species Act

Field Sampling Plan

geographic information system
global positioning system

Health and Safety Plan

initial calibration

initial/continuing calibration blank
initial calibration verification
Investigation Level
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LCS/LCSD laboratory control sample/laboratory control sample duplicate

MARSSIM Multi-agency Radiation Survey and Site Investigation Manual

MBTA Migratory Bird Treaty Act

MCL maximum contaminant level

MLR Multivariate Linear Regression

MS/MSD matrix spike/matrix spike duplicate

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

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

NNDOJ Navajo Nation Department of Justice

NNDNR Navajo Nation Division of Natural Resources

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

NNHP Navajo Natural Heritage Program

NNHPD Navajo Nation Historic Preservation Department
NNPDWR Navajo National Primary Drinking Water Regulation
NORM Naturally Occurring Radioactive Material

NSDWR National Secondary Drinking Water Regulation

OSM Office of Surface Mining

PVC polyvinyl chloride

QA/QC quality assurance/quality control

QAPP Quality Assurance Project Plan

R2 Pearson’s Correlation Coefficient

Ra-226 Radium-226

Ra-228 Radium-228

RSE Removal Site Evaluation

SOP standard operating procedure

Stantec Stantec Consulting Services Inc.

T&E threatened and endangered

Th-230 thorium-230

Th-232 thorium-232

DS total dissolved solids

TENORM Technologically Enhanced Naturally Occurring Radioactive Material
U-235 uranium-235

U-238 uranium-238
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UsOs
UCL
UM
uUSs.C.
UTL
USAEC
USDA
USEPA
USFWS
USGS

VCA
V205

Weston

Xii

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

Vanadium Corporation of America
vanadium oxide

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.

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.

Bulkhead - an engineered wall placed inside a mine portal/adit to close the portal/adit.

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

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

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.

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

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

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

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

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

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

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

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 topographic relief, lens
distortion, and camera ftilt.

Pan Evaporation — evaporative water losses from a standardized pan.
Portal — The surface entrance to a drift, tunnel, adit, or entry (US Bureau of Mines, 2017).

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

Radium-228 (Ra-228) — a radioactive isotope of radium that is produced by the natural decay of
uranium.
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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 to cause substantial danger to present or future public
health or welfare or the environment...For the purpose of the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP), the term also includes enforcement activities
related thereto” (USEPA, 1992).

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

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

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

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

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

Thorium (Th) — “a naturally occurring radioactive metal found at trace levels in soil, 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.
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Upper Confidence Limit (UCL) — the upper boundary (or limit) of a confidence interval of a
parameter of interest such as the population mean (USEPA, 2015).

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

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

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

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

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

1.1  BACKGROUND

This report summarizes the purpose and objectives, field investigation activities, findings, and
conclusions of Site Clearance and Removal Site Evaluation (RSE) activities conducted between
August 2015 and June 2017 at the Tsosie 1 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 #55 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 10.7 acres
(466,092 square feet [ft2]) and was provided as part of the 2007 AUM Atlas. Per the 2007 AUM
Atlas this polygon and other factors represent the location and surface extent of the AUM.

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

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

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

The Site is one of 46 priority AUMs within the Navajo Nation selected by the USEPA in
collaboration with the NNEPA for further evaluation based on radiation levels and potential for
water contamination (USEPA, 2013). The 16 priority AUMs included in the Trust Agreement are
located on Navajo Lands throughout southeastern Utah, northeastern Arizona, and western New
Mexico, as shown in Figure 1-1. The 16 priority AUMs were selected by the US and Navajo Nation,
as described in the Trust Agreement:
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"based on two primary criteria, specifically, demonstrated levels of Radium-2263: (a) at or
in excess of 10 times the background levels and the existence of a potentially inhabited
structure located within 0.25 miles of AUM features; or (b) at or in excess of two fimes
background levels and the existence of a potentially inhabited structure located within
200 feet (ft)."” Trust Agreement, Recitals.

In addition, the 16 priority AUMs are, for the purposes of this investigation, a subset of priority
mines for which a viable private potentially responsible party has not been identified. Mining for
uranium 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 analyses, that are used to evaluate potential mining-related impacts. The USEPA (2017)
defines TENORM as:

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

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

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

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 sampling, and laboratory analyses
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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 analyses.

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

e Characterization of perennial surface water — surface water sampling and laboratory
analyses.

Details regarding the Site Clearance activities are provided in the Tsosie 1 Site Clearance Data
Report (Site Clearance Data Report; Stantec, 2017a) and summarized in Section 3.2 of this
report. Details regarding the Baseline Study activities are provided in the Tsosie 1 Site Baseline
Studies Field Report (Stantec, 2017b) 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.
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Section 7.0 References - Lists the reference documents cited in this RSE report.
Tables Included at the end of this RSE report.
Figures Included at the end of this RSE report.

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

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

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

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

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

Attachments - Site-specific geodatabase, tabular database files, and available historical
documents referenced in this RSE report.

7| MAVAIC
1.5 () stantec ToN



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

SITE HISTORY AND PHYSICAL CHARACTERISTICS
September 26, 2018

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 8 miles southeast of Red Mesa, Arizona, as shown in Figure 1-1 inset. The Site is
located in the northwestern Carrizo Mountain mining region, along the Chezhindeza Mesa and
Tsitah Wash, as shown in Figure 2-1. A summary of historical mining on the Site is presented
below.

During the 1920s and 1930s, mining on the Navajo Nation primarily focused on vanadium mining.
In November 1920, the first recorded shipment of uranium and vanadium ore was shipped from
the Carrizo Mountain mining region (Chenoweth, 1984 and Chenoweth, 1985). 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 market for vanadium. After 1947, prospecting and mining for uranium
increased in the Carrizo Mountains region. In light of new regulations, exploration drilling by both
the US Atomic Energy Commission (USAEC) and uranium mining companies increased in 1953
and additional ore bodies were discovered. To fill the USAEC's need for uranium, VCA reopened
its 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 time, resulting in large mines, as well as numerous small mining
operations throughout the Carrizo Mountain mining region (Chenoweth, 1984 and

Chenoweth, 1985).

The Site was one of the small mining operations in the Carrizo Mountain mining region, located in
the northwestern Carrizo Mountain mining region. The Site was only in operation during 1955 and
was operated by G.B. Cree Driling Company (Chenoweth, 1984 and Chenoweth, 1985). Details
regarding mine workings at the Site were not provided in either the Chenoweth (1984) or
Chenoweth (1985) historical documents. The USAEC ore production records showed production
from the Site in 1955 was 25 tons (approximately 50,000 pounds) of ore that contained 55 pounds
of 0.11 percent UsOsg (uranium oxide) and 647 pounds of 1.30 percent V205 (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 18 of Township 40 North, Range 29 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
Teec Nos Pos 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 one home-site is located north of and within 0.25 miles of the Site, as
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shown in Figure 2-1. Three home-sites are located north of and within 0.5 miles of the Site, as
shown in Figure 2-1.

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 Teec Nos Pos Chapter officials and
nearby residents and nofified them of the work.

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

Between 1994 and 1999, aerial radiological surveys were conducted at 41 geographical areas
within the Navajo Nation, including the Tsetah Wash area, which included the location of the
Site (Hendricks, 2001). The surveys were done at the request of the USEPA Region 9 and were
performed by the Remote Sensing laboratory, a US Department of Energy facility, National
Nuclear Security Administration Nevada Operations Office. The infent of the surveys was to
characterize the overall radioactivity levels and excess bismuth-214 activity (i.e., a radioisotope
that is an indicator of uranium ore deposits and/or uranium mines) within the surveyed areas.
Data collected from the surveys was used to assess the risks (i.e., average gross exposure rate) in
mined areas and to determine what action, if any, was needed.

The aerial radiological survey for the Tsetah Wash area covered approximately 16.8 square miles
and included the location of the Site. The aerial radiological survey results for the area within a
0.25 mile radius of the Site indicated a gross exposure rate range of 5 yR/hr to 16 yR/hr and
excess bismuth (i.e., bismuth activity greater than approximately 3.5 uR/hr) present in
approximately 0.008 square miles (5.3 acres) of the area (2007 AUM Atlas). The aerial
radiological survey results for the Tsetah Wash area indicated a gross exposure rate range of
3.54 uR/hr to 38.62 uR/hr and excess bismuth (i.e., bismuth activity greater than approximately
3.5 uR/hr) present in approximately 0.11 square miles of the 16.8 square miles of the Tsetah Wash
flight area (Hendricks, 2001).

2.1.4.2 1994 Tse Tah lI/Oakspring Il Reclamation Project Invitation for Reclamation Bids

In 1994, NAML issued an invitation for bids for the reclamation of 11 AUMs, referred to as the Tse
Tah ll/Oakspring I NAML Reclamation Project (NAML, 1994). The Site was one of the 11 included
in the bid document and was referred to as NA-0912 in the bid document. The bid document
reported the following mining features were present on-site: two portals (with an average size of
7.5 ft wide by 6.5 ft high and of unknown depth), 70 ft of highwall, and 1,555 cubic yards (yd?) of
mine waste. The highwall was the excavated area located around the portals. The bid
document included a historical drawing of the Site (refer to Map #13 in the bid document) that
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showed the locations of the portals, highwall, and mine waste. The bid document listed the
need for the following reclamation activities for the Site:

e Improve 1,320 ft of access road to the Site
e Close the portals with an 18-inch thick concrete filled reinforced block bulkhead

e Backfill the bulkhead closure with mine waste material to a 3h:1v (horizontal to vertical) slope
or less

e Backfill the highwall with mine waste material to a 3h:1v slope or less
e Consolidate and bury excess mine waste on-site

¢ Onthe reclaimed areas, place 18-inches of topsoil, grade, improve/divert drainage, and
revegetate

2.1.4.3 1995 Reclamation Activities

NAML oversaw reclamation activities for the Site and reported the progress of the activities in
field notes dated May 2, 1995 and May 12, 1995 (NAML, 1995). In the field notes the Site was
referred to as NA-0912. As reported by NAML, the following reclamation activities were
completed at the Site in 1995:

e Bulkheads were installed to close two portals

¢ The portals were backfilled with mine waste as much as possible and the remaining mine
waste was buried in a designated area

e A drainage located at one of the portals was diverted and the drainage course was lined
with riprap

On July 11, 1995, the US Department of the Interior (USDOI) Office of Surface Mining (OSM)
Reclamation and Enforcement visited the 11 AUMs reclaimed as part of the Tse Tah II/Oakspring
I NAML Reclamation Project (US OSM, 1995). The purpose of the visits was to view completed
and ongoing reclamation conducted by NAML. The OSM reported their visit findings in a letter
addressed to NAML dated July 18, 1995. In the letter the OSM reported their findings (for the 11
AUMs reclaimed as part of the Tse Tah II/Oakspring I NAML Reclamation Project) as follows: alll
portal closures were intact, and reclaimed areas were top-dressed, seeded, and mulched.
Reconstructed drainages were armored with riprap in a number of areas. Access roads in the
immediate vicinity of the reclaimed sites were similarly reclaimed.

2.1.4.4 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 sensitive
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environments4 around the Site); (2) recording the type, number, and reclamation status of mine
features; and (3) performing a surface gamma survey. Weston reported no 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 and
identified one sealed portal, a reclamation cap, and one waste pile. Based on Weston's
performance of a surface gamma survey, Weston determined that the highest gamma
measurements were greater than 61 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 2-2 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 transitional area between the semi-arid grassiands to the
east, the drier shrub-lands and woodlands to the north, and the lower, hotter, less-vegetated
areas to the west and south.

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

The Site is located in the northwestern Carrizo Mountain mining region in the central portion of
the Colorado Plateau. Figure 2-3 presents the regional US Geological Survey (USGS) topographic
map of a portion of the Colorado Plateau in the vicinity of the Site. Figure 2-4 presents the Site
topography (Cooper Aerial Surveys Company [Cooper; refer to Section 3.2.2.1]) within a portion
of the Colorado Plateau. The Site is located on a mesa top, mesa sidewall, and plains with
elevation ranges from 5,790 feet above mean sea level (ft amsl) to 5,210 ft amsl (refer to

Figure 2-4).

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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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 conftributed 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, silistone, and various other sedimentary rock subtypes.

Bedrock on or adjacent to the Site consists of the Jurassic Summerville Formation, and the
Jurassic Brushy Basin and Salt Wash Members 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 Morrison Formation is composed of various rocks of lacustrine and fluvial
continental origin, including mudstone, sandstone, limestone, and siltstone (USGS, 1967).

Figure 2-5 depicts a regional geology map showing the Site in relation to the regional extent of
the Morrison Formation. The sandstone strata of the Morrison Formation contains 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). Approximately 4.7 million pounds of uranium was mined from the Morrison
Formation within areas of Arizona and New Mexico (USEPA, 2007a).

2.2.2.2 Site Geology

Bedrock outcrops on or adjacent to the Site consist of the Jurassic Salt Wash and Brushy Basin
Members of the Morrison Formation and the Jurassic Summerville Formation, as shown in

Figure 2-6a. The Brushy Basin Member of the Morrison Formation consists of green, purple, and
gray shale and siltstone; gray and tan sandstone and conglomeratic sandstone. The Salt Wash
Member of the Morrison Formation consists of yellowish-gray to greenish-gray cross-bedded very
fine fo 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
siltstone. 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. Shallow or outcropping mineralized bedrock on Site is shown in Figure 2-6b.
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Unconsolidated deposits on-site are alluvium, colluvium, and eolian deposits consisting of poorly
graded sand, poorly graded sand with gravel, silty sand with gravel, and silty sand. During the
Site Characterization field activities, boreholes were advanced through the unconsolidated
deposits using a hand auger until termination due to stable low gamma measurements or refusall
at either bedrock or cobbles (refer to Section 3.3.2.2 and Appendix C.2 for borehole logs). The
unconsolidated deposits ranged in depth from 0.7 ft to greater than 3.9 ft below ground

surface (bgs).

According to the US Department of Agriculture (USDA) Natural Resources Conservation Service
(NRCS) Web Soil Survey for Apache County, Arizona, soils on-site that have not been disturbed,
are classified as the Arches-Kitsili-Mido complex soil consisting of loamy fine sand which is highly
permeable and has a low available water storage (NRCS, 2006).

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 11 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 40 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
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 in the area of the Site.

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 surface
wafter flow (i.e. overland flow), when present, is controlled by a decrease in elevation from the
mesa top to the surrounding plains (refer to Figures 2-4 and 2-7). Parallel patterned ephemeral
drainages are present on-site that drain north/northwest info an unnamed drainage, as shown in
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Figures 2-1 and 2-7. The western most drainages drain into a tfemporary ponding area before
connecting with the unnamed drainage. The unnamed drainage connects to the Tsitah Wash
approximately 0.75 miles north of the Site (refer to Figure 2-1). Tsitah Wash joins the San Juan
River approximately 20 miles northeast of the Site, as shown in Figure 1-1 inset. In addition,
surface water flow is controlled around a reclaimed area on-site, located at the base of the
mesa edge, by two drainage channels that are armored with riprap (refer to Figure 2-7).

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 May 2017, Adkins conducted a wildlife survey and a vegetation survey as part of Site
Clearance activities. 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 predominantly sparsely vegetated sage brush/shrubland with scattered pinyon pine
and juniper frees (refer to Appendix E). During the surveys, Stantec and/or its subcontractors
observed on-site wildlife including common raven, cottontail rabbit, coyote, turkey vulture, and
Scotts’ oriole (refer to Appendix E).

2.2.6 Cultural Resources

In October 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 living near
the Site (Dinétahddd, 2016). The local resident stated that family members had worked at the
mine and that it was last in operation around 1948 or 1950 by VCA. The resident also stated the
mine had one long main funnel that branched off into two tunnels. The main tunnel was all
underground and was over a mile long and exited on the other side of Tsitah Wash.

During the cultural resource survey Dinétahddé identified one archaeological site and eight
isolated occurrences. Appendix E includes a copy of the Cultural Resource Compliance Form,
and findings of the cultural resource survey are summarized in Section 3.2.2.4.
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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: potential haul roads, a waste pile, one of the sealed
portals, a reclaimed area, and historical boreholes. Details regarding these observations are
presented in Section 3.2.2.1.

On July 28, 2017, a representative from NAML confirmed via email that the following reclamation
activities had occurred on-site:

¢ Mine waste from the Site was buried within the open portals to the extent possible
e Both portals were bulk headed with 18 inches of concrete and rock

¢ Mine waste that would not fit into the portals was then piled against the steep slope where
the buried portal was located and covered with clean/borrow material from within the
NAML project boundaries (refer to the reclaimed area on Figure 2-7)

e Drainages surrounding the reclaimed area were addressed with rip rap to prevent erosion

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 August 2015
and June 2017. Site Clearance activities were conducted initially to obtain information
necessary to develop the RSE Work Plan. Site Clearance activities were performed in
accordance with the approved Site Clearance Work Plan. Resulting RSE activities were
performed in accordance with the approved RSE Work Plan.

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

The 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
(DQO:s) for the environmental sampling activities. The HASP listed site hazards, safety procedures
and emergency profocols. The DMP described the plan for the generation, management, and
distribution of project data deliverables. The FSP, QAPP, HASP, and DMP provided the approved
requirements and protocols to be followed for the RSE data collection, data management, and
data analyses performed to develop this RSE report. Any deviations or modifications from the RSE
Work Plan are described in the appropriate RSE report sections.

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

The USEPA DQO Process is a seven-step process® 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 quality 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).

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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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:

1. Background reference area soil sampling, laboratory analyses, surface gamma surveying,
and subsurface static gamma measurements to establish background analyte
concentrations and gamma measurements, which will be used as the ILs, for the Site.

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

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

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

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

e Historical site assessment

e Determining RSE DQOs

e Selecting background reference areas

¢ Selecting radiation survey techniques

e Site preparation

e Quality control

e Health and safety

e Survey planning and design

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

e Media sampling and preparation for laboratory analyses

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

o Data quality assessment through statfistical analyses
e Evaluation of the analytical results

e Quality assurance and quality control
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Sections 3.2 and 3.3 summarize the preparation, field investigation methods, and procedures for
data collection during the Site Clearance activities and other RSE activities. Activities
subsequent to the Site Clearance are described in detail in the RSE Work Plan, Section 4.
Appendix A includes the radiological characterization report prepared by Environmental
Restoration Group, Inc. (ERG), under contract to Stantec. Appendix B includes photographs of
features at the Site and the surrounding area, Appendix C.1 includes soil/sediment sample field
forms, Appendix C.2 includes borehole logs, and Appendix C.3 includes water sample field
forms.

3.2 SUMMARY OF SITE CLEARANCE ACTIVITIES

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

3.2.1 Desktop Study

The desktop study included:

e Review of historical aerial photographs (USGS, 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.
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Based on the list above, the following findings were identified during the desktop study:

e Historical photographs (USGS, 2016) for the Site were selected from 1949, 1976, 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 from
1997 and a current image. In the 1997 image, the reclaimed area is visible.

e The current aerial photograph review confirmed that the Site was uninhabited, but one
home-site was located north of and within 0.25 miles of the Site and three home-sites were
located north of and within 0.5 miles of the Site, as shown in Figure 2-1. Numerous dirt roads
were identified within 0.25 miles of the Site, refer to Figure 2-1. The road type (i.e., potential
haul road or road unrelated to historical mining) was identified by the current aerial
photograph review, historical document review, and visual identification during the Site
Clearance field investigations (refer to Section 3.2.2.1).

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

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

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

3.2.2 Field Investigations
3.2.2.1 Site Mapping

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

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

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

e Structures, homes, buildings, livestock pens, 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

¢ Topographic features

e Potential background reference areas

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

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

3.5

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

Topographic features — The mapped area can be divided info three primary topographic
areas, as shown in Figure 2-4: the mesa top, the mesa sidewall, and the plains.

Roads — A dirt road was mapped along the mesa top, as shown in Figures 2-1 and 2-7.

Potential haul roads — Two potential haul roads were mapped, as shown in Figures 2-1 and
2-7. The two potential haul roads extended to the north-northeast of the claim boundary on
either side of the unnamed drainage. The potential haul roads did not provide access to
those areas of the Site where mining occurred. This is likely due to NAML reclamation efforts
(refer to Section 2.1.4) where access roads in the immediate vicinity of the reclaimed sites
were also reclaimed.

Portals — Two portals were mapped, as shown in Figure 2-7. Both portals were sealed with
concrete-filled cinder blocks, and one of portals was buried during reclamation activities.
The approximate buried portal location is shown in Appendix B-1 photograph number 3. The
sealed portal is shown in Appendix B-1 photograph number 5.

Temporary ponded area — A dammed, tfemporary ponded area was mapped, as shown in
Figure 2-7. Surface water can temporarily collect behind an earthen dam and then
evaporate. Field personnel did not observe standing water in the temporary ponding area
during RSE site visits. Per discussions with nearby residents, the earthen dam was placed o
create areservoir (femporary ponding area) for livestock. The date the dam was installed is
unknown; NNDWR was contacted about the dam, and it did not have any information
about the dam. The earthen dam was approximately 20 ft high. The earthen dam is shown in
Appendix B-1 photograph numbers 10 and 11.

Historical boreholes — Two 5.5-inch diameter boreholes were mapped, as shown in Figure 2-7.
The boreholes were observed in the southeast portion of the Site, on the mesa top where
bedrock was exposed at the surface. The boreholes were located approximately 200 ft
southeast of the buried portal. The historical boreholes are shown in Appendix B-1
photograph number 1.

Reclaimed area — A reclaimed area was mapped, as shown in Figure 2-7. This area was
below the approximate buried portal location and is also shown as part of the earthworks in
Figures 2-6a and 2-6b. The reclaimed area is shown in Appendix B-1 photograph numbers 6,
7, and 8.

Drainages — Parallel patterned ephemeral drainages were mapped, as shown in Figures 2-1
and 2-7. The drainages drain north/northwest into an unnamed drainage. The westernmost
drainages drain into a temporary ponding area before connecting with the unnamed
drainage. The unnamed drainage connects to the Tsitah Wash approximately 0.75 miles
north of the Site. Tsitah Wash joins the San Juan River approximately 20 miles northeast of the
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Site, as shown in Figure 1-1 inset. In addition, surface water flow was controlled around the
reclaimed area on-site, located at the base of the mesa edge, by two drainage channels
that were armored with riprap (refer to Figure 2-7). The drainage on one portion of the
reclaimed area has left the riprap channel and created an incised channel within the
reclamation area and gray sediment that is potential mine waste is present. Drainages are
shown in Appendix B-1 photograph numbers 4, 9, and Appendix B-2 photograph number 14.

¢ Waste pile — One waste pile was mapped, as shown in Figure 2-7. The waste pile was below
the sealed portal, comprised of disturbed sediment with limited vegetation present, and is
also shown as part of the earthworks in Figures 2-6a and 2-6b. The waste pile is shown in
Appendix B-1 photograph number 2.

e Structures — The Site is currently uninhabited, but one home-site was located north of and
within 0.25 miles of the Site and three home-sites were located north of and within 0.5 miles
of the Site, as shown in Figure 2-1. Weston Solutions (2010) did not identify any home-sites
within 0.25 miles of the Site.

e livestock - field personnel observed cattle, sheep, and feral horses within the Site.

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

o Water features — Field personnel assessed the 11 water features identified from the desktop
study, as shown in Figure 2-1. The water features and field personnel observations are
included in Table 3-1. In addifion, during site mapping activities field personnel assessed a
seep identified by a resident that lived near the Site. Field personnel identified the seep as
S055-Seep-1/Donkey Spring (refer to Figure 2-1). The seep was located in a drainage
approximately 0.33 miles southeast of the Site and day-lighted along a contact between
sandstone beds, as shown in Appendix B-2 photograph number 17.

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

In addition to the Site mapping activity, the Trust took 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)

e Allow additional evaluation of areas that were inaccessible due to steep or unsafe terrain
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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, 2016c), the Trustee
notified the Agencies and obtained approval prior to commencement of the work. The Trust
also consulted with Teec Nos Pos 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 stereo 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 analyses, including
estimating volumes of potentially mining-impacted material at the Site. They also were used as
the base image for selected figures included in this RSE report, to the extent applicable.

3.2.2.2 Potential Background Reference Area Evaluation

The desktop study findings and field investigation observations were used to identify four
potential background reference areas (BG-1 through BG-4) for the Site, as shown in Figure 3-2,
and described in Appendix D.1. BG-1and BG-2 were selected as suitable background reference
areas for the Site for the following reasons:

e BG-1 encompassed an area of 1,812 ft2 (approximately 0.04 acres), was located 520 ft
northeast of the claim boundary, and was cross-wind and hydrologically cross-gradient from
the Site. The unconsolidated deposits in BG-1 represented the portions of the Survey Area
that were within the Summerville Formation. The vegetation and ground cover at BG-1 were
similar to the portions of the Site on the plains. While the area around BG-1 is mapped mostly
as the Summerville Formation, it should be noted that the ground surface consists of soils
similar to soils observed at BG-3 (mapped as Quaternary deposits).

e BG-2 encompassed an area of 510 ft2 (approximately 0.01 acres), was located 520 ft
northeast of the claim boundary, and was cross-wind and hydrologically cross-gradient from
the Site. The thin soils, colluvium-covered slopes, and bedrock outcrops represented the
portions of the Survey Area that are within the Morrison Formation. The vegetation and
ground cover at BG-2 were similar to the portions of the Site on the mesa sidewall.
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BG-3 and BG-4 were noft selected as background reference areas for the Site for the reasons
described in Appendix D.1. The Agencies have suggested that further evaluation of background
conditions for the Morrison Formation may be warranted, including investigation of the
differences observed in the mesa sidewall (BG-2) and mesa top (BG-4) (NNEPA, 2018).

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

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

2. Provide a basis for establishing the ILs

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

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

3.2.2.3 Biological Surveys

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

Appendix E.

The Federal Endangered Species Act (ESA) of 1973, 16 U.S.C. §1531 et seq., requires that each
Federal agency confer with the USFWS on any agency action that is likely to jeopardize the
continued existence of any proposed T&E species or result in the destruction or adverse
modification of critical habitat proposed to be designated for such species 16 U.S.C.
§1536(a)(4). An "action area”, as defined in the regulations implementing the ESA, includes “alll
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.
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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 continued existence of any proposed species or adversely modify
any proposed critical habitat” (Nystedt, 2016).

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

Vegetdation Survey - In May 2017, Adkins performed a spring 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, Adkins 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 summer vegetation survey was not required for

¢ 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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the Site because the species of concern data provided by NNDFW-NNHP did not include listed
potential plant species that require a summer survey.

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

Before beginning the Site vegetation surveys, Adkins reviewed the ecologic and taxonomic
information for the T&E species to understand ecological characteristics of the species, habitat
requirements, and key taxonomic indicators for proper identification (Arizona Native Plant
Society, 2000). Adkins also reviewed currently accepted resource agency protocols and
guidelines for conducting and reporting botanical inventories for special status plant species
(USFWS, 1996). An experienced Adkins 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 Parish's alkali grass, specifically alkaline seeps.

The Redente botanist did not identify Parish’s alkali grass at the Site, based on observations he
made during the on-site survey. The botanist concluded he did not identify Parish’s alkali grass at
the Site because the Site was not a likely habitat for the T&E species. The Site was predominantly
sparsely vegetated sage brush/shrubland with scattered pinyon pine and juniper trees.

Wildlife Survey - In May 2017, 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 seven ESA-
species with the potential to occur in the area of the Site; two birds (Mexican spotted owl and
western yellow-billed cuckoo), two fish (roundtail chub and Zuni bluehead sucker), two
mammals (black-footed ferret and gray wolf), and one reptile (northern Mexican gartersnake).
The NNDFW included: five birds (mountain plover [G4], golden eagle [G3], southwestern willow
flycatcher [G2], American peregrine falcon [G4], and western burrowing owl [G4]), one fish
(Colorado pikeminnow [G2]), and one amphibian (northern leopard frog [G2]). All species on
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the USFWS list and all species from the NNDFW list, with the exception of the golden eagle, 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, one bird (golden eagle)
remained as species of concern warranting further analysis during the Site survey.

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

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

3.2.2.4 Cultural Resource Survey

In October 2016, Dinétahddd conducted a cultural resource survey as part of the Site Clearance
field investigations. Navajo Nation Historic Preservation Department (NNHPD) issued a Class B
permit to Dinétahddé on behalf of the Trust to conduct the cultural resource survey. Following
the cultural resource survey, the NNHPD issued a Cultural Resources Compliance Form that
included a "Nofification to Proceed" with RSE field work. A copy of the Cultural Resources
Compliance Formis 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 2-7. The survey identified one archaeological site and eight isolated
occurrences. For confidentiality reasons, details regarding the archaeological site and isolated
occurrences are not provided herein. NNHPD can be contacted for additional information.
NNHPD contact information is located on the Cultural Resource Compliance Form included in
Appendix E.

Based on the survey findings, Dinétahddd recommended during RSE activities that the
boundaries of the archaeological site be flagged and that an archaeologist monitor all ground

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.
8 Call with Sadie Hoskie, Tamara Bilie of NNHPD, and Linda Reeves, June 8, 2018
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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 sample collection in locations outside the 100-ft buffer (refer to Section
3.3.2.2). The Trust and NNHPD agreed that Dinétahddd's archeologist would be present because
the subsurface sample locations were outside of the area originally surveyed during the Site
Clearance cultural resource survey.

3.3 SUMMARY OF REMOVAL SITE EVALUATION ACTIVITIES

The RSE activities consisted of two additional tasks following the Site Clearance Activities:
Baseline Studies and Site Characterization activities. The Baseline Studies included a Background
Reference Area Study, Site gamma survey, and Gamma Correlation Study. The results of the
Baseline Studies were used to plan and prepare the Site Characterization field investigations,
which included surface and subsurface soil and sediment sampling, and surface water
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, surface soil
sampling, and subsurface soil sampling. The soil sample locations in the background reference
areas were initially selected using a triangular grid, set on a random origin. Where possible,
samples were collected at the center points of the 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
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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 background reference area surface gamma surveys at BG-1 and BG-2 were completed in
October 2016. ERG performed the surface gamma surveys using Ludlum Model 44-10 2-inch by
2-inch sodium iodide (Nal) high-energy gamma detectors (the detectors). Each detector was
coupled to a Ludlum Model 2221 ratemeter/scaler that in turn was coupled to a Trimble ProXRT
GPS unit with a NOMAD 900 series datalogger. The detector tagged individual gamma
measurements with associated geopositions recorded using the Universal Transverse Mercator
Zone 12 North coordinate system. ERG matched and calibrated the detector to a National
Institute of Standards and Technology-traceable cesium-137 check source, and function-
checked the equipment prior-to and after each workday. ERG performed the surveys by
walking the background reference areas with the detector carried by hand, along fransects
that varied depending on encountered topography. The gamma measurements were
collected with the height of the detector varying from 1 ft to 2 ft above ground surface (ags)
with an average height of 1.5 ft ags fo accommodate vegetation, rocks, or other surface
features. If field personnel encountered an immovable obstruction (e.g., a free) during the
surface gamma surveys they went around the obstruction. Subsequent to each workday, ERG
downloaded the gamma measurements to a computer and secure server.

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 S055-BG1-011 (BG-1) and S055-BG2-011 (BG-2). Refer to Appendix C.2 for borehole
logs. Static gamma measurements were categorized as surface measurements where they were
collected at ground surface (0.0 ft) and as subsurface measurements where depths were below
ground surface due to the influence of downhole geometric effects on subsurface static
gamma measurements (refer to Section 4.1). Gamma measurements were collected according
to the methods described in the RSE Work Plan, Section 4.2 and Appendix E.

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

e BG-1-InJune 2017, 11 surface soil grab samples were collected from 11 locations and two
subsurface soil grab samples were collected from borehole S055-BG1-011

e BG-2-1InJune 2017, 11 surface soil grab samples were collected from 11 locations and two
subsurface soil grab samples were collected from borehole S055-BG2-011

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

3.3.1.2 Site Gamma Radiation Surveys

Baseline Studies activities included a surface gamma survey of the Site in accordance with the
RSE Work Plan, Section 4.2 and Appendix E. The shoulders of the potential haul roads were
surveyed, but the approximate center-lines were not surveyed, due to miscommunication with
the field personnel. This is identified as a potential data gap in Section 4.9.

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

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

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

The full areal extent of the surface gamma survey is referred to as the Survey Area, as shown in
Figure 3-4. The Survey Area was 35.0 acres and was subdivided into two separate survey areas,
as shown in Figure 3-4, based on MARSSIM criteria, including different geologic conditions on-
site. Survey Area A is within the Summerville Formation and the Quaternary deposits (based on
BG-1), and Survey Area B is within the Salt Wash Member of the Morrison Formation

(oased on BG-2).

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

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

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

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

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

This correlation equation was not used in the field fo 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 analyses for
the RSE report, a summary of the exposure rate correlation is not presented in this report.
Appendix A provides a discussion of the correlations and the regression equations for both
correlations.

In June 2017, field personnel identified five areas for the Gamma Correlation Study, as shown in
Figure 3-5, by considering the results of the Site surface gamma survey (described in Section
3.3.1.2), field conditions (e.g., suitable terrain), and feasibility of sampling. To minimize variability
when determining a correlation between gamma measurements (in cpm) and concentrations
of Ra-226 in soil, the study area soils must: (1) represent a specific gamma measurement within
the range of gamma measurements collected at the Survey Area; and (2) be as homogenous
as possible with respect to soil type, and gamma measurement within the correlation area. At

] NAVAJO
3.15 @ Staritec NATION

ALK Zmair el

Fgarel Kot -AST DGR



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

SUMMARY OF SITE INVESTIGATION ACTIVITIES
September 26, 2018

each areq, field personnel completed a high-density surface gamma survey (infended to cover
100 percent of the survey area) and collected one five-point composite surface soil sample per
area (refer to Table 3-2). Field personnel made a field modification from the RSE Work Plan by
adjusting the size of the 900 ft2 area smaller at 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. During subsequent review of the
gamma correlation survey data it was identified an error occurred with the GPS datalogger and
gamma data were not recorded for two correlation locations. Field personnel re-surveyed the
correlation locations in September 2017.

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

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

3.3.1.4 Secular Equilibrium

The Gamma Correlation Study soil samples (refer to Section 3.3.1.3) were also analyzed for
thorium-230 (Th-230), in accordance with the RSE Work Plan, Section 3.4.1. The activities of Th-230
and Ra-226 can be compared to evaluate the status of secular equilibrium within the U-238
decay series (USEPA, 2007b). The U-238 decay series is in secular equilibrium when the
radioactivity of a parent radionuclide (e.g., U-238) is equal to its decay products (refer to
Appendix A). If the U-238 decay series is out of secular equilibrium, the quantities of the daughter
products become depleted. This could be considered for potential site assessments (e.g., when
evaluating the contribution of the daughter products to the total risk related to U-238 during a
human health and/or ecological risk assessment). As part of the RSE, the secular equilibrium
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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
(COPC:s) at the Site. The secular equilibrium evaluation is discussed here only because Th-230
was included in the isotopic thorium analysis.

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

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

In June 2017, samples were collected from the locations shown in Figure 3-6a and are
summarized in Table 3-2. Sample locations and the locations of mining-related features are
shown in Figure 3-6b. The number of surface samples collected within specific mine features are
listed in Table 3-3. Twenty-one surface soil/sediment grab samples were collected from 21
locations in the Survey Area (11 from Survey Area A and 10 from Survey Area B). Field personnel
collected, logged, classified, packaged, and shipped the samples in accordance with the RSE
Work Plan, Sections 4.4, 4.9, 4.11, and Appendix E. Samples were shipped to ALS Environmental
Laboratories in Fort Collins, Colorado for analyses of: Ra-226, uranium, arsenic, molybdenum,
selenium, and vanadium, as described in the RSE Work Plan, Section 4.13.1. The surface soil and
sediment analytical results are presented in Section 4.3. Field forms are provided in Appendix C.1
and the laboratory analytical data, data validation reports, and Data Usability Report for the
analyses are provided in Appendix F.

3.3.2.2 Subsurface Soil and Sediment Sampling

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

(e.g., material within zones with elevated static gamma measurements). Composite samples
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were collected to provide a screening level assessment across an interval (e.g., soil collected
from the potential staging area). 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.

Eleven boreholes were advanced in the Survey Area (eight in Survey Area A and three in Survey
Area B). The boreholes were advanced through the unconsolidated deposits (from 0.7 ft to 3.9 ft
bgs; refer to Table 3-2 and Appendix C.2) until: (1) termination due to stable low gamma
measurements (the use of this criterion was a field error and has been identified as a potential
data gap in Section 4.9); or (2) refusal at either bedrock or cobbles. Field personnel manually
advanced the subsurface boreholes to a desired sample depth by using a 3-inch diameter
hand auger. The boreholes were advanced through poorly graded sand, poorly graded sand
with gravel, silty sand with gravel, and silty sand (refer to Appendix C.2 for borehole information).
A drill rig was not employed at the Site because the primary areas of Site disturbance were on
the mesa sidewall or the reclaimed area (inaccessible to a drill rig) and it was assumed the
depth of mining-related impacts could be evaluated successfully with a hand auger. However,
a hand auger was not adequate to evaluate the depth of potentially mining-impacted
sediments in the temporary ponding area (this is identified as a data gap in Section 4.9).

In June 2017, samples were collected from the locations shown in Figure 3-6a and are
summarized in Table 3-2. Sample locations and the locations of mining-related features are
shown in Figure 3-6b. The numbers of subsurface samples collected within specific mine features
are listed in Table 3-3. Fiffeen subsurface soil/sediment samples were collected from 11 borehole
locations in the Survey Area (multiple subsurface samples were collected from boreholes
S055-SCX-003, -SCX-005, -SCX-007, and -SCX-008). Eleven subsurface samples were collected
from Survey Area A and four from Survey Area B.

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

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

3.3.2.3 Water Sampling

Eleven potential water features were identified during the Site Clearance desktop study and
one water feature was identified during site mapping, as shown in Figure 2-1 and Table 3-1. Ten
of the 12 features were not sampled because field personnel did not observe a surface water or
well water feature at those locations. Two water features were sampled as described below.
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On May 24, 2016, a surface water sample (S055-WS-001) was collected from a seep identified in
the NNDWR database and the 2007 AUM Atlas as 09-6-14. The seep was located approximately
0.78 miles southwest of the Site along a geologic contact on a bedrock sidewall and was
approximately 50 ft long, as shown in Appendix B-2 photograph number 16. A rock drain was
constructed downgradient of the seep that drained into a polyvinyl chloride (PVC) pipe that
gravity fed to a cement vault approximately 170 ft northwest of the seep. The cement vault was
approximately 4 ft square and had a hole on top where large livestock (horses) could access
wafter, as shown in Appendix B-2 photograph number 15. The seep water sample was collected
from the cement vault.

On April 23, 2018, surface water field parameters (S055-WS-0012) were collected from a seep
identified by Stantec/Trust as S055-Seep-1/Donkey Spring. This seep was identified by a resident
that lived near the Site and the resident nofified the Trust about the presence of the seep. A
water sample was not collected for laboratory analyses because of the low flow rate of the
seep (approximately less than 10 milliliters per minute). However, there was enough water
present to collect field parameters. The seep was located in a drainage, approximately

0.33 miles southeast of the Site, along a contact between sandstone beds, as shown in
Appendix B-2 photograph number 17.

The water sample collected for dissolved metals analyses was sampled and field filtered using a
peristaltic pump, Teflon® tubing, and 0.45-micron inline filter in the field at the time of sample
collection per the RSE Work Plan, Section 4.6.1. All other analyses did not require in-field filtering.
The sample was collected, packaged, and shipped in accordance with the RSE Work Plan,
Sections 4.6, 4.9, 4.11, and Appendix E. ACZ Laboratories, Inc. in Steamboat Springs, Colorado
conducted the mercury analysis and ALS Environmental Laboratories in Fort Collins, Colorado
conducted all other analyses including Ra-226 and Radium-228 (Ra-228), adjusted gross alpha,
and the following total and dissolved metals: antimony, arsenic, barium, beryllium, cadmium,
chromium, cobalt, copper, lead, molybdenum, nickel, selenium, silver, thallium, uranium,
vanadium, and zinc.

Additional general water quality analyses or field measurements included: total dissolved solids
(TDS), anions (carbonate, bicarbonate, chloride, and sulfate), cations (sodium and calcium),
and field measurements (pH, conductivity, turbidity, femperature, and oxidation reduction
potential). Salinity was not collected as part of the specified field measurements because the
water quality meter the field personnel were using could not measure salinity. This is identified as
a data gap in Section 4.9. Table 3-4 provides a summary of the water analyses. Per the RSE Work
Plan, if surface water sample analyte concentrations are above the established ILs then those
sample areas would be considered for additional characterization in the future. Surface water
analytical results are presented in Section 4.8. Field forms are provided in Appendix C.3 and the
laboratory analytical data and Data Usability Report for the analyses are provided in

Appendix F. Investigation of groundwater is not included in the scope of this RSE.
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3.3.3 Identification of TENORM Areas

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

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

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

b. Soil/sediment sampling and analyses

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

e 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
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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.

e 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 infended 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 maitrix 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.

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.

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.

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.

Comparability Stfandard 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.

3.22
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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-2
on Figures 4-1b and 4-1c, respectively. The surface gamma survey in BG-1 did not cover the
areal extent of the sample locations. Analytical results of the samples collected from BG-1 and
BG-2 are summarized in Table 4-1. The gamma measurements and surface soil sample analytical
results collected from BG-1 and BG-2 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). 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.

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, 2016c).

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 fo the change. The
UTL represents a 95 percent UCL for the 95t percentile of a background dataset whereby Survey
Area results above this value are not considered representative of background conditions. The
UTL is a stafistical 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 to develop the IL for surface gamma radiation
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
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(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 (i.e.; the Summerville Formation and Quaternary deposits; refer to Figure
2-6a) were established using statistical analysis of background data collected from BG-1 (refer to
Figure 3-3) and are as follows:

e Arsenic — 2.67 miligrams per kilogram (mg/kg)

e Molybdenum - an IL for molybdenum was not identified because, with the exception of one
sample, molybdenum sample results in BG-1 were all non-detect

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

e Uranium - 1.57 mg/kg

¢ Vanadium-7.98 mg/kg

e Ra-226-1.75pCi/g

e Surface gamma measurements — 10,273 cpm

The ILs for Survey Area B (i.e., the Salt Wash Member of the Morrison Formation; refer to Figure
2-6a) were established using statistical analysis of background data collected from BG-2 (refer to
Figure 3-3) and are as follows:

e Arsenic — 14.3 mg/kg

e Molybdenum-0.974 mg/kg

e Selenium - an IL for selenium was not identified because selenium surface sample results in
BG-2 were all non-detect

e Uranium-7.57 mg/kg

e Vanadium - 16.2 mg/kg

e Ra-226-7.96 pCi/g

¢ Surface gamma measurements — 29,861 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.

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 a subsurface static gamma
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screening level for Survey Areas A. Where possible, the selected subsurface static gamma
screening level value for Survey Area A 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.

However, it is important to consider that the subsurface static gammal IL 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
borehole; and (3) a qualitative comparison of subsurface static gamma measurements to
Ra-226 and/or metals concentrations in subsurface samples.

Subsurface static gamma measurements from the background reference areas are summarized
in Table 4-2 and in Appendix C.2. Subsurface static gamma measurements used to derive
subsurface static gamma ILs were as follows:

e Survey Area A - Five subsurface static gamma measurements of 11,204, 12,719, 13,219,
12,865, and 13,219 cpm were collected from BG-1 borehole S055-BG1-011 at down-hole
depths of 0.5, 1.0, 1.5, 2.0, and 2.4 ft bgs, respectively. The lowest measured value, at or
below 1 ft bgs and not directly measured on bedrock, was 12,719 cpm. This value was used
as the subsurface static gammal IL for Survey Area A.

e Survey Area B - four subsurface static gamma measurements of 30,739, 45,615, 49,324, and
51,193 cpm were collected from BG-2 borehole S055-BG2-011 at down-hole depths of 0.5,
1.0, 1.5, and 1.8 ft bgs, respectively. The lowest measured value, at or below 1 ft bgs and not
directly measured on bedrock, was 45,615 cpm. This value was used as the subsurface static
gamma IL for Survey Area B.

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 1ff 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.
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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 statfic
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 analyfical 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
survey measurement was 89,945 cpm, which was more than three times the maximum IL

(i.e. BG-2IL of 29,861 cpm), and occurred within Survey Area B, adjacent to the sealed portal
(refer to Figure 2-7 alongside Figure 4-1a). Surface gamma measurements were generally
highest in the vicinity of the reclaimed area, the sealed portal, and area of the waste pile. A
description and photographs of these areas are provided in Section 3.2.2.1 and Appendix B-1
photograph numbers 2, 3, 5, and 6.

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 4-1b) surface gamma IL exceedances (greater than 10,273
cpm) occurred primarily in four areas: (1) the plains located adjacent to the mesa sidewall;
(2) downgradient from the waste pile, sealed portal, reclaimed area, and buried portal;
(3) the potential haul roads; and (4) the drainages. The maximum measurement in Survey
Area A, of 68,902 cpm, was greater than six times the IL. Of note, in the north of the northern
corner of the claim boundary the surface gamma survey was not extended until
background values were reached (i.e., surface gamma measurements exceeded the BG-1
IL; refer to Figure 4-1b). However, mining-related impacts were not identified in this area.
Furthermore, the maijority of the surface gamma measurements only slightly exceeded the
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BG-1 IL (less than 1.5 times), and if runoff and overland flow of water was present from the
mining- and reclamation-related disturbances in this area, the runoff and flow was likely
limited to the mapped drainages shown on Figure 2-7. Therefore, the elevated gamma
measurements in this area are assumed to be the result of greater mineralization present in
the surface soil and sediments than was present in BG-1, and also may be the result of the
fransport of NORM material from the mesa sidewall.

Survey Area B (refer Figure 4-1c) surface gamma IL exceedances (greater than 29,861 cpm)
occurred along the mesa sidewall and in the vicinity of the reclaimed areq, the sealed
portal, and area of the waste pile. The maximum measurement, in Survey Area B, of

89,945 cpm was greater than three times the IL. In addition, because there were two
exploration boreholes on the mesa top (i.e., limited mining-related activity), and the
radiological conditions within BG-4 were more similar to the mesa top than those in BG-2,
Survey Area B was also compared to the BG-4 surface gamma survey UTL of 12,391 cpm in
Figure 4-1c (refer to Appendix D.1 and Table D.1-2 for statistical information regarding BG-4).
It should also be noted that, other than the two boreholes, there is no evidence of mining-
related activity on the mesa top. Results of the comparison showed that surface gamma
measurements were below the BG-4 UTL on the mesa top portions of the Site, supporting the
conclusion that additional mining-related disturbances were not present on the mesa top.
However, surface gamma measurements were higher than the BG-4 UTL for a maijority of the
mesa sidewall, including areas that were undisturbed (e.g., northeast of the sealed portal
and on the portion of the mesa sidewall west of the reclaimed areaq). Therefore, BG-4 was
not considered representative of background conditions on the mesa sidewall. While
gamma measurements were not used to select background reference areas, they were
evaluated where more than one background reference area was considered for a geologic
formation, in this case, the Morrison Formation.

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

1.

4.5

Only the approximate shoulders of the potential haul roads were surveyed, and the

centerlines of the potential haul roads were not surveyed due to a miscommunication with
the field personnel. This is a minor data gap because the roads are narrow two-track roads
and it is assumed that the gamma surveys of the shoulders provided adequate coverage.

The gamma survey was not extended laterally from the potential haul roads where gamma
measurements were greater than the IL as the result of an oversight. Gamma
measurements on the potential haul roads were less than 1.5 times the IL (refer to

Figure 4-1b).

The gamma survey was not extended north from the Site until all gamma measurements
were less than the surface gamma survey IL based on professional judgement that the area
contained only NORM. The surface gamma survey was extended beyond areas where
mining- and reclamation-related impacts were present. The gamma measurements in these
extended areas were less than 1.5 tfimes the IL (refer to Figure 4-1b) and the gamma
measurements were generally consistent across the area.
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4.2.1.2 Subsurface Gamma Survey

Surface and subsurface static gamma measurements were collected at all 11 borehole
locations. Surface and subsurface static gamma measurement locations are shown in

Figure 3-6a. 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 (refer to Figure 4-1b) — Eight boreholes were completed in Survey Area A. The
subsurface static gammal IL (12,719 cpm) was exceeded in all eight of the boreholes in
Survey Area A. However, all of the exceedances were less than two times the IL. The
maoximum measurement (19,924 cpm) was measured at a depth of 1.0 ft bgs in borehole
S055-SCX-002, which was located in the drainage downgradient from the reclaimed area
and buried portal. Subsurface static gamma measurements were variable with depth at
three boreholes and increased with depth at four boreholes.

e Survey Area B (refer to Figure 4-1c¢) — Three boreholes were completed in Survey Area B. The
subsurface static gamma IL (45,615 cpm) was exceeded in one (SO05-SCX-001) of the three
boreholes in Survey Area A. The maximum measurement (116,500 cpm) was measured at a
depth of 0.8 ft bgs in borehole S055-SCX-001, which was located in the reclaimed area.
Within the three boreholes, the subsurface static gamma measurements increased with
depth.

4.2.2 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
correlation is meant to be used as a general screening tool and provides approximate
predicted Ra-226 concentrations.

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 plofts, 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 0.66 which is not within the
acceptance criterion of 0.8 to 1.0 described in the RSE Work Plan and indicates that surface
gamma results do not correlate well 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 radium-226 concentrations. The inability to construct a statistically defensible
correlation model is identified as a data gap. The correlation equation to convert gamma
measurements in cpm to predicted surface soil Ra-226 concentrations in pCi/g for the Site is:
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Gamma (cpm) = 609 x Surface Soil Ra-226 (pCi/g) + 12,683

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 (10,854 cpm) and greater than the
maximum (37,736 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 -3.0 pCi/g and the concentration associated with the maximum mean gamma
measurement is 12.8 pCi/g. Therefore, predicted Ra-226 concentrations less than -3.0 pCi/g and
greater than 12.8 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 10,854 to

37.736 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 correlation equation predicted Ra-226 concentrations that were less than zero for gamma
survey measurements below 12,683 cpm. The predicted concentrations are shown in Figure 4-2a
and the values less than zero are widely distributed throughout most of the Site. The elevated
predicted Ra-226 concentrations shown in Figure 4-2a 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 -11.9 to 126.9 pCi/g, with a
mean of -3.1 pCi/g, and a standard deviation, of 6.1 pCi/g. Bin ranges in Figure 4-2a are based
on these mean and standard deviation values. Negative values for Ra-226 are a function of the
linear regression equation and are not physically possible.

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,
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 concentrations. The measured
Ra-226 laboratory concentrations were within the applicable predicted Ra-226 bin ranges for

10 of the 22 sample locations. In 10 of the 12 sample locations where the predicted Ra-226
concentration and the Ra-226 concenfration detected in the soil/sediment sample did not
agree, the predicted concentration was lower than the reported laboratory concentration. For
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the majority of the sample locations where the predicted Ra-226 was low, the laboratory Ra-226
concentration was less than 2.0 pCi/g. Of the two locations where the predicted Ra-226
concentration was higher than the laboratory Ra-226 concentration, one location was within the
reclaimed area (S055-SCX-001) and the other location was within an undisturbed area west of
the reclaimed area (S055-CX-05). The differences observed between the predicted and actual
Ra-226 values are partially a function of the natural heterogeneity in Ra-226 concentrations and
gamma radiation measurements, which 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
Areq, 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 a limited area of
the Site, and were generally coincident with the mesa sidewall, the reclaimed pile, and the area
downgradient from the reclaimed pile. In addition, the majority of the sample locations where
laboratory Ra-226 samples exceeded the IL are within an area where the predicted Ra-226
concentrations exceeded the ILs. The area of the Site where predicted Ra-226 values exceeded
the ILs is compared to surface gamma IL exceedances in the surface gamma survey 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
radioisofopes 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 mulfivariate linear regression (MLR) model was performed by ERG to relate the
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 equilibrium 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 equilibrium 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.
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4.3 SOIL METALS AND RADIUM-226 ANALYTICAL RESULTS

A total of 21 surface soil/sediment grab samples (18 soil and three sediment) from 21 locations,
and 15 subsurface soil/sediment samples (11 soil and four sediment) from 11 borehole locations
were collected in Survey Areas A and B (refer to Table 3-2). Five of the subsurface samples were
composite samples and 10 were grab samples. 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 presents the spatial patterns, both laterally and vertically, of metals and Ra-226 detections
and IL exceedances in the soil/sediment. The correlation soil samples were inadvertently
analyzed for arsenic, molybdenum, selenium, uranium, and vanadium as the result of laboratory
error. The analytical results for these samples are presented in Table 4-3; however, these
composite samples were not used for direct comparison to the ILs and no further evaluation was
completed on these samples.

Ra-226 and/or metals concentrations exceeded their respective ILs in all but two subsurface and
four surface samples in Survey Area A and in all but three surface samples in Survey Area B. In
general, the greatest exceedances of Ra-226 and metals ILs were in: (1) within the reclaimed
areq; (2) downgradient from the waste pile, sealed portal, reclaimed area, and buried portal;
and (3) the plains located adjacent to the mesa sidewall. The maximum concentrations for
Ra-226, arsenic, selenium, and uranium were detected in surface soil sample S055-CX-006,
collected in Survey Area B and was residual soil from undisturbed bedrock located along the
mesa sidewall. The maximum concentrations of molybdenum and vanadium were detected in
surface soil sample S005-CX-011, collected in Survey Area B and located downgradient from the
buried portal and on the eastern edge of the reclaimed area. Only vanadium concentrations
exceeded the ILs in the tfemporary ponding area. Surface and subsurface soil/sediment IL
exceedances for each analyte, with respect to each of the two survey areas, 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 (1.75 pCi/g) was exceeded in five out of 11 surface
soil/sediment samples and five out of 11 subsurface soil/sediment samples from five
boreholes. Ra-226 concentrations ranged from 0.59 to 6.06 pCi/g. The maximum Ra-226
detection (6.06 pCi/g) was from surface sediment sample S055-SCX-002, located in the
drainage downgradient from the reclaimed area and buried portal.

o Survey Area B —the Ra-226 IL (7.96 pCi/g) was exceeded in four out of 10 surface
soil/sediment samples and two out of four subsurface soil/sediment samples from two
boreholes. Ra-226 concentrations ranged from 0.8 to 59.1 pCi/g, and the maximum
detection of 59.1 pCi/g was from surface soil sample S055-CX-006, which was residual soil
from undisturbed bedrock located along the mesa sidewall.

e Uranium

o Survey Area A - the uranium IL (1.57 mg/kg) was exceeded in three out of 11 surface
soil/sediment samples and five out of 11 subsurface soil/sediment samples from five
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boreholes. Uranium concentrations ranged from 0.31 to 4.5 mg/kg. The maximum
uranium detection (4.5 mg/kg) was from surface sediment sample S055-SCX-002, located
in the drainage downgradient from the reclaimed area and buried portal.

o Survey Area B —the uranium IL (7.57 mg/kg) was exceeded in three out of 10 surface
soil/sediment samples and two out of four subsurface soil/sediment samples from two
boreholes. Uranium concentrations ranged from 0.84 to 61 mg/kg, and the maximum
detection of 61 mg/kg was from subsurface soil sample S055-SCX-001, collected from
0.510 0.9 ft bgs, and located in the reclaimed area.

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 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 B that were greater than the regional range.

e Arsenic

o Survey Area A - the arsenic IL (2.67 mg/kg) was exceeded in three out of 11 surface
soil/sediment samples and three out of 11 subsurface soil/sediment samples from three
boreholes. Arsenic concentrations ranged from 0.62 to 7.5 mg/kg. The maximum arsenic
detection (7.5 mg/kg) was from subsurface soil sample S055-SCX-009, collected from
0.51t0 2.1 ft bgs, and located in the plains adjacent to the mesa sidewall.

o Survey Area B —the arsenic IL (14.3 mg/kg) was exceeded in one out of 10 surface
soil/sediment samples and one out of four subsurface soil/sediment samples from one
borehole. Arsenic concentrations ranged from 1.6 to 140 mg/kg, and the maximum
detection of 140 mg/kg was from surface soil sample S055-CX-006, which was residual soil
from undisturbed bedrock located along the mesa sidewall.

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 concenftrations in Survey Area A and Survey Area B were within
the typical range of regional values in soil/sediment samples, with the exception of one sample
in Survey Area B that was greater than the regional range.

e Molybdenum

o Survey Area A — an IL for molybdenum was not identified because, with the exception of
one sample, molybdenum sample results in BG-1 were non-detect. On-site, molybdenum
was detected in eight out of 11 surface soil/sediment samples and nine out of
11 subsurface soil/sediment samples from seven boreholes. Molybdenum concentratfions
ranged from non-detect to 2.1 mg/kg. The maximum molybdenum detection
(2.1 mg/kg) was from subsurface soil sample S055-SCX-002, collected from 0.5 to 1.0 ft
bgs, and located in the drainage downgradient from the reclaimed area and buried
portal.

o Survey Area B — the molybdenum IL (0.974 mg/kg) was exceeded in six out of 10 surface
soil/sediment samples and two out of four subsurface soil/sediment samples from two
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boreholes. Molybdenum concentrations ranged from non-detect to 16 mg/kg. The
maximum detection of 16 mg/kg was from subsurface soil sample S055-SCX-001,
collected from 0.5 to 0.9 ft bgs, and located in the reclaimed area.

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 one sample in
Survey Area B.

e Selenium - ILs for selenium were not identified because selenium surface sample results in
BG-1 and BG-2 were all non-detect.

o Survey Area A - selenium results were below the laboratory reporting limit for all surface
and subsurface soil/sediment samples collected in Survey Area A.

o Survey Area B - selenium was detected in two out of 10 surface soil/sediment samples
and one out of four subsurface soil/sediment samples from one borehole. Selenium
concentrations ranged from non-detect to 2.3 mg/kg. The maximum detection of
2.3 mg/kg was from subsurface soil sample S055-SCX-001, collected from 0.5 to 0.9 ft bgs,
and located in the reclaimed area.

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 within the typical range of regional
values in soil/sediment samples from Survey Areas A and B.

¢ Vanadium

o Survey Area A - the vanadium IL (7.98 mg/kg) was exceeded in seven out of 11 surface
soil/sediment samples and seven out of 11 subsurface soil/sediment samples from six
boreholes. Vanadium concentrations ranged from 3 to 35 mg/kg. The maximum
vanadium detection (35 mg/kg) was from subsurface soil sample S055-SCX-002,
collected from 0.5 to 1.0 ft bgs, and located in the drainage downgradient from the
reclaimed area and buried portal.

o Survey Area B —the vanadium IL (16.2 mg/kg) was exceeded in five out of 10 surface
soil/sediment samples and four out of four subsurface soil/sediment samples from three
boreholes. Vanadium concentrations ranged from 4.3 to 400 mg/kg. The maximum
detection of 400 mg/kg was from subsurface soil sample S055-SCX-001, collected from
0.510 0.9 ft bgs, and located in the reclaimed area.

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.

1 NAVAJD
417 @ Staritec NATION

ALK Zmair el

Fgarel Kot -AST DGR



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

FINDINGS AND DISCUSSION
September 26, 2018

4.4 CONSTITUENTS OF POTENTIAL CONCERN

Based on the results presented in Sections 4.2 and 4.3, gamma radiation and concenfrations of
Ra-226, arsenic, molybdenum, uranium, and vanadium in soil/sediment exceeded their
respective ILs in Survey Areas A and B. Therefore, these constituents were confirmed COPCs for
the Site. In addition, selenium was also confirmed as a COPC because it was detected in soil
samples from Survey Area B, even though it was non-detect in the background reference area
samples and soil/sediment samples collected from Survey Area A.

4.5 AREAS THAT EXCEED THE INVESTIGATION LEVELS

The approximate lateral extent of surface gamma IL exceedances in soil/sediment is 18.7 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. Five sample locations, where IL exceedances occurred, were not included in the
18.7 acres, as follows:

e Survey Area A - surface and subsurface soil samples from borehole S055-SCX-006 had
detections of molybdenum; however, an IL for molybdenum for Survey Area A was not
identified because, with the exception of one sample, molybdenum sample results in BG-1
were all non-detect. In addition, molybdenum concentrations in Survey Area A were within
the typical range of regional values in soil/sediment samples. One subsurface static gamma
measurement collected at 1.5 ft bgs in S055-SCX-006 (13,329 cpm) exceeded the subsurface
static gamma IL by less than 1,000 cpm.

e Survey Area B - surface soil sample S055-CX-005 had molybdenum and vanadium
concentrations less than two times their respective ILs. Surface soil sample S055-CX-006 had
arsenic, molybdenum, uranium, and Ra-226 concentrations greater than four times their
respective ILs, and a detection of selenium. However, the surface soil sample S055-CX-006
was collected from residual soil from undisturbed bedrock. Three surface soil sample
locations, S055-CX-011 and S055-SCX-001 and -SCX-004, had detections that exceeded their
respective ILs; however, these locations are within or directly adjacent to the reclamation
area and a volume estimate for TENORM in this area is included in Section 4.7.

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 also 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
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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 Site than the surface
gamma IL exceedances. In particular, surface gamma measurements exceed the IL over much
of the valley floor, whereas predicted Ra-226 exceedances are generally located on the mesa
sidewalls and in the area of the reclaimed pile and waste pile and areas directly downgradient
of these features. The inconsistency between the predicted Ra-226 exceedances and the
surface gamma exceedances are likely the result of the low predicted Ra-226 concentrations
when compared to the Ra-226 ILs.

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, 5.2 acres, out of the 35.0 acres of the Survey Areq, were estimated to contain
TENORM at the Site. This estimate is inclusive of the following areas: the reclaimed area, the
buried portal, the area downgradient of the reclaimed area, the temporary ponding area,
potential haul roads, the waste pile, and the sealed portal. Representations of NORM are shown
in Appendix B-1 photograph numbers 12 and 13. The area containing TENORM is shown in
relation to the lateral extent of IL exceedances in Figure 4-6 and in relation fo the gamma
measurements in Figure 4-7.

The RSE data that supports the delineation of TENORM at the Site includes:

e Historical Data Review Conclusions

o Historical document indicated the Site was only in operation during 1955, and 25 tons
(approximately 50,000 pounds) of ore that contained 55 pounds of 0.11 percent UsOs
and 647 pounds of 1.30 percent V20Os was produced from the Site.

o Historical document review indicated the following reclamation activities were
completed at the Site: (1) bulkheads were installed to close two portals; (2) the portals
were backfiled with mine waste as much as possible and the remaining mine waste was
buried in a designated area; and (3) a drainage located at one of the portals was
diverted and the drainage course was lined with riprap.

e Geology/geomorphology

o Bedrock af the Site consisted of two geologic formations: Jurassic Salt Wash and Brushy
Basin Members of the Morrison Formation and the Jurassic Summerville Formation. The
Morrison Formation is known to have natural enrichments of uranium. In addifion, portions
of the Site consisted of shallow or outcropping bedrock. Therefore, the geology and
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geomorphology of the Site was conducive to the presence of NORM at or below the
ground surface.

Parallel patterned ephemeral drainages are present on-site that drain north/northwest
infto an unnamed drainage that could transport NORM/TENORM tfo the north/northwest.
The western most drainages drain into a temporary ponding area before connecting
with the unnamed drainage. The unnamed drainage connects to the Tsitah Wash
approximately 0.75 miles north of the Site. Surface water flow is controlled around a
reclaimed area on-site, located against the mesa sidewall, by two drainage channels
that are armored with riprap. The drainage on one portion of the reclaimed area has left
the riprap channel and created an incised channel within the reclamation area.
Historically, drainage from the reclaimed area could have fed into the temporary
ponding area; however, the current site configuration has the drainage channel from
the reclaimed area bypassing the temporary ponding area.

e Disturbance Mapping — Stantec field personnel observed the following features:

o

o

Two potential haul roads were observed that extend to the north-northeast of the claim
boundary on either side of the unnamed drainage. The potential haul roads did not
provide access to those areas of the Site where mining occurred. This was likely due to
NAML reclamation efforts where access roads in the immediate vicinity of the reclaimed
sites were also reclaimed.

One portal was observed, and the approximate location of the second portal was
identified. Both portals were sealed with concrete-filled cinder blocks, and one of portals
was buried during reclamation activities.

A dammed, tfemporary ponded area was observed, where surface water temporarily
collects behind an earthen dam and then evaporates. Per discussions with nearby
residents, the earthen dam was placed to create a reservoir (femporary ponding areaq)
for livestock. The downstream side of the earthen dam was approximately 20 ft high. The
date of the installation of the earthen dam is unknown.

Two 5.5-inch diameter boreholes were observed in the southeast portion of the Site, on
the mesa top where bedrock is exposed af the surface. The boreholes were located
approximately 200 ft southeast of the buried portal.

A reclaimed area was observed in the area of the approximate buried portal location.

One waste pile was observed below the sealed portal.

e Site Characterization

o

4.14

Survey Area A was comprised of the following: (1) the plains located adjacent to the
mesa sidewall; (2) areas downgradient from the waste pile, sealed portal, reclaimed
areq, and buried portal; (3) the temporary ponding area; (4) the potential haul roads;
and (5) the drainages. Surface gamma IL exceedances in Survey Area A occurred
primarily down gradient of the sealed portal, waste pile, reclaimed area, and buried
portal, in the temporary ponding area, and along the two potential haul roads. In
general, the greatest exceedances of Ra-226 and metals ILs were from samples
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4.15

collected near or downgradient from the sealed portal, waste pile, reclaimed area, and
buried portal. Further evaluation of the reclaimed area may be warranted in the future
(see Section 4.9).

Survey Area B was comprised of the mesa sidewall and mesa top, and included the
waste pile, sealed portal, reclaimed area, and buried portal. Surface gamma IL
exceedances in Survey Area B occurred primarily in the areas coincident with the waste
pile, sealed portal, reclaimed area, and buried portal. In general, the greatest
exceedances of Ra-226 and metals ILs were from samples collected from the reclaimed
area or from samples collected from residual soil from undisturbed bedrock located
along the mesa sidewall.

Potential mine waste material was observed in the erosional feature within the reclaimed
areq, as shown in Appendix B, photograph number 7. Potential mine waste material was
observed within the reclaimed area in borehole S055-SCX-001, based on a grayish color
(see Appendix C). Potential mine waste material was observed within the waste pile at
the ground surface.

An area of TENORM was identified in the area of the boreholes on the mesa top due to
the boreholes proximity to the Site. However, it is unknown when exploration took place
on the mesa top and whether it was related to the mining that occurred at the Site. Per
discussions with nearby residents in April 2018 and the presence of numerous mine claims
in the area (refer to Figure 2-1) exploration for uranium in the area was extensive.

Characterization of the temporary ponding area was limited. The date of the installation
of the earthen dam is unknown, but the structure was present in the 1976 historical aerial
photograph and it is potentially present in the 1949 historical aerial. Runoff and overland
flow from the mining-related and reclamation-related activities may have been
impounded in the ponding area behind the dam over time. The current site
configuration has the drainage channel from the reclaimed area bypassing the
temporary ponding area.

The portion of the mesa sidewall west/southwest of the reclaimed area was not visibly
disturbed by mining activities and the area is assumed fo contain NORM.

Gamma survey measurements were less than 1.5 fimes the IL in the area in the northeast
portion of the claim boundary and the area north of the claim boundary. Elevated
gamma measurements in this area are assumed to be the result of mineralization present
in the surface soil and sediments and also may be the result of the fransport of NORM
material from the mesa sidewall. This area is assumed to contain NORM.

Metals concentrations in samples collected outside the area of TENORM (10 locations
locations) were less than or within the regional concentration values.

It is important to consider that the subsurface static gamma ILs were not used as the only
evidence to delineate the vertical extent of TENORM that exceeded the IL within
borehole locations at the Site.
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The area of the Site considered to contain TENORM (i.e., multiple lines of evidence indicated the
presence of mining-related impacts) was 5.2 acres, as shown on Figure 4-8a. Portions of the
TENORM exceeded one or more IL, where approximately 3.4 acres contained TENORM that
exceeded the surface gamma IL and the majority of the sample locations where TENORM
exceeded ILs. TENORM exceeding the ILs was observed at 3 sample locations in the upper
portion of the reclaimed area that were not coincident with areas of the Site that exceeded the
surface gamma IL. TENORM that exceeded the ILs in Survey Area 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 15,383 yd3, as
shown in Figure 4-9a. The volume and area of TENORM associated with specific mine features is
listed in Table 3-3. 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 assumptions that were used to calculate the
volume of TENORM with IL exceedances were as follows:

General Assumptions

e It was assumed that subsurface bedrock encountered in boreholes was not previously
modified by human activity and is therefore NORM.

e For areas of TENORM at the Site containing large cobble- or boulder-sized rocks at the
surface whose heights exceeded the assumed depth of TENORM in that area (e.g., a 5-ft-talll
boulder in an area where TENORM was assumed to extend 1 ft bgs), the additional volume
was assumed fo be accounted for by the TENORM depth estimates.

Group Assumptions

e Group 1 (979 yd3) — the reclaimed area was estimated to contain 979 yd3 of TENORM that
exceeds the ILs. Contours of the thickness of the reclaimed area were created to support this
volume calculation (refer to Figure 4-9b). The contours were based on general field
observations of the apparent thickness of the pile and estimates of the geometry of the
reclamation area and the pre-mining surface below the reclamation area that were
calculated during review of the aerial photographs and the ground surface elevation
contours developed from the orthophotographs for the areas adjacent to the reclamation
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area. One hand auger borehole was advanced in the reclaimed area and it did not extend
beyond 1.0 ft bgs.

e Group 2 (74 yd3) — TENORM that exceeds the ILs in the area of the waste pile was assumed to
be 2 ft thick, based on field observations of the limited vertical and lateral extent of the
waste pile and one subsurface borehole that was advanced in the area. The borehole met
refusal on rock at 1.75 ft bgs and this was assumed to be bedrock based areas of bedrock
observed near the borehole.

o Group 3 (13,136 yd3) — TENORM that exceeds the ILs was assumed to extend to 4.0 ft bgs,
based on four boreholes that were advanced in that area. The depths of TENORM that
exceeded the ILs in the boreholes were up to 4.0 feet bgs and included a portion of the
temporary ponding area. Some of these exceedances may be related to NORM due to the
presence of mineralized bedrock outcrops along undisturbed portions of the mesa sidewall
upgradient from this area; however, it was not possible to differentiate the NORM from
TENORM, and so the depth was assumed to extend to 4.0 ft bgs. Additional considerations
regarding the temporary ponding area are included below.

e Group 4 (148 yd3) — TENORM that exceeds the ILs was assumed to extend to 1.0 ft bgs in this
portion of the temporary ponding areaq, based on field observations of the location of the
limited surface gamma IL exceedances within Group 4 with respect to the location of
mining- and reclamation-related disturbances. For TENORM to be present in the area of
Group 4, TENORM material from the mining- and reclamation-related activities would have
to have drained to the temporary ponding area and ponding would have had to occur to
fransport solid TENORM or dissolved TENORM upgradient (from the area where TENORM
entered the ponding area) to the area of Group 4.

e Group 5 (1,046 yd3) — TENORM that exceeds the ILs along the potential haul roads was
assumed to extend to 1.0 ft bgs. The potential haul roads follow existing fopography
(e.g., potentially impacted fill material was not placed to build the haul roads); however,
there was little to no bedrock present along the bed of the roads. Therefore, TENORM may
potentially extend deeper than just surficial material, so the volume estimate was extended
to 1.0 ft bgs.

Historical reclamation planning documents stated that approximately 1,555 yd3 of mine waste
material was present af the Site. NAML oversaw reclamation activities for the Site and reported
the progress of those activities in field notes (NAML, 1995). As reported by NAML: (1) the portals
were backfilled with mine waste as much as possible and the remaining mine waste was buried
in a designated area; and (2) bulkheads were installed to close the two portals. Based on RSE
activities, approximately 979 yd3 of TENORM (including cover material) was estimated to be
present in the reclaimed area. The calculated volume is a reasonable comparison fo what
NAML may have placed in the reclaimed area. However, it is important to consider that the
reclamation documents were planning documents and a final volume from reclamation
activities was not provided.

Per discussions with nearby residents, the earthen dam on-site was placed to create a reservoir
(temporary ponding area) for livestock. The date when the dam was installed in unknown. Over
time sediment has built up behind the dam. The primary source of the sediment is the drainage
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that is south of the Site. However, mine waste material from the area of the portals (within Survey
Area B) may have drained into the temporary ponding area (within Survey Area A) and
contributed TENORM to that area over time. Based on the height of the dam, sediments within
the temporary ponding area may extend up to approximately 10 to 15 bgs. While the majority of
the sediment in the temporary ponding area is likely from the drainage south of the Site, the
depth of potential mining impacts (TENORM) is not known because borehole depths in the area
were shallow due to the use of hand augers. The current site configuration has the drainage
channel from the reclaimed area bypassing the temporary ponding area. The lack of
characterization data from deeper boreholes within the temporary ponding area is considered
a data gap for the Site. Additional boreholes (that require drilling) within the temporary ponding
area would provide a more accurate estimate of the volume of TENORM in that portion of the
Group 3 areaq.

4.8 WATER ANALYTICAL RESULTS

An analytical surface water sample and field parameter measurements were collected as part
of the Site Characterization activities. The analytical sample was analyzed for the constituents
listed in Section 3.3.2.3. At one water feature location a surface water sample was collected for
laboratory analyses and field parameters were also measured. At a second surface water
sample location only field parameters were collected (refer to Section 3.3.2.3). The locations of
the water features are shown in Figure 2-1 and included the following:

e Water sample (S055-WS-001) and field parameter measurements were collected from the
cement vault approximately 170 ft northwest of seep 09-6-14, which was located
approximately 0.78 miles southwest of the Site.

e Field parameter measurements (S055-WS-002) were measured at seep S055-Seep-1/Donkey
Spring located in a drainage approximately 0.33 miles southeast of the Site. The seep was
along a contact between sandstone beds.

The analytical results from the S055-WS-001 sample were compared to the water ILs, which are
defined as the lowest value from the following regulations/standards: the National Secondary
Drinking Water Regulations (NSDWR), the Navajo Nation Surface Water Quality Standards, the
Navajo Drinking Water maximum contaminant levels (MCLs), and/or the National Primary
Drinking Water Regulations. The water ILs are shown in Table 4-6a and the analytical results
compared to the water ILs are shown in Table 4-6b.

Analytical results indicated the surface water sample (S055-WS-001) had total and dissolved
uranium concentrations of 450 micrograms per liter (ug/L) and 470 ug/L, respectively (greater
than 15 times the IL). Radium (Ra-226) was detected in the total water sample at a
concentration of 5.8 pCi/L (less than two-times the IL). The adjusted gross alpha concenfration in
the duplicate sample collected at S055-WS-001 was 23.2 pCi/g (less than two-times the IL). All
other metals were below their respective ILs. Results of general chemistry parameters indicated
that TDS and sulfate were also above their respective ILs. All other general chemistry parameter
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results were below their respective ILs. Based on these results, uranium, Ra-226, adjusted gross
alpha, TDS, and sulfate are confirmed COPCs for seep 09-6-14. Because uranium, Ra-226,
adjusted gross alpha, TDS, and sulfate exceeded their respective ILs for the surface water
sample, additional characterization may be considered at seep 09-6-14 in the future. The
laboratory analytical data and Data Usability Report are provided in Appendix F.

4.9 POTENTIAL DATA GAPS AND SUPPLEMENTAL STUDIES
4.9.1 Data Gaps

Seven potential data gaps were identified based on the Site Clearance and RSE data collection
and analyses for the Site. Three of the potential data gaps are considered minor, as described in
Section 4.2.1.1; the potential need for additional characterization within the temporary ponding
area (as described in Section 4.7) would require a larger field campaign. These data gaps can
be considered for subsequent evaluations in support of future Removal or Remedial Action
evaluations at the Site.

1. The shoulders of the potfential haul roads were surveyed but the centerlines of the potential
haul roads were not surveyed during the surface gamma survey. Field personnel observed
that the portions of the potential haul roads that accessed the mining-disturbed areas of
the Site were destroyed. The destruction of the potential haul roads could have been
because they were eliminated during reclamation. Given that the detector records
gamma emissions from at least a 3-foot diameter, and the haul roads were less than 10 ft
wide, this is not considered a significant data gap.

2. The gamma survey was not extended laterally out from the potential haul road or the
drainage where gamma measurements were greater than the IL. This area is considered o
contain NORM, and so this is not considered a significant data gap.

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

4. Field personnel terminated two boreholes due to consistently low static gamma
measurements (the use of this criterion was a field error).

5. The correlation to compare Ra-226 concentrations to surface gamma survey data did not
meet the DQO.

6. While the majority of the sediment in the temporary ponding area is likely from the drainage
south of the Site, the depth of potential mining impacts (TENORM) is not known because the
borehole depth was shallow and limited due to the use of a hand auger. The lack of
characterization data from deeper boreholes within the temporary ponding area is
considered a data gap for the Site. Additional boreholes within the temporary ponding area
would provide a more accurate estimate of the volume of TENORM in that area.

7. Sdalinity was not collected as part of the specified field measurements because the water
quality meter the field personnel were using could not measure salinity.
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4.9.2 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.

The Agencies have suggested that further evaluation of background conditions for the
Morrison Formation may be warranted, including investigation of the differences observed in
the mesa sidewall (BG-2) and mesa top (BG-4).

2. Further characterization and investigation of the reclaimed area where waste materials were
buried may be warranted as part of future work at the Site.

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

4. The USEPA identified that there were potential discrepancies between the NNDWR database
used for this study (received from NNDWR in 2016) and a 2018 version of the database that
the USEPA reviewed. It is recommended that the two databases are compared (with
additional field work, if necessary) to confirm the locations of water features.
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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
August 2015 and June 2017. The Site is known as the Tsosie 1 site and is also identified by the
USEPA as AUM identification #55 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. A surface
water sample was also collected as part of the RSE to evaluate potential mining-related
impacts. 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 was one of the small mining operations located in the northwestern Carrizo Mountain
mining region, along the Chezhindeza Mesa and Tsitah Wash. The Site was only in operation
during 1955 and was operated by G.B. Cree Diriling Company. Details regarding mine workings
at the Site were not provided. The USAEC ore production records showed production from the
Site in 1955 was 25 tons (approximately 50,000 pounds) of ore that contained 55 pounds of

0.11 percent UsOs and 647 pounds of 1.30 percent V20s.

In 1995, NAML oversaw the following reclamation activities completed at the Site (NAML, 1995):
e Bulkheads were installed to close two portals

e The portals were backfilled with mine waste as much as possible and the remaining mine
waste was buried in a designated area

¢ A drainage located at one of the portals was diverted and the drainage course was lined
with riprap
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Two background reference areas (BG-1 and BG-2) were identified and used to develop surface
gamma, Ra-226, and metals ILs for the two Survey Areas (Survey Area A and B) at the Site.
Subsurface static gamma ILs were identified for Survey Area A and Survey Area B.

Four potential background reference areas were considered. Two background reference areas
(BG-1 and BG-2) 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 concentrations and gamma radiation
measurements in soil/sediment 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 soil/sediment samples from
the Survey Areaq, it is also confirmed as a COPC for the Site.

Surface gamma measurements, Ra-226, and metals concentrations were generally highest in
areas near and downgradient from the sealed portal, the waste pile, reclaimed area, and in an
undisturbed area located along the mesa sidewall. The maximum gamma survey measurement
was 89,945 cpm, which was greater than three times the maximum IL (i.e. BG-2 IL of 29,861 cpm)
and occurred within Survey Area B, adjacent to the sealed portal. The highest Ra-226 and
arsenic concentrations were measured in a sample collected from an undisturbed area located
along the mesa sidewall; and the highest subsurface static gamma measurements, uranium,
and vanadium concentrations were measured in a sample collected from the reclaimed area.

Results of the Gamma Correlation Study indicated that surface gamma survey results do not
correlate sufficiently well with Ra-226 concentrations in soil. Therefore, users of the regression
equation should be aware of the limitations of the dataset and be cautious when estimating
radium-226 concentrations. Additional correlation studies may be needed to identify the
relationship between gamma and Ra-226.

Based on the data analysis performed for this RSE report along with the multiple lines of
evidence, approximately 5.2 acres out of the 35.0 acres of the Survey Area were estimated to
contain TENORM. This estimate is inclusive of the following areas: the reclaimed areaq, the buried
portal, the area downgradient of the reclaimed area, a portion of the temporary ponding areq,
potential haul roads, the waste pile, and the sealed portal. 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 5.2 acres that contain TENORM, 3.4 acres contain TENORM
exceeding the surface gamma ILs and TENORM that exceeded the ILs at nine of the twelve
soil/sediment sample locations. The volume of TENORM is estimated to be 15,383 yd3

(11,761 cubic meters). It should be noted that the COPC measurements and concentratfions in
the area that contains TENORM which exceeds the ILs are similar to NORM located outside the
TENORM boundary.

An analytical surface water sample and field parameter measurements were collected as part
of the Site Characterization activities. An analytical sample (S055-WS-001) and field parameters
were collected from the seep identified as 09-6-14. Field parameters only were collected from
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the seep identified as S055-Seep-1/Donkey Spring because of the low flow rate of the seep.
Analytical results indicated the surface water sample (S055-WS-001) had total and dissolved
uranium concentrations of 450 ug/L and 470 ug/L, respectively (greater than 15 times the IL).
Radium (Ra-226) was detected in the total water sample at a concentration of 5.8 pCi/L

(less than two-times the IL). The adjusted gross alpha concentration in the duplicate sample
collected at S055-WS-001 was 23.2 pCi/g (less than two-times the IL). All other metals were below
their respective ILs. Results of general chemistry parameters indicated that TDS and sulfate were
also above their respective ILs. All other general chemistry parameter results were below their
respective ILs. Based on these results, uranium, Ra-226, adjusted gross alpha, TDS, and sulfate are
confirmed COPC:s for seep 09-6-14. Because uranium, Ra-226, adjusted gross alpha, TDS, and
sulfate exceeded their respective ILs for the surface water sample, additional characterization
may be considered at seep 09-6-14 in the future.

Seven potential data gaps were identified based on the Site Clearance and RSE data collection
and analyses for the Site, as listed in Section 4.9. 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 Tsosie 1 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 Tsosie 1 RSE were $492,193.
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
Identified Potential Water Features
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1
Identified Water Feature Source of Identified Water Water .Fea-ture Field .S.amp-)le Field Personnel Observations
Feature Identification Identification

No surface water or windmill well observed at this
location during RSE activities. Field personnel did

No Water Feature 2007 AUM Atlas®, NNDWR 09T7-551 NA observe an oil derrick and four 20 foot tall oil tanks at
this location. Location is also listed as "oil producing" in
NNDWR database.

No surface water or windmill well observed at this
location during RSE activities. Field personnel did

No Water Feature 2007 AUM Atlas', NNDWR 09T-545 NA observe piping that ran from the approximate area of
the location to the area of 09T-551. Location is listed
as "oil producing" in NNDWR database.

A water seep was present at this location. The seep
daylighted along a geologic contactlocated on a
bedrock sidewall and was approximately 50 feet
long. A rock drain was constructed downgradient of
the seep, and it drained into a PVC pipe that gravity
feed to a cement vault approximately 170 feet

Seep 2007 AUM Atlas*, NNDWR 09-6-14 S055-WS-001 northwest of the seep. The cement vault was
approximately 4 feet square and had a hole on top
where large livestock (horses) could access water. A
water sample ID S055-WS-001 was collected from the
cement vault on May 24, 2017. A cement water
trough with a shutoff valve was present approximately
70 feet northwest of the vault.

A water seep was present at this location. The seep
S055-Seep-1/Donkey was located in a drainage approximately 0.33 miles
, S055-WS-002 .
Spring southeast of the Site. The seep was along a contact
between sandstone beds.

Seep Stantec/Trust

No surface water observed at this location during RSE
Drainage Channel 2007 AUM Atlas®, NNDWR TSETAH 5 NA activities. NNDWR database indicates NAML staff
identified the location as a natural spring in the past.

Drainage Channel 2007 AUM Atlas', NNDWR 09-6-10 NA No well or surface water observed in this area.

No surface water observed at this location during RSE
Drainage Channel 2007 AUM Atlas', NNDWR TSE TAH 4 NA activities. NNDWR database indicates in the past
NAML staff identified the location as a natural spring .

No surface water or metal pipe observed at this
Sah Tah Spring/ NA location during RSE activities. 2007 AUM Atlas
RV990317TNS001 indicates in the past a sample was collected from a
metal pipe at a spring.

Drainage Channel, Potential

5 2007 AUM Atlas’, NNDWR
eep

No surface water observed at this location during RSE
Drainage Channel 2007 AUM Atlas', NNDWR TSE TAH 1 NA activities. NNDWR database indicates in the past
NAML staff identified the location as a natural spring .

No surface water observed at this location during RSE
Drainage Channel 2007 AUM Atlas', NNDWR TSE TAH 2 NA activities. NNDWR database indicates in the past
NAML staff identified the location as a natural spring .

No surface water observed at this location during RSE
Drainage Channel 2007 AUM Atlas', NNDWR 09B-9 NA activities. NNDWR database indicates in the past
NAML staff identified the location as a natural spring.

No surface water observed at this location during RSE
Drainage Channel 2007 AUM Atlas’, NNDWR TSE TAH 3 NA activities. NNDWR database indicates in the past
NAML staff identified the location as a natural spring.

Notes

NA - Water feature not sampled

ID - identification

PVC - polyvinyl chloride

NAML - Navajo Abandoned Mines Reclamation Department
NNDWR - Navajo Nation Department of Water Resources
RSE - Removal Site Evaluation

! USEPA, 2007a
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Soil and Sediment Sampling Summary

Removal Site Evaluation Report - Final

Table 3-2

Tsosie 1

Navajo Nation AUM Environmental Response Trust - First Phase

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

Background Reference Area Study - Background Area 1
S055-BG1-001 0-05 soil SF grab NA 6/24/2017 653308.27 4082957.03 N;FD N;FD -
S055-BG1-002 0-05 soll SF grab NA 6/24/2017 653307.18 4082962.46 N N -
S055-BG1-003 0-05 soll SF grab NA 6/24/2017 653312.95 4082964.50 N N -
S055-BG1-004 0-05 soil SF grab NA 6/24/2017 653310.61 4082964.74 N N -
S055-BG1-005 0-05 soil SF grab NA 6/24/2017 653313.17 4082969.71 N N -
S055-BG1-006 0-05 soll SF grab NA 6/24/2017 653310.14 4082968.51 N N -
S055-BG1-007 0-05 soll SF grab NA 6/24/2017 653307.02 4082969.70 N N -
S055-BG1-008 0-05 soil SF grab NA 6/24/2017 653303.39 4082964.64 N N -
S055-BG1-009 0-05 soll SF grab NA 6/24/2017 653303.39 4082968.36 N N -
S055-BG1-010 0-05 soll SF grab NA 6/24/2017 653311.33 4082973.71 N N -
S055-BG1-011 0-05 soil SF grab NA 6/26/2017 653306.99 4082966.99 N N -
S055-BG1-011 05-1 soil SB grab NA 6/26/2017 653306.99 4082966.99 N N -
S055-BG1-011 1-2 soll SB grab NA 6/26/2017 653306.99 4082966.99 N N -

Background Reference Area Study - Background Area 2
S055-BG2-001 0-05 soll SF grab NA 6/24/2017 653335.04 4082919.50 N;FD N;FD -
S055-BG2-002 0-05 soll SF grab NA 6/24/2017 653336.95 4082921.41 N N -
S055-BG2-003 0-05 soil SF grab NA 6/24/2017 653335.37 4082922.38 N N -
S055-BG2-004 0-05 soil SF grab NA 6/24/2017 653339.69 4082922.85 N N -
S055-BG2-005 0-05 soll SF grab NA 6/24/2017 653338.87 4082925.00 N N -
S055-BG2-006 0-05 soll SF grab NA 6/24/2017 653341.73 4082926.05 N N -
S055-BG2-007 0-05 soil SF grab NA 6/24/2017 653343.65 4082924.78 N N -
S055-BG2-008 0-05 soll SF grab NA 6/24/2017 653346.45 4082928.38 N N -
S055-BG2-009 0-05 soll SF grab NA 6/24/2017 653344.66 4082925.98 N;MS;MSD N -
S055-BG2-010 0-05 soil SF grab NA 6/24/2017 653348.01 4082929.31 N N -
S055-BG2-011 0-0.8 soil SB grab NA 6/26/2017 653343.69 4082926.27 N N -
S055-BG2-011 0.8-1.75 soll SB grab NA 6/26/2017 653343.69 4082926.27 N N -

Correlation
S055-C01-001 0-05 SOil SF 5-point composite NA 6/26/2017 653200.83 4082808.87 N;FD N;FD N;FD
S055-C02-001 0-05 SOil SF 5-point composite NA 6/26/2017 653036.37 4082645.24 N N N
S055-C03-001 0-05 soil SF 5-point composite NA 6/26/2017 653150.67 4082635.85 N N N
S055-C04-001 0-05 soil SF 5-point composite NA 6/26/2017 653130.70 4082636.80 N N N
S055-C05-001 0-05 SOil SF 5-point composite NA 6/26/2017 653176.26 4082593.12 N;MS;MSD N N

Characterization
S055-CX-001 0-05 soll SF grab B 6/23/2017 653141.07 4082548.69 N N -
S055-CX-002 0-05 soll SF grab B 6/23/2017 653179.28 4082600.20 N N -
S055-CX-003 0-05 soil SF grab B 6/23/2017 653282.44 4082630.01 N;FD N;FD -
S055-CX-004 0-05 soil SF grab B 6/23/2017 653219.68 4082671.35 N N -
S055-CX-005 0-05 soll SF grab B 6/23/2017 653158.79 4082634.90 N;MS;MSD N -
S055-CX-006 0-05 soll SF grab B 6/23/2017 653134.83 4082634.24 N N -
S055-CX-007 0-05 soil SF grab A 6/23/2017 653092.41 4082652.54 N N -
S055-CX-008 0-05 soll SF grab A 6/23/2017 653154.88 4082717.17 N N -
S055-CX-009 0-05 soll SF grab A 6/23/2017 653109.02 4082776.35 N N -
S055-CX-010 0-05 soil SF grab A 6/23/2017 653218.83 4082878.46 N N -
S055-CX-011 0-05 soil SF grab B 6/24/2017 653189.50 4082637.16 N N -
S055-SCX-001 0-05 soll SF grab B 6/23/2017 653186.33 4082628.66 N;MS;MSD N -
S055-SCX-001 0.5-0.9 soll SB grab B 6/23/2017 653186.33 4082628.66 N N -
S055-SCX-002 0-05 sediment SF grab A 6/23/2017 653174.77 4082688.27 N N -
S055-SCX-002 05-1 sediment SB grab A 6/23/2017 653174.77 4082688.27 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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Removal Site Evaluation Report - Final

Table 3-2

Tsosie 1

Soil and Sediment Sampling Summary

Navajo Nation AUM Environmental Response Trust - First Phase

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

Characterization continued
S055-SCX-003 0-05 soll SF grab B 6/23/2017 653213.47 4082671.02 N N -
S055-SCX-003 05-15 soll SB grab B 6/23/2017 653213.47 4082671.02 N N --
S055-SCX-003 15-1.75 soll SB grab B 6/23/2017 653213.47 4082671.02 N N -
S055-SCX-004 0-05 sediment SF grab B 6/24/2017 653165.67 4082651.72 N N --
S055-SCX-004 05-1 sediment SB grab B 6/24/2017 653165.67 4082651.72 N N --
S055-SCX-005 0-05 soll SF grab A 6/24/2017 653122.59 4082767.21 N;FD N;FD --
S055-SCX-005 05-2 SOil SB composite A 6/24/2017 653122.59 4082767.21 N N --
S055-SCX-005 2-3 soll SB grab A 6/24/2017 653122.59 4082767.21 N N -
S055-SCX-006 0-05 soll SF grab A 6/24/2017 653072.75 4082710.22 N N --
S055-SCX-006 0.5-1.75 SOil SB composite A 6/24/2017 653072.75 4082710.22 N N --
S055-SCX-007 0-05 sediment SF grab A 6/24/2017 653142.85 4082718.30 N N --
S055-SCX-007 05-1 sediment SB grab A 6/24/2017 653142.85 4082718.30 N N --
S055-SCX-007 1-18 sediment SB grab A 6/24/2017 653142.85 4082718.30 N N --
S055-SCX-008 0-05 soll SF grab A 6/24/2017 653183.38 4082735.40 N;MS;MSD N -
S055-SCX-008 05-25 SOil SB composite A 6/24/2017 653183.38 4082735.40 N N --
S055-SCX-008 25-3.9 soll SB composite A 6/24/2017 653183.38 4082735.40 N N --
S055-SCX-009 0-05 soll SF grab A 6/24/2017 653221.49 4082745.91 N N -
S055-SCX-009 05-21 SOil SB composite A 6/24/2017 653221.49 4082745.91 N N --
S055-SCX-010 0-05 soll SF grab A 6/24/2017 653200.14 4082807.20 N N --
S055-SCX-010 0.5-0.9 soll SB grab A 6/24/2017 653200.14 4082807.20 N N --
S055-SCX-011 0-0.7 soll SB grab A 6/26/2017 653201.13 4082876.04 N;FD N;FD -

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 3-3
Mine Feature Samples and Area
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1
VVolume of TENORM

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

Samples exceeding ILs (yd”)
Waste Pile 2 2 844 15
Reclaimed Area 2 1 6,914 979
Temporary Ponding 5 5 55,988 3,235
Area
Potential Haul Roads 0 1 * 1,046
Drainages 2 3 *x --
Notes

sq.ft - square feet

yd3 - cubic yards

ILs - investigation levels

TENORM - technologically enhanced naturally occurring radioactive material

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

-- Discrete volume was not identified for feature.
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Table 3-4
Water Sampling Summary
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Pagelofl
Sample Types
Field Sample Water Feature Sample Easting! Northing! | Ra-226 Ra-228 Gross Metals, Metals, Total DS Anions Cations
Identification Identification Date Alpha Dissolved?
Surface Water
S055-WS-001 09-16-14 5/24/2017 652377.50 4081700.66 N;FD N;FD N;FD N;FD;MS;MSD  N;FD;MS;MSD N;FD N;FD N;FD
Notes
N Normal
FD Field Duplicate
MS Matrix Spike
MSD Matrix Spike Duplicate
Ra-226 Radium 226
Ra-228 Radium 228
TDS Total Dissolved Solids

1 Coordinate System: NAD 1983 UTM Zone 12N
2 Metals total mercury analysis also included laboratory MS/MSD, all other total metals analyses did not include laboratory MS/MDS
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Table 4-1
Background Reference Area Soil Sample Analytical Results
Tsosie 1

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 3
Location Identification S055-BG1-001 Dup  S055-BG1-001 S055-BG1-002 S055-BG1-003 S055-BG1-004 S055-BG1-005 S055-BG1-006 S055-BG1-007 S055-BG1-008 S055-BG1-009 S055-BG1-010 S055-BG1-011
Date Collected 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/26/2017
Depth (feet) 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05
Analyte (Units)
Metals' (mg/kg)
Arsenic 15 1.8 24 1.1 1.3 1 14 1.5 14 1.6 0.82 1.7
Molybdenum <0.2 <0.19 0.22 <0.2 <0.19 <0.2 <0.19 <0.2 <0.2 <0.2 <0.2 <0.21
Selenium <1 <0.95 <0.98 <0.99 <0.96 <1 <0.96 <0.99 <1 <0.99 <1 <11
Uranium 0.95 1.2 13 0.65 0.81 0.5 0.84 0.84 0.9 1 0.54 0.96
Vanadium 6.2 5.7 6.7 4.7 5.1 4.5 5.3 5.9 6.1 5.7 34 6.1
Radionuclides (pCi/g)
Radium-226 0.6 +0.18 1.29+0.27 0.8+0.23 0.79+0.23 0.87 +0.21 0.63+0.21 1+£0.24 1.18 £0.27 1.12+0.24 1.07+0.26 0.57+0.21 1.45+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
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Table 4-1

Background Reference Area Soil Sample Analytical Results

Tsosie 1

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 3
Location Identification S055-BG1-011 S055-BG1-011 S055-BG2-001  S055-BG2-001 Dup  S055-BG2-002 S055-BG2-003 S055-BG2-004 S055-BG2-005 S055-BG2-006 S055-BG2-007  S055-BG2-008  S055-BG2-009
Date Collected  6/26/2017 6/26/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017
Depth (feet) 05-1 1-2 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05
Analyte (Units)
Metals' (mg/kg)
Arsenic 1.9 1.7 8.8 6.5 5.8 5 12 7.1 5.4 4.8 3.7 4.4
Molybdenum <0.2 <0.2 0.62 0.77 0.65 0.66 0.63 0.58 0.37 0.31 0.26 0.37
Selenium <0.98 <1 <0.99 <0.99 <0.95 <0.95 <0.98 <0.99 <0.97 <0.98 <0.94 <0.98
Uranium 13 1.2 6.6 5.3 4.9 4 55 6 5.8 5.9 5.1 5.6
Vanadium 5.8 5.6 8.1 6.7 6.7 7 9.2 11 6.6 4 7 6.2
Radionuclides (pCi/g)
Radium-226 0.97 +0.28 1.06 £0.24 6.83 +£0.92 6.2 + 0.86 5.12 + 0.69 4.56 + 0.67 6.12 +0.82 6.59 + 0.87 5.89+0.81 4.56 + 0.63 52+0.73 4.81 + 0.66
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
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Table 4-1
Background Reference Area Soil Sample Analytical Results
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 3 of 3
Location Identification S055-BG2-010 S055-BG2-011 S055-BG2-011
Date Collected 6/24/2017 6/26/2017 6/26/2017
Depth (feet) 0-05 0-0.8 0.8-1.75

Analyte (Units)

Metals' (mg/kg)

Arsenic 9.2 4.4 12
Molybdenum 0.24 0.24 0.35
Selenium <0.95 <11 1.1
Uranium 4.8 5.2 11
Vanadium 14 5.6 16

Radionuclides (pCi/g)
Radium-226 5.94 + 0.84 5.06 + 0.69 96+13

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
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Table 4-2
Static Gamma Measurement Summary
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 2
Sample Location Survey Area Subsurface  Sample Depth (ft bgs) Media Static Gamma
Static Gamma Measurement (cpm)
Investigation
Level (cpm)
S055-BG1-011 Background Area 1 * 0.0 soil 9,821
S055-BG1-011 Background Area 1 * 0.5 soil 11,204
S055-BG1-011 Background Area 1 * 1.0 soil 12,719
S055-BG1-011 Background Area 1 * 1.5 soil 13,219
S055-BG1-011 Background Area 1 * 2.0 soil 12,865
S055-BG1-011 Background Area 1 * 2.4 soil 13,219**
S055-BG2-011 Background Area 2 * 0.0 soil 20,024
S055-BG2-011 Background Area 2 * 0.5 soil 30,739
S055-BG2-011 Background Area 2 * 1.0 soil 45,615
S055-BG2-011 Background Area 2 * 15 soil 49,324
S055-BG2-011 Background Area 2 * 1.8 soil 51,193**
S055-SCX-002 A - 0.0 sediment 14,693
S055-SCX-002 A 12,719 0.5 sediment 18,621
S055-SCX-002 A 12,719 1.0 sediment 19,924**
S055-SCX-005 A - 0.0 soll 9,569
S055-SCX-005 A 12,719 0.5 soil 13,116
S055-SCX-005 A 12,719 1.0 soil 13,198
S055-SCX-005 A 12,719 15 soll 12,058
S055-SCX-005 A 12,719 2.0 soil 12,230
S055-SCX-005 A 12,719 25 soll 11,978
S055-SCX-005 A 12,719 3.0 soil 12,667
S055-SCX-006 A - 0.0 soll 9,724
S055-SCX-006 A 12,719 0.5 soil 11,771
S055-SCX-006 A 12,719 1.0 soil 12,434
S055-SCX-006 A 12,719 15 soil 13,329**
S055-SCX-007 A -- 0.0 sediment 8,496
S055-SCX-007 A 12,719 0.5 sediment 9,600
S055-SCX-007 A 12,719 1.0 sediment 12,408
S055-SCX-007 A 12,719 15 sediment 14,937
S055-SCX-007 A 12,719 1.8 sediment 16,142**
S055-SCX-008 A - 0.0 soil 14,866
S055-SCX-008 A 12,719 1.0 soil 17,665
S055-SCX-008 A 12,719 2.0 soil 16,612
S055-SCX-008 A 12,719 3.0 soil 16,422
S055-SCX-008 A 12,719 3.9 soil 18,573**

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
Investigation Level

Removal Site Investigation

counts per minute

feet below ground surface
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Table 4-2
Static Gamma Measurement Summary
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 2
Sample Location Survey Area Subsurface  Sample Depth (ft bgs) Media Static Gamma
Static Gamma Measurement (cpm)
Investigation
Level (cpm)
S055-SCX-009 A - 0.0 soil 12,904
S055-SCX-009 A 12,719 0.5 soil 17,001
S055-SCX-009 A 12,719 1.0 soil 17,019
S055-SCX-009 A 12,719 15 soil 16,767
S055-SCX-009 A 12,719 2.0 soil 15,143
S055-SCX-010 A - 0.0 soil 11,116
S055-SCX-010 A 12,719 0.5 soil 14,984
S055-SCX-010 A 12,719 0.9 soil 15,789**
S055-SCX-011 A - 0.0 soil 11,914
S055-SCX-011 A 12,719 0.7 soil 14,981**
S055-SCX-001 B - 0.0 soil 22,661
S055-SCX-001 B 45,615 0.5 soil 73,318
S055-SCX-001 B 45,615 0.8 soil 116,500
S055-SCX-003 B - 0.0 soil 19,753
S055-SCX-003 B 45,615 0.5 soil 26,595
S055-SCX-003 B 45,615 1.0 soll 33,768
S055-SCX-003 B 45,615 15 soil 38,866
S055-SCX-003 B 45,615 1.8 soll 39,355**
S055-SCX-004 B -- 0.0 sediment 12,514
S055-SCX-004 B 45,615 0.5 sediment 14,029
S055-SCX-004 B 45,615 1.0 sediment 14,440**

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
Investigation Level

Removal Site Investigation

counts per minute

feet below ground surface
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Table 4-3

Gamma Correlation Study Soil Sample Analytical Results

Tsosie 1
Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 1

Location Identification S055-C01-001 Dup

S055-C01-001 S055-C02-001

S055-C03-001

S055-C04-001

S055-C05-001

Date Collected 6/26/2017 6/26/2017 6/26/2017 6/26/2017 6/26/2017 6/26/2017
Depth (feet) 0-0.5 0-0.5 0-0.5 0-0.5 0-05 0-0.5

Analyte (Units)

Metals * (mg/kg)
Arsenic 1.4 1.4 31 5.8 14 3.2
Molybdenum 0.2 0.23 14 0.65 1.9 0.32
Selenium <0.93 <0.95 14 <0.98 <0.96 <0.99
Uranium 0.83 0.87 30 6.6 17 7.5
Vanadium 8.1 8 18 6 10 6.8

Radionuclides (pCi/g)
Radium-226 1.33+£0.3 1.43+0.29 30.5+3.7 J+ 5.43+0.76 32.7+4 6.66 + 0.88
Thorium-228 0.52+0.1 0.467 + 0.099 1.1+0.2 0.394 + 0.088 0.55+0.11 0.48+0.1
Thorium-230 1.01+£0.18 1.08£0.2 154+2.4 5.1+0.81 26.1+4.1 478 +0.76
Thorium-232 0.468 + 0.092 0.444 + 0.091 1.09+£0.19 0.336 £ 0.073 0.53+0.1 0.386 + 0.082

Notes

Bold Bolded result indicates positively identified compound

pCi/g picocuries per gram

mg/kg milligrams per kilogram.

J+ Data are estimated and are potentially biased high due to associated quality control data

1 The correlation soil samples were inadvertently analyzed for arsenic, molybdenum, selenium, uranium, and vanadium as the result of

laboratory error. These composite samples were not used for direct comparison to the ILs and no further evaluation was completed on
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Table 4-4a
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 3
Location Identification S055-CX-007 S055-CX-008 S055-CX-009 S055-CX-010 S055-SCX-002 S055-SCX-002 S055-SCX-005 S055-SCX-005 S055-SCX-005 S055-SCX-005Dup  S055-SCX-006
Date Collected  6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017
Depth (feet) 0-05 0-05 0-05 0-05 0-05 05-1.0 0-05 05-20 2.0-3.0 0-05 0-05
Sample Category surface surface surface surface surface subsurface surface subsurface subsurface surface surface
Sample Collection Method grab grab grab grab grab grab grab grab composite grab grab
Media soil soil soil soil sediment sediment soil soil soil soil soil

Analyte (Units)

Investigation

Metals' (mg/kg) Level
Arsenic 2.67 1.7 2.5 2.3 0.62 3.7 2.7 1.3 1.9 1.2 1.1 2.1
Molybdenum NA <019 [0S <02 2N <02 e <02 <0.19 12
Selenium NA <0.97 <0.94 <0.92 <1 <1l.1 <1l.1 <1 <1 <1 <0.96 <1
Uranium 1.57 1.3 1.1 0.75 0.61 45 3.6 0.37 0.57 0.33 0.34 0.95
Vanadium 7.98 55 10 10 3.8 35 27 5.7 8 7.5 55 6.3

Radionuclides (pCi/g)

Radium-226 1.75 1.38+0.28 1.79 £ 0.32 0.99 + 0.29 0.59+0.18 6.06 £ 0.87 J+ 4.73+0.73 J+ 0.81+0.24 0.6+0.2 0.6+0.19 0.45+0.2 0.85+0.27
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded result indicates 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 in BG-1 selenium sample results were all non-detect and molybdenum had only one detection
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 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 4-4a
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 3
Location Identification S055-SCX-006 S055-SCX-007 S055-SCX-007 S055-SCX-007 S055-SCX-008 S055-SCX-008 S055-SCX-008 S055-SCX-009 S055-SCX-009 S055-SCX-010 S055-SCX-010
Date Collected 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017 6/24/2017
Depth (feet) 05-1.75 0-0.5 05-1.0 1.0-1.8 0-05 05-25 25-39 0-0.5 05-21 0-0.5 05-0.9
Sample Category subsurface surface subsurface subsurface surface subsurface subsurface surface subsurface surface subsurface
Sample Collection Method  composite grab grab grab grab composite composite grab composite grab grab
Media soil sediment sediment sediment soil soil soil soil soil soil soil

Analyte (Units)

Investigation

Metals' (mg/kg) Level
Arsenic 2.67 1.6 1.3 1.7 3.3 47 2.2 2.2 7.5 3.9 1.9 0.77
Molybdenum NA 047 03 025 03  08J 03 024 08 03 02 <021
Selenium NA <1 <11 <0.95 <0.97 <1 <1 <0.99 <0.98 <0.99 <1 <1l.1
Uranium 1.57 1.1 0.31 0.48 2.9 4.1 1.1 2.1 35 2.7 1.2 0.5
Vanadium 7.98 5.6 9.6 8.1 14 25 11 6.5 10 10 9.2 3

Radionuclides (pCi/g)

Radium-226 1.75 1.11+£0.25 0.61+£0.25 0.7+0.25 1.99+0.34 428 +£0.72 J+ 1.28+0.29 1.72+0.35 2.4 +0.39 2.76 £0.47 1.84+0.36J+ 2.01+0.39J+
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded result indicates 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 in BG-1 selenium sample results were all non-detect and molybdenum had only one detection
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 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 4-4a
Site Characterization Soil and Sediment Sample Analytical Results for Survey Area A
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 3 of 3
Location Identification S055-SCX-011 S055-SCX-011 Dup
Date Collected 6/26/2017 6/26/2017
Depth (feet) 0-07 0-0.7
Sample Category subsurface subsurface
Sample Collection Method grab grab
Media soil soil

Analyte (Units)

Investigation

Metals' (mg/kg) Level
Arsenic 2.67 2.3 1.7
Molybdenum NA _ <0.2
Selenium NA <11 <0.99
Uranium 1.57 2.8 2.1
Vanadium 7.98 9.8 8.3

Radionuclides (pCi/g)

Radium-226 1.75 4.65 +0.81 J+ 2.34 £ 0.46 J+
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded result indicates 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 in BG-1 selenium sample results were all non-detect and molybdenum had only one detection
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 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
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 2
Location Identification S055-CX-001 S055-CX-002 S055-CX-003 S055-CX-003 Dup  S055-CX-004 S055-CX-005 S055-CX-006 S055-CX-011 S055-SCX-001 S055-SCX-001 S055-SCX-003
Date Collected  6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/23/2017 6/24/2017 6/23/2017 6/23/2017 6/23/2017
Depth (feet) 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 0-05 05-0.9 0-05
Sample Category surface surface surface surface surface surface surface surface surface 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 143 25 13 16 15 4.2 8.3 J+ 140 9.3 2.6 21 2.5
Molybdenum 0.974 <0.19 1.7 0.97 0.79 0.36 1.7 J- 1.6 5.5 1 16 0.51
Selenium NA <09 [N <093 <0.96 <0.95 <092 [EEN <099 <11 23 <1
Uranium 7.57 0.84 21 1 0.67 5.7 5.9 37 28 3.7 3+ 61 4.3
Vanadium 16.2 12 12 4.3 4.2 6.7 22 J+ 14 190 30 J+ 400 27

Radionuclides (pCi/g)

Radium-226 7.96 0.8 +0.26 J+ 31.3+3.8 0.91 +0.21 J- 0.91 +0.24 J- 4.65 + 0.66 7.7x1 59.1+7.1 235+28J)- 545+0.79J+ 56.2 £ 6.8 J+ 82x+1.1J+
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded result indicates 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 had only one detection in BG-2

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 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
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 2 of 2
Location Identification S055-SCX-003 S055-SCX-003 S055-SCX-004  S055-SCX-004
Date Collected 6/23/2017 6/23/2017 6/24/2017 6/24/2017
Depth (feet) 05-15 15-1.75 0-0.5 05-1
Sample Category subsurface subsurface surface subsurface
Sample Collection Method grab grab grab grab
Media soil soil sediment sediment

Analyte (Units)

Investigation

Metals' (mg/kg) Level
Arsenic 14.3 2.6 4 3.8 3.2
Molybdenum 0.974 0.65 1.3 1.1 0.6
Selenium NA <1.1 <1l.1 <1 <0.98
Uranium 7.57 6.2 12 4.1 2.8
Vanadium 16.2 33 33 23 20

Radionuclides (pCi/g)

Radium-226 7.96 7.7+1.13+ 86+1.1 4.23+0.63 3.11£0.45
Notes
Bold Bolded result indicates positively identified compound

Shaded Shaded result indicates 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 had only one detection in BG-2

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 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 at Borehole Locations

Tsosie 1

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

Page 1 of 1
Sample Location Survey Area Investigation Level Exceedances
S055-SCX-001* B As, Mo, Se, U, V, Ra-226, Static Gamma
S055-SCX-002? A As, Mo, U, V, Ra-226, Static Gamma
S055-SCX-003 B Mo, U, V, Ra-226
S055-SCX-004 B Mo, V
S055-SCX-005° A Mo, V, Static Gamma
S055-SCX-0067 A Mo, Static Gamma
S055-SCX-0072 A As, Mo, U, V, Ra-226, Static Gamma
S055-SCX-008? A As, Mo, U, V, Ra-226, Static Gamma
S055-SCX-009? A As, Mo, U, V, Ra-226, Static Gamma
S055-SCX-010? A Mo, V, Ra-226, Static Gamma
S055-SCX-0112 A Mo, U, V, Ra-226, Static Gamma

Notes

! Detections of Se included for reference, no IL was established for Se

?Detections of Mo included for reference for locations in Survey Area A, no IL was

established for Mo in Survey Area A

IL - Investigation Level
As - Arsenic

Mo - Molybdenum
Ra-226 - Radium 226
Se - Selenium

U - Uranium

V - Vanadium
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Table 4-6a
Water Sampling Investigation Level Derivation

Tsosie 1

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase

Page lof 1
USEPA Navajo Nation
. o Secondary |Surface Water Quality Primary Drinking Water | Investigation

Analyte (Units) McL ® Standard ® Standards © MCL@ Level
Radionuclides (pCi/L)
Ra-226 © 5 * 5 5 5
Ra-228 © 5 B 5 5 5
Gross Alpha 15 * 15 15 15
Metals (ng/L)
Mercury 2000 * 2000 2000 2000
Metals (ug/L)
Antimony 6 * 5.6 6 5.6
Arsenic 10 * 10 10 10
Barium 2000 * 2000 2000 2000
Beryllium 4 * 4 4 4
Cadmium 5 * 5 5 5
Chromium, Total 100 * 100 100 100
Cobalt * * * * *
Copper 1300 * 1300 * 1300
Lead 15 * 15 15 15
Molybdenum * * * * *
Nickel * * 610 * 610
Selenium 50 * 50 50 50
Silver * 100 35 * 35
Thallium 2 * 2 2 2
Uranium 30 * 30 30 30
Vanadium * * * * *
Zinc * 5000 2100 * 2100
General Chemistry Parameters
(mg/L) ©
Bicarbonate * * * * *
Calcium * * * * *
Carbonate * * * * *
Chloride * 250 * * 250
Sodium * * * * *
Sulfate * 250 * * 250
TDS * 500 * * 500
Notes

Bold - indicates the most conservative value to be used for comparison.

@ «Taple of Regulated Drinking Water Contaminants”, Groundwater and Drinking Water (USEPA, 2016a).

® «1aple of Secondary Drinking Water Standards”, Secondary Drinking Water Standards: Guidance for Nuisance Chemicals (USEPA, 2016b).
© Navajo Nation Surface Water Quality Standards (NNEPA, 2015)
@ Maximum Contaminant Levels Navajo Nation Primary Drinking Water Regulations (NNPDWR, 2015)
© The MCL for Ra-226 and Ra-228 have a combined limit of 5 pCi/L, and are not individually 5pCi/L

® Collected data will be used for water quality analysis purposes

* USEPA primary (MCL), secondary standard, Navajo Nation Surface Water Quality Standards, or Navajo Drinking Water MCLs are not established for these analytes.

MCL - maximum contaminant level

ug/L - micrograms per liter
mg/L - milligrams per liter
ng/L - nanograms per liter
pCi/L - picocuries per liter
TDS - Total Dissolved Solids
Ra-226 - Radium 226
Ra-228 - Radium 228

USEPA - Unites States Environmental Protection Agency
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Table 4-6b
Water Sampling Analytical Results
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page lof1l
Water Feature Identification 09-6-14 09-6-14 09-6-14 09-6-14 SOSS-SeSeppri-ig/]Donkey
Field Sample Identification| S055-WS-001 S055-WS-001 S055-WS-001 Dup S055-WS-001 Dup S055-WS-002*
Date Collected 5/24/2017 5/24/2017 5/24/2017 5/24/2017 4/23/2018
Matrix| Surface Water Surface Water Surface Water Surface Water Surface Water
Preparation Dissolved Total Dissolved Total NS
Analyte (Units)
Investigation
Radionuclides (pCi/L) Level
Ra-226 51 NS 5815 NS 9.2+t24 NS
Ra-228 51 NS 0+0.27 NS 0.74 £0.36 NS
Gross Alpha - NS 319151 NS 334 £ 54 NS
Adjusted Gross Alpha 2 15 NS 14.9 NS 23.2 NS
Gross Beta - NS 51.2+8.8 NS 54+9.1 NS
Mercury (ng/L)
Mercury 2000 <0.5;<0.5 <05;0.2F NS NS NS
Metals ® (ug/L)
Antimony 5.6 <0.3 <0.3 0.32 <0.3 NS
Arsenic 10 <2 <2 <2 <2 NS
Barium 2000 18 18 17 18 NS
Beryllium 4 <0.5 <0.5 <0.5 <0.5 NS
Cadmium 5 <0.3 <0.3 <0.3 <0.3 NS
Chromium, Total 100 <10 <10 <10 <10 NS
Cobalt - <1l <1l <1l <1l NS
Copper 1300 <10 <10 <10 <10 NS
Lead 15 <0.5 <0.5 <0.5 <0.5 NS
Molybdenum -- 4.8 4.3 4.3 4.6 NS
Nickel 610 <5 <5 <5 <5 NS
Selenium 50 12 10 13 12 NS
Silver 35 <0.1 <0.1 <0.1 <0.1 NS
Thallium 2 <0.2 <0.2 <0.2 <0.2 NS
Uranium 30 470 450 460 460 NS
Vanadium -- <1 <1 <1 <1 NS
Zinc 2100 <20 <20 <20 <20 NS
General Chemistry Parameters (mg/L)
TDS 500 NS 950 NS 960 NS
Carbonate -- NS <20 NS <20 NS
Bicarbonate -- NS 220 NS 230 NS
Chloride 250 NS 19D NS 19D NS
Sulfate 250 NS 460 D NS 470D NS
Calcium - 190000 190000 200000 190000 NS
Sodium - 53000 52000 54000 52000 NS
Field Parameters
Oxidation Reduction Potential(millivolts) -- NS 147.3 NS NS 208.1
pH(pH units) - NS 7.29 NS NS 7.71
Specific Conductivity(uS/cm) -- NS 1286 NS NS 1254
Temperature(°C) -- NS 17.8 NS NS 14.6
Turbidity (NTU) - NS 0.31 NS NS NS°
Notes
Bold Bolded result indicates positively identified compound
Shaded Shaded result indicates result or reporting limit greater than or equal to the investigation level
D Analysis required non-standard dilution; reported values have been converted to non-dilute value
F Analyte was positively identified but the reported concentration is estimated; reported concentration is less
°C Degrees Celsius
pg/L micrograms per liter
pS/cm  microSiemens per centimeter
mg/L milligrams per liter
ng/L nanograms per liter
NTU nephelometric turbidity unit
pCi/L picocuries per liter
PPTV parts per trillion volume
Not established
NS Not scheduled
Ra-226  Radium 226
Ra-228 Radium 228
DS Total Dissolved Solids
Result not detected above associated laboratory reporting limit
The Investigation Level for Ra-226 and Ra-228 have a combined limit of 5 pCi/L, and are not individually 5pCi/L
Adjusted Gross Alpha = Gross alpha concentration - uranium concentration, using the conversion factor of 0.6757 to convert uranium pg/L to pCi/L
(U.S. Department of Energy, 2011)
3 Analysis required sample dilution of 10 times; reported values have been converted to non-diluted value
4 There was not enough water present at the seep location to collect an analytical sample, but there was enough water present to collect field parameters
5 Turbidity field parameter was not collected because of the amount of suspended sediment that was present in the limited water available to collect the field parameters
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TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

FIGURE ACRONYMS/ABBREVIATIONS
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1. Potential water features and identification names identified
in 2007 AUM Atlas and/or in database provided by the
Navajo Nation Department of Water Resources.
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NOTES:
1. The dam is not related to mining or reclamation at the Site.

2. 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 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 I-345, scale 1:250,000.
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HOLOCENE

D Approximate Dam Footprint’

Earthworks: Human-caused disturbance
of the land surface potentially related to
mining or reclamation.

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

JURASSIC

Jmb: Brushy Basin Member of the
Morrison Formation (Upper Jurassic) -
- green, purple, and gray shale and
siltstone, gray and tan sandstone, and
conglomeritic sandstone, may locally
include the Burrow Canyon formation.

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).

3. The dam is not related to mining or reclamation at the Site.

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 I-345, scale 1:250,000.

Earthworks
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AUM Environmental
Response Trust-First Phase

LEGEND

ﬂ Claim Boundary

() 100-Foot Claim Buffer
.- \\ _+ Geologic Contact (Inferred)

- Exposed Bedrock®
Site Geology
HOLOCENE

Approximate Dam Footprint®

Earthworks: Human-caused
disturbance of the land surface
potentially related to mining or
reclamation.

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

JURASSIC

Jmb: Brushy Basin Member of the
Morrison Formation (Upper Jurassic) -
- green, purple, and gray shale and
siltstone, gray and tan sandstone, and
conglomeritic sandstone, may locally
include the Burrow Canyon formation.

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.

Site Exposed Bedrock
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Sealed Portal
Uninhabitable Building
Flow Direction

Approximate Overland Water
Flow Direction

Dam Crest
—_— Potential Haul Road

J Drainage

Drainage Armored with Riprap
- -—--——- Approximate Edge of Mesa

Approximate Dam Footprint

Temporary Ponding Area

Reclaimed Area

Waste Pile

Claim Boundary

Other Claim Boundary

100-Foot Claim Buffer

Site Map
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1= = ' Approximate Site Location,
L == 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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Photograph Comparison
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|"__, Claim Boundary

REFERENCES:
1. Coordinate System: NAD 1983 UTM Zone 12N

2. 1997 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.

1997 Historical Aerial
Photograph Comparison
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Surface Sample Location

Borehole Location - Surface
and Subsurface Samples

Borehole Location -
Subsurface Sample Only
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Claim Boundary
Other Claim Boundary

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys Co.
on June 16, 2017.
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Background
SurveyArea | Reference AUM Environmental
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LEGEND

Background Reference
Area

Survey Area A

Survey Area B

Claim Boundary
Other Claim Boundary

" Grover.
Cleveland 1

NOTE:
Gamma survey area is approximately 35.0 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 9/25/2018

Gamma Radiation
Survey Areas
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S055-C01-001
Correlation Location
(30" x 30"

Claim Boundary

il
Cj 100-Foot Claim Buffer

Gamma Survey

Counts per Minute (CPM)

8,868 - 10,273
®  (Minimum to BG-1 UTL)

10,274 - 29,861
®  (>BG-1 UTL to BG-2 UTL)

29,862 - 44,363
(>BG2 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.
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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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S055:SEX-011—| > S055:€X-010) : X AT ﬁ : s 4 Surface Sample Location

Borehole Location - Surface
and Subsurface Samples

Borehole Location -
Subsurface Samples Only

Flow Direction

Drainage
S055-SEX-0,10-<)
Survey Area A

AR : _ S o e Survey Area B
S055-CX-009——= o o £k v bk A -:_ TS ¢ '_ Claim Boundary
(E&—S055-SEX-005 L R e A { BT F 2 K%, W, 7

OTES:

Surface and subsurface static gamma measurements
were collected at all borehole locations.

S055:SEX;008=)
g 1 My g | P, P Surface soil samples range from 0.0 - 0.5 feet
/‘\ o gt W Mt i 1, R below ground surface (ft bgs)
S055:SEX; 00/ ) XK= S055-EX-008 A WL ; e St i Subsurface soil sampl fom 0.5-3.9 ftb
b QYRR (= ) " A3 g % ¥ ubsurface soil samples range from 0.5 - 3. gs
- S055:SEX:006=©) i AT it PO M B
\ [ v ¥ Sy - et LR S Static gamma measurements range from 0.0 - 3.9 ft bgs

REFERENCES:

S055-SEX:002=2) T Al i e e e i Coordinate System: NAD 1983 UTM Zone 12N

S S055-SEX-003 e At et M o RoRk , ,
\ / i g e Y i B L Basemap image flown by Cooper Aerial Surveys Co.
——S055-@ X004 . B A - G 2 s et on June 16, 2017.

S055-SEX-004 ﬁ@ (3

S055:CX:005 2\
S055:€X:006/ ‘

1y TN

S055-CX3007/—#
€505, CX 01
)
S®55-S@x-@®1

{rimLe:

Site Characterization Surface and
Subsurface Sample Locations

NS 055G X002

Removal Site Evaluation
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| Static gamma measurements range from 0.0 - 3.9 ft bgs 1*;{ o

| Basemap image flown by Cooper Aerial Surveys Co.
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Surface Sample Location

Borehole Location - Surface
and Subsurface Samples Only

Borehole Location - Subsurface
Samples Only

Historical Borehole

Approximate Buried Portal
Location

Sealed Portal

>0 o ¢ [ o X

Flow Direction

Drainage

Dam Crest

Potential Haul Road

Road

Drainage Armored with Riprap
Approximate Edge of Mesa
Approximate Dam Footprint
Temporary Ponding Area
Reclaimed Area

Waste Pile

Claim Boundary

Surface and subsurface static gamma measurements

were collected at all borehole locations.

.| Surface soil samples range from 0.0 - 0.5 feet
| below ground surface (ft bgs)

® | Subsurface soil samples range from 0.5 - 3.9 ft bgs

Sample Locations Compared

BELERENLES to Mining-Related Features
Coordinate System: NAD 1983 UTM Zone 12N
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LEGEND

|"__| Claim Boundary
EZ Other Claim Boundary

Gamma Survey

Counts per Minute (CPM)
5,429 -10,273
(Minimum to BG-1 IL)

10,274 - 29,861
(>BG-1 IL to BG-2 IL)

29,862 - 51,365
(>BG-2 IL to 5x BG-1 IL)

51,366 - 89,945
(>5x BG-1 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. .gov/arcgi: rvi on 9/20/2018

faNoZs A CINY TR AN BT KN AL ] : Gamma Radiation
' A 2 ¥l . Sal it T TR , : Survey Results

Tl

Removal Site Evaluation
Tsosie1 Mine Site

DATE: 012012018 DOCUMENT NAME:
Removal Site Evaluation Report

@ Stantec F.GUEE?B .
4

kel
X
€
<]
&
o]
o
]
-
o
)
—J
~
<
x|
fal
-
ol
g
£
of
o]
pe
[
-
20
0
o
)|
2
w
7]
jid
x
3
f=
S
ks
.
2
<
9
0|
3
il
ww
%)
|
=
]
7]
x
0|
[a]
X
=
=
g
2|
o
3
S
©
o
©
=
®
-
I
-
o
S
@
]
&
5
<
©
o
k=
o
£
=]
31
o
[a]



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

kel
X
E
Sl
N
2]
Q
]
-
=]
N
-
I~
-
x
X
=
-
Q
i |
©
£
£
T
o]
P
(2]}
-
2
7]
o
@
i
Lj
2]
|
=
3
c
Sl
ks B
@
2]
=|
9
7]
ol
2l
Luj
(2] 8
x|
ol
1% |
ol
o]
[a]
X
=
=
g
2
o
g
af
=l
k=]
™)
o
2]
~
o
o
=]
=]
@l
1]
ol
)
£
©
ol
gl
)
£
3
5]
o
[a

Background!Area
S055-BG/1-010) =

\
\
\

S055-BG 007/
— S055-BG1-005
S055-BG1-009)4 & [esode

\ 2 = /S055-BG1-006
S055-BG-011 — = 9%
: L 5-BG1-004
| S055-BG1-008=—=-S o 'S055
S8 S()55-BG1-003

S055-BG1-002 —% %

S055-BG1-001"—=

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Main display basemap image accessed from the National
Agriculture Imagery Program (NAIP) web mapping service

(https://gis.apfo.usda.gov/arcqgis/services/) on 9/20/2018

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

Esri, USDA Famm Sewice Agency,

NAVAJO
NATION

AUM Environmental
Response Trust-First Phase

LEGEND
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Borehole Location - Surface
and Subsurface Samples

Borehole Location -
Subsurface Samples Only

Survey Area A
Claim Boundary
Other Claim Boundary

Gamma Survey
Counts per Minute (CPM)

5,677 - 10,273
(Minimum to BG-1 IL)

10,274 - 15,410
(>BG-1IL to 1.5xBG-11L)

15,411 - 20,546
(>1.5x BG-1 IL to 2x BG-1 IL)

20,547 - 51,365
(>2x BG-1 IL to 5x BG-1IL)

51,366 - 68,902
(>5x BG-1 IL to Maximum)
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Survey Area A

Removal Site Evaluation
Tsosie1 Mine Site

| paTE: 012012018 DOCUMENT NAME:
Removal Site Evaluation Report

Stantec F.GUWD" S .
4-1b



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

R | . G A NAVAJO

' AUM Environmental
Response Trust-First Phase

"

SBG2-1 L

JIsosTaczl MO it s

305'362' S N4t 5-BG2 ol Borehole Location - Surface and
@ﬁ@'ﬁ@fx IXC T AP Subsurface Samples

LEGEND

Surface Sample Location

Borehole Location - Subsurface
Samples Only

Survey Area B
Claim Boundary

Other Claim Boundary

| | Gamma Survey
| Counts per Minute (CPM)

5,429 - 12,391
(Minimum to BG-4 IL)

12,392 - 29,861
(>BG-4 IL to BG-2 IL)

29,862 - 59,722
(>BG-2 IL to BG-2 IL)

AU Al LR - 7 _ o . : : 59,723 - 89,945
S055!SCX004 g .« " = WAV H It ri) IR el : TS : gt (>2x BG-2 IL to Maximum)
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TITLE:

Gamma Radiation Survey Results for
Survey Area B

NOTE:

BG-4 IL incorporated for comparison purposes.

REFERENCES: Removal Site Evaluation
Coordinate System: NAD 1983 UTM Zone 12N Tsosie1 Mine Site

Basemap image accessed from the National Agriculture DATE: DOCUMENT NAME:
Imagery Program (NAIP) web mapping service 9/20/2018 R | Site Evaluation Report
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o . AUTHOR: REVIEWER:
Inset Image: Site specific imagery flown by Cooper @ Sta nte
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Gamma Count Rate (cpm)
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0

Correlation Linear Regression Line
(Gamma vs Ra-226 and R? Value)

Gamma (cpm) = 609 * Surface Soil Ra-226 (pCi/g) + 12,683
Adjusted R2=0.66

15 20
Ra-226 (pCi/g)
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Sample ID

S055-C01-001
S055-C01-002
S055-C01-003
S055-C01-004
S055-C01-005

i

b )

'.\ S055-C03-001

Correlation Data
Mean Gamma

Count Rate (cpm

1. Surface gamma survey measurements were converted

to predicted Ra-226 concentrations using the following
correlation equation:

Gamma (CPM) = 609 x Surface Soil Ra-226 (pCi/g) + 12,683

2. The correlation did not meet the Data Quality Objective
(R?> 0.8), users should be cautious when
estimating radium-226 concentrations.

3. The correlation equation predicted Ra-226 concentrations that
are less than zero for gamma survey measurements less than
12,683 cpm

4. Mean (p) of predicted concentrations of Ra-226 in soil
(-3.1 pCi/g).

5. Standard deviation (o) of predicted concentrations of
Ra-226 in soil (6.13 pCi/g).

6. Ra-226 concentrations predicted from gamma measurements

exceeding approximately 38,000 CPM or less than approximately
11,000 CPM are extrapolated from the regression model and are
uncertain.

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 9/25/2018 .
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Predicted Ra-226 Concentrations in
Soil Using the Correlation Equation
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Document Path: U:\233001213\03 data\gis cad\ MXDs\RSE\RSE Tsosie1\Section4\RSE_Tsosiet

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.

f| 2. Surface gamma survey measurements were converted
| to predicted Ra-226 concentrations using the following

correlation equation:
Gamma (CPM) = 609 x Surface Soil Ra-226 (pCi/g) + 12,683

3. The correlation did not meet the Data Quality Objective
(R?>0.8), users should be cautious when
estimating radium-226 concentrations.

4. The correlation equation predicted Ra-226 concentrations that
are less than zero for gamma survey measurements less than

{ 12,683 cpm

5. Mean (u) of predicted concentrations of Ra-226 in soil

pep et (-3.1 pCilg).

6. Standard deviation (o) of predicted concentrations of
Ra-226 in soil (6.13 pCi/g).

7. Ra-226 concentrations predicted from gamma measurements

exceeding approximately 38,000 CPM or less than approximately i

11,000 CPM are extrapolated from the regression model and are
uncertain.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image flown by Cooper Aerial Surveys Co. on June
16, 2017.
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1. Surface gamma survey measurements were converted to
predicted Ra-226 concentrations using the following correlation
equation:

Gamma (cpm) = 609 x Surface Soil Ra-226 (pCi/g) + 12,683

2. The correlation did not meet the Data Quality Objective
(R2 > 0.8), users should be cautious when

estimating radium-226 concentrations.

LEGEND

Surface Sample Location

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

REFERENCES: x

Coordinate System: NAD 1983 UTM Z 12N .
cordinate system one Borehole Location - Surface and

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

Borehole Location - Subsurface
Samples Only

Ra-226 IL Exceedance in Surface
Soil

| Claim Boundary

|Z Other Claim Boundary

Predicted Ra-226 Concentrations (pCi/g)

IL Not Exceeded
Survey Area A: -11.5-1.75
Survey Area B: -11.9 - 7.96

IL Exceeded

Survey Area A: 1.76 - 92.3
Survey Area B: 7.97 - 126.9
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Predicted Ra-226 Concentrations in
Surface Soil Compared to Ra-226 ILs
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J Soil and Sediment Investigation Levels d :'"r . -.' _J. NAVAJ O
Investigation Level : - f* . : NAT'ON
| Analyte (Units) SurveyAreaA Survey Area B Wi & -__-r _-r-!l f" AUM Environmen’rol
Metals (mg/kg) T " Response Trust-First Phase
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1. Portions of the areas delineated as exposed bedrock
contain small amounts of colluvium.

2. See Figure 4-9b

REFERENCES:
Coordinate System: USA Contiguous Albers Equal Area Conic

Basemap image accessed from the National Agriculture

Imagery Program (NAIP) web mapping service
(https://gis.apfo.usda.gov/arcgis/services/) on 9/24/2018

Volume Estimate of
TENORM that Exceeds IL

'K;ﬂ:—,;
e

-
1 g

L

Removal Site Evaluation
Tsosie1 Mine Site

=3 ek
= 4
- .

Stantec o=
4-9a



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

L o
e

Document Path: U:\233001213\03_data\gis_cad\ MXDS\RSE\RSE Tsosiel\Section4\RSE Tsosie1 Volume Contours 11x17 L _20180911.mxd

NAVAJO
NATION

AUM Environmental
Response Trust-First Phase

LEGEND

A R Approximate Reclaimed Area
: ,-( fi: ~=" Contour (thickness in feet)
’m‘l r’__, Claim Boundary

w

aE TR

..
L]

£
i
&

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

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

N
W<$>E
S
0 30 60
Feet
TITLE:
Reclaimed Area Contours
for Volume Estimates
PROJECT Removal Site Evaluation
Tsosie1 Mine Site
DATE: DOCUMENT NAME:

9/11/2018

Removal Site Evaluation Report

f @ Stantec [mo= Lt
: 4-9b




APPENDICES



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

September 26, 2018

Appendix A Radiological Characterization of the Tsosie 1
Abandoned Uranium Mine

MAVAID
O stantec  [JRggHeT0N

Tankyl
Peaparas bl -Fril Mhaos



Radiological Characterization of the
Tsosie 1 Abandoned Uranium Mine

September 18, 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
Albuquerque, NM 87113



Contents

Lol N AV Z=INYU Yo 0 = | NS iv

IR [0 o Yo [0 4T Yo PP UUSPPRRS 1

2.0 GPS-Based GAmMIMQa SUIVEYS .....uuveeeeiiieeeeiireeeeiteeeestreeesssseeeessseeessssaessassesesasssesesasssesesssssesssenssesessnnsenes 2
2.1 Potential Background REfErE&NCE Ar€as ........cccuveeiiiiiieiiciie ettt e ratre e e e atee e e abae e e 4
2.2 SUIVEY AT ..uuuuuuuuuuuuuuuuuuuuuuuuturuenturueareaerererererererererernreresssssssssssssssssssssssssssssssssssssssnsssnsnsssssnsnsesnsnsnsnsnsnnns 6

3.0 COrrelation STUdIES. ... .uiiiiiciiiee ittt ccteee ettt e e ettt e s st e s s eate e e e saateeessbtaeeesbtaeessaseaeessstneessansaeessnnes 10
3.1 Radium-226 concentrations in surface soils and gamma count rates........cccceeeecrieeeecieeeeecieeeeennen, 10
3.2 EQUIlibrium in the UraniUm SIS .....cuiii ittt e e e e e s are e e e s e e e e e nrae e e eaneeas 17
3.3 Exposure rates and amma COUNT FAES .....uviiiiciiieieiiiie e ee e ertr e e s rr e e e s are e e e e ataeeesaraees 19

4.0 Deviations t0 RSE WOTK Plan......uuiii ittt e e sttt e e s stte e e s sbee e e sssbaeaessnbeeeessnseeessnnseeeesns 23

R0 @(o] o Tl [T ] o] o -3 PSPPSR 23

6.0 REFEIEINCES ...ttt ettt st s e e s bt e e s bt e e s be e sbteesabeesabeessabeesabeeenbteenabaesareesabeeeas 24

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 Tsosie 1
Abandoned Uranium Mine i
Prepared for Stantec Consulting Services Inc.

ERG
September 18, 2018



Figures

Figure 1 Location of the Tsosie 1 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 “Tsosie 1 Abandoned Uranium Mine”

Radiological Survey of the Tsosie 1 ERG

Abandoned Uranium Mine i

Prepared for Stantec Consulting Services Inc.

September 18, 2018



Acronyms

ANSI
AUM
BG1
BG2
cpm
DQOs
ERG
ft
GPS
MDC
uR/h
pCi/g
RZ
RSE
o

Stantec

American National Standards Institute
abandoned uranium mine
Background Reference Area 1
Background Reference Area 2

counts per minute

data quality objectives

Environmental Restoration Group, Inc.

foot

global positioning system
minimum detectable concentration
microRoentgens per hour
picocuries per gram

Pearson’s Correlation Coefficient
removal site evaluation

standard deviation

Stantec Consulting Services Inc.

Radiological Survey of the Tsosie 1
Abandoned Uranium Mine iii
Prepared for Stantec Consulting Services Inc.

ERG
September 18, 2018



Executive Summary

This report addresses the radiological characterization of the Tsosie 1 abandoned uranium mine (AUM)
located in the Teec Nos Pos Chapter of the Navajo Nation, 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 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 October 5 and 6, 2016; June 23 and 26, and
September 12, 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 “Tsosie 1 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 on 1) the walls of ridges on the west, east and southeast
edges of the mine claim and 2) waste rock that was exposed in a disposal cell in the southeast
corner of the mine claim.

e Two 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 model:

Gamma Count Rate (cpm) = 609 x [radium-226 (pCi/g)] + 12683

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 -11.9 to 126.9, with a central
tendency (median) of -4.5 pCi/g.
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e The thorium series radionuclides do not appear to affect the prediction of concentrations of
radium-226 in surface soil from gamma count rates.

e There is evidence that the uranium series radionuclides 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 3x10* + 10.553

e The distribution of exposure rates predicted using this model is rightward tailed. The values in
the Survey Area range from 12.2 to 37.6, with a central tendency (median) of 13.6 uR/h.
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1.0 Introduction

This report addresses the radiological characterization of the Tsosie 1 abandoned uranium mine (AUM)
located in the Teec Nos Pos Chapter of the Navajo Nation, 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 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 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 October 5 and 6, 2016; June 23 and 26,
and September 12, 2017. They included a GPS-based radiological survey of land surfaces over an
approximately 35-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, 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 “Tsosie 1 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 “Tsosie 1 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 two 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 workplan.

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.

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 254777
Reference Areas
PR303727 254772
PR295014° 196086
Survey Area PR320678 282971
PR154615 138638
PR355763° 138368
PR292690 254757

Notes:
aDetection system used in the correlation studies described in Section 3.0.
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Figure 1. Location of the Tsosie 1 Abandoned Uranium Mine
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2.1 Potential Background Reference Areas

Two potential Background Reference Areas were surveyed, the locations and results of which are
depicted on Figure 2. BG1 and BG2 in the figure are Background Reference Areas 1 and 2, respectively.

Table 2 lists a summary of the gamma count rates, which in:

e BG1 ranged from 6,744 to 11,218 counts per minute (cpm), with a mean and median of 8,822
and 8,837 cpm, respectively.

e BG2 ranged from 12,454 to 36,929 cpm, with a mean and median of 20,105 and 18,526 cpm,
respectively.

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 Star.lda.rd
Reference Area Deviation
1 232 6,744 11,218 8,822 8,837 797
2 325 12,454 36,929 20,105 18,526 5,443
Notes:
cpm = counts per minute
Radiological SJr\_/Q/ of t_he Tsosie 1 ERG
Abandoned Uranium Mine 4 September 18, 2018

Prepared for Stantec Consulting Services Inc.



Legend
[ mine Claim Area

Gamma Count Rate (cpm)
6,744 - 15,000
15,001 - 25,000
25,001 - 35,000
35,001 - 35,924

0 375730 1,500 2,250 3,000
™ ™ o " s Y

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.

2.2 Survey Area

The gamma count rates observed in the Survey Area are depicted in Figure 4. Elevated count rates were
observed on 1) the walls of ridges on the west, east and southeast edges of the mine claim and 2) waste
rock that was exposed in a disposal cell in the southeast corner of the mine claim.

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
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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 8,915,
9,931, and 11,420 cpm, respectively.

Table 3 is a statistical summary of the measurements, which range from 5,429 to 89,945 cpm and have a
central tendency (median) of 9,931 cpm.
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Figure 4. Gamma count rates in the Survey Area.
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Figure 5. Histogram of 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 52,004
Minimum 5,429
Maximum 89,945
Mean 10,778
Median 9,931
Standard Deviation 3,730

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 12, 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 gamma count rate
measurements were repeated on September 12, 2017 because some of the measurements made on
October 12, 2016 were not recorded in the GPS datalogger. The soil samples were not re-collected,
because the radium-226 concentrations at the locations were not expected to change.

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 10,854 to 37,736 cpm. The concentrations of radium-226 in the soil samples range from 1.43
to 32.7 picocuries per gram (pCi/g).
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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 “Tsosie 1 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 Area Mean Minimum | Maximum c Result Error MDC
(m?) +20
S055-C01-001 59.6 10,854 8,868 12,974 745 1.43 0.29 0.36
S055-C02-001 6.7 37,736 24,200 44,363 4,231 30.5 3.7 0.9
S055-C03-001 9.8 20,487 17,582 24,115 1,564 5.43 0.76 0.61
S055-C04-001 6.2 26,310 19,176 32,028 3,285 32.7 4 11
S055-C05-001 10.9 14,716 12,851 17,043 843 6.66 0.88 0.48
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 t20 MDC Result | 20 MDC Result | t20 MDC
S055-C01-001 0.467 0.099 0.047 1.08 0.2 0.08 0.444 | 0.091 0.019
S055-C02-001 1.1 0.2 0.06 15.4 2.4 0.1 1.09 0.19 0.02
S055-C03-001 0.394 0.088 0.053 5.1 0.81 0.07 0.336 | 0.073 0.021
S055-C04-001 0.55 0.11 0.05 26.1 41 0.1 0.53 0.1 0.01
S055-C05-001 0.48 0.1 0.07 4.78 0.76 0.07 0.386 | 0.082 0.021

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

0.66, as expressed in the equation:
Gamma Count Rate (cpm) = 609 x [radium-226 (pCi/g)] + 12683

The root mean square error and p-value for the model are 6.1x10° and 0.059, respectively; these
parameters are not data quality objectives (DQOs) and are included only as information. The R? value for
this model does not meet the project DQO of 0.8. The model could be improved with additional
correlation data collected in the future.
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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 -11.9 to 126.9 pCi/g, with a mean and median of -3.1 and -4.5 pCi/g,
respectively. Note that the radium-226 concentrations predicted from gamma count rate measurements
exceeding approximately 38,000 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.

TSOSIE 1 GAMMA~RADIUM-226 REGRESSION, P=0.059, ADJ R2=0.6617
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Gamma Count Rate (cpm
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Soil Concentration Ra-226 (pCilg)

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

Parameter Radium-226 (pCi/g)
n 52,004
Minimum -11.9
Maximum 126.9
Mean -3.1
Median -4.5
Standard Deviation 6.1

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. The model failed to produce results because thorium-232 and thorium-228 are colinear. 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 (0.28 and 0.29 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 coefficient was 0.063 with
an adjusted R? of 0.65. 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 also not significant (p = 0.059), as described above, and the adjusted R? value
(0.66) did not meet the applicable project DQO (R? > 0.8).

The depletion of 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 AUMSs, 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 therefore it wasn’t 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.

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. The line 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).
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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=x line 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=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.

Based on this method, ERG concludes there is evidence that thorium-230 and radium-226 are in
equilibrium, but not secular equilibrium (Figure 10).

TZQEIE 1 SECULAR EQUILIBRIUK AHALYSIS, [F-0.015, ADW R2-0.3084

il

20

Sal Consantrion Th-230 25 0

o 10 0 B
Sul Uurnoeradbun Ha-226 (ulig)

Figure 10. Evaluation of secular equilibrium in the uranium decay series.

3.3 Exposure rates and gamma count rates

Field personnel made co-located one-minute static count rate and exposure rate measurements at 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 on June 26, 2017 at0.5 mand 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 Numbers
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PR295014/196086). The exposure rate measurements were made using a Reuter Stokes Model RS-5131-
200-ERO0O (Serial Number 1000992) high pressure ionization chamber (HPIC) at 1-second intervals for
about 10 minutes. The HPIC output the 1-second measurements as 1-minute averages. The exposure
rate used in the comparison was the mean of these measurements, less those occurring in initial
instrument warm-ups. 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 minute) exposure rate measurements.

The best predictive relationship between the measurements is linear with a R? of 0.9597. The root mean
square error and p-value for the model are 0.972256 and 0.0035, 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 (microRoentgens per hour [UR/h]) = 3x10* x Gamma Count Rate (cpm) + 10.553

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 two Background
Reference Areas and AUM, respectively.

The range of predicted exposure rates at:

e BG1is12.6to 13.9 uR/h, with a mean and median of 13.2 pR/h
e BG2is14.3to 21.6 uR/h, with a mean and median of 16.6 and 16.1 uR/h, respectively

The range of predicted exposure rates at the AUM is 12.2 to 37.6 pR/h, with a mean and median of 13.8
and 13.6 uR/h, respectively.

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

Location Gamma Count Rate Exposure Rate
(cpm) (#R/h)
S055-C01-001 10,958 13.1
S055-C02-001 43,051 23.2
S055-C03-001 20,990 18.1
S055-C04-001 31,309 21.0
S055-C05-001 14,150 14.9
Notes:

cpm = counts per minute
UR/h = microRoentgens per hour
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Figure 11. Correlation of gamma count rates and exposure rates.

Table 8. Predicted exposure rates in the potential Background Reference Areas.

Potential Background Reference Area | BG1 | BG2
Exposure

Parameter Rate (uR/h)

n 232 325

Minimum 12.6 14.3

Maximum 13.9 21.6

Mean 13.2 16.6

Median 13.2 | 16.1

Standard Deviation 0.2 1.6

Notes:

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

Table 9. Predicted exposure rates in the Survey Area.

Parameter Exposure Rate (uR/h)
n 52,004
Minimum 12.2
Maximum 37.6
Mean 13.8
Median 13.6
Standard Deviation 1.1

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 on 1) the walls of ridges on the west, east and southeast
edges of the mine claim and 2) waste rock that was exposed in a disposal cell in the southeast
corner of the mine claim.

Two 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 model:

Gamma Count Rate (cpm) = 609 x [radium-226 (pCi/g)] + 12683

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 -11.9 to 126.9 pCi/g, with a central
tendency (median) of -4.5 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 the uranium series radionuclides 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 3x10* + 10.553

The distribution of exposure rates predicted using this model resembles a right-tailed
distribution. The values in the Survey Area range from 12.2 to 37.6, with a central tendency
(median) of 13.6 pR/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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Range/Multiplier _ Reference Serting __ "As Found Reading" Matf.-r R:ndmg _1-Min. Count Log Scale Cnunt
x 1000 400 i = | = ;'__ e
x 1000 100 K ' T N
100 400 ilﬁm& i il et
!
L‘rlr'._' ——— . _— — - = b —— I~ e
x 100 100 | | .
x 10 400 ' '5-_li‘ ''''' | 1] A
x 10 100 0‘\ <= . 3 |
5 A e it —
X 1 100 ol Ay L
Hngh?glmg-: _Sc:ui‘ct. Counts _—y Banl_:gmmq_ _ ~ Voltage Plateau
700 | 48451 | ) [ TOE S | i
- 2 == - 20000
800 62632 ey iy
L 900 66021 _ W 40000 -
L 950 . 67393 , 50000 A
. L 8 . = = s
_ 1000 L 67720 | 9478 30000
1050 .. 07893 SRS | 20000 '
1100 _ 68340 | " | 10000 .
1150 68502 Swiaes, e =
| 1200 68684 | A R G

C-_:nmu;mts Comments: HV Platean Scaler Count Time = 1-min. Recommended HV = 1000

Reference Instruments and/or Sources:

Ludlum pulser serial number:[J 97743

Ml 201932 Fluke multimeter serial number: []87490128

0 sn: 4098-03(@12.800dpm/6,520 cpm (1/4/12) B Gamma Source Cs-137 @ 5.2 uCi (1/4/12) sn: 4097-03
sn: 4099-03@17,700dpm/11,100cpm(1/4/12) [ Other Source:

Calibration Date: & -1

Date: oK !C'.”J, [, oA S o

ERG Form ITC. 101.A
This calibration conforms 1o the reguirements and accentahls colihration conditione of ANST N394 . 1007

__ Calibration Due: &-1/=/%



ey o monns CERTIFICATE OF CALIBRATION %1 0% Stst

o 325-296-5494
Sweatwater, TX , L

Customer ERG - n::;;}.;g_ zmmﬁmmm

Mfg. Ludlum Measurements, Ine. Mode| 224 SerlalNo. _ 25y 9757

Mig. _ e Moda! Sarial No. B

Cal Date 25-Jul-17 Cal Due Date 25-Juk-18 Cal. Interval 1 Year  Meterface 202-159
sheck mark [yfippiies to appicable Instr. and/or detactor AW mig. spec. | AT W RH 47 % Al 706.0 mmHg

L] Newinstumant  |nstrument Received (] Within Teler. +-10% (] 10-20% [} Outof Tol. [JREauifing Repair [] Other-Sea commants

i Mechanical ck. e Meter Zeroed ] Background Subtract b Input Sens. Linaarity

[T F/S Resp. ck [ Resetck. A Window Operation [l Geotroplsm

W Audio ck. "] Alarm Satting ck, ¥ Batt ck

["¥Calibrated in accordance with LM SOP 14.8 [_] Calibrated in accordance with LMI SOP 14.9
nstrument Volt St | Spey _V InputSens. 10 mV Det Oper. Vot mvy EQ‘H‘EE 100 = 10 i

[ HV Readout (2 points) ~ Ref/inst. 500 560 WV Ref/inst. 1500 {__15op - "

COMMENTS:

Calibrated with 38" cable,
Calibrated with Window in "ouT* position.
Firmware: 261027

iamma Calibration: GM detactors w Bd Emmh Source sxce gt for M 44-8 In which tha front of probs faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGEMULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
X 1000 400 Kcpm B n b Lo L
X 1000 100 Kcpm k- oo
X 100 =i e 40 Kgpm [ Yed) =
X 100 10 Kegm | laa
X 10 _ 4 Kopm YHeb
X 10 = 1 Kepm loo
A PR 400 cpm s _ Yo
X1 b = 100 cpm joo

==

“Unoartainty wilhin £ 10%  C.F. within = 20% — _______ ALL Rangele) Calibrated Elactronically

REFERENCE INSTRUMENT INSTRLUMENT REFEREMCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING® CAL POINT RECENED METER READING*
Sadou 400 Kepm o fa 39956 (o) |She _ s00Keom @ M/
] 40 Kcpm - " 50 Kepm < T
4 Kcpm Y _ __ 5kKepm_ g
400 cpm Lo 500 cpm I '..___‘:EE
40 cgpm Y ' 50 com

_—_———— e _
el Measursmen Imunru!hulluubumhwmbmulhmdbymtuumuuuﬂmtmnmdﬁmmem,awmmm“i
meslbﬂkﬂlﬂﬂr;'ﬂlmmwﬂmWﬂﬂﬁﬂ'ﬂ*‘wm“dmwmwmwhmmmwnmmwuwmmm

& calibralion gyshem confoms to the requiremens of ANSIUNCSL 254011984 and ANSI N3Z3-15978 [SOVE 17025 2005(F) State of Texas Callbration License No, LO-1863
Reference Instruments andior Sources: Ss-137 & [ 1038 []21mice [ 22eice [C1720 [Clrae [ [z [Jweis [ J1ess [ ] 160 [Jremace ] 2azamey
Clsmrco [sreco [Jeosds [roeer [rasa [ essa []omz []21esce [ 484 [ s-1054 ] Trooms [ Tioces Meowor emiet B[] T904  Re-zze [ veaz

[ Alpha S/IN [] BatasM [ Other

[y m 500 SN 201934 [ Cscilloscope SN [ Multimeter S/N a2
Callbrator M“—%mdﬂ Title __ Technician Date  olJ Q,_E, 7
QC'd By '—‘C%\.q\ N e oervice Depi QC Date Lo d Al

This corificate $had nol be reproduced exceat in full, withoud the writter approvel of Ludun Messwrements, inc, AC Inst L] Pasaad Dialectric (HI-Pot) and Continuily Test
FORM SC22A 121122076 Page | of t_ ~ Only [ Failed:




@ Reuter-Stokes

Calibration Certilicate

Reuter-Stokes certilies that the Eovironmenta! Radiation Manitor. idemtilied
below, has been calibrated for output using the shadow shield wechnigque®. und
calibrated with radiation sources traceable w the National Institute of Standards
and lechnology.

sensor Fype: 100 RHr
Seriad Mumber: 1000992
Calibration Date: 03162017

Sensilivity: -2.281E-8 AR/

, / o -+
/-""..Ir:‘l';"v'f-l'-': f -\,:l_.jr_.r‘-?r_

Authorized Signanre /

" + FE

*Calibration Provedure; RS--SO 238,10



el

Reuter-Stokes
Calibration Data

Sensor Tyvpe: 100 RHr Source (CS-137): BR-400
Seral Number 1000092 Date of Certification: 12:01/ 19494
Calibration Date: 037162017 Exposure Rate s | meter: 4.226 mR'h
Customer Name: STOCK

Sensitivin (Ha-226): 228118 AR

Distanee I xpaorsure Hate PPose A A I* KiCS-13T)

Fegt cm hth \ \ A AR

12 iy 185 327 =5 4031--12 =1. 16212 4. 239512 287108
14 427 135 542 4. 135):-12 1012112 123512 2303108
L6 448 1113 354 3.204E-12 0 029013 23491110 23108
B 344 B1.34%8 -2 708:-12 R I091-13 -1L8871=-12 23191508

KOS-137) 23061 -B AR b

MiRa=226) Q9892 kiC'S-137)

KiRa-226) -2 281 E-8 A/Rh

ol

Hy:

DA R AR B
LLAvk-10 AR b

D63y

[Date 3-/ ?1( 7



Single-Channel Function Check Log

Enunmenial Rewicranon Gromp Ing
N Washimpgion 51 NE Suae |50
Albuquargue, WM ET11 3
50 B 1

METER DETECTOR v na:
Manufacturer Lot Lt an Marifaciurer. [ T oM EeT
s 112! i [TTRe
Serial No 254992 Serinl No ge 303323
Cal Due Dale: =181 Cal Due Date F-19-1%
Source C3s=-133 Aetiviny: 5 Wl Source Date £ -L-94 Distance to Source: 6 3. L,
Senal Mo 13-4 Emission Rate: B epm/emissons
Date Time Ruters ,:";"" Threchhald EL'.L'; e ok g Fusid w2 s
g -u-{l 21T 5.3 lsei a9 S5L3Y 513 :!;?J:ﬂf b | Teasde |
-1k e 5. Leo € b ©e963 €32 Ye2dy |Mv| Combet Lol Rche, gt
| lw-¥-1b 0é o 5.3 (203 94 43335 G HoY #oxs] lpw| Conterd 5.dey Packiz, ]
jo-v-lk IFuL .5 299 9a 45337 £341 32033 |pv Tsosie |
1o rk-1b d%ve J.¥ lead 99 43Fer PRI 2724 Tigaie
ve- bl [31% .Y locn 49 Y4139 tost | FEZ ey Comdort Joile, p"j.,.-!, Lal
[o=3-14 949 74 8 (o0& 44 qyys? | gop3 2 qoy lver Dalk 124f)2s
Le-3~iv | L1} Ty 299 94 Yitey £3¥i 39352 ww| Conlort Suibe Perkiy ()
lo-4~ it 0903 | §.¢ 1oe3 79 4543y 6365 | 35089 |we| Red vallen Fofersechas
| (o-§-t& s Ty f94 g9 45135 cHi? IZHE |ww| funCord Swiles F‘“‘"':'} Lot
ty=(=-Lk Cisy 5.5 1 Py o6 §273F 5539 TIP3 | Cak 124 lizy
Ls-ta—le 1aiy 3.5 59 a5 Fiixi {730 4432 |AW Cek vulnr

Reviewed by: ,7/"’:"'%3—

RisliwDnts: 27 7 ?"'f,/:r’.r

ERG Form [TC201.A



€RG

Single-Channel Function Check Log

Epnmenminial Reviocsmnn Seegs [ne
oy Waslingion 51 NE. Saw 150
Alburjuengue. WM 87113

[ e Sl
METER DETECTOR Comimenis:
Manufacturer: [ 1 M amufaciumer Lot g 2 MATEAT
Model: [TTEsEe =y Model L E R A

SemiMo.l |40 SerlNo.| 2 @iy

Cal. Due Date 1-9.173 Cal Due Date, 1-9-13
Source: fi*l.!.'-l Adiviy, = 3 iy Sowce Due: £ -4-qy Distance to Souce: £ jaly 5

Senial No 333-94 Ermission Rate: MA Crm e missIons

Date Time Battery ,_,ﬁ":. Threshhold E:c; r?nl:fu L:J:I:h g I ﬁ::f“ Poind ¢
le-u-1f | pé3s 5.3 lod lew Y& Suy Eptl 4o a3 P r'i oyie |
o=kt |32e Ty Liwé pea HLplT EEYE 33y | A~ G dyed Joiide P.s.-:!r,?_c..r
Ib=%=1§ (I E! 7.M (= [ 45394 & EIY 35960 Juw | Confed Suil Fui;? Lot
[o-9-1t 1748 5.3 [k a9 Uitog | oz Yosp3 |pw Tawsle |
10-L-1L 2904 5.y lles (oo Yy 574 {123 IGTHE i) (oofor) Siite, ficki, lof
lo-g-iL e 5.3 1edq [ Y5198 £an €949 | MY fop bd Joidc ﬁ’._-.,.-if;f. Lot
w--1k | gy 3.4 ey log H4io¢ Y224 35617 [me Cek _(24/ny
le-1-1¢ (L33 $.4 [0Af 29 45 43 £817 38099 |lwv| (omford Savles fuckon Lof
19 @- Tl o908 Iy iey {co H5ila & T 880 | on deg Valien T-bejochon
10-%-1t (b5 5.3 Pkl LA “56jp {19¢é 3981y (AW fobul Swuiber Purhrny Lot
lo-11-1k 133 3.4 [ 259 a1 4e4ar | €57 J199® | At 7

1o-vi-lp |  [eiy s o499 s 44509 oty 2244 | M| Cunbind JSuite Fehi, Lo
Reviewed by: W

Feview Date: "'f*"':ffl_.;_"‘;:"f/;’-.

ERG Form ITC.2001.4

&



Single-Channel Function Check Log

Envirommonla Resivestion Gaoup, Inc
A Wankingion Si MIE Suie 150

€RG g =
METER DETECTOR Comments:
Manifacturer: botXi Manufzciurer: . AT AL
Muodel TR Muodel: 44-ic oy
Serial No ; 138¢ 38 N Serml Mo g ik
Cal. Due Date; w-r..i.u Cal. D Dt 413
Souree: 3139 Activity, 5L wCi Source Dale. 6= k-4 igtance 1o Source £ Indke
Serial No: 1% 494 Emission Rate: P CpmSemIEsIns
3 =
e | e |, | e ol e |- e [ E Tl N o
1o=T=14 giew 5.4 L pet Ly duify 3L 35%8s A Taesie |
{ o E-ig U544 Y ) LTg 551 5353 L2&C 3969/ e Trosict
ro-9-t_ | 0833 5% T 164 #5202 Goo% 3592 v | Tahneddy. ds Oale Uy @ A Wiy
~B-t (k1T T.6 nze & FErT-2e 6317 faiub w' | fonferd .04 i‘"a—.t..’.,{.\.
jesa-1y | ja34 53 (i35 ing 46929 (4 -1k ! 4otz WY Barda 3
{oad=1k Lbis i ILas ns 44150 Lo a3 36293  |av| Copfad Saih Fusiagdes
o~ 3= Lk 2913 et 4 1z Lig £42212 Foi9 3 iz o ﬂ.lo..},

e (qee ] = v | Conferd Swie ?\!Ht.}{g_
|-y =14 o121 51 143 (‘o 4339 Fo23 4034y  |aw Heowg Blachk el
[O=ig=lk LBei 5.3 (133 le3 4233 L£1e¥ 135E Hod Rouk Toa lok
je-1e-14 o5 £3 {azd w2 o434 oos {24 74 ol B--..J._F Tisi
\o-26=1f 15 40 7.5 sz 138 435013 £33 318502 |/ Bot Tiyi

/ -
Reviewed hy: J’MJ M—‘— imibie / XY / F &

ERG Form ITC 2014



€RG

Single-Channel Function Check Log

Erveranmaeneal Rasioraticn Group, Ine

RAF Washemyion 8. NE. Swis 150
Albusquengoe, Wi 8111
(40 TR 124

METER DETECTOR Commenis:
Manufseurer|  Ladlan Manufacturer Laad b 1 AT ~ Eaily  Cherse becpaelive
Madel 1121 Madal: 44-15

Senal Mo 267 9% Serial No.. BRiaouiE

Cal. Due Diate: Leid-1g Cal. Due Date: 3-a3-p
Sounce =137 Axtivity F uli Souree Date A-1p-T¢ Distonce o Source! F ]
Serind Mo Thw-5d Emission Rate i CRm/iCmisEHms
High Source BRI Met =

Dutr Time Hatiery Vakaa Threshhold oS i Lo E Netels):
{-2o-12 1334 5. lodk l=v 3Feg Ay 0e?F | Charley  learil
L0 1Lgi S.b 1o B q¢ R e Sisl Fotet | pn Cherlay leat b
G-Ti-i oo 5.3 joag o L0188 (533 Hego ket Clerbis  Jeei b
(-1 i&ob <5 _jual 9% 3 edAb 5413 30153 | Wi Cherbey, e th
-ty 5112 5 b Lo o [ oL 575 53s¢ ) LY (hrbey kerlL

| fmEey %o 5.5 o4 79 3344 £ak Lo #1] Toaxfe A

{-14-1% ool i iead e el T Ziao b | Trelia \
{242 | bs3 3.5 BN g § LIt LGBEC LTkt | e TSosla |
£l CEgL 5.t \odg koo 3p9sL 744 e |~ Teoax *
¢y lgd 5. & (st 4% 3 E432 P bi 3305 |mMw Tsoaie |
{131y 1238 - j247 fop 1Ll 5413 25257 |aw Canita  bBecalt,
L2t (463 5.5 od4 ivu Tholé sIt? 0449 | Luaier Boecask

Reviewed bov:

Rewview Dare: fq’;lf’f{/f?

ERG Form ITC.200.A




€RG

Single-Channel Function Check Log

Ervirpnmenasl Reyioramson Growp, [n
B Washingaan 51 NI Sume |9
Albupeenge, MM AT 18

oS Fe TR

METER DETECTOR Commenis:
Mano Facturer Le«@-l:r Shalas Mamfacturer o S‘Pf.'r_; bepd EAT -WTTE
Modeld p S-513 130 CREcaw Model] p5-343.-200 daboeu

Senal Mo | = e Fi Senal Mo |lsco 957

Cal. Due Dt Leih =18 Cal, Due Date et ig
Source Ce-via Achvily ul’i Souree [ . Destanee b Source Conbagh bomiin
Senal Ma Tl Emissim Race o Cpm/emissions
L
=
. High Source Btz Net = 3

Date Time Battery Valinge Thireshhold Comsils Ciants Ciiidts i Notefs):
E-1%-1% ObLo .48 4017 pl ¥ s 5, -5 ~ 5.3 i Hesml Skt puose r Faretels,
£ la-r3 e o 3.5 F oy o e kT -4 & - T H, A Hibu. Boale- 3rn fmam 1 Gellay
£-25-1% Seio 2.3 45,1 it i ~ Ly ~ S ot 2L
£3e] a oo & 21 FoL3 ey s L4 ~5 0 M G o0,
T —

—~
—
o
‘_‘""-—-_.__
_"---_\___\_ i___‘--.
s
—1

Reviewed hy:

_Zp)

Review Diane: f‘:}/cf // -

ERG Form ITC201.A



€RG

Single-Channel Function Check Log

Emrmonmenal Kesiomtion Groep, Tm
B0 Wishinglon S NE. Sule 10
Albugormque, W 7113

(505) 210

METER DETECTOR Comments:
Marnuficturer: Liat i 24 edteriu Fatures: i AT
Model 2224 Model: oy

SermlNoi| | 5408 SenalNoj  pr2gSei4

Cal Due Date: L-LH- e Cal. Due Date: 2-2%-1%
Source: {s-17% Activity: 4 Source Date: 4~18-5¢ Dustance to Souree: 6 lnche
Senial Na §HU-1 b Ernission Rate At cpm/emissions
High Source BEG Wet

Drae T Dathey Voltage Thiresihold Counts Counts Cousts g YR
£-26-1% pIe t.2 0% Lo A agy & B GAZBT | i T

E-Le-v% Nk L.0 1LY 99 33T £ieb Ly A Tioguw |

£-13-13 {147 6.4 et O 3994 S 16 HEIT e Ewnica Gead
£-13-%| i35k Lo e 184 3La%3 SeiF A T P Euntoe  Becandy
t-]‘:,—l'l- 0Tl [ IR =T SLE | LR AR 3'1':"-5 ' Eiamicr Bectad,
{-16-13 1452 5.5 o | & 1339 5304 3208F I Geltwp Gerde. Tan lob
(-15-3 | paese 5.9 nad ive 35934 LCoL 29932 | Sechan 2

(-te-n] cugq §.4 o3 [0 4949 | qo57 | 31692 | m| eee offia

"—ll——_______-_
_-__-_-—_
'—=—-______|______‘_-__-h i
7'.5‘!'1 __-_‘_-_--'_-__" _—-_‘H“——______—_

Heviewed by: -_?"f'}j%

Reviewbate: ) O 77 S 2

ERG Form I'TC.201.A



€RG

Single-Channel Function Check Log

Envirpmanlal Feilisies Ciroup, Inc
) Wsihingaan S0 NE. Suia 180
Adbuguergue. B 87118

METER DETECTOR Comments:
M amufacturer: Lo i Ifanu frcturer Loy o M Zar
Model: 11| Muodsel: .1

Serial Mo : 48 3L 8 Sevnal Mo PLISSRL T

Cal Dz Date: 5 1...5 Cal Duie Diate: §-3-1g,
Source: (‘;-‘11_ Activity: 4 ul’i Source Date A-18-9 ¢ Distance to Source & ki

Serial No Suu-§ & Ermission ate M Ep/emissions

- o | ey | 0B | eion | S | x| ke g Notets)
d-12-1% | o914 S 4 950 731 3¢915 £331 3o¢eg |wu| Barda. 3

§-1:-13 14312 <3 944 59 Ipo4d 4L E 33T v TSosig |

1-13-1F EL LTS S.4 451 99 FEIE D 6538 Fegog || Aloaya

G-13-(3 riea & T44 49 35781 544/ 2959€ | a Bards 3

G119 09e4 5.4 910 loe | Jioge &1 9¢ 21904 |~ Ni-sssd

e -2 TILY 3 G48 fep Jeo¥% J79 30335 | AMh-DGad
11543 o528 5.4 34 rey 3szog S55 w43 Eunita Bewads

4-15 -7 (729 3 _§57 rof 55¥37 240 Zolpé |V Connia Bl
4-14-7 | o83 4 ise 10§ 3¢9 | ga34 Jo43a M| Sechs ia denlor
4-t-i7 (453 5.3 74¢ 93 444549 | /494 25306 lww | Seeha 2C @ cofrsl
a-lo-17 | e3x 5.3 153 [k 31676 §987 | 30¢89 [m | Meriean  Hat

9-te3 | bt T2 43 fee Jigdz | £252 30595 |ve | Mevican Hak

Reviewsd by: Wf“%\

-

Review Date: fo /‘ff /,-"?

ERLG Form ITC201.A



Single-Channel Function Check Log

Frviganrsmisl Redlomion (o Inc
AW syirglon 51 NE, Sube 151
Albuguerspee. M4 ET Y

ERG Form ITC.200LA

GHG LEL L R EF
METER DETECTOR Commenis:
Manufacture Lol Manufiturer: Lodlin AT
Moded: 1ELt Maodel: 4 G-

Serial Na 254 #5% Serial Mo rs_].ﬁ Lege

Cal, e Dinte: 3-1!/[# _ Cal. [ue Dae 1-3'_.!
F-2r=-1%
Hource: C3-13% Activiry i wl’ Source Date "-‘lB—'i‘- [Chstiance w Source & ke
Senal Mo Taa-q¢ Emission Rete i CPIAESSI S
=
5 High J Soliree BE(: Net ] s

ke Thae Pty Violtage NEEChR Connis Counts Counis g PO
124 o436 5e [opse (Y 33951 &23% 3i4ea || Balu 3
A2 14373 5B fos 3 il 13508 itaf M3ed | e Tsesc |
F-13-1% G914 54 k) {e IeTe 6429 HICE - Aimr

-2 | 1603 ol 947 [o] 1 B4 | ¥Ps5E 3cq434 ww Becdun 3

=14 -2 0501 g fooh fot 3F10E Cory MMZBT MA-oFa %

G-14-13 1250 N 94 0 36293 6ci8 30138 |yw AA-afed

G-15-17 435 5.9 (oot 104 3S4q9< | S18Y oI féd [mw _Euncey Bl

§-15-13 [ 325 Se 959 fof 3C724 4344 3960 |aw Eina Beceal:

=1k=17) O408 5y fou ¥ re4 3Gl 4% Srpe o 6T M s ber Brcerti -

e
a~6-r¥ [158 5.3 /oeq g 33e%§ | TS8E | S |ww Caniee Becenti @ “Four
Reviewsd by:  “ 277, /%z— Review Duse: | & Jer [/ FE
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Appendix B Exposure Rate Measurements

Radiological Survey of the Tsosie 1
Abandoned Uranium Mine Appendix B
Prepared for Stantec Consulting Services Inc.

ERG
September 18, 2018



Date and Time Exposure Rate (mR/h)® Location

06/26/2017 10:09 0.0126 Correlation Location 1
06/26/2017 10:10 0.0127 Correlation Location 1
06/26/2017 10:11 0.0132 Correlation Location 1
06/26/2017 10:12 0.0130 Correlation Location 1
06/26/2017 10:13 0.0128 Correlation Location 1
06/26/2017 10:14 0.0131 Correlation Location 1
06/26/2017 10:15 0.0134 Correlation Location 1
06/26/2017 10:16 0.0134 Correlation Location 1
06/26/2017 10:17 0.0132 Correlation Location 1
06/26/2017 10:18 0.0132 Correlation Location 1
06/26/2017 10:53 0.0229 Correlation Location 2
06/26/2017 10:54 0.0231 Correlation Location 2
06/26/2017 10:55 0.0230 Correlation Location 2
06/26/2017 10:56 0.0236 Correlation Location 2
06/26/2017 10:57 0.0236 Correlation Location 2
06/26/2017 10:58 0.0231 Correlation Location 2
06/26/2017 10:59 0.0233 Correlation Location 2
06/26/2017 11:00 0.0231 Correlation Location 2
06/26/2017 11:01 0.0232 Correlation Location 2
06/26/2017 11:43 0.0173 Correlation Location 3
06/26/2017 11:44 0.0179 Correlation Location 3
06/26/2017 11:45 0.0185 Correlation Location 3
06/26/2017 11:46 0.0177 Correlation Location 3
06/26/2017 11:47 0.0179 Correlation Location 3
06/26/2017 11:48 0.0182 Correlation Location 3
06/26/2017 11:49 0.0183 Correlation Location 3
06/26/2017 11:50 0.0181 Correlation Location 3
06/26/2017 11:51 0.0185 Correlation Location 3
06/26/2017 11:52 0.0185 Correlation Location 3
06/26/2017 12:20 0.0197 Correlation Location 4
06/26/2017 12:21 0.0210 Correlation Location 4
06/26/2017 12:22 0.0208 Correlation Location 4
06/26/2017 12:23 0.0211 Correlation Location 4
06/26/2017 12:24 0.0214 Correlation Location 4
06/26/2017 12:25 0.0211 Correlation Location 4
06/26/2017 12:26 0.0209 Correlation Location 4
06/26/2017 12:27 0.0211 Correlation Location 4
06/26/2017 12:28 0.0214 Correlation Location 4
06/26/2017 12:29 0.0215 Correlation Location 4
06/26/2017 13:13 0.0141 Correlation Location 5
06/26/2017 13:14 0.0151 Correlation Location 5
06/26/2017 13:15 0.0148 Correlation Location 5
06/26/2017 13:16 0.0151 Correlation Location 5
06/26/2017 13:17 0.0154 Correlation Location 5
06/26/2017 13:18 0.0146 Correlation Location 5
06/26/2017 13:19 0.0148 Correlation Location 5
06/26/2017 13:20 0.0147 Correlation Location 5
06/26/2017 13:21 0.0147 Correlation Location 5
06/26/2017 13:22 0.0152 Correlation Location 5

Tsosie 1 Exposure Rate Measurements for Correlation
a. Results reported are averages of 60, 1-second 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"

Radiological Survey of the Tsosie 1
Abandoned Uranium Mine Appendix C
Prepared for Stantec Consulting Services Inc.

ERG
September 18, 2018



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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Appendix D Preliminary Report “Tsosie 1 Abandoned Uranium Mine”
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Executive Summary

This report addresses the radiological characterization of the Tsosie 1 abandoned uranium mine (AUM)
located in the Sweetwater 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 October 5 and 6, 2016; June 23 and 26, and
September 12, 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 “Tsosie 1 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 on 1) the walls of ridges on the west, east and southeast
edges of the mine claim and 2) waste rock that was exposed in a disposal cell in the southeast
corner of the mine claim.

e Two 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 power regression model:

Radium-226 Concentration (picocuries per gram [pCi/g]) =
2x107'° (Gamma Count Rate?*®in counts per minute [cpm])

Radiological Survey of the Tsosie 1 ERG
Abandoned Uranium Mine - Preliminary iv
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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 0.4 to 426.1, with
a central tendency (median) of 2.8 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 [R/h]) = Gamma Count Rate (cpm) x 3x10™* + 10.553

e The distribution of exposure rates predicted using this model resembles a lognormal
distribution. The values in the Survey Area range from 12.2 to 37.6, with a central tendency
(median) of 13.6 uR/h.
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1.0 Introduction

This report addresses the radiological characterization of the Tsosie 1 abandoned uranium mine (AUM)
located in the Sweetwater 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 October 5 and 6, 2016; June 23 and 26, and
September 12, 2017. They included a GPS-based radiological survey of land surfaces over an
approximately 31-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, 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 “Tsosie 1 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 “Tsosie 1 Removal Site Evaluation Report” (Stantec, 2018).

2.0 GPS-Based Gamma Surveys

This section addresses the GPS-based surveys conducted in two 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 Tsosie 1 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
PR303727 254772
PR295014° 196086°
Survey Area PR320678 282971
PR154615 138638
PR355763° 138368
PR292690 254757

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

2.1 Potential Background Reference Areas

Two potential Background Reference Areas were surveyed, the locations and results of which are
depicted on Figure 2. BG1 and BGS in the figure are Background Reference Areas 1 and 2, respectively.

Table 2 lists a summary of the gamma count rates, which in:

BG1 ranged from 6,744 to 11,218 counts per minute (cpm), with a mean and median of 8,822
and 8,837 cpm, respectively.

BG2 ranged from 12,454 to 36,929 cpm, with a mean and median of 20,105 and 18,526 cpm,

respectively.

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
1 232 6,744 11,218 8,822 8,837 797
2 325 12,454 36,929 20,105 18,526 5,443
Notes:
cpm = counts per minute
Radiological SJr\_/ey of t_heTsosie_l_ ERG
Abandoned Uranium Mine - Preliminary 3 January 24, 2018
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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.

2.2 Survey Area

The gamma count rates observed in the Survey Area are depicted in Figure 4. Elevated count rates were
observed on 1) the walls of ridges on the west, east and southeast edges of the mine claim and 2) waste
rock that was exposed in a disposal cell in the southeast corner of the mine claim.

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
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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 8,915, 9,931, and 11,420 cpm, respectively.

Table 3 is a statistical summary of the measurements, which range from 5,429 to 89,945 cpm and have a
central tendency (median) of 9,931 cpm.
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Figure 4. Gamma count rates in the Survey Area.
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Figure 5. Histogram of 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 52,004
Minimum 5,429
Maximum 89,945
Mean 10,778
Median 9,931
Standard Deviation 3,730

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 12, 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 gamma count rate measurements were repeated on September 12, 2017 because some
of the measurements made on October 12, 2016 were not recorded in the GPS datalogger. The soil
samples were not re-collected, because the radium-226 concentrations at the locations were not
expected to change.

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 10,854 to 37,736 cpm. The concentrations of radium-226 in the soil samples range from 1.38
to 32.7 picocuries per gram (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 “Tsosie 1 Removal Site Evaluation Report” (Stantec, 2018).

Radiological Survey of the Tsosie 1
Abandoned Uranium Mine - Preliminary 9
Prepared for Stantec Consulting Services Inc.

ERG
January 24, 2018



$055-C05-001 ]

Legend

[C] mine Claim Area
Gamma Count Rate (cpm)
® B.B868-15000
@ 15001 - 25,000
T 25,001 - 35,000
35,001 - 44 363

5055-C04-001

-

5055-C03-001
B 5055-C02-001

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 | Errortlc | MDL
S055-C01-001 10,854 8,868 12,974 745 1.38 0.3 0.38
S055-C02-001 37,736 24,200 44,363 4,231 30.5 3.7 0.9
S055-C03-001 20,487 17,582 24,115 1,564 5.43 0.76 0.61
S055-C04-001 26,310 19,176 32,028 3,285 32.7 4 1.1
S055-C05-001 14,716 12,851 17,043 843 6.66 0.88 0.48

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 | +10 | MDL |[Result| +10 | MDL
S055-C01-001 0.467 0.099 0.047 1.08 0.2 0.08 0.444 0.091 0.019
S055-C02-001 1.1 0.2 0.06 15.4 2.4 0.1 1.09 0.19 0.02
S055-C03-001 0.394 0.088 0.053 5.1 0.81 0.07 0.336 0.073 0.021
S055-C04-001 0.55 0.11 0.05 26.1 4.1 0.1 0.53 0.1 0.01
S055-C05-001 0.44 0.1 0.07 4.78 0.76 0.07 0.386 0.082 0.021

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 Figure 8, is a strong, power function with a Pearson’s Correlation Coefficient (R?)
of 0.8362, as expressed in the equation:

Radium-226 concentration (pCi/g) = 2 x 101 x Gamma Count Rate (cpm)?488®

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 0.618723 and 0.0297, 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 1.1 pCi/g. Given these low concentrations and the high R? of the
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polynomial 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 0.4 to 426.1 pCi/g, with a mean and median of 2.8 and 1.8 pCi/g,
respectively. Note that the radium-226 concentrations predicted from gamma count rate measurements
exceeding approximately 38,000 cpm 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.
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® Ra-226 = 2x10-1°(Gamma Count Rate)2488
R*=0.8362
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Figure 8. Correlation of gamma count rates and concentrations of radium-226 in surface soils.

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

Parameter Radium-226 (pCi/g)

n 52,004
Minimum 0.4

Maximum 426.1
Mean 2.8
Median 1.8
Standard Deviation 7.0

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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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 1.3 (Sample S055-C01-001), 2.0
(Sample S055-C02-001), 1.1 (Sample S055-C03-001), 1.3 (Sample S055-C04-001), and 1.4 (Sample S055-
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.

3.3 Exposure rates and gamma count rates

Field personnel made co-located one-minute static count rate and exposure rate measurements at 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 on June 26,2017 at0.5 mand 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 Numbers
PR295014/196086). The exposure rate measurements were made using a Reuter Stokes Model RS-S131-
200-EROO0O (Serial Number 1000992) high pressure ionization chamber (HPIC) at 1-second intervals for
about 10 minutes. The HPIC output the 1-second measurements as 1-minute averages. The exposure
rate used in the comparison was the mean of these measurements, less those occurring in initial
instrument warm-ups. 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 minute)
exposure rate measurements.

The best predictive relationship between the measurements is linear with a R? of 0.9597 indicating a
strong, positive correlation. The root mean square error and p-value for the model are 0.972256 and
0.0035, respectively; these parameters are not DQOs and are included only as information.
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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 (microRoentgens per hour [R/h]) = 3x10™* x Gamma Count Rate (cpm) + 10.553

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 two Background
Reference Areas and AUM, respectively.

The range of predicted exposure rates at:

e BG1is12.6to 13.9 uR/h, with a mean and median of 13.2 pR/h
e BG2is14.3to 21.6 uR/h, with a mean and median of 16.6 and 16.1 uR/h, respectively

The range of predicted exposure rates at the AUM is 12.2 to 37.6 uR/h, with a mean and median of 13.8
and 13.6 uR/h, respectively.

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

Location Gamma Count Rate Exposure Rate
(cpm) (1R/h)
S055-C01-001 10,958 13.1
S055-C02-001 43,051 23.2
S055-C03-001 20,990 18.1
S055-C04-001 31,309 21.0
S055-C05-001 14,150 14.9
Notes:

cpm = counts per minute
UR/h = microRoentgens per hour
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Figure 10. Correlation of gamma count rates and exposure rates.

Table 8. Predicted exposure rates in the potential Background Reference Areas.

Potential Background Reference Area | BG1 | BG2
Exposure

Parameter Rate (uR/h)

n 232 325

Minimum 126 | 143

Maximum 139 | 21.6

Mean 13.2 16.6

Median 13.2 | 16.1

Standard Deviation 0.2 1.6

Notes:

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

Table 9. Predicted exposure rates in the Survey Area.

Parameter Exposure Rate (uR/h)
n 52,004
Minimum 12.2
Maximum 37.6
Mean 13.8
Median 13.6
Standard Deviation 1.1

Notes:
UR/h = microRoentgens per hour
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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:

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

Elevated count rates were observed on 1) the walls of ridges on the west, east and southeast
edges of the mine claim and 2) waste rock that was exposed in a disposal cell in the southeast
corner of the mine claim.

Two 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 power regression model:

Radium-226 Concentration (pCi/g) = 2x10°(Gamma Count Rate?*%8in cpm)

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 0.4 to 426.1, with
a central tendency (median) of 2.8 pCi/g.

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

The uranium series radionuclides appear not to be in 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 3x10™* + 10.553

The distribution of exposure rates predicted using this model resembles a lognormal
distribution. The values in the Survey Area range from 12.2 to 37.6, with a central tendency
(median) of 13.6 uR/h.
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Appendix A Instrument calibration and completed function check forms
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b imonment Bestworation §aoup. i

enG Certificate of Calibration 00 Wdrgral 4 . o 4

AARRG Mg 1
s bR melbice com

¢ alibration and Vohage Plaeay

Meter: Munufacturer: L udlum Muodel Numbe 230y Serial Number: BRG]
[tector. Manulaclurer: Ludlum Mode | Surnbwer +-1n Sierial Murnber; PRI3461S
v Mechanical Check v THE WIN Operation Y Chevki—- 2o o 300V o (ALY » 1500 Y
v I SResponse Check o Roset Check Cuble Lengih, Iinch w T2-inch | Oiher
v LiedRropesm o Aucio Checl
v Meter Zerowed ' Battery Check (Min 4.4 VDO Barometric Pressure; 24,78 inches He
Source Distance: Comtact » Ginches  (hher Phreshold: 10 mYy lemperature: 7 F
Source Gieometry: + Side Reliw Other, Window Relative Humidity: 20 vy
Instrument found within tolerance; «+ Yoo M
E inegrued
Range Muliplier Helerence Sening “As Found Reading” Meter Reading I-Min: Coynt 102 Scabe Count
00 A0 400 A KL K A0
% JOH 10 I (i | (W 10
% LK <K (M) J{Mi IUESS A0
% L [l 14 [ {n f
%10 0y ity LY g4 ALK
w 10 LUy TEHY LY | 0y
5 | SN Ak Sl L) 400
5 | Ly | (HA R [T
High Veliage Sourge L ounts Background Yoltage Platcan
T 26993
KO0 $1037 R
i S .7‘-ﬂﬂ—
'u"l h.‘ ."'-I-“ ol
L] h5550 Sinm :"'f
/
=11 NI
I":HH.I ] -I ” AT -—‘/
(& TOL15 Tiidmin
| 10 o b L
| 150 72561 9216 "
1200 72337 & #F P o F

Comments: HY Plateau Scaler Count Time < 1=-min. Kecommended HY < 1130

Helerence Instrumenty sl or Sonrcees:

Ludlum puker sénal number: 97743 ¥ 201432 Fluke multimeter senal mumbser B7400128
Alpha Source:  The250 @ | 2800 dpm (14 125 sn; JO08-05 W G Source Cy=137 o 52 wCigl 4 125 s S097<05
Beta Source: 00l 17,700 dpm (1 412) sn; $099.03 Cibier Source
" i\ s sy - ,
Calibrated By _\[ GNLl Calibration Daje: — - -#¢, Colibration Due: 5 r ¢

Reviewed By C—{/C‘ Date ?fuﬁi

FRG borm TET . 10D



Certificate of Calibration

Calibration and Volage Plateau

Foy eeomsmernal Restorntion Greap. Inc
HEOD Washangton 51 M8E Suae |50
Mhogucrgue, BN E711S

pEUS) 20K 224

wvisk B ROlTiee com

Meter: Manutacturer: [ e hum Model Sumber: el § Serial Number IRIOT|
Detector. Munulacturer: el Model Number: 44-10 Serial Nuniber PRI20GTE
& Mechanical Check v THRWIN Operation HY Check (+-25%) o SO0V « 1000V » 1500V
v F'S Response Cheek w Reset Check Cable Length: 30anch w Tl-inch Oiher:
v Cieotropism ¥ Apdio Check
v Mueter Zeroed v Battery Check (Min 44 VDC) Barometric Pressure: 2463 inchgs Hg
Source [ismnce:  Comtaet o Sinches  Other Phreshold:  10mY lemperature: 75 P
Source Geometry: v Side Helow Other Woindow Relative Humidity: 20 B
Instrument found within mlerance: « Yos o
j 4 - _ . Integrated . s
Range Mulnplier Reference Senting "As Found Reading" Meter Rending 1-Min. Count Lot Scale Count
x (MM Y1 i 400 IURN3E 400
L [ i} 1{Mn il 1Y)
w 00D 400 i 4 IUURL 400
y 10D {4h} T3 104 100
LRl 40M <A 400 SOUR ETIH]
x M0 1M} (EH1] 100
L | SiMp ETLH 40 400 400
% | D |} [ 131 104
High Vollmee Source Counts Background Volage Plaleay
T} 7641
B H5850 CHIHEM b
ROGHR
) B4 14 Tlllllﬂr-?—ﬁ—ﬂ—i
LRl 68639 EHHMND e
" SODINY
1003 a4 10 4773 i
1050 69358 MR
<MY
110 70301 i
150 81822 i — ==
E§32:gE¢
Comments: HY Plateay Scaber Count Time = Tsmin. Recommended HY = 100
Reference Insiruments and/'or Sourccs:
97743 o 201932 Fluke multimeter serial number: E74901 28

Ludium pulser serial mumber:
Alpha Souree: Th=230 sn: J098-03 o 12, B00cdpmi6, 320 cpm( 140]
Beta Source:  Te99 sn: 4099-03 a1 7.T00dpm |1 E00cpm (1413 Onher Source:

Calibration Date: 2-13- ;"?

Calibrated By:

Reviewed By: Diate:

S

S P Mg

ERC Form ITC . 100\

."].l..].'l"l..ll i gl F R PR e L PR R g Py A R S P

Ciamma Sowrce Cu=137 de 8.2 wlCi(14712) an: 4097-03

-

Calibration Due. T-13- §

(Y Morct  Ford



. Environmental Restoration Group, Inc.
[ ] L] £
8809 Washington 5t NE, Suite 150
GHG Certificate of Calibration Albuguergue, NM 87113
4
("al:braﬂun :nd "Fnlta:e !’Iataau E&?E&B{;afﬁz;m
Mats: h{anufamlrcr T Lmtum' Model Number: 122]: 1 Solllede| | 54757
Datector: Mmu&r:mm: \ ) L.udlurn Model N!.lmher ri-rl-llll Serial Number: | _Pﬁﬂﬂzﬁh Chm

[] Mechanical Check HV Check (+-2.5%): [J 500V 1000V Dlsuﬂ

E] THR/WIN Dpemﬂm'l

[ F/S Response Check  [] Reset Check Cable Length: [ 39-inch &4 72-inch [ Other; | |
O Geatropism [ Audio Check
O Meter Zerced (] Batery Check (Min 4.4 VDC]

Barometric Pressure: ETS mnhmi-lg
Temperature: | TS "

Source Distance: [JContact ] 6 inches O Other: |

Threshold: | 10 mV |
Source Geometry: i Side [0 Below [ Other: i

Window: ;___'_ == Relative Hunudﬂ}r %
Instrument found within tolerance: & Yes [ Mo
e ; A Integrated
Range/Multiplier _ Reference Serting __ "As Found Reading" Matf.-r R:ndmg _1-Min. Count Log Scale Cnunt
x 1000 400 i = | = ;'__ e
x 1000 100 K ' T N
100 400 ilﬁm& i il et
!
L‘rlr'._' ——— . _— — - = b —— I~ e
x 100 100 | | .
x 10 400 ' '5-_li‘ ''''' | 1] A
x 10 100 0‘\ <= . 3 |
5 A e it —
X 1 100 ol Ay L
Hngh?glmg-: _Sc:ui‘ct. Counts _—y Banl_:gmmq_ _ ~ Voltage Plateau
700 | 48451 | ) [ TOE S | i
- 2 == - 20000
800 62632 ey iy
L 900 66021 _ W 40000 -
L 950 . 67393 , 50000 A
. L 8 . = = s
_ 1000 L 67720 | 9478 30000
1050 .. 07893 SRS | 20000 '
1100 _ 68340 | " | 10000 .
1150 68502 Swiaes, e =
| 1200 68684 | A R G

C-_:nmu;mts Comments: HV Platean Scaler Count Time = 1-min. Recommended HV = 1000

Reference Instruments and/or Sources:

Ludlum pulser serial number:[J 97743

Ml 201932 Fluke multimeter serial number: []87490128

0 sn: 4098-03(@12.800dpm/6,520 cpm (1/4/12) B Gamma Source Cs-137 @ 5.2 uCi (1/4/12) sn: 4097-03
sn: 4099-03@17,700dpm/11,100cpm(1/4/12) [ Other Source:

Calibration Date: & -1

Date: oK !C'.”J, [, oA S o

ERG Form ITC. 101.A
This calibration conforms 1o the reguirements and accentahls colihration conditione of ANST N394 . 1007

__ Calibration Due: &-1/=/%



ey o monns CERTIFICATE OF CALIBRATION %1 0% Stst

o 325-296-5494
Sweatwater, TX , L

Customer ERG - n::;;}.;g_ zmmﬁmmm

Mfg. Ludlum Measurements, Ine. Mode| 224 SerlalNo. _ 25y 9757

Mig. _ e Moda! Sarial No. B

Cal Date 25-Jul-17 Cal Due Date 25-Juk-18 Cal. Interval 1 Year  Meterface 202-159
sheck mark [yfippiies to appicable Instr. and/or detactor AW mig. spec. | AT W RH 47 % Al 706.0 mmHg

L] Newinstumant  |nstrument Received (] Within Teler. +-10% (] 10-20% [} Outof Tol. [JREauifing Repair [] Other-Sea commants

i Mechanical ck. e Meter Zeroed ] Background Subtract b Input Sens. Linaarity

[T F/S Resp. ck [ Resetck. A Window Operation [l Geotroplsm

W Audio ck. "] Alarm Satting ck, ¥ Batt ck

["¥Calibrated in accordance with LM SOP 14.8 [_] Calibrated in accordance with LMI SOP 14.9
nstrument Volt St | Spey _V InputSens. 10 mV Det Oper. Vot mvy EQ‘H‘EE 100 = 10 i

[ HV Readout (2 points) ~ Ref/inst. 500 560 WV Ref/inst. 1500 {__15op - "

COMMENTS:

Calibrated with 38" cable,
Calibrated with Window in "ouT* position.
Firmware: 261027

iamma Calibration: GM detactors w Bd Emmh Source sxce gt for M 44-8 In which tha front of probs faces source.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGEMULTIPLIER CAL. POINT "AS FOUND READING" METER READING*
X 1000 400 Kcpm B n b Lo L
X 1000 100 Kcpm k- oo
X 100 =i e 40 Kgpm [ Yed) =
X 100 10 Kegm | laa
X 10 _ 4 Kopm YHeb
X 10 = 1 Kepm loo
A PR 400 cpm s _ Yo
X1 b = 100 cpm joo

==

“Unoartainty wilhin £ 10%  C.F. within = 20% — _______ ALL Rangele) Calibrated Elactronically

REFERENCE INSTRUMENT INSTRLUMENT REFEREMCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING® CAL POINT RECENED METER READING*
Sadou 400 Kepm o fa 39956 (o) |She _ s00Keom @ M/
] 40 Kcpm - " 50 Kepm < T
4 Kcpm Y _ __ 5kKepm_ g
400 cpm Lo 500 cpm I '..___‘:EE
40 cgpm Y ' 50 com

_—_———— e _
el Measursmen Imunru!hulluubumhwmbmulhmdbymtuumuuuﬂmtmnmdﬁmmem,awmmm“i
meslbﬂkﬂlﬂﬂr;'ﬂlmmwﬂmWﬂﬂﬁﬂ'ﬂ*‘wm“dmwmwmwhmmmwnmmwuwmmm

& calibralion gyshem confoms to the requiremens of ANSIUNCSL 254011984 and ANSI N3Z3-15978 [SOVE 17025 2005(F) State of Texas Callbration License No, LO-1863
Reference Instruments andior Sources: Ss-137 & [ 1038 []21mice [ 22eice [C1720 [Clrae [ [z [Jweis [ J1ess [ ] 160 [Jremace ] 2azamey
Clsmrco [sreco [Jeosds [roeer [rasa [ essa []omz []21esce [ 484 [ s-1054 ] Trooms [ Tioces Meowor emiet B[] T904  Re-zze [ veaz

[ Alpha S/IN [] BatasM [ Other

[y m 500 SN 201934 [ Cscilloscope SN [ Multimeter S/N a2
Callbrator M“—%mdﬂ Title __ Technician Date  olJ Q,_E, 7
QC'd By '—‘C%\.q\ N e oervice Depi QC Date Lo d Al

This corificate $had nol be reproduced exceat in full, withoud the writter approvel of Ludun Messwrements, inc, AC Inst L] Pasaad Dialectric (HI-Pot) and Continuily Test
FORM SC22A 121122076 Page | of t_ ~ Only [ Failed:




@ Reuter-Stokes

Calibration Certilicate

Reuter-Stokes certilies that the Eovironmenta! Radiation Manitor. idemtilied
below, has been calibrated for output using the shadow shield wechnigque®. und
calibrated with radiation sources traceable w the National Institute of Standards
and lechnology.

sensor Fype: 100 RHr
Seriad Mumber: 1000992
Calibration Date: 03162017

Sensilivity: -2.281E-8 AR/

, / o -+
/-""..Ir:‘l';"v'f-l'-': f -\,:l_.jr_.r‘-?r_

Authorized Signanre /

" + FE

*Calibration Provedure; RS--SO 238,10



el

Reuter-Stokes
Calibration Data

Sensor Tyvpe: 100 RHr Source (CS-137): BR-400
Seral Number 1000092 Date of Certification: 12:01/ 19494
Calibration Date: 037162017 Exposure Rate s | meter: 4.226 mR'h
Customer Name: STOCK

Sensitivin (Ha-226): 228118 AR

Distanee I xpaorsure Hate PPose A A I* KiCS-13T)

Fegt cm hth \ \ A AR

12 iy 185 327 =5 4031--12 =1. 16212 4. 239512 287108
14 427 135 542 4. 135):-12 1012112 123512 2303108
L6 448 1113 354 3.204E-12 0 029013 23491110 23108
B 344 B1.34%8 -2 708:-12 R I091-13 -1L8871=-12 23191508

KOS-137) 23061 -B AR b

MiRa=226) Q9892 kiC'S-137)

KiRa-226) -2 281 E-8 A/Rh

ol

Hy:

DA R AR B
LLAvk-10 AR b

D63y

[Date 3-/ ?1( 7



Single-Channel Function Check Log

Enunmenial Rewicranon Gromp Ing
N Washimpgion 51 NE Suae |50
Albuquargue, WM ET11 3
50 B 1

METER DETECTOR v na:
Manufacturer Lot Lt an Marifaciurer. [ T oM EeT
s 112! i [TTRe
Serial No 254992 Serinl No ge 303323
Cal Due Dale: =181 Cal Due Date F-19-1%
Source C3s=-133 Aetiviny: 5 Wl Source Date £ -L-94 Distance to Source: 6 3. L,
Senal Mo 13-4 Emission Rate: B epm/emissons
Date Time Ruters ,:";"" Threchhald EL'.L'; e ok g Fusid w2 s
g -u-{l 21T 5.3 lsei a9 S5L3Y 513 :!;?J:ﬂf b | Teasde |
-1k e 5. Leo € b ©e963 €32 Ye2dy |Mv| Combet Lol Rche, gt
| lw-¥-1b 0é o 5.3 (203 94 43335 G HoY #oxs] lpw| Conterd 5.dey Packiz, ]
jo-v-lk IFuL .5 299 9a 45337 £341 32033 |pv Tsosie |
1o rk-1b d%ve J.¥ lead 99 43Fer PRI 2724 Tigaie
ve- bl [31% .Y locn 49 Y4139 tost | FEZ ey Comdort Joile, p"j.,.-!, Lal
[o=3-14 949 74 8 (o0& 44 qyys? | gop3 2 qoy lver Dalk 124f)2s
Le-3~iv | L1} Ty 299 94 Yitey £3¥i 39352 ww| Conlort Suibe Perkiy ()
lo-4~ it 0903 | §.¢ 1oe3 79 4543y 6365 | 35089 |we| Red vallen Fofersechas
| (o-§-t& s Ty f94 g9 45135 cHi? IZHE |ww| funCord Swiles F‘“‘"':'} Lot
ty=(=-Lk Cisy 5.5 1 Py o6 §273F 5539 TIP3 | Cak 124 lizy
Ls-ta—le 1aiy 3.5 59 a5 Fiixi {730 4432 |AW Cek vulnr

Reviewed by: ,7/"’:"'%3—

RisliwDnts: 27 7 ?"'f,/:r’.r

ERG Form [TC201.A



€RG

Single-Channel Function Check Log

Epnmenminial Reviocsmnn Seegs [ne
oy Waslingion 51 NE. Saw 150
Alburjuengue. WM 87113

[ e Sl
METER DETECTOR Comimenis:
Manufacturer: [ 1 M amufaciumer Lot g 2 MATEAT
Model: [TTEsEe =y Model L E R A

SemiMo.l |40 SerlNo.| 2 @iy

Cal. Due Date 1-9.173 Cal Due Date, 1-9-13
Source: fi*l.!.'-l Adiviy, = 3 iy Sowce Due: £ -4-qy Distance to Souce: £ jaly 5

Senial No 333-94 Ermission Rate: MA Crm e missIons

Date Time Battery ,_,ﬁ":. Threshhold E:c; r?nl:fu L:J:I:h g I ﬁ::f“ Poind ¢
le-u-1f | pé3s 5.3 lod lew Y& Suy Eptl 4o a3 P r'i oyie |
o=kt |32e Ty Liwé pea HLplT EEYE 33y | A~ G dyed Joiide P.s.-:!r,?_c..r
Ib=%=1§ (I E! 7.M (= [ 45394 & EIY 35960 Juw | Confed Suil Fui;? Lot
[o-9-1t 1748 5.3 [k a9 Uitog | oz Yosp3 |pw Tawsle |
10-L-1L 2904 5.y lles (oo Yy 574 {123 IGTHE i) (oofor) Siite, ficki, lof
lo-g-iL e 5.3 1edq [ Y5198 £an €949 | MY fop bd Joidc ﬁ’._-.,.-if;f. Lot
w--1k | gy 3.4 ey log H4io¢ Y224 35617 [me Cek _(24/ny
le-1-1¢ (L33 $.4 [0Af 29 45 43 £817 38099 |lwv| (omford Savles fuckon Lof
19 @- Tl o908 Iy iey {co H5ila & T 880 | on deg Valien T-bejochon
10-%-1t (b5 5.3 Pkl LA “56jp {19¢é 3981y (AW fobul Swuiber Purhrny Lot
lo-11-1k 133 3.4 [ 259 a1 4e4ar | €57 J199® | At 7

1o-vi-lp |  [eiy s o499 s 44509 oty 2244 | M| Cunbind JSuite Fehi, Lo
Reviewed by: W

Feview Date: "'f*"':ffl_.;_"‘;:"f/;’-.

ERG Form ITC.2001.4

&



Single-Channel Function Check Log

Envirommonla Resivestion Gaoup, Inc
A Wankingion Si MIE Suie 150

€RG g =
METER DETECTOR Comments:
Manifacturer: botXi Manufzciurer: . AT AL
Muodel TR Muodel: 44-ic oy
Serial No ; 138¢ 38 N Serml Mo g ik
Cal. Due Date; w-r..i.u Cal. D Dt 413
Souree: 3139 Activity, 5L wCi Source Dale. 6= k-4 igtance 1o Source £ Indke
Serial No: 1% 494 Emission Rate: P CpmSemIEsIns
3 =
e | e |, | e ol e |- e [ E Tl N o
1o=T=14 giew 5.4 L pet Ly duify 3L 35%8s A Taesie |
{ o E-ig U544 Y ) LTg 551 5353 L2&C 3969/ e Trosict
ro-9-t_ | 0833 5% T 164 #5202 Goo% 3592 v | Tahneddy. ds Oale Uy @ A Wiy
~B-t (k1T T.6 nze & FErT-2e 6317 faiub w' | fonferd .04 i‘"a—.t..’.,{.\.
jesa-1y | ja34 53 (i35 ing 46929 (4 -1k ! 4otz WY Barda 3
{oad=1k Lbis i ILas ns 44150 Lo a3 36293  |av| Copfad Saih Fusiagdes
o~ 3= Lk 2913 et 4 1z Lig £42212 Foi9 3 iz o ﬂ.lo..},

e (qee ] = v | Conferd Swie ?\!Ht.}{g_
|-y =14 o121 51 143 (‘o 4339 Fo23 4034y  |aw Heowg Blachk el
[O=ig=lk LBei 5.3 (133 le3 4233 L£1e¥ 135E Hod Rouk Toa lok
je-1e-14 o5 £3 {azd w2 o434 oos {24 74 ol B--..J._F Tisi
\o-26=1f 15 40 7.5 sz 138 435013 £33 318502 |/ Bot Tiyi

/ -
Reviewed hy: J’MJ M—‘— imibie / XY / F &

ERG Form ITC 2014



€RG

Single-Channel Function Check Log

Erveranmaeneal Rasioraticn Group, Ine

RAF Washemyion 8. NE. Swis 150
Albusquengoe, Wi 8111
(40 TR 124

METER DETECTOR Commenis:
Manufseurer|  Ladlan Manufacturer Laad b 1 AT ~ Eaily  Cherse becpaelive
Madel 1121 Madal: 44-15

Senal Mo 267 9% Serial No.. BRiaouiE

Cal. Due Diate: Leid-1g Cal. Due Date: 3-a3-p
Sounce =137 Axtivity F uli Souree Date A-1p-T¢ Distonce o Source! F ]
Serind Mo Thw-5d Emission Rate i CRm/iCmisEHms
High Source BRI Met =

Dutr Time Hatiery Vakaa Threshhold oS i Lo E Netels):
{-2o-12 1334 5. lodk l=v 3Feg Ay 0e?F | Charley  learil
L0 1Lgi S.b 1o B q¢ R e Sisl Fotet | pn Cherlay leat b
G-Ti-i oo 5.3 joag o L0188 (533 Hego ket Clerbis  Jeei b
(-1 i&ob <5 _jual 9% 3 edAb 5413 30153 | Wi Cherbey, e th
-ty 5112 5 b Lo o [ oL 575 53s¢ ) LY (hrbey kerlL

| fmEey %o 5.5 o4 79 3344 £ak Lo #1] Toaxfe A

{-14-1% ool i iead e el T Ziao b | Trelia \
{242 | bs3 3.5 BN g § LIt LGBEC LTkt | e TSosla |
£l CEgL 5.t \odg koo 3p9sL 744 e |~ Teoax *
¢y lgd 5. & (st 4% 3 E432 P bi 3305 |mMw Tsoaie |
{131y 1238 - j247 fop 1Ll 5413 25257 |aw Canita  bBecalt,
L2t (463 5.5 od4 ivu Tholé sIt? 0449 | Luaier Boecask

Reviewed bov:

Rewview Dare: fq’;lf’f{/f?

ERG Form ITC.200.A




€RG

Single-Channel Function Check Log

Ervirpnmenasl Reyioramson Growp, [n
B Washingaan 51 NI Sume |9
Albupeenge, MM AT 18

oS Fe TR

METER DETECTOR Commenis:
Mano Facturer Le«@-l:r Shalas Mamfacturer o S‘Pf.'r_; bepd EAT -WTTE
Modeld p S-513 130 CREcaw Model] p5-343.-200 daboeu

Senal Mo | = e Fi Senal Mo |lsco 957

Cal. Due Dt Leih =18 Cal, Due Date et ig
Source Ce-via Achvily ul’i Souree [ . Destanee b Source Conbagh bomiin
Senal Ma Tl Emissim Race o Cpm/emissions
L
=
. High Source Btz Net = 3

Date Time Battery Valinge Thireshhold Comsils Ciants Ciiidts i Notefs):
E-1%-1% ObLo .48 4017 pl ¥ s 5, -5 ~ 5.3 i Hesml Skt puose r Faretels,
£ la-r3 e o 3.5 F oy o e kT -4 & - T H, A Hibu. Boale- 3rn fmam 1 Gellay
£-25-1% Seio 2.3 45,1 it i ~ Ly ~ S ot 2L
£3e] a oo & 21 FoL3 ey s L4 ~5 0 M G o0,
T —

—~
—
o
‘_‘""-—-_.__
_"---_\___\_ i___‘--.
s
—1

Reviewed hy:

_Zp)

Review Diane: f‘:}/cf // -

ERG Form ITC201.A



€RG

Single-Channel Function Check Log

Emrmonmenal Kesiomtion Groep, Tm
B0 Wishinglon S NE. Sule 10
Albugormque, W 7113

(505) 210

METER DETECTOR Comments:
Marnuficturer: Liat i 24 edteriu Fatures: i AT
Model 2224 Model: oy

SermlNoi| | 5408 SenalNoj  pr2gSei4

Cal Due Date: L-LH- e Cal. Due Date: 2-2%-1%
Source: {s-17% Activity: 4 Source Date: 4~18-5¢ Dustance to Souree: 6 lnche
Senial Na §HU-1 b Ernission Rate At cpm/emissions
High Source BEG Wet

Drae T Dathey Voltage Thiresihold Counts Counts Cousts g YR
£-26-1% pIe t.2 0% Lo A agy & B GAZBT | i T

E-Le-v% Nk L.0 1LY 99 33T £ieb Ly A Tioguw |

£-13-13 {147 6.4 et O 3994 S 16 HEIT e Ewnica Gead
£-13-%| i35k Lo e 184 3La%3 SeiF A T P Euntoe  Becandy
t-]‘:,—l'l- 0Tl [ IR =T SLE | LR AR 3'1':"-5 ' Eiamicr Bectad,
{-16-13 1452 5.5 o | & 1339 5304 3208F I Geltwp Gerde. Tan lob
(-15-3 | paese 5.9 nad ive 35934 LCoL 29932 | Sechan 2

(-te-n] cugq §.4 o3 [0 4949 | qo57 | 31692 | m| eee offia

"—ll——_______-_
_-__-_-—_
'—=—-______|______‘_-__-h i
7'.5‘!'1 __-_‘_-_--'_-__" _—-_‘H“——______—_

Heviewed by: -_?"f'}j%

Reviewbate: ) O 77 S 2

ERG Form I'TC.201.A



€RG

Single-Channel Function Check Log

Envirpmanlal Feilisies Ciroup, Inc
) Wsihingaan S0 NE. Suia 180
Adbuguergue. B 87118

METER DETECTOR Comments:
M amufacturer: Lo i Ifanu frcturer Loy o M Zar
Model: 11| Muodsel: .1

Serial Mo : 48 3L 8 Sevnal Mo PLISSRL T

Cal Dz Date: 5 1...5 Cal Duie Diate: §-3-1g,
Source: (‘;-‘11_ Activity: 4 ul’i Source Date A-18-9 ¢ Distance to Source & ki

Serial No Suu-§ & Ermission ate M Ep/emissions

- o | ey | 0B | eion | S | x| ke g Notets)
d-12-1% | o914 S 4 950 731 3¢915 £331 3o¢eg |wu| Barda. 3

§-1:-13 14312 <3 944 59 Ipo4d 4L E 33T v TSosig |

1-13-1F EL LTS S.4 451 99 FEIE D 6538 Fegog || Aloaya

G-13-(3 riea & T44 49 35781 544/ 2959€ | a Bards 3

G119 09e4 5.4 910 loe | Jioge &1 9¢ 21904 |~ Ni-sssd

e -2 TILY 3 G48 fep Jeo¥% J79 30335 | AMh-DGad
11543 o528 5.4 34 rey 3szog S55 w43 Eunita Bewads

4-15 -7 (729 3 _§57 rof 55¥37 240 Zolpé |V Connia Bl
4-14-7 | o83 4 ise 10§ 3¢9 | ga34 Jo43a M| Sechs ia denlor
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Appendix B Exposure Rate Measurements

Radiological Survey of the Tsosie 1
Abandoned Uranium Mine - Preliminary Appendix B
Prepared for Stantec Consulting Services Inc.

ERG
January 24, 2018



Date and Time Exposure Rate (mR/h)® Location

06/26/2017 10:09 0.0126 Correlation Location 1
06/26/2017 10:10 0.0127 Correlation Location 1
06/26/2017 10:11 0.0132 Correlation Location 1
06/26/2017 10:12 0.0130 Correlation Location 1
06/26/2017 10:13 0.0128 Correlation Location 1
06/26/2017 10:14 0.0131 Correlation Location 1
06/26/2017 10:15 0.0134 Correlation Location 1
06/26/2017 10:16 0.0134 Correlation Location 1
06/26/2017 10:17 0.0132 Correlation Location 1
06/26/2017 10:18 0.0132 Correlation Location 1
06/26/2017 10:53 0.0229 Correlation Location 2
06/26/2017 10:54 0.0231 Correlation Location 2
06/26/2017 10:55 0.0230 Correlation Location 2
06/26/2017 10:56 0.0236 Correlation Location 2
06/26/2017 10:57 0.0236 Correlation Location 2
06/26/2017 10:58 0.0231 Correlation Location 2
06/26/2017 10:59 0.0233 Correlation Location 2
06/26/2017 11:00 0.0231 Correlation Location 2
06/26/2017 11:01 0.0232 Correlation Location 2
06/26/2017 11:43 0.0173 Correlation Location 3
06/26/2017 11:44 0.0179 Correlation Location 3
06/26/2017 11:45 0.0185 Correlation Location 3
06/26/2017 11:46 0.0177 Correlation Location 3
06/26/2017 11:47 0.0179 Correlation Location 3
06/26/2017 11:48 0.0182 Correlation Location 3
06/26/2017 11:49 0.0183 Correlation Location 3
06/26/2017 11:50 0.0181 Correlation Location 3
06/26/2017 11:51 0.0185 Correlation Location 3
06/26/2017 11:52 0.0185 Correlation Location 3
06/26/2017 12:20 0.0197 Correlation Location 4
06/26/2017 12:21 0.0210 Correlation Location 4
06/26/2017 12:22 0.0208 Correlation Location 4
06/26/2017 12:23 0.0211 Correlation Location 4
06/26/2017 12:24 0.0214 Correlation Location 4
06/26/2017 12:25 0.0211 Correlation Location 4
06/26/2017 12:26 0.0209 Correlation Location 4
06/26/2017 12:27 0.0211 Correlation Location 4
06/26/2017 12:28 0.0214 Correlation Location 4
06/26/2017 12:29 0.0215 Correlation Location 4
06/26/2017 13:13 0.0141 Correlation Location 5
06/26/2017 13:14 0.0151 Correlation Location 5
06/26/2017 13:15 0.0148 Correlation Location 5
06/26/2017 13:16 0.0151 Correlation Location 5
06/26/2017 13:17 0.0154 Correlation Location 5
06/26/2017 13:18 0.0146 Correlation Location 5
06/26/2017 13:19 0.0148 Correlation Location 5
06/26/2017 13:20 0.0147 Correlation Location 5
06/26/2017 13:21 0.0147 Correlation Location 5
06/26/2017 13:22 0.0152 Correlation Location 5

Tsosie 1 Exposure Rate Measurements for Correlation
a. Results reported are averages of 60, 1-second measurements



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

September 26, 2018

Appendix B Photographs
B.1 Site Photographs

B.2 Regional Site Photographs
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Basemap image flown by Cooper Aerial Surveys Co. |
_3 on June 16, 2017.

Removal Site Evaluation
Tsosie 1 Mine Site

i _' DATE: 7118/2018 DOCUMENT NAME:
g, M Removal Site Evaluation Report

] 7 : . :__ . AUTHOR: REVIEWER:
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- Photograph Indicating Direction
=, Taken
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NOTES:

1. Potential water features and identification names identified
in 2007 AUM Atlas and/or in database provided by the
Navajo Nation Department of Water Resources.

2. S055-Seep-1 was identified with the help of residents that
live near the Site.

REFERENCES:
Coordinate System: NAD 1983 UTM Zone 12N

Basemap image accessed from the National Agriculture
Imagery Program (NAIP) web mapping service
https://qgis.apfo.usda.gov/arcgis/services/) on 7/18/2018

N

Removal Site Evaluation
Tsosie 1 Mine Site

DOCUMENT NAME:
Removal Site Evaluation Report

AUTHOR: REVIEWER:
CBB EDZ

: S n g ; ! Sta nteC FIGURE:
USPASESAAREO AcTial RhotographyiEield/@ffice B-2
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Appendix C Field Activity Forms
C.1 Soil Sample Field Forms
C.2 Hand Auger Borehole Logs

C.3 Water Sample Field Forms
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C.1 Soil Sample Field Forms



SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Lo | (E0SS )
SAMPLE |.D. 508% - Bw| - ool ,2e)
SAMPLE COLLECTION DATE of2 /171

SAMPLE COLLECTION TIME LS 2o

SAMPLE COLLECTED BY M/ -

WEATHER CONDITIONS LOE® F, Simmy |, enln

FIELD USCS DESCRIPTIONS __ ¥Frovly J.,Q,J o) of s

MAJOR DIVISIONS: QoH QcH UmH Qon Qe dm. Usc
QOsm BXsp Usw Dac Uem Lep Daw
QUALIFIERS: JTRACE U miNor O some; sanp size 2 rine (O mepium U COARSE

MOISTURE: DJpRY Lmoist LA wET

SAMPLE CONTAINERS (NUMBER AND TYPE) Z e b

ANALYSES: Co—V2nr, [fredx?y

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Tossin | (8os5S)

SAMPLE L.D. GOSS— By ) — OO 72—
SAMPLE COLLECTION DATE 24011

SAMPLE COLLECTION TIME LSO

SAMPLE COLLECTED BY M/ Wi

WEATHER CONDITIONS LoD?F | cawny |, caline

FIELD USCS DESCRIPTIONS ___Te2/ly Du&& i) u.;/ JM

MAJOR DIVISIONS: QoH TOcH UmH Dow Qe Ome Usc
Osvw ®Sp Usw Qaec Oaem Qep Oaw
QUALIFIERS: Q1 Trace (Iminor U somE; saND sizé L FINE 1 mepium L) COARSE

MOISTURE: DRy U moist LIWET

SAMPLE CONTAINERS (NUMBER AND TYPE) Lt
ANALYSES: P72,  Mobets

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “4sosrc | (505S)
SAMPLE L.D. SoSS -Etl-oTg
SAMPLE COLLECTION DATE (zf24/177
SAMPLE COLLECTION TIME 155

SAMPLE COLLECTED BY M/ MNE—

WEATHER CONDITIONS [op'F , sty , cerlnmn

FIELD USCS DESCRIPTIONS pbo’/l/ﬂ XM et wf quls

MAJOR DIVISIONS: (JoH UcH dwmH E] OoH UL ﬁ mL Ll sc
Osm @sp Osw Oeec OUem Qap Dow
QUALIFIERS: O TRace AmiNor ) somE; saND sizé | AN (U mEDIUM [ COARSE

MOISTURE: DRY LlmoisT O WET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 WW

ANALYSES: '(Za—’Z?/uH /(/&ea‘w/ J

BN
)

MARK INDIWVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Foosie | (ZD5T)
SAMPLE L.D. foss— Bel-oo Y
SAMPLE COLLECTION DATE it

SAMPLE COLLECTION TIME [{PX-%Y

SAMPLE COLLECTED BY M /1L iZ—

WEATHER CONDITIONS LoD *F, Sung ctglon

FIELD USCS DESCRIPTIONS ?VMM -\\.&\() 5&«5 w~/ i\N\A

MAJOR DIVISIONS: (JoH UcH U mH %I oH QcL CI ML U sc
Qsm se Osw Qdac Uam Qaep Uoew
QUALIFIERS: JTRACE I miNnor U some;sanpsize O riNe (O mEDiuM U COARSE

MOISTURE: %@fﬂv O moist JAWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 —vﬁW

ANALYSES: e T2, Moot i

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Tsone) Lsoss)

SAMPLE LD. SpsS - Bl —opS”

SAMPLE COLLECTION DATE it Y V|

SAMPLE COLLECTION TIME e V21—

SAMPLE COLLECTED BY M/

WEATHER CONDITIONS LOTTF, suaty, LAl

FIELD USCS DESCRIPTIONS ?9""\1 {:)vvsvs ‘5‘&5\ {J"/ EMS

MAJORDIVISIONS: doH UcH Owmi TQod Uer Ome Usc
1 sm é’ép Osw Daec dem Uep Qew
QUALIFIERS: U TRACE ImiNOR T3 soMEe; sanp sizé U FINE ) MEDIUM (] COARSE

MOISTURE: JDrY I moisT JWET

[

SAMPLE CONTAINERS (NUMBER AND TYPE) Kb

[

ANALYSES: et Mogut

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME

SAMPLE LD. FOSE -G | — O
SAMPLE COLLECTION DATE (o't A7)

SAMPLE COLLECTION TIME le 2O

SAMPLE COLLECTED BY MaS /) e

WEATHER CONDITIONS 02T, siany el

FIELD USCS DESCRIPTIONS

CPopi\y \43'5 Su:)w,-«wf\*s 4L Qs o

MAJOR DIVISIONS: JoH UcH WmMH EI oH dcL %I mL Ll sc
Osm @sp Qsw Qee Oem Udep daw
QUALIFIERS: 1 TRACE &ImiNor [ some; sanpsizé [ pne O MeDiUM (X TOARSE

moisTURE: Sdbry Umoist U wET

SAMPLE CONTAINERS (NUMBER AND TYPE)

ANALYSES:

’2-.,:4?4[,./

m’m‘.

Madsty

IXay
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME {oosi L Sos)
¢ o5~ BG1-007

SAMPLE L.D.

SAMPLE COLLECTION DATE pattsi7)

SAMPLE COLLECTION TIME W28

SAMPLE COLLECTED BY W) ) W
WEATHER CONDITIONS Voo & sumny | calan

FIELD USCS DESCRIPTIONS ___ %oty EM&D e wf (—O\r\wl\

MAJORDIVISIONS: doH QcH OwmH Qon Qe dme Usc
Osm dse Usw Qac Uam Uap Uew
QUALIFIERS: 2 TRACE ImiNor [ some; sanDsize ) Fine (O MEDIUM L] COARSE

MOISTURE: &dory Omoist QA wer

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 gl

¥
ANALYSES: Ve~ P s \ f\/wl-dﬁ.

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME o5l L%‘vsgj)
SAMPLE 1.D. T Benl —onK
SAMPLE COLLECTION DATE otz

SAMPLE COLLECTION TIME 2 2—

SAMPLE COLLECTED BY MWAO /WN2—

WEATHER CONDITIONS WO F | S cedi

: -
FIELD USCS DESCRIPTIONS _ X ®7/\se -6».)«9 Sennd »J suwk,t

MAJORDIVISIONS: JoH UcH UmH 2o Qe Ume Osc
Osm @sp Usw Oee Qaem Lep Uoew
quaLiFiers: (O TRAacE L minoR O some; sanp size [ rNe () MeEpium U COARSE

MOISTURE: <dory WmoisT L wET

SAMPLE CONTAINERS (NUMBER AND TYPE) L 2 b

ANALYSES: 2?20 | Mud=s

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME 2p Toeosic\ (Soss)

SAMPLE L.D. Poss - Byl - oo

SAMPLE COLLECTION DATE bz

SAMPLE COLLECTION TIME et ©

SAMPLE COLLECTED BY M T (-

WEATHER CONDITIONS ([00F | Sumny  cate

FIELD USCS DESCRIPTIONS Poor vy -;\3“&3 Seds of =ods

MAJOR DIVISIONS: QoH UcH UmH Qon Qe OQwme U sc
Jsm Bsp Usw Ueec Uaem Dapr U aw
quaLiFiERrs: ClTrace dminor [ some:;sanpsize [ ANE (O mEDium [ COARSE

MOISTURE: 4DRY L moisT 2weT

SAMPLE CONTAINERS (NUMBER AND TYFE) T 2l
ANALYSES: QCu-22¢  MARS

i
v

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Leorte | Looss)
SAMPLE 1.D. E05S —B&| —01 &2
SAMPLE COLLECTION DATE bttt ]

SAMPLE COLLECTION TIME Wot™]

SAMPLE COLLECTED BY Mo /

WEATHER CONDITIONS o, sumng |, ol

FIELD USCS DESCRIPTIONS __Teoly o A <0, of

MAJORDIVISIONS: QoH Och Owmd Oow Qe Ome Wsc
Qsm & sp Usw Deec Oem Uap QO aw
QUALIFIERS: 1 TRACE I miNor (O some; SAND sizé J FINE (J MEDIUM ] COARSE

moISTURE: ‘XXDRY Qmoist O weT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 eplr e

ANALYSES: T -2, Metaty

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Trosirel  ( Sosw’)

SAMPLE L.D. S & E — By — oh|

SAMPLE COLLECTION DATE e/ /07

SAMPLE COLLECTION TIME 15 33
SAMPLE COLLECTED BY - fiu/
WEATHER CONDITIONS 10D® | gumey | Latm

FIELD USCS DESCRIPTIONS __ FinaAren sud, o2

MAJORDIVISIONS: don LlcH Ome Qonw Qe Ume Qsc
Osm &sp Osw Oeec Oom Qap Qaw
QuUALIFIERS: U TRACE O minoR [ soMe; saND size (1 FINe U] MEDIUM (] COARSE

MOISTURE: XDRY Imoist LIWET

SAMPLE CONTAINERS (NUMBER AND TYPE) _. ~&— “~?lar

ANALYSES: Certthe,  Mials

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NANME___ Isoste. |  ( Sps5S)

SAMPLE LD. SosS —RBuzooor. 20
SAMPLE COLLECTION DATE /17

SAMPLE COLLECTION TIME LS o

SAMPLE COLLECTED BY rd ) LAt—

WEATHER CONDITIONS 1°99°F, swnay, i

FIELD USCS DESCRIPTIONS Fome Areun Sendy =P

MAJORDIVISIONS: Uod dck Uwmd Lo Do Ume Usc
Osm Bsp Osw Uac Uam Uap Uew
QuALIFIERS: O TRACE OMINOR [ some; sanD size LI FINE U] mEpium [ COARSE

MoISTURE: XBRY O morst QweT

SAMPLE CONTAINERS (NUMBER AND TYPE} Z- o

ANALYSES: Qe | Mhats

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Lswees | ( soss)

SAMPLE L.D. S05S -B o3

SAMPLE COLLECTION DATE otre

SAMPLE COLLECTION TIME \ STE

SAMPLE COLLECTED BY Aw (cir—

WEATHER CONDITIONS ___Lo2° ™ | Sy (et

FIELD USCS DESCRIPTIONS __ T owe ko savd 5P

MAJOR DivIsioNs: LJoH QOed UmH Jow e Ome Usc
Osm @sp Usw Uee Uaw Uap Lew
QUALIFIERS: O TrAce L miNOR (U some; sanD sizé O FINE J mEpium L) COARSE

MOISTURE: &tpRry U moist UweT

SAMPLE CONTAINERS (NUMBER AND TYPE) P e

]
ANALYSES: P22, Mukels

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Tapsvel (sosts)

SAMPLE 1.D. SO5E ~RgL— e 204

SAMPLE COLLECTION DATE @l2e A7

SAMPLE COLLECTION TIME wsSE
SAMPLE COLLECTED BY Ny f L
WEATHER CONDITIONS \POF | sabtang, oA

FIELD USCS DESCRIPTIONS “Etin Uit gyt 0D | ey Q) aigr (1,0:.

MAJOR DIVISIONS: Lo Llen Omd Qon Qe Ome Usc
Qsvw Osp Hsw Qec Uam Qap Daw
QUALIFIERS: 1 TRACE O miNOR B SOME; SAND sizé L) FINE I MEDIUM (M"COARSE

moisTURE: DRy Qmoist O weT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 eyl

ANALYSES: NS 2240 . Ws

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA#/NAME_“oosiey  C ED&S)

SAMPLE L.D. S oS~ G@ait-ons
SAMPLE COLLECTION DATE ef ey AT
SAMPLE COLLECTION TIME leo?
SAMPLE COLLECTED BY Nwo/ Ly

WEATHER CONDITIONS OO T, sant ¥ 4 calm

FIELD USCS DESCRIPTIONS e dvun e | dnwuee Iobcet Al PG 5, Ml Cochn Sedd

MAJORDIVISIONS: LoH OcH WUmd Qod Jer Ume Usc
Osm Usp Asw dac Uem dep L aw
QUALIFIERS: ] TRACE B&wiNOR [ SOME; SAND size 1 FINE HMEDIUM @ coaRrse

mMOISTURE: (XBRv U moist LIwer

SAMPLE CONTAINERS (NUMBER AND TYPE) L e

ANALYSES: el CI X %4

f'\.

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Lsosie | (SO55)

SAMPLE 1.D. SDSE ~ B ~0DE

SAMPLE COLLECTION DATE lof 24 -7

SAMPLE COLLECTION TIME Vool

SAMPLE COLLECTED BY MW/ n—

WEATHER CONDITIONS | 0027 | 8UA ¢ | celten

FIELD USCS DESCRIPTIONS Fi— oo ) P ?MM-«‘/I o Cowte s
MAJORDIVISIONS: dox UcH wme Oon e dme Usc

Osm Qsp @sw deec Uaem Qaor Qaw
QUALIFERS: L TRACE &miNor [ sOME; sanD sizé 1) FINE [ TEDIUM (0 COARSE

molsTure: XIDRY L moisT U WET

—

SAMPLE CONTAINERS (NUMBER AND TYFE) 2 g b

¢
ANALYSES: Ro—22ce, frrAd~

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Tsosee [ (So5S)

SAMPLE I.D. SosS ~Bnz —as)

SAMPLE COLLECTION DATE g2 L7
let S

SAMPLE COLLECTION TIME

SAMPLE COLLECTED BY W f

WEATHER CONDITIONS WP F o wvny | aaA

FIELD USCS DESCRIPTIONS Fiiwe \:GM M e | A8 ad) - saJ‘ tree. cowrn

MAJOR DWVISIONS: (doH LlcH Odmy QoH Qe QML Udsc
WUsm Osp @sw Uage Qam Uaep aw
QUALIFIERS: “-TRACE O miNor U soME: sanD sizé L) FINE 2 mepium  EICOARSE

MOISTURE: &DRY moist LI WET

SAMPLE CONTAINERS (NUMBER AND TYPE) Z- oot Gl

ANALYSES: Pu-2vre, , MAels

.

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME "C e o | L 50&8”)

SAMPLE LD. S0 S5S~3G2 ~ 0o

SAMPLE COLLECTION DATE biry 717

SAMPLE COLLECTION TIME o2\
SAMPLE GOLLECTED BY M / ya—
WEATHER CONDITIONS LT, Suamy ( Caulm

FIELD USCS DESCRIPTIONS M@y oty Lard Vo, sedy bue cone ol mawr Fun

|

MAJORDIVISIONS: Qod OcH QOwmH UodH der Wme Usc &
Osm Usp @sw Uee Waem Uep dew

QUALIFIERS: 1 TRACE dmiNOR 1 soME; SAND size 1 FINE [ MEDIUM [ COARSE

MoISTURE: XIDRY L moist L weT

SAMPLE CONTAINERS (NUMBER AND TYPE) et o el

ANALYSES: PVl M‘)

™)
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Troere | (Soss)

SAMPLE LD. S5 -RBul-opd M3/ Msy

SAMPLE COLLECTION DATE bin<s (17

SAMPLE COLLECTION TIME 92X

SAMPLE COLLECTED BY MW | Lee—

WEATHER CONDITIONS LEO°F, maiinn , carlin

FIELD USCS DESCRIPTIONS _ FRwa. ten/ l/%"* L syee) yAre coene cunl

MAJOR DIVISIONS: doH UcH WmMH Qon Uer Ume Usc
UsmXIsp Osw Qaec Qem Qap Qew
QUALIFIERS: &XTRace O minor O some; sanpsizeé (1 FINE U MEDIUM &I"COARSE

MOISTURE: <4DRY L moisT 1 WET

SAMPLE CONTAINERS (NUMBER AND TYPE) ___~2— e

ANALYSES: Qer e, MAn s

N
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME /('ao do L { soss)

SAMPLE 1.D. SOSS —REGr—0LOD

SAMPLE COLLECTION DATE ol 249/177

SAMPLE COLLECTION TIME ho <40

SAMPLE COLLECTED BY M f LI~

WEATHER CONDITIONS ___ 00T sy Gulpn

FIELD USCS DESCRIPTIONS __ T an o amed) . Vusun fton seud | Mlun coste s

MAJOR DIVISIONS: dod Ucx dmH Ldod e Ome Qsc
Osm Osp Msw Oaeec Uem Qep Uew

auaLiFiers: Trace miNoR Tl SOME; SAND sizé 1 FINE &mEDIUM m/COARSE

moisTURE: (OWPRY O moist O weT

SAMPLE CONTAINERS (NUMBER AND TYPE) T i

ANALYSES: BV, kA

)
%

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Loosre\ L Sos8)

SAMPLE LD. SO08T —~ Ol —obd) M 2-1

SAMPLE COLLECTION DATE bt /17

SAMPLE COLLECTION TIME Loz
SAMPLE COLLECTED BY e LG
WEATHER CONDITIONS Go-¢o0® | suaay , cdn

FIELD USCS DESCRIPTIONS v Lowd \or S&Mg 3 S0t &w\,\,-&

MAJORDIVISIONS: dod dcH dwmH Qod UJer Udme W sc
Osm Mse Osw dee Uam Wap daow
QUALIFIERS: L Trace QO MiNOR &TsomEe; sanD sizE U N O mepium XY COARSE

MOISTURE: XDRY [ moist wET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 e
ANALYSES: a2l 'Lwa,./{m “Thovium
o =
7
17
o =&

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Teosicl  ( Soss)

SAMPLE LD. LosS— (D2 -—o0)

SAMPLE COLLECTION DATE lof 2 /7]

SAMPLE COLLECTION TIME lo% S~

SAMPLE COLLECTED BY [ et

WEATHER CONDITIONS __ A& -(00°F | sy  contn

FIELD USCS DESCRIPTIONS . >©7. B bt famn Seed ), Wiwy coent./amad sefuls

MAJOR DIVISIONS: doH e Owmd Oon Qe Ume Usc
Jsm Osp sw Uaec Wam Qaep Uaw
QUALIFIERS: JTRACE O miNor (1 some; sanp size [ pINE [ mEDIUM (1 COARSE

MOISTURE: AdpRy U moisT Qwer

SAMPLE CONTAINERS (NUMBER AND TYPE) 2= NE
ANALYSES: o — 22 L “:(Lso-\-p{w <l
e &
42
o &

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e,

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME___ G o5t \_( >OSE)

SAMPLE 1.D. SOSS — OB~ oo

SAMPLE COLLECTION DATE litars (1

SAMPLE COLLECTION TIME \,\7/5

SAMPLE COLLECTED BY Sl

WEATHER CONDITIONS A0 -oo® F L Sy ) cale

FIELD USCS DESCRIPTIONS Fe W oot sl , miwv coavef/ned, St olafey cohbl on sehanns

MAJORDIVISIONS: TloH UcH WUme Oonw Qe Ume Usc
Qsm Msp Osw Uage Usm Uep Uew
QUALIFIERS: XTRACE LdmiNnor O some; saND sizé U FINE B-mepium  (BrcOARSE

MOISTURE: 3DBrY [ moist LJWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2= e
ANALYSES: Bor Ve, Losodvpn T\ oo
f >

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRIBD




e

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Ao | {oss)
SAMPLE LD. 505§ —~ CLOH -0l
SAMPLE COLLECTION DATE Lf240 /172
SAMPLE COLLECTION TIME T (2o

SAMPLE COLLECTED BY M

WEATHER CONDITIONS B0~ LOO° | g | carlin

FIELD USCS DESCRIPTIONS %8 _(avewils | Llue Myl o )

MAJOR DIVISIONS: JoH Ocn Omd UQow Uer Owme Usc
Osw Osp Osw QDac Qam Oaep Haw

QUALIFIERS: TRAcE T miNnor U some; saNp sizé O FINE T MEDIUM [ COARSE

MOISTURE: Q’ﬁv WImoist AwWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2= ~2uplw

ANALYSES: g, is—o—&—o‘; a Lﬁb»owlm

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Consie [ L 50@’3\/

SAMPLE 1.D. SOST — COv ot MS) MDD
SAMPLE COLLECTION DATE . {(9/240./\7)

SAMPLE COLLECTION TIME ‘255

SAMPLE COLLECTED BY L

WEATHER CONDITIONS 4D 4@0°F |  fumuy ; (altr

FIELD USCS DESCRIPTIONS Tk Yowe vy doud (pane s {bteat)

MAJOR DIVISIONS: LloH QQcH UmMH WoH Uer WM dsc
Osm Qsp K'sw Odee Oaem Qap Qew
QuALIFIERS: U TrRacE U mmor U somE;sanNDsize L FANE (U mEDium [ COARSE

MOISTURE: {JDry U moist dweT

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 =R e
ANALYSES: T2 0, :l:s.,\-u{‘»w Tlsnunr
O O
N
‘L)
) O

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Urosic\  (Soss)

SO Y~ 0|

SAMPLE L.D.

SAMPLE COLLECTION DATE __ K(273 /17

SAMPLE COLLECTION TIME Bag O
SAMPLE COLLECTED BY Mw { ne-
WEATHER CONDITIONS o™+, S

FIELD USCS DESCRIPTIONS SAky san wif am\
MAJOR DIVISIONs: (doH Uch Omy Oonw Qe Ome Llsc
Bsm Osp Odsw Uec OQem Uap Uow
auaLFiERs: QTRace U minor JKISome; sanpsizé O FINE () MEDIUM &I COARSE

MOISTURE: Rbry Omoist LIWET

MUNSELL COLOR —
SAMPLE CONTAINERS (NUMBER AND TYPE) 2 2pue
ANALYSES: G 220, Mudrats

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Toorte \_ ( 5055)

SAMPLE L.D. S085 5 —CX-ovT

SAMPLE COLLECTION DATE 22/

SAMPLE COLLECTION TIME Lee Tl

SAMPLE COLLECTED BY Man /N2

WEATHER CONDITIONS AOO7 4\ Sy ot

FIELD USCS DESCRIPTIONS _ %o \y an&.b Srenn) : 5P — DA

MAJORDIVISIONS: [JoH Qe OwmH Jod Qe me dsc
Bsw Gsp Usw Uac Oam Taer Llaw
QUALIFIERS: L TRACE O miNor Jsome; sanp sizé U ANE O mepium ) COARSE

MOISTURE: XpRYy Omoist L wWET

[

MUNSELL COLOR

SAMPLE CONTAINERS (NUMBER AND TYPE) __ 2= plaw
ANALYSES: P2, MYy

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Toopic L € Sogs)

SAMPLE 1.D. SosES - We—o o3/ 2o 3

SAMPLE COLLECTION DATE lor23 /17

SAMPLE COLLECTION TIME LWo2e

SAMPLE COLLECTED BY Macs fpi T2

WEATHER CONDITIONS VoD% F 4y sy | emlin

FIELD USCS DESCRIPTIONS Feony -—OAQ wend o seks SO

MAJOR DiVISIONS: (dod cH (OmH Qod Qe Ume Usc
Osm &sp Osw Jaeec Uam dep Uew
QUALIFIERS: FTRACE JMINOR (1 soME; sanD sizé [ FINE (1 MEDIUM  (J-€OARSE

MOISTURE: DRY ‘Qmoist AWET

——

MUNSELL COLOR
SAMPLE CONTAINERS (NUMBER AND TYPE) 2 ol
ANALYSES: R 22l Makets

N

. N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




o

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME (oo | (soss)

SAMPLE 1D oSS — DD

SAMPLE COLLECTION DATE bt 230 t 1

SAMPLE COLLECTION TIME s o

SAMPLE COLLECTED BY M i (-

WEATHER CONDITIONS Voo 7% | susvy  couldn

FIELD USCS DESCRIPTIONS . Toorty  andd  can) wih 6.—wl‘ 5P

mMAJOR DIVIstons: dorw OcH Omd Oox e Ume Usc
Osm sp Qsw UDec Dev Qep U ew
QUALIFIERS: L TRACE dmiNnor [ somE; sanpsizé U FNE O mEDIUM ) COARSE

moIsSTURE: SYDRY QmoisT L WET

MUNSELL COLOR

SAMPLE CONTAINERS (NUMBER AND TYPE) _.. 2 -zl
ANALYSES: a2 ARy

Y,
)

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS N GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Tsosrd  (Hoss)

SAMPLE 1.D. So5S — x—2os MS /T

SAMPLE COLLECTION DATE lez /7

SAMPLE COLLECTION TIME Wos

SAMPLE COLLECTED BY M

WEATHER CONDITIONS oo = Sy canlen

FIELD USCS DESCRIPTIONS . 0o\l sande)  man VJI/ S

MAJOR DIVISIONs: O oH dcH Omn Dow Qe Ume Usc
Osy &sp Osw Uee Oam Llap Uaew
QUALIFIERS: 3TRACE miNor [ some; sanp sizé [ FINE Ul MEDIUM 1 cOARSE

MOISTURE: @Ry ‘O moist JWET

MUNSELL_COLOR

SAMPLE CONTAINERS (NUMBER AND TYPE) T2 —;f'u...,

ANALYSES: eVt Madets

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Ceese| (SosS)

SAMPLE LD. SOSS— CX DDl

SAMPLE COLLECTION DATE /2317

SAMPLE COLLECTION TIME W\

SAMPLE COLLECTED BY My /e

WEATHER CONDITIONS LODF, samay calm

FIELD USCS DESCRIPTIONS - ‘ subd , 8F - S

MAJOR DIVISIONS: doH UWen OmH Dow Qo Ome Qsc
@sm Rsp Qsw Oec Uam Oep Uaw

QUALIFIERS: JTRACE O miNor T)some; sanp sizé O fINE (O meDium (1 COARSE

MOISTURE: bRy (Amoist D weT

MUNSELL COLOR
SAMPLE CONTAINERS (NUMBER AND TYPE) 2 el
ANALYSES: Vo—ry, pwokats

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e

. MUNSELL. COLOR

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Tsorr | (Sosw)
SAMPLE L.D. oSS — O el ©OT]
SAMPLE COLLECTION DATE Letr3 0,7

SAMPLE COLLECTION TIME Aerm Y
SAMPLE COLLECTED BY Maw e

WEATHER CONDITIONS TOR” B, qumiu, coltin

FIELD USCS DESCRIPTIONS Yoo\, -OVJ\.J oY) o..-r/ cGyJ-s

MAJORDIVISIONS: doH Qcox Omd Qod Uer Ome Qsc
dsm Qe Osw Uaee Uaem Uep Uaw
QUALIFIERS: JTRACE I miNoR [l some; sanp size 1 FINE [ mEDIUM [ COARSE

MOISTURE: XBRY moisT JWET

—tg

SAMPLE CONTAINERS (NUMBER AND TYPE) ___ 2- mfw

ANALYSES: e ?2e, Madets

'Y
W

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME “Tsoste | (Soss)

SAMPLE I.D. Sosts - S—Toy—

SAMPLE COLLECTION DATE ___ 0/2%./ 7}

SAMPLE COLLECTION TIME ws?
SAMPLE COLLECTED BY Mo/ W 2—
WEATHER CONDITIONS Voo T | gy : (el An,

FIELD USCS DESCRIPTIONS _ ¥ eo\y D“‘&J ALY, s

MAJORDIVISIONS: LJoH e Ome Qon e dme Osc
QOsm Qsp Jsw Uaec Uaem Uap Qaw
QUALIFIERS: JTRACE O mmor [ soMmE; sanD sizeé [ FINE U MEDIUM [ COARSE

MOISTURE: &Dry U moist LIweT

MUNSELL COL.OR —

SAMPLE CONTAINERS (NUMBER AND TYPE) 2 "t—;u! b

ANALYSES: Ra -2t Mokals

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




e

SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Ayoer— ( (Sos%)
SAMPLE LD. SOEET— X —oDg

SAMPLE COLLECTION DATE /13 /71

SAMPLE COLLECTION TIME 1209

SAMPLE COLLECTED BY Mao A

WEATHER CONDITIONS LOD F | sy | coli

FIELD USCS DESCRIPTIONS __ 300k M w:) nd) AL i dan

MAJOR DIVISIONS: JoH dcH Owmn Qow Uer Om Usc
S&sm Usp sw Oee Uem dep Oaw
QUALIFIERS: 1 TRAcE Uminor [ some; sanp sizeé U FINE Ul mEDIUM (] COARSE

MOISTURE: t}D’RY Qmoist U WET

SAMPLE CONTAINERS (NUMBER AND TYPE) T i
ANALYSES: Tt NIALS

i S

MARK INDIVIDUAL GRAB SAMPLE LLOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Csoste L L%oss’)
SAMPLE 1.D. SpSs§ - -2l

SAMPLE COLLEGTION DATE L%/ 17
SAMPLE COLLECTION TIME (2L

SAMPLE COLLECTED BY Mo /W
WEATHER CONDITIONS LOD F | sy, Cedin

FIELD USCS DESCRIPTIONS . YWl bnw wd ) Geds , ae

MAJORDIVISIONS: 2oH UdcH dme TJod e Um Usc
Osm Usp Bsw Oae Uem UQep Uaw
QUALIFIERS: (1 TRACE [ MINOR S3-sOME; sAND sizé [ FINE [ MEDIUM d COARSE

MOISTURE: pry ImoisT JdWET

SAMPLE CONTAINERS (NUMBER AND TYPE) 2z i

ANALYSES: Pa- Ve, Mo tay

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




SURFACE SOIL SAMPLE LOG FORM

AREA #/NAME Toosie  \ (505S)

SAMPLE LD. SO S5 — O

SAMPLE COLLECTION DATE braq s

SAMPLE COLLECTION TIME loo72-

SAMPLE COLLECTED BY MW

WEATHER CONDITIONS looe | swpy, Al

FIELD USCS DESCRIPTIONS AL P Lo . aod et

MAJOR DIVISIONS: JoH cH OmH DoH Uel Ome Qsc e «opr (vwiaion
Dsm &dsp Osw Uee Uem Qep Uow
QUALIFIERS: 1 TRACE IMINOR U SOME; SAND sizé ] FINE [ mEDIUM L] COARSE

MOISTURE: (DBRY W moisT IWET

SAMPLE CONTAINERS (NUMBER AND TYPE) % zipl

ANALYSES: R~ 226 Mukely

N0y
N

MARK INDIVIDUAL GRAB SAMPLE LOCATIONS IN GRID




C.2 Hand Auger Borehole Logs



BOREHOLE ID: S055-BG1-011
NAVAJO
@ Stantec NATION CLIENT: NNAUMERT
gg;‘;g;fg?rﬁg?gr;?:,mic PROJECT: Removal Site Evaluation
SITE LOCATION:  Tsosie 1
DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653306.99 NORTHING: 4082966.99
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/26/2017 DATE STARTED: 6/26/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 2.4 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
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): brown, medium 9821 B 7
grained sand, dry.
S055-BG1-011-01 | 0-0.5 |grab 1.45
11204 - 7
S055-BG1-011-02 | 0.5-1 |grab 0.97
i 12719 = .
13219 S055-BG1-011-03 | 1-2 |grab 1.06
2 12865 - =
: 13219
i Terminated hand auger borehole at 2.4 ft. below ground
surface. Refusal on rock.
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

ALRA En'.r'rcmrnar_l!ul
Responsa Trust-Fisst Phase

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S055-BG2-011
NNAUMERT

Removal Site Evaluation

Tsosie 1

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 653343.69 NORTHING: 4082926.27
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/26/2017 DATE STARTED: 6/26/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1.75 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
» Gamma (cpm)
¢ SUBSURFACE SAMPLE INFORMATION
Eo QT o o 9O 9
o O% LITHOLOGICAL DESCRIPTION § § E 8 wz LAB
o= | 25 SAMPLE T % ©| SAMPLE | RESULTS
g ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
LELCEE LT hz (pCilg)
0 POORLY GRADED SAND (SP): brown, fine to medium 0024 B 7
grained sand, dry.
S055-BG2-011-1 | 0-0.8 |grab 5.06
e 0739
1 5615
S055-BG2-011-2 |0.8-1.75| grab 9.60
9324
Terminated hand auger borehole at 1.75 ft. below 51193 B ]
2 ground surface. Refusal on rock.
3i
4—|
5

Notes: cpm = counts per minute
pCi/g = picocuries per gram comp = composite sample

grab = grab sample

- - - - = approximate contact




NAVAJO
@ Stantec NATION

AL Emdrommenial
Responsa Trust-Frst Phose

BOREHOLE ID: S055-SCX-001
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Tsosie 1

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653186.33 NORTHING: 4082628.66
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/23/2017 DATE STARTED: 6/23/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.9 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
B Gamma (cpm)
g o o o o SUBSURFACE SAMPLE INFORMATION
_ | g% S 8 8
o8 S% LITHOLOGICAL DESCRIPTION 5 § § § W@ LAB
o= | 25 SAMPLE T % ©| SAMPLE | RESULTS
N | | IDENTIFICATION | Sl g | TYPE | RA-226
L] hZ (pCilg)
. . 2661 - =
POORLY GRADED SAND (SP): brown, fine grained
sand, 100% sand, dry, loose. Soil potentialy part of
waste rock cover material. S055-SCX-001-01 | 0-0.5 |grab 5.45
- 3318 - 7
POORLY GRADED SAND WITH GRAVEL (SP): gray,
light brown, 60% sand, 40% gravel, dry, loose. Potential 116500 S055-SCX-001-02 | 0.5-0.9 | grab 56.20

waste rock material.

Terminated hand auger borehole at 0.9 ft. below ground
surface. Refusal on cobbles.

5

Notes: cpm = counts per minute grab = grab sample
pCi/g = picocuries per gram comp = composite sample

- - - - = approximate contact




NAVAJO
@ Stantec NATION

AL Emvironmeantal
Responsa Trust-Fist Phase

DRILLING CONTRACTOR:  Stantec

DRILLING METHOD: Hand auger

DRILLING EQUIPMENT: Hand auger

SAMPLING METHOD:

Regular hand auger, 3 inch diameter

CLIENT:
PROJECT:

BOREHOLE ID:

SITE LOCATION:

COORDINATE SYSTEM:

S055-SCX-002
NNAUMERT

Removal Site Evaluation

Tsosie 1

EASTING: 653174.77 NORTHING:
DATE STARTED:

TOTAL DEPTH (ft.): 1

LOGGED BY: Luis Rodriguez

NAD 1983 UTM Zone 12N

4082688.27
6/23/2017 DATE STARTED: 6/23/2017

BOREHOLE ANGLE: 90 degrees

» Gamma (cpm)
< o| SUBSURFACE SAMPLE INFORMATION
=_ | g% s g g8
o8 S% LITHOLOGICAL DESCRIPTION 5 § § E 3 W LAB
o= | 25 SAMPLE T % ©| SAMPLE | RESULTS
5 ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 POORLY GRADED SAND (SP): tan, fine grained sand, 14693 B 7
some coarse sand, 100% sand, dry, loose. Borehole
located in drainage below portal. S055-SCX-002-01 | 0-0.5 |grab 6.06
18621 - e
S055-SCX-002-02 | 0.5-1 |grab 4.73
1 Terminated hand auger borehole at 1.0 ft. below ground 19924 B N
surface. Refusal on rock.
2i
3i
4—
5

Notes: cpm = counts per minute
pCi/g = picocuries per gram

grab = grab sample
comp = composite sample

- - - - = approximate contact




NAVAJIO
) stantec NATON
Responsa Trust-Arst Phose

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S055-SCX-003
NNAUMERT

Removal Site Evaluation

Tsosie 1

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 653213.47 NORTHING: 4082671.02
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/23/2017 DATE STARTED: 6/23/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1.75 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
» Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
Eo QT o o 9O 9
g | 9% LITHOLOGICAL DESCRIPTION B 8 8 8 . LAB
W o o Ire) (S WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
g ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
0 POORLY GRADED SAND (SP): gray, fine grained 19753 B 7
sand, coarse angular sand, trace gravel, gravels are
shale. S055-SCX-003-01 | 0-0.5 |grab 8.20
E 6595 - 7
1 3768 S055-SCX-003-02 | 0.5-1.5 | grab 7.70
38866 - =
S055-SCX-003-03 |1.5-1.75| grab 8.60
39355 - =

Terminated hand auger borehole at 1.75 ft. below
ground surface. Refusal on rock.

5

Notes: cpm = counts per minute grab = grab sample
pCi/g = picocuries per gram comp = composite sample

- - - - = approximate contact




NAVAJO
@ Stantec NATION

AL Ermvdrocnmenial
Responsa Trust-Frst Phase

BOREHOLE ID: S055-SCX-004
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Tsosie 1

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653165.67 NORTHING: 4082651.72
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
B Gamma (cpm)
< SUBSURFACE SAMPLE INFORMATION
Q0o o o o 8
Eo QT S 9o 9O 9
o9 QL LITHOLOGICAL DESCRIPTION B 8 B8 8 o LAB
W o o N b N - W
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
LELCEE LT hz (pCilg)
0 SILTY SAND WITH GRAVEL (SP): brown, fine grained 12514 B 7
sand, sand 40%, gravel 30%, fines 30%, loose, dry.
S055-SCX-004-01 | 0-0.5 |grab 4.23
14029 + —
S055-SCX-004-02 | 0.5-1 |grab 3.1
1 Terminated hand auger borehole at 1.0 ft. below ground 14440 B ]
surface. Refusal on rock.
2i
3i
4—|
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




NAVAJIO
) stantec NATION
Fasponsa Trust-Frst Phose

BOREHOLE ID: S055-SCX-005
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Tsosie 1

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653122.59 NORTHING: 4082767.21
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 3 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 B 8 8 8 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)
0. T - 569 - n
. POORLY GRADED SAND (SP): light brown, fine
grained sand, 100% sand, loose, dry. S055-SCX-005-01 | (.05 | arab 0.81
S055-SCX-205-01 © |9 0.45
13116 - .
SILTY SAND WITH GRAVEL (SM): brown, gray, coarse |
grained sand, 50% sand, 30% fines, 20% gravel, fine
1+ gravel. 13198
S055-SCX-005-02 | 0.5-2 |comp 0.60
12058
2— 12230 - =
11978 S055-SCX-005-03 | 2-3 |grab 0.60
3 Terminated hand auger borehole at 3.0 ft. below ground 12667 B ]
surface. Hand auger terminated due to consistently low
gamma measurements.
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




NAVAJO
@ Stantec NATION

AL Emvironmental
Rasponsa Trust-Fist Phase

DRILLING CONTRACTOR:  Stantec

BOREHOLE ID:
CLIENT:
PROJECT:

SITE LOCATION:

COORDINATE SYSTEM:

S055-SCX-006
NNAUMERT

Removal Site Evaluation

Tsosie 1

NAD 1983 UTM Zone 12N

DRILLING METHOD: Hand auger EASTING: 653072.75 NORTHING: 4082710.2194
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1.75 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
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 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): brown, fine grained 9724 B ]
sand, 100% sand, loose, dry.
S055-SCX-006-01 | 0-0.5 |grab 0.85
. 11771 7
1 12434
S055-SCX-006-02 |0.5-1.75|comp 1.1
13329
Terminated hand auger borehole at 1.75 ft. below B ]
2 ground surface. Refusal on rock.
3i
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




BOREHOLE ID: S055-SCX-007
NAVAJO
@ Stantec NATION CLIENT: NNAUMERT
Al Emvironmantal PROJECT: Removal Site Evaluation
Response Trust-Fist Phase
SITE LOCATION:  Tsosie 1
DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653142.85 NORTHING: 4082718.3
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 1.75 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
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 D LAB
W o o Ire) (S w § —
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
L BZ (pCilg)
O I SiLTY sAND (SM): fine to coarse grained sand, 70% B496 B ]
| sands, 30% fines, dry, loose.
S055-SCX-007-01 | 0-0.5 |grab 0.61
8 : s - 9600 - 7
increase in gravel, fine gravel, trace coarse gravel, 60%
sands, 30% fines, 10% gravel.
S055-SCX-007-02 | 0.5-1 |grab 0.70
1 brown, fine grained sand, trace coarse sand, 80% sand, 12408 B N
20% fines.
S055-SCX-007-03 | 1-1.8 |grab 1.99
— 14937
Terminated hand auger borehole at 1.75 ft. below 16142 ~ -
2 ground surface. Refusal on rock.
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 Emvironmeantal
Rasponsa Trust- Fisst Phase

BOREHOLE ID: S055-SCX-008
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Tsosie 1

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653183.38 NORTHING: 4082735.4
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 3.9 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
o g QL LITHOLOGICAL DESCRIPTION B 8 B8 8 =2 LAB
W o o N ® N - we
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
ERRNARNARRRRENAE nz (pCilg)
0 SILTY SAND (SM): tan, light brown, fine grained sand, 14866 B 7
80% sands, 20% fines, dry, loose.
S055-SCX-008-01 | 0-0.5 |grab 4.28
1— 17665
1 “trace clays. T T 7 7 S055-SCX-008-02 | 0.5-2.5 [comp 1.28
2— 16612
| | tan, light brown, 70% sand, 25% fines, 5% gravel, trace | B N
sandstone gravel.
31 16422
S055-SCX-008-03 | 2.5-3.9 [comp 1.72
4 Terminated hand auger borehole at 3.9 ft. below ground 18573 B ]
surface. Refusal on rock.
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




NAVAJO
@ Stantec NATION
Response Trust-First Phose

BOREHOLE ID: S055-SCX-009
CLIENT: NNAUMERT
PROJECT: Removal Site Evaluation

SITE LOCATION:  Tsosie 1

DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653221.48 NORTHING: 4082745.91
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 2.1 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
o g QL LITHOLOGICAL DESCRIPTION B 8 B8 8 = LAB
W o o Ire) (S WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
LELCEE LT nz (pCilg)
O FFTITT] SILTY SAND (SM): light brown, fine sand, 70% sands, 12904 i 7
| | 30% fines, dry, loose.
S055-SCX-009-01 | 0-0.5 |grab 2.40
B 17001 —
1— 17019
S055-SCX-009-02 | 0.5-2.1 |comp 2.76
e 16767
2 15143
Terminated hand auger borehole at 2.1 ft. below ground B ]
surface. Hand auger terminated due to consistently low
gamma measurements.
3i
4—|
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact 1

pCi/g = picocuries per gram comp = composite sample




BOREHOLE ID: - -
NAVAJO S055-SCX-010
@ Stantec NATION CLIENT: NNAUMERT
_%;E;‘;‘ﬁ':,‘;‘ﬁ?;ﬂ:hmc PROJECT: Removal Site Evaluation
SITE LOCATION:  Tsosie 1
DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653200.14 NORTHING: 4082807.2
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/24/2017 DATE STARTED: 6/24/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.9 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
o9 QL LITHOLOGICAL DESCRIPTION B 8 B8 8 = LAB
W o o Ire) (S WL~
e IO SAMPLE T & D| SAMPLE |RESULTS
E ‘ ‘ ‘ IDENTIFICATION | Zilig| TYPE | RA-226
ERRNARNARRRRENAE hz (pCilg)
- 11116 = -
POORLY GRADED SAND (SP): light brown, 100%
sand, loose, dry.
S055-SCX-010-01 | 0-0.5 |grab 1.84
SILTY SAND (SM): light brown, fine sand, 80% sands, | | +o0% T
20% fines, dry, loose. S055-SCX-010-02 | 0.5-0.9 | grab 2.01
- ~ | Terminated hand auger borehole at 0.9 ft. below ground 15789 B ]
surface. Refusal on rock.
2i
3i
4—|
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




BOREHOLE ID: S055-SCX-011
NAVAJO CLIENT: NNAUMERT
@ Stantec NATION -
AL EnvEonmantal PROJECT: Removal Site Evaluation
Responsa Trust-Fist Phose
SITE LOCATION:  Tsosie 1
DRILLING CONTRACTOR:  Stantec COORDINATE SYSTEM: NAD 1983 UTM Zone 12N
DRILLING METHOD: Hand auger EASTING: 653201.13 NORTHING: 4082876.04
DRILLING EQUIPMENT: Hand auger DATE STARTED: 6/26/2017 DATE STARTED: 6/26/2017
SAMPLING METHOD: Regular hand auger, 3 inch diameter TOTAL DEPTH (ft.): 0.7 BOREHOLE ANGLE: 90 degrees
LOGGED BY: Luis Rodriguez
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)
- 11914 - =
POORLY GRADED SAND (SP): brown, loose to
medium dense, dry.
S055-SCX-011-01 4.65
S055-SCx-211-01 | 007 | grab 2.34
- 14981 - 7
Terminated hand auger borehole at 0.7 ft. below ground
surface. Refusal on rock.
1 ]
2i
3i
4—
5
Notes: cpm = counts per minute grab = grab sample - - - - = approximate contact

pCi/g = picocuries per gram comp = composite sample




C.3 Water Sample Field Forms



WATER SAMPLE COLLECTION FORM

Project: Removai Site Evaluation Navajo Nation AUM Environmental Response Trust — First Phase

Date S (A g | 1 Arrival Time 0373 o

Field Personnel

3 Kf.jlf (4 k ' ._,}L'IE'IH S0
SITE DESCRIPTION

Surface Water}@ Well Water (1

Station Name E‘-;"@SL& \ 5.-:_;:4? Station Numberm ’{_.0" l‘d(
Site Description Spﬁ{h levate O e SLD fuf sosie } side

&-«-—.r_&h A 2 i s Ao eis it (Mwa}___
Water Characteristics (color, odor, appearance): i k’@ﬁ 2 (arnag PAAO i

l:_ DS do L i \!*wg’t-ﬁ o oo
SAMPLE COLLECTION . e
e RS

Collection Method: 1L bottle, Horlzontal-bottle, Swing-sampler, Other( }. Up-stream / Across-stream

sample ID: LSO 4 SoeS -eos -&1:‘@;@ sample Time: (R (S
LoD 5% wS 00\ g e

Field Measurements ;
By v l_c:ht..p 1ol
Parameter Sample 1 (nevmal sample) ] Sample 2 (fizld dup or NS} Sample 3 (MSD)
Time Mrgb
PH J:! X ’IJ{:}]
Conduetivity
(usiom) ViZ Lo
Turbidily .
(NTU) 0y, "5
Water Temparature
(<) \2.&
Salimity st —
Oxldation Reduction
Potential j
{rny) HUIQ-' 1 %

S 1 RPO 2t s (O O €883 of Vaolk,
Tl V& B et ;(ﬁﬁiﬂ ol fun 80P e Sy

e\ ek waktr A el 4o 2 ‘-?*?e.*'i\na-‘f MMQ
’F\’\l w\@\;\% e o - J(\fu:n ﬂv’auwf\j;?-en_cib Mo wffbi‘l.r‘Lc.UB

&;\gﬂf\}ﬂ (Hﬂguﬁ wes) s P\ J(‘*'W@H was A Pty |



SURFACE WATER FLOW MEASUREMENT FORM

Project: Removal Siie Evaluation Navajo Naticn AUM Environmental Response Trust — First Phase
“Tacsut \ ©

Date S DU 1 \A Time J;"ﬁflq‘ Station Number 55 - L5 -Co |
N | o1-Uo %
Field Personnel: »%‘&?W _J( N o Pl

Flow by Capture Method

LN

\""Muasuxzment Mumber Tima {ses) Voluma (L)
—— ]
h“-—-.______\\

(o,

\

S.e,ag‘a SQW,&{A ’QMSMEW{ Comcdk Dysg™d

208k, aves Beoing v Places Voo vepresen e
S:liﬁ‘w Pl 28 gt~ (oldh 1nab ‘a{ﬁ?‘ oletd ol



WATER SAMPLE COLLECTION FORM
Project: Removal Site Evaluation Navajo Nation AUM Environmental Response Trust — First Phase

Date@i—‘*/% AN% Arrival Time \QO70©

Field Personnel
\L Sidanson [ T 4 ?@Nﬁﬁ ao

SITE DESCRIPTION

Surface Water ¥ Well Water [
Station Name SUES - Sst_,u\o -\ " \)L\V\\Q@\JBS@WW\%M Station Number SOSSM"ng/\? -\

Site Description ’%‘_,U_/x‘) - (ivmm?_cg,g, L%\ es S ob Toctie V¢

"su/\p < ’?.\(V\c‘i\ (O LA ke hus e ein Sav-aAsiau Moedyorle A L =S \?A/g_v

Water Characteristics (color, odor, appearance): (,\QN\/'. Vo \ow 'é\(uol Woo odov
o 38 LA\O v Selclall AAVASCE S (e,awv«ﬂkc)

SAMPLE COLLECTION

Collection Method: 1L bottle, Horizontal-bottle, Swing-sampler, Other( w9}, Up-stream / Across-stream

Sample ID: __S055 -LoG - X2 Sample Time:_1o72.\
Field Measurements
Parameter Sampte 1 (normal sample) Sample 2 (field dup or MS) Sample 3 (MSD)
Time
Reyat:
pH b P
Conductivity
(uS/em) e
Turbidity %
(NTU) IR
Water Temperature
c) W\
Salinity l\-) P‘
Oxidation Reduction
Potential LR, \
(mV)

Vied g Ao e Nimded uple o
vesove Rield pavaraders (g mot conle b
@V\WO\L}/\ e Pl

A Prvved vp @ Loy of cedimtm v\ (1‘39‘”“‘“@‘”“1' D et
LA Auiod iy



SURFACE WATER FLOW MEASUREMENT FORM

Project: Removal Site Evaluation Navajo Nation AUM Environmental Response Trust — First Phase

Date 0L/ 23 120\ Time <20 Station Number STSS 'Sew\c‘f \

Field Personnel: & TSavwase

Flow by Capture Method

Measurement Number Time (sec} Volume (L)

t LoD £ 1O D




TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

September 26, 2018

Appendix D Evaluation of RSE Data
D.1 Background Reference Area Selection

D.2 Statistical Evaluation
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TSOSIE 1 (#55) 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
Tsosie 1 Site (Site). To select the background reference areas for the Site, personnel considered
geology, predominant wind direction, hydrologic influence, similarities of vegetation and ground
cover, distance from the Site, and visual evidence of impacts due to mining (or other
anthropogenic 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. In October 2016, two potential background reference areas (BG-1
and BG-2) were identified to represent the geologic formations at the Site where mining-
impacted material was assumed to be present. These formations include: (1) the Salt Wash
Member of the Morrison Formation (Morrison Formation) on the mesa tfop and mesa sidewalls
(BG-1); and (2) the Summerville Formation in the plains area (BG-2) (refer to Figure D.1-1). The
gamma survey and collection of soil samples at BG-1 and BG-2 were completed in June 2017.

Following review of data collected at BG-1, BG-2, and the Site, it was determined that additional
potential background reference areas may be required to characterize soil and sediments at
the Site. Two additional potential background reference areas were identified and gamma
surveys were conducted in June 2017. BG-3 was identified to confirm the gamma measurements
collected in BG-1 were representative of the Summerville Formation and the Quaternary
deposits. While BG-1 and BG-3 are shown within separate geologic units on Figure D.1-1, it is
important to consider that the Summerville Formation is overlain by unconsolidated soils and
there was little fo no difference between the soils at ground surface in the two potential
background reference areas. During site characterization, field personnel identified two
historical boreholes on the mesa top. Based on review of the Site Characterization data, it was
determined that surface gamma survey measurements collected at BG-2 were potentially foo
elevated to represent the mesa top. Therefore, one additional potential background reference
area (BG-4) was identified within the Morrison Formation on the mesa top; a gamma survey was
conducted in June 2017. Following review of the data, it was determined that BG-3 and BG-4
would not be used to represent the Site, but BG-4 would be included in the RSE for comparison
purposes, as described in Section 3.0 below.

The locations of the four potential background reference areas (BG-1, BG-2, BG-3, and BG-4) are
shown along with the site geology, predominant wind direction, mining-related disturbances

1 NAVAJD
DI ] @ Stantec NATION



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

and reclamation-related disturbances in Figure D.1-1. The wind rose on Figure D.1-1 depicts
regional wind data from the Cortez, CO airport, approximately 50 miles northeast of the Site,
and it shows the predominant wind direction is from the northeast. However, field personnel
generally observed wind from the west when in the area of the Site, and the topography at the
Site likely causes the wind to swirl. The potential background reference areas are described
below:

e BG-1 encompasses an area of 1,812 ft2 (approximately 0.04 acres), is located 520 ft northeast
of the claim boundary, and is cross-wind and hydrologically cross-gradient from the Site. The
unconsolidated deposits in BG-1 represent the portions of the survey area that are within the
Summerville Formation. The vegetation and ground cover at BG-1 are similar to the portions
of the Site on the plains. While the area around BG-1 is mapped as the Summerville
Formation, it should be noted that the ground surface consists of soils similar to soils observed
at BG-3 (mapped as Quaternary deposits).

e BG-2 encompasses an area of 510 ft2 (approximately 0.01 acres), is located 520 ft northeast
of the claim boundary, and is cross-wind and hydrologically cross-gradient from the Site. The
thin soils, colluvium-covered slopes, and bedrock outcrops represent the portions of the
survey area that are within the Morrison Formation. The vegetation and ground cover at
BG-2 are similar to the portions of the Site on the mesa sidewall.

e BG-3 encompasses an area of 1,709 ft2 (approximately 0.04 acres), is located 760 ft northeast
of the claim boundary, and is cross-wind and hydrologically cross-gradient from the Site. The
thicker soils represent the portions of the survey areas within undifferentiated Quaternary
deposits, including alluvium, colluvium, and eolian deposits. The vegetation and ground
cover at BG-3 are similar to the portions of the Site on the plains.

e BG-4 encompasses an area of 318 ft2 (approximately 0.01 acres), is located 350 ft south of
the claim boundary, and is cross-wind and hydrologically up-gradient from the Site. The thin
soils and bedrock outcrops represent the portions of the survey areas that are within the
Morrison Formation. The vegetation and ground cover at BG-4 are similar to the portions of
the Site on the mesa top.

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- 11 surface soil grab samples were collected from 11 locations; two subsurface soil
grab samples, and surface and subsurface static gamma measurements were collected
from borehole location SO55-BG1-011

e BG-2- 11 surface soil grab samples were collected from 11 locations; one subsurface soil
grab sample, and surface and subsurface static gamma measurements were collected from
borehole location S055-BG2-011

e BG-3 - surface gamma survey only

e BG-4 - surface gamma survey only

] NAVAIO
D1.2 () stantec i



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

The sample locations for BG-1 and BG-2, and the surface gamma survey data for BG-1, BG-2,
BG-3 and BG-4, are shown in Figure D.1-2. Samples were categorized as surface soil samples
where sample depths were up to 0.5 ft bgs, and as subsurface samples where sample depths
were greater than 0.5 ft bgs. Static gamma measurements were categorized as surface where
static gamma was measured at the ground surface, and as subsurface 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 the metals/Ra-226
concentrations and the surface gamma measurements, respectively. Field forms, including
borehole logs, are provided in Appendix C of the RSE Report.

The equipment used for the surface gamma survey were also used for static one-minute gamma
measurements af the ground surface, and for subsurface gamma measurements at the
borehole location. Soil samples and gamma measurements were collected according to the
methods described in the Removal Site Evaluation Work Plan (MWH, 2016).

3.0 SELECTION OF BACKGROUND REFERENCE AREAS

Background reference areas were needed to represent the formations present at or near the
Site where mining-related disturbances may have occurred: BG-1 is representative of the areas
of the Site within the Summerville Formation, BG-2 and BG-4 are representative of the areas of
the Site within the Morrison Formation, and BG-3 is representative of the areas of the Site within
the Quaternary deposits. BG-1 was selected to represent the plains area of the site that includes
both the Summerville Formation and the Quaternary deposits. As discussed in Section 2.0, there
was little to no difference observed in the soils located at BG-1 and BG-3 (i.e., the Summerville
Formation is covered by soils that are the same as those shown as Quaternary deposits on Figure
D.1-1). Since it is assumed that mining-related impacts on the plains did not extend into the
Quaternary deposits, BG-1 was selected to represent the areas of the Site within the Summerville
Formation and the Quaternary deposits. Gamma survey measurements at BG-1 were also lower
than gamma survey measurements at BG-3 (refer to Figure D.1-2 and Table D.1-2). BG-2 was
selected over BG-4 to represent the mesa sidewall and the mesa top at the Site because the
majority of the mining-related and reclamation-related disturbance occurred on the mesa
sidewall. BG-4 does provide a valuable comparison to BG-2 regarding the lower gamma
measurements on the mesa top and the heterogeneity present in the Morrison Formation.
Therefore, BG-4 is included in the RSE Report for discussion purposes. Gamma survey
measurements collected from BG-1 and BG-2 were used for the remainder of the Removal Site
Evaluation for the Site.

] NAVAJO
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TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.1 BACKGROUND REFERENCE AREA SELECTION

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

Tsosie 1

Removal Site Evaluation Report - Final

Navajo Nation AUM Environmental Response Trust - First Phase
Pagelofl

Statistic

Arsenic (mg/kg)

Molybdenum (mg/kg)

Selenium (mg/kg)

Uranium (mg/kg)

Vanadium (mg/kQ)

Radium-226 (pCi/Q)

Background Reference Area Study - Background Area 1 - Summerville Formation

Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- 91% 100% -- -- --
Minimum? 0.82 -- -- 0.5 34 0.57
Minimum Detect? -- 0.22 -- -- -- --
Meant 1.46 - - 0.867 5.38 0.979
Mean Detects? -- 0.22 -- -- -- --
Median? 14 -- -- 0.84 57 1
Maximum? 2.4 - - 1.3 6.7 1.45
Maximum Detect? - 0.22 -- -- -- --
Distribution Normal Not Calculated Not Calculated Normal Normal Normal
Coefficient of Variation? 0.296 -- -- 0.287 0.171 0.281
UCL Type 95% Student's-t UCL Not Calculated Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 1.69 Not Calculated Not Calculated 1.00 5.89 1.13
UTL Type UTL Normal Not Calculated Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 2.67 Not Calculated Not Calculated 1.57 7.98 1.75
Background Reference Area Study - Background Area 2 - Morrison Formation
Total Number of Observations 10 10 10 10 10 10
Percent Non-Detects -- -- 100% -- -- --
Minimum? 3.7 0.24 - 4 4 456
Minimum Detect? -- -- -- -- -- --
Mean! 6.62 0.469 - 5.42 7.98 5.56
Mean Detects? -- -- -- -- -- --
Median? 5.60 0.475 - 5.55 7.00 5.55
Maximum? 12 0.66 - 6.6 14 6.83
Maximum Detect? -- -- -- -- -- --
Distribution Normal Normal Not Calculated Normal Normal Normal
Coefficient of Variation? 0.397 0.370 - 0.136 0.353 0.148
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 8.14 0.57 Not Calculated 5.85 9.61 6.04
UTL Type UTL Normal UTL Normal Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 14.3 0.974 Not Calculated 7.57 16.2 7.96
Notes

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.
Ccv Coefficient of variation

KM

mg/kg

pCi/g
WH

Kaplan Meier

Milligrams per kilogram

Not applicable
Picocuries per gram
Wilson Hilferty

Py

NAVA IO
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Table D.1-2

Surface Gamma Survey Summary

Tsosie 1

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

Page 1 of 1

Background Reference

Background Reference Background Reference

Background Reference

Area 1 (BG-1) Area 2 (BG-2) Area 3 (BG-3) Area 4 (BG-4)
Geologic Formation Summerville Formation Morrison Formation Quaternary Deposits Morrison Formation
Statistic
Total Number of Observations 232 325 230 172
Minimum 6,744 12,454 8,681 7,343
Mean 8,822 20,105 10,591 10,228
Median 8,837 18,526 10,522 10,052
Maximum 11,218 36,929 13,153 14,247
Distribution Normal Normal Normal Gamma
Coefficient of Variation 0.090 0.271 0.0738 0.111
UCL Type 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL 95% Approximate Gamma UCL
UCL Result 8,908 20,603 10,677 10,370
UTL Type UTL Normal UTL Normal UTL Normal UTL Gamma WH
UTL Result 10,273 29,861 12,016 12,391
Notes
cpm Counts per minute
UCL Upper confidence limit
UTL Upper tolerance limit
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Grover;
Cleveland 1!

NOTES:

1. The dam is not related to mining or reclamation at the Site.
2. 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 flown by Cooper Aerial Surveys Co. on
June 16, 2017.

Wind Rose: NAML, 2007

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 |-345, scale 1:250,000.

Feet

Cortez Airport, Colorado Wind Rose (KCEZ),
1996-2006

AT LA

Earthworks,

NAVAJO
NATION

AUM Environmental
Response Trust-First Phase

LEGEND

Historical Borehole

Approximate Buried Portal Location
Sealed Portal

Potential Background Reference Area
Claim Boundary

Other Claim Boundary

_ . Geologic Contact (Inferred)

Site Geology
HOLOCENE

C} Approximate Dam Footprint’

Earthworks: Human-caused disturbance
of the land surface potentially related to
mining or reclamation.

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

JURASSIC

Jmb: Brushy Basin Member of the
Morrison Formation (Upper Jurassic) -
- green, purple, and gray shale and
siltstone, gray and tan sandstone, and
conglomeritic sandstone, may locally
include the Burrow Canyon formation.

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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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 Tsosie 1 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 2 (BG-
2), Survey Area A and Survey Area B. The Background Reference Areas (BG-2 and BG-2) were
selected to represent the Site’s natural conditions 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-2 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-2 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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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 potential to yield distorted estimates of population
parameters of interest (e.g., means, upper confidence limits, 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).

In the background reference areas, soil samples were collected randomly. Potential outliers in
the BG-1 and BG-2 datasets were examined using box plots, probability plots and statistical
testing. Descriptive statistics were then calculated with and without the potential outlier values,
as applicable. Finally, the potential outlier values were evaluated to determine if a 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 the Survey Areas at the Site, 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 in the Survey Area
sample statistics. Potential outliers in this context mean values that are well-separated from the
majority of the data set coming from the far/extreme tails of the data distribution (USEPA,

2016a). Descriptive statistics for the Survey Areas and some comparisons to background
reference areas are still presented for qualitative assessment. However, extreme outlier values in
the Survey Areas are not evaluated further nor removed from the dataset.
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3.1.1 Box Plots

Box plots depict descriptive statistics from a group of data (Figure 1A). The interquartile 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. Statistical outliers 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 Background
Reference Area 2 (BG-2) Soil Sample Box Plots
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The soil sample box plots shown on Figure 1A depict differences in the data distributions for
analytical constituent concentrations between BG-1, BG-2 and Survey Areas A and B. One or
more analytical constituent datasets contain potential outlier values in both background
reference areas and in both Survey Areas.
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Potential outlier values are of greatest concern in the BG-1 and BG-2 datasets as these data are
used to determine the ILs. Background reference area data are presented alone in Figure 1B.

Figure 1B. Background Reference Areas 1(BG-1) and Background Reference Area 2 (BG-2) Soil

Sample Box Plots
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One value each for arsenic (As) and molybdenum (Mo) in BG-1 soil, and one value for

vanadium (V) in BG-2 soil, are identified as potential outliers (i.e., outside 1.5 times the
interquartile range) in the box plots in Figure 1B.
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3.1.1.2 Gamma Radiation Results Box Plots

Figure 2A. Survey Areas and Background Reference Area Gamma Radiation Box Plots
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The gamma radiation survey results box plots shown on Figure 2A depict differences in the data
distribution for gamma measurements between BG-1, BG-2 and Survey Areas A and B. The large
number of potential outlier values in the Survey Area A and Survey Area B box plots indicate high
skewness or possibly non-normally distributed data, instead of outlier values. Based on Site
geology, the gamma radiation potential outlier values observed for the Survey Area data on
Figure 2A represent localized areas of higher gamma radiation with respect to other parts of
each 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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Figure 2B. Background Reference Area Gamma Radiation Box Plots
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As shown in Figure 2B, there is one potential outlier in the BG-1 dataset, and four potential outliers
in the BG-2 dataset. These potential outlier values do not represent skewed data as do the
Survey Area results, and the gamma data are shown to be more normally distributed in BG-1
and BG-2 than in the Survey Areas. The potential outlier values are most likely representative of
natural variation of gamma in these areas. These observations are further evaluated with the use
of probability plots in Section 3.1.2 and statistical testing in Section 3.1.4.

3.1.2 Probability Plots

The normal probability plot is a graphical technique for assessing whether or not 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
lognormally distributed data, and "S"-shaped lines may indicate two distinct groups within the
dataset.
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3.1.2.1 Soil Sample Results Probability Plots
Figures 3 and 4 depict the probability plots for metals and Ra-226 results at BG-1 and BG-2.

Figure 3. Background Reference Area 1 (BG-1) Soil Sample Probability Plots
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One high value each for arsenic and molybdenum were identified as potential outliers (i.e.,
outside 1.5 times the interquartile range) in the BG-1 box plots in Figure 1B. When viewed in the
probability plots in Figure 3, the one arsenic value appears to be substantially higher than the
rest of the arsenic dataset, while the high value for molybdenum is the only detected value for
that metal in the BG-1 dataset. The single detect in the molybdenum dataset is anomalous, but
as the remaining non-detect values cannot be evaluated statistically it is not considered further
as a potential outlier. The potential outlier value in the arsenic dataset is tested further for
statistical significance as a potential outlier in Section 3.1.3.
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Figure 4. Background Reference Area 2 (BG-2) Soil Sample Probability Plots
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One high value for vanadium was identified as a potential outlier (i.e., outside 1.5 times the
interquartile range) in the BG-1 box plots in Figure 1B. When viewed in the probability plots in
Figure 4, the highest vanadium value does appear elevated with respect to the remaining
values in the vanadium dataset. The probability plots for vanadium, arsenic, and molybdenum
are non-linear and the probability plots for Ra-226 and uranium deviate slightly from linearity,
indicating that concentrations of these analytical constituents are not normally distributed in BG-
2 soil. The probability plot for selenium in Figure 4 shows that all results are non-detect in soil
samples analyzed from BG-2. The potential outlier value in the vanadium dataset is tested further
for statistical significance as a potential outlier in Section 3.1.3.

3.1.2.2 Gamma Survey Results Probability Plots

Figure 5 depicts the probability plots for gamma radiation results at background reference areas
and the Survey Areas.
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Figure 5. Survey Area and Background Reference Area Gamma Probability Plots
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The BG-1 gamma probability plot in Figure 5 is approximately linear, indicating a normal
distribution. The two highest values in BG-1 appear to be higher than, and slightly out of line with,
the distribution of the rest of the dataset; however, only the highest value was identified as a
potential outlier in Figure 2B (i.e., outside 1.5 times the interquartile range). The BG-2 gamma
probability plot in Figure 5 is not linear, indicating a non-normal distribution. The four highest
values, identified as potential outliers in Figure 2B, are distinct from the rest of the dataset,
although only the highest value is significantly elevated. The single potential outlier in BG-1 and
the four potential outliers in BG-2 are further evaluated for statistical significance in Section 3.1.4.

The gamma probability plots in Figure 5 for Survey Areas A and B are non-linear and indicate
that elevated gamma values in these Survey Areas represent distinct sub-groups of gamma
radiation. Higher values in the datasets for Survey Area A and B are not likely potential outliers,
but rather are representative of the spatial variability of gamma radiation in these areas.
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3.1.3 Potential Soil Sample Data Ouitliers

Two results are identified as potential outlier values in the box plots in Figure 1B and probability
plots in Figures 3 and 4. These values are:

Background Reference Area 1 (BG-1)
e Arsenic: 2.40 mg/kg

Background Reference Area 2 (BG-2)
e Vanadium: 14.0 mg/kg

Dixon's Test (Dixon, 1953) is designed to be used for data sets containing only one or two
potential outlier values. Therefore, Dixon's Test was performed to the 95% confidence level on
each of the potential outlier values. The results of Dixon's Test are summarized in Table 1.

Table 1. Summary of Dixon's Test on Maximum Values

Area Constituent Location ID Method Hypothesis p_Value | Conclusion
Dixon test . . .

Background Reference As $055-BG1-002 | for potential High valge 2.4Q is >005 Hypothe5|s
Area 1 (BG-1) . a potential outlier rejected

outliers

Dixon test . . .

Background Reference v $055-BG2-010 | for potential High valqe 14.Q is >005 Hypothe5|s
Area 2 (BG-2) outliers a potential outlier rejected

As = Arsenic V = Vanadium

The test concludes that neither of the potential outliers tested are statistically significant (p value
< 0.05).

3.1.4 Potential Gamma Data Outliers

Potential outlier values are observed for both the BG-1 and BG-2 gamma dataset shown in the
boxplots in Figure 2B and the probability plots in Figure 5. Because the number of values in the
background reference area gamma datasets is >30, Dixon’s Test was not appropriate for testing
potential outlier values. Instead, because the values appear to be generally normally
distributed, it was appropriate to identify potential 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 interquartile range) results are also provided in Table 2.
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Table 2. Potential Gamma Outlier Interquartile Range, Z Score, t Score and Chi Squared Score
Results

Area value Interquartile Z Score Result t Score Result Chi Sq Score
(cpm) Range Result Result
Background Reference Area 1 11,218 High Potentlal Potentlal Potentlal
(BG-1) Outlier Outlier Outlier
. Potential Potential Potential
36,929 High Outlier Outlier Outlier
. Potential Potential Potential
Background Reference Area 2 35,563 High Outlier Outlier Outlier
(BG-2) ) Potential Potential Potential
34,762 High Outlier Outlier Outlier
. Potential Potential Potential
34,613 High Outlier Outlier Outlier

Cpm Counts per minute

One possible reason for the potential outliers in a gamma radiation data set may be the
presence of a localized source of radiation. The gamma results were reviewed spatially, and no
scientific reason was found to remove the higher background reference area values from the
dataset. However, descriptive statistics are calculated with and without these values for
comparison in Section 3.3.2.

3.2 COMPARE DATA POPULATIONS

Group comparison analyses provide insight into the relative concentrations of constituents
between background reference areas and 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 reference 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 reference area was selected to represent each Survey Area). 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 reference 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, predominant wind direction, distance from the Site, visual evidence
of impacts due to mining (or other anthropogenic sources) and soil depth 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 background
reference areas and Survey Areas. Relative data distributions were investigated by evaluating
the boxplots and probability plots in Figures 1A through 5, and by hypothesis testing with the non-
parametric Mann-Whitney test, as applicable.

MAVAID
D211 () stantec N NATION

R o



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.2 STATISTICAL EVALUATION

3.2.1 Evaluation of Box Plots
3.2.1.1 Soil Sample Box Plots

The box plot comparison in Figures 1A and 1B suggests that mean metals and Ra-226 values may
differ between the background reference areas and the Survey Areas. As shown in Figures 1A
and 1B, concentrations of all analytical constituents except for arsenic and selenium were
elevated at Survey Area A compared with BG-1 and at Survey Area B compared with BG-2.
Arsenic concentrations are similar at BG-1 compared with Survey Area A and at BG-2 compared
with Survey Are B, and selenium was detected at Survey Area B only. Additionally,
concentrations of all analytical constituents except for selenium are higher at BG-2 relative to
BG-1, and at Survey Area B relative to Survey Area A. When interpreting the soil sample boxplots
in Figures 1A and 1B, it is important to note that samples at background reference areas were
collected randomly, while samples in the Survey Areas were collected judgmentally from areas
of suspected contamination. Analytical constituent-specific observations from the boxplots in
Figures 1A and 1B indicate:

e Arsenic. Arsenic concentrations are similar between BG-1 and Survey Area A and between
BG-2 and Survey Area B, with the exception of one very high potential outlier at Survey Area
B. Arsenic concentrations are higher at both BG-2 and Survey Area B than at BG-1 and
Survey Area A.

e Molybdenum. Molybdenum concentrations are higher at Survey Area A than at BG-1, and
higher at Survey Area B than at BG-2. Additionally, molybdenum concentrations are higher
at BG-2 than at BG-1, and higher at Survey Area B than at Survey Area A.

e Ra-226. Mean Ra-226 concentrations are similar between BG-1 and Survey Area A, and BG-2
and Survey Area B, although the range of concentrations, and maximum concentration, are
much greater at the Survey Areas than at the background reference areas. The Ra-226
concentrations at BG-2 and Survey Area B are higher than the Ra-226 concentrations at BG-
1 and Survey Area A.

e Selenium. Selenium was detected twice, at Survey Area B. Selenium was not detected at
Survey Area A or the two background reference areas.

e Uranium. Mean uranium concentrations are similar between BG-1 and Survey Area A, and
BG-2 and Survey Area B, although the range of concentrations, and maximum
concentration, are greater at the Survey Areas than at the background reference areas.
The uranium concentrations at BG-2 and Survey Area B are higher than the Ra-226
concentrations at BG-1 and Survey Area A.

e Vanadium. The mean vanadium concentration is similar between BG-1, BG-2, and Survey
Area A, although the maximum concentration is higher at BG-2 than at BG-1, and
considerably higher at Survey Area A compared with BG-1 and BG-2. The mean and
maximum concentrations of vanadium at Survey Area B are higher than at Survey Area A
and the background reference areas.

MNANVAIO
D2.12 () stantec N il

R P



TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX D.2 STATISTICAL EVALUATION

3.2.1.2 Gamma Radiation Box Plots and Probability Plots

The boxplot comparison in Figures 2A and 2B suggests that the mean gamma counts are similar
between BG-1 and Survey Areas A and B, and less than the mean gamma count for BG-2. The
range in gamma count data as well as the maximum gamma count values are much greater at
the Survey Areas than in background reference areas. The gamma radiation data distribution at
BG-1 is approximately normal, while the gamma radiation distributions at BG-2 and the Survey
Areas are non-normal, and indicate possible sub-groups of higher values (Figure 5). The highest
values at the Survey Areas include many potential outliers. Observed differences between
datasets 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 background reference areas were collected randomly, while soil samples in the
Survey Areas were collected judgmentally (see Section 3.1). Mann-Whitney testing is not
appropriate for comparative analysis if one or both groups contain data collected using a
judgmental approach. Therefore, the Mann-Whitney test was not performed for soil sample data
between background reference areas and Survey Areas. Gamma radiation data, however, do
represent non-judgmental sampling, and so the Mann-Whitney test was appropriate for
comparison between background reference areas and Survey Areas (Table 3). Therefore, the
test was performed 2-sided on the background reference area and Survey Area gamma
radiation data. The two-sided test accounts for results from one group being lower or higher than
any other group (i.e., the hypothesis tested whether the two groups differ, 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 the Mann-Whitney testing are
presented in Table 3.
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Table 3. Summary of Gamma Survey Mann-Whitney Test Results

Comparison p_Value Description
Background Reference Area 1 (BG-1) vs Survey Area A <0.05 Slgnlﬂcant
Difference
Background Reference Area 1 (BG-1) Potential Outliers Excluded vs Background 0936 No Significant
Reference Area 1 (BG-1) ' Difference
. . Significant
Background Reference Area 1 (BG-1) Potential Outliers Excluded vs Survey Area A <0.05 b
Difference
Background Reference Area 2 (BG-2) vs Survey Area B <0.05 S|gn|f|cant
Difference
Background Reference Area 2 (BG-2) Potential Outliers Excluded vs Background No Significant
0.787 .
Reference Area 2 (BG-2) Difference
. . Significant
Background Reference Area 2 (BG-2) Potential Outliers Excluded vs Survey Area B <0.05 ;
Difference
Background Reference Area 1 (BG-1) vs Background Reference Area 2 (BG-2) <0.05 S|gn|f|cant
Difference
Significant
Survey Area A vs Survey Area B <0.05 Difference

The results of the Mann-Whitney testing on gamma radiation survey results in Table 3 indicate the
following:

e Gamma results are statistically elevated in Survey Area A with respect to BG-1, and
statistically elevated at BG-2 with respect to Survey Area B. The observation is valid both with
and without the inclusion of the potential outliers in the BG-1 and BG-2 datasets.

e Additionally, gamma results are statistically elevated at BG-2 relative to BG-1, and at Survey
Area B relative to Survey Area A.

o The observation that gamma results at Survey Area A are statistically elevated relative to
gamma results at BG-1 is likely attributable to the fact that background reference areas may
not fully represent the degree of natural mineralization present at the Survey Areas (see RSE
Report Section 3.2.2.2). This latter point does not prohibit use of the gamma ILs calculated
from these background reference areas, but this observation should be considered, as Site
conditions are further evaluated for remediation.

e The fact that the mean gamma result at BG-2 is statistically elevated relative to the mean
gamma result at Survey Area B, while the maximum gamma result at Survey Area B is more
than double the maximum result at BG-2, is a result of the non-normal distribution of the
gamma data at Survey Area B, including a sub-group of higher values.

e The inclusion or removal of potential outlier values has no effect on the results of the Mann-
Whitney test between background reference areas and Survey Areas.
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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, BG-2, and Survey Area A, and therefore summary statistics for selenium were not calculated 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 results appear similar between background reference
areas and Survey Areas except for one extreme value at Survey Area B, while other analytical
constituents are detected at higher concentrations in Survey Areas than in their respective
background reference areas. Selenium was only detected twice, in Survey Area B. 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 Site was
selected as a mine claim because it is in an area of mineralized! bedrock likely to have
localized, naturally elevated uranium concentrations (see RSE Report Section 3.2.2.2).

1. “Mineralized areas” are qualitatively identified as areas with gamma radiation that is elevated compared to

surrounding areas due to the presence of higher concentrations of naturally occurring uranium.
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It should be noted that concentrations of several of the metals measured in the Survey Areas are
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)

e Vanadium (mean = 70 mg/kg; range 7 - 500 mg/kQ)

As shown in Table 4, maximum detected concentrations of all metals at Survey Area A, and
molybdenum, 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 arsenic and uranium at Survey Area B; elevated concentrations of these constituents in the
Survey Area are likely related to Site activities (see RSE Report Section 4.6).
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Table 4. Summary of Soil Sampling Results

Area Statistic Arsenic (mg/kg) Molybdenum (mg/kQ) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg) Radium-226 (pCi/g)
Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- 91% 100% -- -- --
Minimum? 0.820 -- -- 0.500 3.40 0.570
Minimum Detect? -- 0.220 -- -- -- --
Mean? 1.46 -- -- 0.867 5.38 0.979
Mean Detects? -- 0.220 -- -- -- --
Median? 1.40 -- -- 0.840 5.70 1.00
Ba‘:kgr‘zgg‘s_’geﬁrgg‘;j Areal Maximum? 2.40 - - 1.30 6.70 1.45
Maximum Detect? -- 0.220 -- -- -- --
Distribution Normal Not Calculated Not Calculated Normal Normal Normal
Coefficient of Variation?® 0.296 -- -- 0.287 0.171 0.281
UCL Type 95% Student's-t UCL Not Calculated Not Calculated 95% Student's-t UCL 95% Student's-t UCL 95% Student's-t UCL
UCL Result 1.69 Not Calculated Not Calculated 1.00 5.89 1.13
UTL Type UTL Normal Not Calculated Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 2.67 Not Calculated Not Calculated 1.57 7.98 1.75
Total Number of Observations 10 10 10 10 10 10
Percent Non-Detects -- -- 100% -- -- --
Minimum? 3.70 0.240 -- 4.00 4.00 4.56
Minimum Detect? -- -- -- -- -- --
Meant 6.62 0.469 -- 5.42 7.98 5.56
Mean Detects? -- -- -- -- -- --
Median? 5.60 0.475 -- 5.55 7.00 5.55
Background Reference Area 2 Maximumt 12.0 0.660 — 6.60 14.0 6.83
(BG-2) All Data -
Maximum Detect? -- -- -- -- -- --
Distribution Normal Normal Not Calculated Normal Normal Normal
Coefficient of Variation?! 0.397 0.370 -- 0.136 0.353 0.148
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 8.14 0.570 Not Calculated 5.85 9.61 6.04
UTL Type UTL Normal UTL Normal Not Calculated UTL Normal UTL Normal UTL Normal
UTL Result 14.3 0.974 Not Calculated 7.57 16.2 7.96
Total Number of Observations 11 11 11 11 11 11
Percent Non-Detects -- 27% 100% -- -- --
Minimum? 0.620 -- -- 0.310 3.80 0.590
Minimum Detect? -- 0.230 -- -- -- --
Meant 2.69 -- -- 1.70 11.8 1.96
Mean Detects? -- 0.768 -- -- -- --
Mediant 2.10 -- -- 1.10 9.60 1.38
Median Detects? -- 0.590 -- -- -- --
Survey Area A Maximum? 7.50 - -- 4.50 35.0 6.06
Maximum Detect? -- 2.10 -- -- -- --
Distribution Gamma Normal Not Calculated Gamma Lognhormal Gamma
Coefficient of Variation! 0.729 - -- 0.911 0.804 0.881
CV Detects? -- 0.852 -- -- -- --
UCL Type 95% Adjusted Gamma UCL 95% KM (t) UCL Not Calculated 95% Adjusted Gamma UCL 95% H-UCL 95% Adjusted Gamma UCL
UCL Result 4.30 0.950 Not Calculated 3.19 19.2 3.41
UTL Type UTL Gamma WH UTL KM Normal Not Calculated UTL Gamma WH UTL Lognormal UTL Gamma WH
UTL Result 10.5 2.25 Not Calculated 8.79 59.2 8.89
27 NAMAJD
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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 10 10 10 10 10 10
Percent Non-Detects - 10% 80% - - -
Minimum? 1.60 - - 0.840 4.30 0.800
Minimum Detect? - 0.360 1.10 - - -
Mean? 18.8 - - 11.2 34.1 14.6
Mean Detects? -- 1.60 1.20 -- -- --
Median? 4.00 - - 5.00 18.0 6.58
Median Detects? -- 1.10 1.20 -- -- --
Survey Area B Maximum? 140 - -- 37.0 190 59.1
Maximum Detect? -- 5.50 1.30 -- -- --
Distribution Unknown Gamma Normal Gamma Unknown Gamma
Coefficient of Variation! 2.28 -- -- 1.15 1.63 1.27
CV Detects? - 0.960 0.118 - - -
UCL Type 95% Chebyshev (Mean, Sd) UCL 95% KM Adjusted Gamma UCL 95% KM (t) UCL 95% Adjusted Gamma UCL | 95% Chebyshev (Mean, Sd) UCL 95% Adjusted Gamma UCL
UCL Result 7.7 3.37 1.08 27.6 111 38.6
UTL Type UTL Non-Parametric UTL KM Gamma WH UTL KM Normal UTL Gamma WH UTL Non-Parametric UTL Gamma WH
UTL Result 140 7.44 1.33 81.7 190 114

CcVv
KM
mg/kg

pCi/g
WH

Note

D2.18

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.

Coefficient of variation
Kaplan Meier
Milligrams per kilogram
Not applicable
Picocuries per gram
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 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 232
Minimum 6,744
Mean 8,822
Median 8,837
Maximum 11,218
Background Re;\?lrggtt:ae Area 1l (BG-1) Distribution Normal
Coefficient of Variation 0.090
UCL Type 95% Student's-t UCL
UCL Result 8,908
UTL Type UTL Normal
UTL Result 10,273
Total Number of Observations 231
Minimum 6,744
Mean 8,811
Median 8,834
Back d Ref A 1 (BG-1 Maximum 11,065
e et oo
Coefficient of Variation 0.089
UCL Type 95% Student's-t UCL
UCL Result 8,896
UTL Type UTL Normal
UTL Result 10,237
Total Number of Observations 325
Minimum 12,454
Mean 20,105
Median 18,526
Maximum 36,929
Background Re;\?lrggtt:ae Area 2 (BG-2) Distribution Normal
Coefficient of Variation 0.271
UCL Type 95% Student's-t UCL
UCL Result 20,603
UTL Type UTL Normal
UTL Result 29,861

D2.19
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Area Statistic Gamma (cpm)
Total Number of Observations 321
Minimum 12,454
Mean 19,914
Median 18,478
Back d Ref A » (BG-2 Maximum 34,247
RS
Coefficient of Variation 0.261
UCL Type 95% Student's-t UCL
UCL Result 20,392
UTL Type UTL Normal
UTL Result 29,232
Total Number of Observations 30,294
Minimum 5,677
Mean 9,950
Median 9,735
Maximum 68,902
Survey Area A Distribution Normal
Coefficient of Variation 0.154
UCL Type 95% Student's-t UCL
UCL Result 9,964
UTL Type UTL Normal
UTL Result 12,497
Total Number of Observations 21,710
Minimum 5,429
Mean 11,935
Median 10,506
Maximum 89,945
Survey Area B Distribution Normal
Coefficient of Variation 0.441
UCL Type 95% Student's-t UCL
UCL Result 11,994
UTL Type UTL Normal
UTL Result 20,691

CPM

As noted for some metals and Ra-226 in Section 3.3.1, gamma results measured within BG-2 and

Counts per minute

Survey Areas A and B appeared to be elevated relative to gamma results measured in BG-1,
however, Survey Area A contains a sub-group of higher gamma values that exceeds those at
the background reference areas. This is likely because background reference areas were
selected to represent the geology present in the region around the Site, whereas the Site was

selected as a mine claim because it is in an area of mineralized bedrock likely to have localized

naturally elevated uranium concentrations. 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.

D2.20
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4.0 INVESTIGATION LEVELS

The calculated 95-95 UTL values described in Section 3.3 are used as the ILs for soil sampling
results and gamma measurement 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 in Survey Areas A and B are based on Background Reference Areas BG-1 and
BG-2, respectively.

4.1 SURVEY AREA A INVESTIGATION LEVELS
« Arsenic (mg/kg): 2.67

«  Molybdenum (mg/kg): None

« Selenium (mg/kg): None (Al results non-detect)

« Uranium (mg/kg): 1.57

« Vanadium (mg/kg): 7.98

« Ra-226 (pCi/g): 1.75

e Gamma radiation measurements (cpm): 10,273

4.2 SURVEY AREA B INVESTIGATION LEVELS

Arsenic (mg/kg): 14.3

e Molybdenum (mg/kg): 0.974

e Selenium (mg/kg): None (All results non-detect)
e Uranium (mg/kg): 7.57

e Vanadium (mg/kg): 16.2

e Ra-226 (pCi/g): 7.96

e Gamma radiation measurements (cpm): 29,861
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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 Navajo Nation AUM Environmental Response
Trust—First Phase was established to evaluate certain abandoned uranium mines located across the
Navajo Nation. The project requires investigation of these sites prior to potential remediation activities in
the future. MWH Global, now part of Stantec Consulting Services, Inc. (Stantec), will conduct exploratory
activities at the Tsosie 1 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, Stantec contracted Adkins Consulting, Inc. (ACI) to conduct surveys for ESA-
listed species and Navajo Nation Endangered Species List (NESL) endangered, threatened, candidate, or
otherwise designated sensitive species.

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.

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

Tsosie 1 is located in Apache County Arizona, approximately 60 miles west of Farmington, New Mexico at
an elevation ranging between approximately 5,770 to 5,930 feet. Global Positioning System coordinates
are 36.877714°/ -109.281866° (NAD83 datum). 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 18, Township 40 North, Range 29 East, Gila and Salt River Principle Meridian.

Project area maps are provided in Appendix A.



2.2. Estimated Disturbance

Stantec proposes a phased approach to scientific investigations at the Tsosie 1 AUM. The study area
encompasses the claim boundary and a 100-foot perimeter buffer zone for a total of approximately 17.8
acres. Please refer to Appendix A for maps delineating the mine claim boundary and buffer zone.

» Phase I: Initial activity would entail pedestrian biological surveys and land surveying. Subsequent
work would entail pedestrian gamma surveys, mapping, well sampling, and surface soil sampling.
A maximum of 5 people would be onsite for no more than 5 to 7 days. Surface disturbance would
be minimal and noise would be light.

» Phase II: Up to 8 people may be onsite all day for a period of one week. Equipment including an
excavator or small mobile drilling unit may be used to collect one or more soil samples.
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 I, 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 Tsosie 1 includes the mine boundary with a 100-foot buffer zone
surrounding the perimeter of the boundary. 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.

Tsosie 1 is situated approximately one mile from the northwestern-most cliff face of Chezhindeza Mesa.
The roughly rectangular PPA is nestled in the mouth of a small tributary canyon which joins the larger
Tsitah wash to the northwest. The site includes ledged, sandstone cliffs with talus, roughly 50 to 100 feet
in height, along the eastern side and lies adjacent to the cliffs on the south and west sides.

Soils

This area of Apache County is mainly escarpments separated by terraces and riverwashes, with slopes
that range from 5 to 65 percent. According to the US Department of Agriculture’s Natural Resources
Conservation Service (NRCS) Web Soil Survey, the general soil mapping units underlying the PPA
include the Arches-Kitsili-Mido complex, 1 to 25 percent slopes (mainly in the canyon bottom); and up the
canyon walls, Rock outcrop-Rizno complex, 2 to 20 percent slopes and Kinusta-Eslendo-Rock outcrop
complex, 15 to 70 percent slopes. The Arches-Kitsili-Mido complex is a loamy fine sand which is highly
permeable and has a low available water storage (NRCS 2006).



Land Use

The land type on the Tsosie 1 site is rangeland and the principal land use is wildlife habitat. The area is
near Indian Service Road 5049 and accessible by several maintained and unmaintained dirt roads.

Flora/Fauna

Vegetation communities found within the region 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 Tsosie 1 site is sparsely vegetated sagebrush / shrubland vegetation with scattered
pifion-juniper trees. Vegetative cover was estimated to be approximately 20 percent.

Wildlife or evidence of wildlife observed within the PPA included common raven (Corvus corax), cottontail
rabbit (Sylvilagus sp.), coyote (Canis latrans), and turkey vulture (Cathartes aura). A Scott’s Oriole
(Icterus parisorum) pair was observed near the southwest corner of the project area.

The sandstone cliffs surrounding the site may provide potential nesting habitat for several raptor species.
Additionally, cliff crevices and ledges may provide habitat for several bat species; however, there are no
permanent water sources nearby which could be a limiting factor for bat species. 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 northwest for 0.75 mile through an unnamed
wash to Tsitah Wash. Tsitah Wash joins the San Juan River approximately 5 miles southeast of Aneth,
Utah. The San Juan River, located approximately 20 miles northeast of the project area, is the nearest
perennial water source. Several low areas within the open area of the canyon show signs of
accumulating seasonal water, however, other wetland indicators were not present. 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 20 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 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-0364) on April 8, 2016. See Table 1 for USFWS-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/Stantec 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.

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 May 2017 by ACI personnel permitted by NNDFW. The
purpose of the survey was to assess habitat potential for ESA-listed or NESL species. Field biologists
with considerable experience identifying local plant and 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. Portions of the PPA not accessible by foot
and surrounding areas (cliffs within 0.37 mile of the PPA) were visually inspected with binoculars and a
high-powered scope for dens, nests, raptors, or past signs of raptor use. Weather conditions were mostly
sunny with light winds and the temperature was approximately 60 to 64 degrees F.

Included in the site visit were surveys specifically targeting golden eagle (Aquila chrysaetos) following
Navajo Natural Heritage Program (NNHP) guidelines. All plant and wildlife species observed in the action
area were recorded, and digital photos were taken (Appendix B). Survey details can be found on the
summary sheet attached as Appendix D.

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: USFWS1PaC Official SpeciesList for the Tsosie 1 Project

. Occurrence . Potential to Occur
S reles S Within Region gl within Action Area
BIRDS

. Threatened Mixed conifer forests. : .
Mexican spotted with _ Typically where unlogged, No potential. Act|(_)n
owl . Y ear-round area does not provide
(Strix occidentalis Designated range. uneven-aged, closed-canopy | g iiahie habitat for

. Critical ' forests occur in steep .

lucida) Habitat canyons.1 species to occur.



http://ecos.fws.gov/ipac/

Table 1: USFWS1PaC Official SpeciesList for the Tsosie 1 Project

Occurrence

Potential to Occur

SEEElES SR Within Region gl within Action Area
In the southwestern U.S.,
Western Y ellow- Possible rare associated with riparian No potential. Action
Billed Cuckoo Threatened summer/breeding woodlands domi r_1ated by area does not provide
(Coccyzus OCCUITences.2 cottonwood or willow trees. suitable habitat for
americanus) In New Mexico, native or species to occur.
exotic species may be used.?
FISHES
San Juan and .
Mancos Rivers No potential. No
) perennial watersin
Rarely
. . or near the PPA.
encountered in Rocky runs, rapids, and pools Action area is within
Roundtail chub Proposed recent surveys, of creeks and small to large the San Juan River
(Gila robusta) Thrgaten od some found from | rivers; also large reservoirsin watershed: however
Shiprock to near the upper Colorado River S '
; 5 negligible effects
Lake Powell with | system. .
from the project to
most between any drainage system
Shiprock and Y agd 4
Aneth, 23 are expected.
Native to
headwater streams
of the Little Low-velocity pools and pool-
Zuni Bluehead Colorado River in | runswith seasonally dense No potential. Action
Sucker east-central AZ perilithic and periphytic area? does no.t rovide
(Catostomus Endangered and west-central algae, particularly shady, suitable habi t:Et for
discobolus NM; current cobble/boul der/bedrock i ES 10 OCCUr
yarrowi) rangein NM is substrates in streams with » '
limited to the frequent runs and pools.?
upper Rio Nutria
drainage.?
MAMMALS
Open habitat, including Zr‘e’;)ggg% Adtior,
grasslands, steppe, and shrub . Lp
) suitable habitat for
Black-footed ferret steppe. Closely associated ecies to occur
h Endangered with prairie dog colonies. At P& :
(Mustela nigripes) S Action area does not
least 40 hectares of prairie dog ; -
. provide prairie dog
colony required to support one . o
ferret? colonies 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
%Zr):g;?:jpus) g(%?ﬁdent a Navajo County; Birthing dens may be on species. No dens
In NW NM, south | bluffsor slopesamong rocks | suitable for this
of 1-40in Cibola, | orinenlarged badger holes. species were found
McKinley and In Arizonaand New Mexico, | inthe action area.
Catron County.? diet includes primarily elk

and sometimes livestock,
deer, rodents, or lagomorphs.?




Table 1: USFWS1PaC Official SpeciesList for the Tsosie 1 Project

Occurrence

Potential to Occur

forests; and (3) streamside
gallery forests (as defined by
well-devel oped broadleaf
deciduous riparian forests
with limited, if any,
herbaceous ground cover or
dense grass). Occurs at elev.
from 130 to 8,497 (ft)

S reles S Within Region gl within Action Area
REPTILES

Considered ariparian obligate

except during dispersal.

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 (basic, or akaline) soils), No potential. Action
gartersnake Threstened SE NM including | stock tanks (small earthen area does not provide
(Thamnophis eques Catron, Grant and | impoundment), etc.]; (2) large | suitable habitat for
megal ops) Hildago County 2 | river riparian woodlandsand | speciesto occur.

IUSFWS; 2NatureServe Explorer; 3Navajo Endangered Species List, Species Accounts 2008

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 there is no potential habitat in the PPA, and ACI believes the proposed

project would have 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 NFWD found in Appendix
C, Golden eagle (Aquila chrysaetos) is known to occur within one mile of the project site vicinity.
Biologists evaluated the potential for the 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 SpeciesList (NESL) and Species of Concern

: . o Potential to Occur in
Species Status Habitat Associations Project or Action Area
ANIMALS
Northern Leopard Springs, slow streams, marshes, bogs, No potential. Action area
NESL G2 . ; . .
Frog ponds, canals, flood plains, reservoirs, does not provide suitable




Potential to Occur in

Species Status Habitat Associations Project or Action Area
(Lithobates pipiens) and lakes; usually permanent water with | habitat for speciesto occur.
rooted aquatic vegetation. In summer,
commonly inhabits wet meadows and
fields. Takes cover underwater, in damp
niches, or in caves when inactive. Over
winters usually underwater. Eggs are
laid and larvae develop in shallow, still,
permanent water (typically), generally in
areas well exposed to sunlight.234
No potential. No perennial
Warm-water rivers and tributaries of the VAvile(;ﬁ ':rg; Ir;e\?vrl ttr:?w TE?San
Colorado pikeminnow NESL G2 | Colorado River basin.®4 Known to occur Juan River watershed:
(Ptychocheiluslucius) | USFWS-E | in San Juan River from Shiprock to Lake h I 'blee;‘fects
Powel 34 ! owever, negligi
rom the project to any
drainage system are expected.
E?;égtv(\:/r?r ern Willow NESL G2 . o . No potential. Action area
) - Breeds in dense riparian habitat. 34 does not provide suitable
(Empidonax traillii USFWS-E habi )
\ itat for speciesto occur.
extimus)
Typicaly 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 isascrapein dirt often next
to agrass clump or old cow manure pile.
Migration habitat is similar to breeding
habitat.>*
Action area provides
G In the west, mostly open habitatsin potenual foraging h_ab|tat for
olden eagle ; : speciesto occur. Cliffs
. NESL G3 | mountainous, canyon terrain. Nests . .
(Aquila chrysaetos) primarily on dliffs.3 approximately one mile
' southeast of the PPA provide
potential nesting habitat.
Nests on steep cliffs >30 mtall
(typically >45 m) in a scrape on
sheltered ledges or potholes. Foraging Action area provides
habitat quality is an important factor; marginal foraging habitat for
American peregrine NESL G4 often, but not always, extensive wetland | speciesto occur. Cliffs
falcon NM-T and/or forest habitat is within the approximately one mile
(Falco peregrinus) falcon's hunting range of <=12 km. Nest | southeast of the PPA may
in ledges or potholes on cliffsin provide potential nesting
wooded/forested habitats; Forage over habitat.
riparian woodlands, coniferous &
deciduous forests, shrublands, prairies. ®
s v Oren gestane s omanabe | Nopotena. Ao en
NESL G4 : does not provide suitable

(Athene cunicularia
hypugaea)

in abandoned burrows, such as those dug
by prairie dogs. >3

habitat for speciesto occur.
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. . o Potential to Occur in
Species Status Habitat Associations Project or Action Area
PLANTS
Alkaline springs, seeps, and seasonally No potential. Action area
Parish’sakali grass NESL G4 | wet areasthat occur at the heads of does not provide suitable
(Puccinellia parishii) NM-E drainages or on gentle slopes. alkaline soils for speciesto
Elevation: 2600-7200 feet.23 occur.

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, °NatureServe Explorer; *Navajo Endangered Species
List, Species Accounts 2008, 4 IUCN Red List

4.3.2. NESL Species Eliminated From Further Consideration

Table 2.a includes ten (8) NESL and Navajo Species of Concern that have the potential to occur in the
project area based on general geographical association with actual records or habitat suitability. The
following species have been eliminated from further discussion in this report because biologists
determined the action area does not provide suitable habitat for them to occur: Northern Leopard Frog
(Lithobates pipiens), Colorado pikeminnow (Ptychocheilus lucius), Southwestern Willow Flycatcher
(Empidonax traillii extimus), Mountain plover (Charadrius montanus), Western burrowing owl (Athene
cunicularia hypugaea), and Parish’s alkali grass (Puccinellia parishii). 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.

Habitat potential was assessed for the American peregrine falcon (Falco peregrinus) within the action
area. ACI biologists determined the sandstone cliffs approximately one mile southeast could provide
nesting habitat; however, based on the distance from the project boundary, this species would not be
affected by the proposed project activities.

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.

Table 2.b: NESL and Navajo Species of Concern Warranting Further Analysis

: . o Potential to Occur in
Species Status Habitat Associations Project or Action Area
ANIMALS
Action area provides
o otential foraging habitat for
In the west, mostly open habitatsin poter
Gol dgn eagle NESL G3 | mountainous, canyon terrain. Nests species to oceur. _Sandstone
(Aquila chrysaetos) S el 3 cliffsin the vicinity may
primarily on cliffs. X . .
provide potential nesting
habitat.

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, >NatureServe Explorer; *Navajo Endangered Species
List, Species Accounts 2008, 4 [UCN Red List
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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;
antelope bitterbrush, mountain mahogany,
Utah serviceberry and big sagebrush often
present. Broad, flat or gently sloped
canyons, in areas with rock outcroppings,
or near ridge-tops.

Suitable habitat is present within
the action area for species to occur.

Loggerhead shrike (Lanius
ludovicianus)

Open country interspersed with improved
pastures, grassands, and hayfields. Nests
in 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 woodlands in the winter. Nestsin trees
or on ground.

No suitable habitat is present within
the action area for species to occur.

Sage sparrow (Amphispiza
belli)

Large and contiguous areas of tall and
dense sagebrush. Negatively associated
with seral mosaics and patchy shrublands
and abundance of greasewood.

No suitable habitat is present within
the action area for species to occur.
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Sage thrasher (Oreoscoptes
montanus)

Shrub-steppe dominated by big sagebrush.

No suitable habitat is present within
the action area for species to occur.

Scaled quail (Callipepla
sguamata)

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 poles and
inisolated treesin rangeland. Nest
densities higher in agricultural aress.

No suitable habitat is present within
the action area for species to occur.

Vesper sparrow (Pooecetes
gramineus)

Dry montane meadows, grasslands,
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 a limiting 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;
breeding range in Arizona and in scattered
locationsin 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
cyanocephal us)

Foothills throughout CO and NM
wherever large blocks of pifion-juniper
woodland habitat occurs.

No suitable habitat present within
the action area for species to occur.

Prairie falcon
(Falco mexicanus)

Arid, open country, grasslands or desert
scrub, rangeland; nests on cliff ledges,
trees, power structures.

Action area provides potential
foraging and nesting habitat for
speciesto occur.

Ferruginous hawk
(Buteo regalis)

Breed in open country, usually prairies,
plains and badlands; semi- desert grass-
shrub, sagebrush-grass & pifion-juniper
plant associations.

Action area provides potential
foraging and nesting habitat for
speciesto occur.

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 includes the claim boundary and a 100-foot perimeter buffer zone for a total of approximately
17.8 acres. The proposed action would result in a short term increase in human activity within the PPA at
varying degrees depending on the project phase:
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» Phase I: Initial activity would entail pedestrian biological surveys and land surveying. Subsequent
work would entail pedestrian gamma surveys, mapping, well sampling, and surface soil sampling.
A maximum of 5 people would be onsite for no more than 5 to 7 days. Surface disturbance would
be minimal and noise would be light.

» Phase IlI: Up to 8 people may be onsite all day for a period of one week. Equipment including an
excavator or small mobile drilling unit may be used to collect one or more soil samples.
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 I, 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

Habitat potential was assessed for the golden eagle within the action area, and ACI biologists determined
the sandstone cliffs surrounding the PPA provide potential nesting habitat for this species. ACI conducted
surveys on May 8™, 2017 to closely examine the cliff faces within 0.37 mile of the PPA for any signs of
raptor use. ACI biologists did not see any sign of active use by this species such as stick nests, fresh
whitewash, or greenery within cavities, ledges or nests.

Phase I:

Noise and surface disturbance will be low and short term during pedestrian survey activity. Adult raptors
would not be directly impacted by Phase | because of their mobility and ability to avoid areas of human
activity. The PPA is not currently occupied as a nest territory; Phase | activities that may occur within the
breeding season are unlikely to impact nesting behavior. Direct and indirect effects from Phase | are
expected to be short term and negligible.

Phase 1l

During Phase Il, noise may be moderate for a short duration, and surface disturbance will be light to
moderate within a minimal footprint at the study area. No permanent structures will be left on site. As of
April 2017, the nesting habitat within 0.37 mile of the PPA boundary was not actively being used by
golden eagle. Phase Il activities that may occur within the breeding season are unlikely to impact
potential nesting activity in the cliffs approximately 1 mile to the southeast due to the distance from the
PPA, the short term nature of the disturbance, and the relatively moderate noise level that may occur.

5.1.2.  Migratory Birds

The PPA encompasses approximately 17.8 acres of potential migratory bird habitat in the form of Great
Basin Desert scrub and sandstone cliffs.

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 negligible.

Phase lI:

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 I, noise may be moderate but for a short duration, and
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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. No active nests within the PPA are expected to be directly
impacted during Phase Il if activities occur outside of the typical migratory bird breeding season. 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. Direct impacts are more likely if
surface disturbing activities occur during the breeding season (April 1 through August 15).

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

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 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.  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
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 17.8 acres of potential migratory bird habitat in the form of Great Basin Desert scrub and
sandstone cliffs. During Phase |, 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 I, 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
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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 20 miles of the PPA.

Navajo Endangered Species List (NESL) and Species of Concern

One (1) NESL and Navajo species of concern has potential to occur within the PPA based on habitat
suitability or actual record of observation. Based on site surveys, ACI determined the PPA contains
potential foraging and nesting habitat for golden eagle.

Potential effects to this species are discussed in detail in Section 5 above. Phase Il activities that may
occur within the breeding season are unlikely to impact potential nesting activity in the nearby cliffs due to
the distance from the PPA, the short term nature of the disturbance, and the relatively moderate noise
level that may occur. With the implementation of recommendations discussed in Section 7 below, it is
unlikely that the proposed action would result in detriment to the golden eagle.

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.

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
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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.

15 May 2017

Lori Gregory Date
Wildlife Biologist

Adkins Consulting

505.787.4088
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APPENDIX B. PHOTOGRAPHS

Looking southwest from western side of site



View to the southeast from the western side of site. Photo shows Chezhindeza Mesa which is
approximately one mile from the site boundary.



APPENDIX C. 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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Bard Treaty Act (MBTA), and Eagle Protection Act (EFA) No legal protection is. afforded species with only
ESA canddate, NESL group 4 slatus. and species ifted on B Senstve Speces UsL Please be aware of
these spedies dunng sureeys and mform the NMDFW of obserations. Feporied chservations of these
specees and documenting them in project planning and management s imporant for conservaion and may
coninbute to erruning they wall not be up isted in the fulure

in any and all comespondence with NNDFW or NNHF conceming this project please cile the Data Request
Code assocaied with this document. 1t can be found in this repon on the op Aght comer of the every page
Additicnaly please cite this code in any biclogical svaluation documenis returmed 0 our office.

1. Known Species (nesi=nwvap Endangered Species List, FE=Federally Endangered,
FT=Federaly Thieatened, FC=Federal Candidate)

Species

AMPE = Amsoria peebless | Pesbles’ Biue-star  NESL G4

ACCH = Aquila chrysaetos | Golden Eagle NESL 53

CASP = Carex specusiols | Navap Sedge MNESL G3 FT

LIP1 = Litnobates pipkens / Horthen Leopard Frog  NESL G2

PEAMC] = Perognathus amplus cinens | Wupatki Pocket Mouse HESL 34
PUFA = Pyuccsngllia panehin | Parith's Allkali Grass NESL G4

AR or parts of ts progect currently e withen areas protected by the Goiden and Bald Eagie Nest Protection
Reguiatons consull with NNDFW 2ociogat or EA Revews o mone nformatosn and recommencaliong

2. Potential Species

Spedies

ALGD = Allgm gooddingn " Gooding’s Orvon: NESL G3

AMPE = Amsonis peeblesh | Peebies’ Blue-star NESL 4
AQCH = Aquits chrysaetos / Goiden Eagle MESL G

ASBE = Agwagsiut beathi | Beath Milk-vetch NESL G4

ASHA = Astragaius naturiensis ( Maturits Mik-vewch NESL G3
ASWE = Asclepins welshi [ 'Walsh's Milowead MNESL G3 FT
ATCU = Athene cunicularia | Bumowing Owl  NESL G4

BURE = Buteo reqgalis / Ferruginous Hawk NESL G3

CASP = Carex specuiccls / Navajo Sedge MESL G3 FT
CHMO = Charadrius mortanus | Mountain Plover NESL G4
CIME = Cintlus mexicanut | Amencan Dipper MNESL G3

CiRY = Cirsium rydbengi | Rydberg's Thistle MNESL G4

CYUT = Cystopters utahensis | Utah Bladderferm NESL G4
EMTREX = Empidonax trailli sxtimus [ Soutwwesiem Wilow Flycaicher NMESL G2 FE
ERAL = Engermon acomanus / Acoma Fleabare NESL G3
ERRH = Engwron rhomatus | FRinzome Flsabane’zun Fiesbane NESL G2 FT
ERRD = Erazunzia roturdats / Reund Dunebroom MESL G3
ERE! = Erigeron sivivshil | Srvinshi's Fleabane MNESL G4

FAPE = Fales peregrinus | Persgnine Falson NESL G4

GIRG = Gila robusta / Roundisl Chub  NESL G2

LEMA = Lesquerells navsoensis | Mavap Bladderped MESL 33
LIP = Lithobates pipiens | Morthem Leopard Frog NESL G2
MM = kiystela migrpes | Black-looted Ferret NESL G2 FE
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PEAMCI = Pgrognathus smplus cinerns | Wupatki Pocket Mouse MESL G2
PLIC = Platanthers sothesna / Aloowe Bog-orchid MESL G3

PRSP = Pamula specwcola [ Cave Primrose NESL G4

FTLU = Pichachadilus lusius / Colorads Fikeminnow MNESL G2

PUPA = Puccinellia parishii / Parish's Alkali Grass NES5L G4

SAFAER = Salvia pachyphylia ssp eremopictus [ Anzons Rose Sage NESL G4
STOCLL = Swrie oocidentalis lueds | Medesn Spomed Owd NESL G FT
WUMA = Viudpes maorotis | Kit Fon  NESL G4

ZINA = Digadenus vaginatus ! Aloove Death Camass NESL G3

15erreh 101

3. Quadrangles (7.5 Minute)

Quadrangles
Camaron SE (3511153 /AT

Dalon Pass (35 108-F3) / M

Doed Museris (38108-B4) F A2

Dos Lomas (35107-C7) 7/ WM

Gallup Eam (353108-E8) 7 NM

Garnet Ridge {38 1089-HT) /A7 UT
Horse Mesa (387100-F 1)/ AZ, NM

Imdian Wes (35110-D1) 7 AZ

Mlandoan Hat SE (3T 108-AT)/ UT, AZ
Ot (IT110-A3) 7 UT, AZ

Toh &tin Mesa East [M100-H3) / A7 UT
Toh Atin Mesa West (30100-14) / AZ. UT

MSOmmewcan spafied owd PACs, POTS=polential speces, RCPeSiological Areas)

4. F'roien’t Summary {ED1 MieEC 3 Miss=slements occuring within 1 & 3 miea.,

SITE EC1MI EO3MI GuUAD M5S0

POTS

Margn M Hng ASCH HOM Meda o
[(MEI05-F 1)1 AZ,
it

UPL FAPE,
EMTREX,
CHMO, BURE,
AT, ADCH,
vk, Bt
PLID, CHY,
Cans

Barion 3 Nong WO Toh ASn Mess horg
Wt (261080
AZUT

FTLU. GO,
EMTREX.
il BURE,
ATCU, AQCm,
VA, PI0,
CIRY, CASP

AIEd 3

Boydl The oL T NN AMPE, Comaror: TE L
WaseTm PEAARCI, LI EE-G PAT

CHares iam o e OB (TTII0-AT) ) | More
UT, AZ

Area 1 Ama
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EOGN fﬁ%. __MS0 FOTS AREAS
i [r RO =] STOCIU L, | Ama1, Anal |
Hat [MLH05-HY: ¢ PTLL. GO,
Az, Lt FAPE,
EMTREX,
CHMO, ASCH,
BLSA

ez, andior croumstances, pleace read and compdy]

4 Bioclagizal Resaurce Land Use Clearance Policies and Procedures (RCP) - The purpose of the RCF s
o asss: the Navajo Naton government and chapters ensure compliance with federal and Navajo laws
which protect wildife resources. including plants, and thes habiat resulting n an erpedited land use
crarance process. Ader years of essarch and study, the NNDFW has identfied and mapped wikilife
Thee following is a boef surmmany of six [9) wildlife areas:

1. Highly Sentitive Anes - ecOMMaentsd Ha Seveispmant with fw sucepbont.

2 Moderately Sensilive Area - mooerate resinchons on development to romd sensiive speceahabitats
2 Less Sengitive Area — fewe st restrichons on developnient.

4 Commurnify Developmend Area - aneas in and amound towns wath lew or no restnchions on
development.

5.Biciogical Presene = no developmant uniess compatbie with the purpose of this arsa.

B Recreation Area — no development unless compatble with the purpose of this area

None - outssde the boundanes of the Mavao Nabon

This i not intenced o be a full desonpSon of the RCP please refer o the our website for additional
inforrnation st e e andie arg/shup ntm

B. Raptors - I raptors are known o oocur within 1 mile of project iocation: Contact Chad Smith at
ETI-TOTD regarding your svaluation of potertial impacts and mitigabon.
o Golden and Bald Eagles- ¥ Golden or Baild Eagle are known 10 ocour within 1 mile of the project.
decision makers need t© ensure that they are not in violaton of the Golden and Baid Eagle Hes Protection
Reguiations found at hitp.nnhp nndéw.org'docs_repsigben.pof.
o Femmuginous Hawks — Refer io "Navajo Maton Depariment of Fish and Wikdife's Ferugmnous
Hawk Managsmant Cassslines for Negt Protection” kepinnhp rndba srgidocs_reps him for relevant
nigmation on avoiding impacts 10 Ferruginous Hawics within 1 mile of project kocation,
o Mexican Spotted Owd - Fiease refer 10 T Navago Mation hieccan Spomed Owl Managemdnt Plan
hitptinnhg nndi orgidocs._reps.ham for relevant information On proper progect planning nearwithin
spotted Owl protecied actnity centers and habetat.

C. Surveys - Biclogical Burveys nedd [0 b conducted during he APpropriate S8AE0N 12 ensune ey ane
compiste and JcCurate pleass refer o NN Species Actounts I sdnnhp nndfe. orpse_aooounLitm
Sunmeyors on the Havap Maton must be permitted by the Direclor, NMOFW. Contact Jef! Cole of (028)
87 1-7088 for permiting procedures. Juestions pertaning 1o surveys should be directed 1o the NNDFW
Zockogist {Chad Smith) for animals at §71-TDTD, and Botanist {Andrea Hazelion) for plants at
[BZE}A23-3227. Questions regarding buologcal evaluation should be directed o Jeff Cole at 571.7082.

0. OilGas Lease Sabes — Any sefthng of evaporalon pits thal ooukd hold contammnants shouid be ned and

covered. Covering pits. with & net or other matenal, will deter wateriowd and othver migratory bed use.
Lireng pits will protect ground water quality,
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E  Powsr line Projects - Thess progcn nesd o snsurs that thaey da not violwe the regulations sat forth in
o Matton Sapror Ele o Bequlatons fownd at

F. GuyWires = Does the propect design include guy wires for structural support? IT so, and if b Speces
may oceur in relatively high conoentrabons in the project snes, then guy wires should be squipped with
highly visual markers 10 redude the potential monality due 10 bird-guy wire colisions. Examples of visual
markers include aviston bals and bird fight diverters. Birds can be expected 10 oocur in relatively high
COnCentrations Along migralion routes (&g Mvers, ridges o other distinctive finear Wpographic Features)
or where important habitat for breeding, feeding. rosting, et ocours, The U5, Fish and Wildiifle Serdce
recommiends markmg guy wwes with at least one marker per 100 meters of wre.

G.  San Juan River — On 21 March 10838 (Federal Register. Val. 58, No. 54). the .S, Fish and Widife
Service designated portions of e San Juan River [SJR) as crtical hablat for Prychochsius lucius
(Colorado ploeminnow) and Xyracchen texanus. (Razorback sucker) Colorado pheminnow oritcal habizat
includes the SJR and its 100-year fioodpiain from the State Route 371 Bridpe in T2oN. R1IW, sec. 17
(hew Mesico Meridian | 10 Heskahai Camrpon in the San Jusn am of Lake Powel in T415, R11E. sec 24
(Sak Lake Mendian) up to the full ponl elevation. Rarorback sucher oribcal habdat meludes the SR and
its 100-year floodpiain from the Hogback Diversion in TZEM, R18W,_ sec. § (New Mexico Menidian) to the
full pool elevaton at the mouth of Neskaha Caryon on the San Juan arm of Lake Powellin T415 R1IE,
set. 20 (Salt Lake Mendan). Al actons camed out, funded or authonzed by a federal agency which may
aiter the SonEltuent slements of ortital Rabils: Ml UnRdBgo Section T conultation undes the Endangensd
Species Act of 1873, an amended. Consbituent slements are those physical and biological atinbutes
saantsl i 5 ppacies consaration and include, but sre nol mited 1, wates, phytieal habaat snd
bslogeal environmeent as requared for each parboular ife stage of a species.

H. Litide Colorado River- On 21 March 1004 (Federal Regisier, Vol 5§, Mo. 54 the U.5. Fish and Wildide
Servos deugnated Crtoal Habdat along porsons of the Colorado and Litte Colorado Rnsers (LR for
Gila cypha (humpback chubl Within or adjacent to the NMavayo Naton this onscal habitat nchudes $w LCR
and its 100-year Baodplain from rver mils B in T32M REE, sec 12 (Sak and Gila River Meridian) to its
confluence with the Colorsdo River i T32N RIE sec. 1 (SAGAM) and the Colorade Rivver and 100-year
floodplsin from Navtulsid Canyon [River Mils 34) T38N RSE sec. 35 [SLGRM) io its conflusnce with the
LCR. Al actons camied out, funded or authorzed Dy a federal agency which may aler the consiituent
elaments of Critecal Habitat must underpo section 7 consuftation under the Endangered Species Aot of
1873, as amended. Constitusnt slemants ane those physical and biclogical attributes assental o a
speches conservation and nciude, but are not mited %o, waler, physical habital. and beciogecal
erpronment a5 required for each parboular e siage of a speoes.
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Wetlands - in Afzona and MNew Meoco, potental impacts 10 wetiands should aiso be evaiuated. The
U5, Fsh & Widlde Service’s Natonal Wetdands innentory (MW} maps should be sxamined o detemine
whether areas classified as wetands are iocaied cose enough 1o the propect site{s) 10 be impacted. In
cases where the maps are inconclusive (2.9, dus o their small scale), feld surveys must be completed.
For field surveys, wetlands ientification and delinestion methodology contained in the “Cormps of
Engineers Wetands Debneation Manual® [Technical Beport v-£7-1) should be used. When wetiands are
presant. potenisl impacts must be addressed in an emironmentsl sasesemen and the Army Corps of
Enginesrs, Fhoenix offics, must be contacted NWI maps are svailable for examenaton at the Navap
Matural Heritage Program (NNHF) offics. ar may be purchased through the U 5. Geologeal Survey (order
forms are avaiable through The NNHF) The NHHF has complete coverage of the Navajo Nataon,
extduding LUtah, at 1:100,000 scabe; and coverage at 1:24,000 scale in the southwestam portion of the
Mavajo Mation. in Uah, the U.S. Fish & Wiidiife Service’s National Wetiands Inventory maps are not yet
avsilabie for the Ltah portion of the Mavas Nation, therefore, feld surveye should be completed o
getermine whether wetlands are located dose enough o the project siteis ) 1o be impactes. For field
surveys, wetlands identficabon and delneabon methodology contained in the "Corps of Engneers
Wetiands Delineaton Manual™ (Technical Report ¥-87-1) should be used. When wedands are present.
potertial mpacts must be sddressed in an emvironmental assessment and the Ammy Comps of Engineers,
Phoenic office, must be contacted. For more information contact the Navaio Emanonmental Protecton
Agercy's Water Cuslity Pragram.

Life Length of Data Request - The information n this. neport was identfied by the NNHF and NNDPVW's
Ebeclogrits ard computenzed database, and = based on dala available af the tme of thes resporse. If
provect planning akes mone than two (02] years from the date of this response, verification of the
miormation provided heresn & necessary. 11 should not be regarded as the fnal statement on the
oocourence of any speces. nor should it substitute for on-5ie surveys. Also, because the NNDFW
imformation is contnually updated, any given information response is only wholly appropriate for its
respectve nequest

Ground Water Pumping - Projects invahang the ground water pumping for mining operations,
agrcyultural projects of commersial wells (including municipal wedls) will have 1o provide an analysis on the
a¥acs 15 aurface waler ARa addretd potental irmpaces on all aquabe ahdiar watiands specesd Feted Badow.
MHESL Specrs potentially impacted by ground water pumping. Cares specuscola (Nawaps Sedge), Cirsam
rydbergil [ Rydberg's Thste), Prmula specuiccla {Cave Primrosa). Platanihera zotheona [Aloove Bog
Orohud |, Fuocinélla panshn (Fansh Alkal Grass), Jigadenus vaginatus (Aloowe Dealh Camas), Perityle
specucola (Aloove Rock Dassy). Symphyotnchum weishs [(Weish's Amencan-aster), CoocyTus
amencanus (relow-biled Cuckod). Empidonax trailbi ecimus (Southwettern ‘Wilkow Filycatcher). Rana
pipsens (Morthemn Leopard Frog). Gda cypha (Humpbadk Chub). Gda robusta [Roundial Chub).
Prychochedus lucius (Colorado Fikeminnow). Xyrsuchen mxanut (Razomack Sucker], Cinclus mexicanus
{Amercan Dippe), Speyeda nokoris (Western Seep Fritllary), Aechmophorus clackia (Clark's Grebe),
Caryla sicyon (Befted Kingfishes). Dendrosca patechia (Yeliow Wartier), Porzana carching (Sora),
Catostomus discobolus (Blushesd Sucker), Cottus bairdi (Momled Sculping, Owyloma kanabenss (Kanab
Ambersnail)
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6. Personnel Contacts

Wildiife Manager
Sam Diswood

928 871.7062
sdiswoodinndtw.org

Zoolngist
Chad Smith
g28.871.7070

samith@nodie.org

Botanist
Wacant
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7. Resources

National Erdronmental Policy Act

Mauno Endangered Speces Lisl
b innhg Angthe argendangered mtm

Species Accounts:
heipfinnhp. nndhe.omisn sooowt him

Basiogecal Imvisbgatasn Permul Apphcatson
hiip finning nrdhe orystucy pemn hoy

Navajo Mation Sensithe Species List
hittp finnbep. nndher orgystudy pesmmd him

Vanous Species Managemen! andior Document ang Repons
bt finnig nnchy prgydoss reps hem

Consultard List
{Comung Soomn)

m-q-n_:n-

Pl s i
Dexter D Prall S=aies =~
_riq.ﬁr-.l_hm
Cate B4 L3191 548D P00

Dexter D Pral, GI5 Supenisor - Nawwral Hertage Program
MNaiaps Nasien Deparement of Fith and Wiidils
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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
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»  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
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Toh Atin Mesz Ezst Quadranzle, Aripons-TTtzh
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APPENDIX D. NOTES FROM FIELD SURVEYS

Tﬁr Adkins Consulting Inc. DAILY REPORT

LA Crrdramrments | = srritsing Sepdces

O ' Field Surveys
180 East 12 Street Suite #5
Durango, CO 81301
Phone: 505-793-1140

PROJECT NAME: NN AUM ERT SITE: Tsosie 1
DATE: 5/8/17
WEATHER:

PERSONNEL ONSITE: _Arnold Clifford (Principal Biologist), Jason St. Pierre (Field Assistant)

CONTRACTORS ONSITE NOTES:

Background/Purpose: MWH/Stantec contracted ACI to conduct surveys for sensitive plant and animal in
the project area of effect (PAE).

Methods: ACI compiled data on species listed under the Endangered Species Act (ESA) and Navajo
Endangered Species List (NESL) with potential to occur in the PAE. Surveyors arrived at the project site at
9:00 AM and conducted a thorough survey of the PAE for the species referenced below based on
established protocol. Surveyors left the site at 10:30 AM.

Findings: Although there is a known Golden Eagle nest somewhere in the vicinity of the Tsosie 1 Site
(exact location and distance from site not known), no Golden Eagles, Peregrine Falcons, or raptors of
any kind, were observed during the site visit. Visible cliffs were scanned, and although some whitewash
was observed on cliffs, none appeared to be associated with a current raptor nest. Additionally, Cutler
milkweed (Asclepias cutleri) was not detected during the site visit.
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THE NAVAJO NATION

HISTORIC PRESERVATION DEPARTMENT
PO Box 4950, Window Rock, Arizona B&515
TEL: (928) 871-7198  FAX: (928) 871-788646

CULTURAL RESOURCE COMPLIANCE FORM

g_gauTE'cﬁi-TEﬁﬁ:"" - 5uuupnuu-HPD-16-1ozu

A DCRM | OTHER PROJECT NO.: DCRM 2016-20

PROJECT TITLE: A Cultural Resources Inventory of One Abandoned Uranium Mine for MWH Global, Inc. (Tsosie No.1) in
Sweetwater Chapter, Navajo Nation

LEAD AGENMNCY: USEPA

SPONSOR: Sadie Hoskie, Navajo Nation AUM, Environmental Response Trust, P.O. Box 3330, Window Rock, AZ 86515
PROJECT DESCRIPTION: The proposed undertaking will involve the complete Removal Site Evaluations under the federal
Comprehensive Environmental Response, Compensation and Liability Act of 1980 to define the horizontal extent of contamination
in surface soils and sediments at former uranium mine area. The total area of effect is 10.7-acres. Ground disturbing activities will

be intensive and extensive with the use of heavy equipment.

| LAND STATUS: | Navajo Tribal Trust

' CHAPTER: - Sweehvater S
LOCATION: | 7. |40 | N, | R. £} E Sec | 18; E‘;;;‘"““ Mesa Quadrangle, | Apache | County | Arizona | G&SRPM
"PROJECT ARCHAE@_L_(_Z_I!‘.'-EIST - j' Clifford Werito, Patricia Moone and Tristin Moone ' -
'NAVAJO ANTIQUITIES PERMIT NO.:  B16346 - -
'DATE INSPECTED: | 1oi4n6-10/05/206
DATEOFREPORT:  '1ijo42006
| TOTAL ACREAGE INSPECTED: ~ 17.7-ac -
. METHOD OF INVESTIGATION: | Class Il pedestrian_ inventory with transects spaced 10_mapart.
| (1) Site (AZ-1-6-80)
s T Gl C”"T”"‘_"f';_RESC"*’RCES F“”””___ | (8) Isolated Occurrences 10)
| LIST OF ELIGIBLE PROPERTIES: (1) Site (AZ-1-6-80) -
| LIST OF NON-ELIGIBLE PROPERTIES: @0 v = :
| LIST OF ARCHAEOLOGICAL None
| RESOURCES:

EFFECT/ICONDITIONS OF COMPLIANCE: Mo historic properties affected with the following conditions:

Site AZ-1-6-80:

1. Site boundary will be flagged/temporary fenced by a qualified archaeologist prior to ground disturbing activities.
2. Site will be monitored by a qualified archaeologist within 50-ft of established site boundaries.

3. A report will be submitted to NNHPD within 30-days after menitoring.

In the event of a discovery ["discovery” means any previously unidentified or incorrectly identified cultural resources including but net limited to archaeological
deposits, human remains, or locations reportedly associated with Mative American religious/traditional beliefs or practices], all operations in the
immediate vicinity of the discovery must cease, and the Mavajo Nation Historic Preservation Department must be notified at (528) 871-7198.

FORM PREPARED BY: Tamara Billie
FINALIZED: December 27, 2016

Notification to Proceed ;"2/ /
Recommended @ Yes o - Z7/¢C
Conditions: Yes o No  TheNavajo Nation | Date

Historic Preservation Office

Navajo Regicn Approval & Yes o No ‘%ﬁ‘}ﬂ_——-—-—“ \ lq; I (] -
—=__ 13fys 2k BIA — Navaid§ Renional Office Date




NNDFW Review No. 15mwh101-t1

BIOLOGICAL RESOURCES COMPLIANCE FORM
NAVAJO NATION DEPARTMENT OF FISH AND WILDLIFE
P.0. 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.: Tsosie 1 - Abandoned Uranium Mine - Environmental Response Trust
DESCRIPTION: Proposed Phase I & II 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 f. 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 17.8 acres.
LOCATION: 36.877714°N 109.281866°, Teec Nos Pos 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-Tsosie 1 Abandoned Uranium Mine - Environmental Response
Trust/MAY 2017/Adkins Consulting, Inc.
SIGNIFICANT BIOLOGICAL RESOURCES FOUND: Area 1 & 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: NA

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/02 JUN 2017

C:old_pc2010\My Documents\WNNHP\BRCF_2017A\15mwh101_t1.doc

Page 1 of 2
NNDFW -B.R.C.F.: FORM REVISED 12 NOV 2009



COPIES TO: (add categories as necessary)
" O

Date

g T PN

Director, Navajo Nation Department of Fish and Wildlife

2 NTC § 164 Recommendation:
BJApproval
[JConditional Approval (with memo)
[JDisapproval (with memo)
[[JCategorical 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_pe2010'My Documents\NNHP\BRCF_2017\1 smwh101_tl.doc
Page 2 of 2
NNDEW ~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/
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Appendix F Data Usability Report, Laboratory Analytical
Data, and Data Validation Reports

F.1Data Usability Report

F.2 Laboratory Analytical Data and Data
Validation Reports

(provided in a separate electronic file due to its file size and length)
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TSOSIE 1 (#55) 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 Tsosie 1 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 May 24, 2017 and June 26, 2017 and were analyzed by ALS
Environmental of Ft. Collins, Colorado, for all methods except mercury in water. ACZ
Laboratories, Inc. of Steamboat Springs, Colorado, analyzed water samples for mercury.
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
e Metals in soil by USEPA Method SW6020

e Isotopic thorium in soil by USDOEAS-06/EMSL/LV

e Radium-226 in water by USEPA Method 903.1

e Radium-228 in water by USEPA Method 904

e Gross alpha/beta in water by USEPA Method 900

e Total and dissolved metals in water by USEPA 200.8

e Total dissolved solids in water by USEPA 160.1

e Alkalinity in water by USEPA 310.1

e Chloride and sulfate in water by USEPA 300.0

¢ Total and dissolved mercury in water by USEPA Method 1631

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 and water data, plus ten percent of the non-radiological data (Level IV
only)

1 NAVAJD
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TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

All non-radiological soil and water data were validated by the Stantec Consulting Services
Inc. (Stantec; formerly MWH) Project Chemist (Level lll only)

All samples received Level lll data validation

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:

Compliance with the QAPP
Sample preservation
Sample extraction and analytical holding times

Initial calibration (ICAL), initial calibration verification (ICV), and continuing calibration
verification (CCV) results

Method and initial/continuing calibration blank (ICB/CCB) sample results
Matrix spike/matrix spike duplicate (MS/MSD) sample results

Laboratory duplicate results

Serial dilution (metals analysis only)

Interference check samples (ICS) (metals analysis only)

Laboratory control sample (LCS) and laboratory control sample duplicate (LCSD) results
Field duplicate sample results

Minimum detectable concentration (radiological analyses only)
Reporting limits

Sample result verification

Completeness evaluation

Comparability evaluation

Sample results that were qualified due to quality control parameters outside of acceptance
criteria are listed on Table F.1-1.

1 NAVAJD
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TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

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
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 CCV 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 to
ICB/CCB data.

Matrix Spike/Matrix Spike Duplicate Samples Evaluation. All MS/MSD recoveries were within
acceptance criteria with the exception of a few 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 are estimated and potentially biased high; sample results
were qualified with a *J-" flag for results that are estimated and potentially biased low. A few

- :"*!.l"\"-'r.l"'q...l'_:'
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TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

MS/MSD RPDs were outside acceptance criteria. The results were qualified with a “J” flag if not
otherwise qualified.

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. One RPD was outside the acceptance criteria for the analysis of
molybdenum. The sample result was already qualified with a “J-" flag.

Serial Dilution Evaluation. All serial dilution percent differences were within acceptance criteria.

Interference Check Sample Evaluation. All inferference 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.

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 one metal and three
radium-226. The primary cause for RPDs exceeding 30 percent for some duplicate pairs is
assumed fo 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 three samples for the analysis of radium-226 and two
samples for the analysis of gross beta. 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
sixteen samples analyzed for radium-226. The sample density exceeded the limit of +/- 15% of
the density of the calibration standard. Cases that exceed the limit of +/- 15% of the density of
the calibration standard were qualified with a *J+" flag for those results that may be biased high
and a "J-" flag for those results that may be biased low (see Table F.1-1).

Completeness Evaluation. All samples and QC samples were collected as scheduled, resulting 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.

- ."*I.l"\"-'r.l"'q...l'_:'
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TSOSIE 1 (#55) REMOVAL SITE EVALUATION REPORT - FINAL

APPENDIX F.1 DATA USABILITY REPORT

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 a result, the data from this project should be comparable to other data
collected at 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 time
evaluation; the method and ICB/CCB blank sample results; the field duplicate sample
evaluation; and the RL evaluation the data are considered representative of the Site as
reported.

Completeness. Al media and QC sample results were valid and collected as scheduled;
therefore, completeness for this RSE is 100 percent.

Comparability. Stfandard 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
Tsosie 1
Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Page 1 of 2
Field Sample Sample Analysis Sample . QC QC QC Added
Identificat?on Datpe Coge Analyte ResSIt Units Type Result Limit Flag Comment
S055-C02-001 6/26/17 E901.1 Radium-226 30.5 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-008-01 6/24/17 E901.1 Radium-226 4.28 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-008-01 6/24/17 SW6020 Molybdenum 0.89 mg/kg MS 74% 75% - 125% J- Resultis estimated, potentially biased low.
MS recovery below acceptance criteria.
S055-SCX-010-01 6/24/17 E901.1 Radium-226 1.84 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-010-02 6/24/17 E901.1 Radium-226 2.01 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-011-01 6/26/17 E901.1 Radium-226 4.65 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-211-01 6/26/17 E901.1 Radium-226 2.34 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-001-01 6/23/17  SW6020 Uranium 3.7 mg/kg MS 241% 75% - 125% J+ Resultis estimated, potentially biased high.
MSD 345% 75% - 125% MS and MSD recoveries above
acceptance criteria.
S055-SCX-001-01 6/23/17 SW6020 Vanadium 30 mg/kg MSD 291% 75% - 125% J+ Resultis estimated, potentially biased high.
MS/MSD RPD 45% 20% MSD recovery above acceptance criteria.
MS/MSD RPD outside acceptance criteria.
S055-SCX-001-01 6/23/17 E901.1 Radium-226 5.45 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-001-02 6/23/17 E901.1 Radium-226 56.2 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of

LCS density.

Notes

mg/kg milligrams per kilogram
pCi/g picocuries per gram

LCS laboratory control sample
LR laboratory replicate (duplicate)

MS matrix spike
MSD matrix spike duplicate
RPD relative percent difference
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Removal Site Evaluation Report - Final
Navajo Nation AUM Environmental Response Trust - First Phase

Table F.1-1

Summary of Qualified Data

Tsosie 1

Page 2 of 2
Field Sample Sample Analysis Sample . QC QC QC Added
Identificat?on Datpe Coge Analyte ResSIt Units Type Result Limit Flag Comment
S055-SCX-002-01 6/23/17 E901.1 Radium-226 6.06 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-002-02 6/23/17 E901.1 Radium-226 4.73 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-003-01 6/23/17 E901.1 Radium-226 8.2 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-SCX-003-02 6/23/17 E901.1 Radium-226 7.7 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-CX-001 6/23/17 E901.1 Radium-226 0.8 pCi/g Result +15% J+ Resultis estimated, potentially biased high.
Verification Sample density differs by more than 15% of
LCS density.
S055-CX-003 6/23/17 E901.1 Radium-226 0.91 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
S055-CX-203 6/23/17 E901.1 Radium-226 0.91 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
S055-CX-005 6/23/17  SW6020 Arsenic 8.3 mg/kg MS 194% 75% - 125% J+ Resultis estimated, potentially biased high.
MS/MSD RPD 38% 20% MS recovery above acceptance criteria.
MS/MSD RPD outside acceptance criteria.
S055-CX-005 6/23/17 SW6020 Vanadium 22 mg/kg MSD 143% 75% - 125% J+ Resultis estimated, potentially biased high.
MSD recovery above acceptance criteria.
S055-CX-005 6/23/17 SW6020 Molybdenum 1.7 mg/kg MSD 72% 75% - 125% J- Resultis estimated, potentially biased low.
MS/MSD RPD 21% 20% MSD recovery below acceptance criteria.
LR 44% 20% MS/MSD RPD outside acceptance criteria.
S055-CX-011 6/24/17 E901.1 Radium-226 23.5 pCi/g Result +15% J- Resultis estimated, potentially biased low.
Verification Sample density differs by more than 15% of
LCS density.
Notes

mg/kg milligrams per kilogram
pCi/g picocuries per gram

LCS laboratory control sample
LR laboratory replicate (duplicate)

MS matrix spike
MSD matrix spike duplicate
RPD relative percent difference
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Table F.1-2

Results that did not Meet the Relative Percent Difference Guidance

Tsosie 1

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

Page 1 of1
Primary Sampl_e / _Dupllcate sample Date Parameter Primary Duplicate Units RPD (%)
Indentification Result Result
S055-BG1-001/5055-BG1-201 6/24/2017 Radium-226 1.29 0.60 pCi/g 73%
S055-SCX-011-01/5055-SCX-211-01 6/26/2017 Radium-226 4.65 2.34 pCi/g 66%
S055-SCX-005-01/5055-SCX-205-01 6/24/2017 Radium-226 0.81 0.45 pCi/g 57%
S055-CX-003/S055-CX-203 6/23/2017 Uranium 1 0.67 mg/kg 40%

Notes

mg/kg milligrams per kilogram
pCi/g picocuries per gram

RPD relative percent difference
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